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Special Issue Article

Bundled Payment Models in Spine Surgery

Kevin Hines, MD1 , Nikolaos Mouchtouris, MD1 , Charles Getz, MD2,
Glenn Gonzalez, MD1, Thiago Montenegro, MD1,
Adam Leibold, MD, MSc1, and James Harrop, MD1

Abstract

Study Design: The following is a narrative discussion of bundled payments in spine surgery.

Objective: The cost of healthcare in the United States has continued to increase. To lower the cost of healthcare, reimbursement
models are being investigated as potential cost saving interventions by driving incentives and quality improvement in fields such
a spine surgery.

Methods: Narrative overview of literature pertaining to bundled payments in spine surgery synthesizing findings from
computerized databases and authoritative texts.

Results: Spine surgery is challenging to define payment modes because of high cost variability and surgical decision-making
nuances. While implementing bundled care payments in spine surgery, it is important to understand concepts such as value-based
purchasing, episodes of care, prospective versus retrospective payment models, one versus two-sided risk, risk adjustment, and
outlier protection. Strategies for implementation underscore the importance of risk stratification and modeling, adoption of
evidence based clinical pathways, and data collection and dissemination. While bundled care models have been successfully
implemented, challenges facing institutions adopting bundled care payment models include financial stressors during adoption of
the model, distribution of risks, incentivization of treating only low risk patients, and nuanced variation in procedures leading to
variation in costs.

Conclusion: An alternative for fee for service payments, bundled care payments may lead to higher cost savings and surgeon
accountability in a patient’s care.

Keywords
bundled payment, quality improvement, spine surgery, episode of care, cost savings

Introduction

The cost of healthcare in the United State as measured by the

percentage of the Gross Domestic Product spent has consis-

tently grown since the early 1960’s.1,2 Recently observed con-

tributing factors of this growth include aging populations and

work forces, advances in medical technology, income growth,

and increases in population coverage.3 As a result, pressure is

mounting to reform the system to deliver better care for a lower

cost. The fee for service model of payment, which was the

traditional payment model, rewarded doctors on a volume of

work basis. While volume-based payments were once the stan-

dard for healthcare in the United States, there is growing con-

cern surrounding the sustainability of growing healthcare costs.

Furthermore, there is little evidence that the high cost of health-

care in the US delivers high value compared to other modern

industrial countries.4,5 Bundled payment models shift payment

from volume to value in an effort to slow costs and improve

quality of care. In general, bundled payment models have

shown success during implementation in countries such as the

United States, Taiwan, Denmark, England, Netherlands, New

Zealand, Portugal, and Sweden. Of 32 studies evaluating
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medical spending in bundled payments, 20 showed cost-saving

with varying effects. In addition, this cheaper care is largely

delivered without compromising patient care as only 2 studies

showed detrimental effects on quality of care. In fact, 18 of 32

studies showed an improvement in quality of care delivered.6

Payments pertaining to a surgical procedures conceptually

are easy to create bundled payment models. The characteristics

that lend themselves to bundled payments are definable start

dates, high volume of procedure, high costs of procedure and

related care, and a definable duration of costs related to the

procedure. When examining costs associated with inpatient

spine procedures, it is apparent that currently there is a wide

variation in payments, therefore, payment models for surgery

are a potential target for improvement of cost efficiency and

resource utilization.7 As a result, bundled payments for care

spine surgery episodes, rather than discrete interventions (vol-

ume based payments) have been proposed as a way to drive

quality improvement and outcome based decision making.8

Championing the potential benefits of a bundled payment sys-

tem, joint arthroplasty has served as pilot procedure demon-

strating the cost savings in hospitals adopting this system.9-11

Spine surgery is a high complexity procedure with hetero-

geneous patient populations and poorly defined outcome mea-

sures.12 When examining Medicare data, costs for patients with

lumbar spinal stenosis approaches that of chronic diseases such

as diabetes and cardiovascular disease13 and have seen 3.3 fold

increases over a decade span.14 As a result, the specialty has

also felt the pressure to deliver higher quality care at a lower

cost.15 While the field has worked to advance quality and out-

come measurements through development of large outcome

databases such as N2QOD, SweSpine, and AO Spine,16 there

is still plenty of room for developments in cost efficiency.

Among many other quality improvement interventions, shifting

to value-based care will be an important tool for spine surgeons

moving forward. We aim to provide insight into the key con-

cepts of bundled payment models for spine surgery, implemen-

tation of bundled payments, and barriers to success.

Key Concepts

One of the important drivers of a bundled payment model in

spine surgery is the concept of value-based purchasing. Value

based purchasing (VBP) involves performance-based reimbur-

sement for healthcare. Based on outcome metrics, cost effi-

ciency, or patient satisfaction, the hospital or provider is

incentivized to deliver the highest quality care possible.17 VBP

may be divided into 3 main categories: pay for performance,

accountable care organization, and bundled payments. Mea-

sures used to determine differential payments in bundled mod-

els vary depending on the condition be treated or procedures

required but may include clinical process, patient safety, read-

mission, mortality, length of stay, and total cost of care. Some

programs may or may not tie physician compensation to the

outcome measures, which may either motivate physicians to be

cognizant of extra costs involved in care or discourage them

from treating more complicated or systemically ill patients.

The measures used to assess the value and quality of care

pertain to episodes of care. In spinal surgery, an episode is

often defined as beginning at the time of index hospitalization

and continues for 90 days afterward. During this time, all hos-

pital fees, physician services, home health and outpatient ser-

vices, post-acute facility services, and even readmissions and

treatment related to surgical complications.18 Prior to initiating

bundled repayments for episodes of care, examining claims

data from spinal surgery consistently demonstrates alarming

variability in payments (Figure 1).19,20 These studies found that

the upper quintile mean payment more than doubled the mean

lower quintile payment for the same episode of care. For exam-

ple, in Kahn et al, the first quintile mean cost of episodes for

spine surgery was $9814 while the upper quintile was $52 767.

Standardizing repayment for certain episodes of care with

bundled repayments would drive cost-conscious utilization and

an emphasis on evidence-based practice to improve the value

of care delivered to patients.

Among bundled payment models, there are 2 main subtypes:

prospective and retrospective payment models. Prospective

payment models allow a payer to look ahead to an episode of

care and provide a single, predetermined payment for the epi-

sode. On the other hand, retrospective payments are provided

after care is provided, similarly, to fee for service and are

adjusted to meet the predetermined bundled rate for all services

or treatment of the condition during that time period. Because

of the present cost for the episode (prospective) or services

(retrospective), both systems motivate providers to save costs

when delivering care. The prospective model allows for easier

feedback comparing cost of care to predetermined value. How-

ever, agreeing upon and facilitating a full payment upfront can

be logistically challenging. At times, this may also be less

flexible than retrospective bundling should a new diagnosis

or unexpected need for a service arise. The retrospective bund-

ling would still allow the providers to address the patients need

without fear for repercussions for services not accounted for in

the bundle.

In addition to the different types of repayment, there are also

different types of risk models associated with bundled payment

contracts. In one-sided risk, or “no risk” contracts, the provider

Figure 1. Variability in spine episodes of care payments.12,13
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is rewarded if the episode of care costs less than the value

associated with the diagnosis or condition treatment. In this

way the provider is rewarded with part of the episode’s cost

savings. In two-sided risk, or “at-risk” contracts, the provider

assumes the risk of the episode of care costing too much. In this

way, they can benefit from savings, but will have health reve-

nue penalized if the episode of care costs more than its pre-

determined value. While most providers prefer one-sided risk

contracts, two-sided risk contracts may be more effective in

holding providers accountable for cost efficiency.

Finally, as mentioned earlier spine surgery has extremely

variable costs associated with a single episode of care. This

variability allows the provider to assume a large proportion

of risk. As a result, individualized risk-adjusted prediction

models of payment for spine surgery will become paramount

in identifying individuals who are at high risk of having com-

plications post operatively and requiring higher value of care

than another patient with a similar diagnosis or surgery.20,21

Risk adjustment should not only include patient factors but also

the complexity of the surgical pathology, as many similar pro-

cedures are frequently bundled together by common procedural

code.

Another risk shifted to providers in bundled payments are

outliers. There are patients with comorbidities or other factors

that place them at uncontrollable risk for exceeding the prede-

termined bundle payment. They can on occasion require an

extremely high cost for an episode of care exceeding the 99th

percentile of the population.22 If uncontrolled for, providers

would be punished for outliers out of their control with dispro-

portional cost. To mitigate this risk, outlier protection, or stop-

loss insurance may be used. This is a payment approach in

which after a predetermined cost threshold is crossed, payers

compensate the provider for the fee-for-service of the episode

rather than the negotiated bundle price. A summary of key

terms is provided in Table 1.

Strategies for Implementation

While the push for bundled healthcare services started in 2011

with the Bundled Payments for Healthcare Initiative (BPCI),23

spinal surgery has only recently aggressively started incorpor-

ating these payment methods into the practice. While it is not

standard practice yet, preliminary research has noted increasing

use of bundled payments in spine with promising results.24 A

survey of 43 spine surgeons showed that bundled care imple-

mentation would alter decision making such as more conser-

vative use of allograft rather than autograft, routine

neuromonitoring, and rigid post-operative bracing.25 As pay-

ment models shift toward bundled payments, it is important to

explore strategies that will promote a smooth transition as well

as cost efficiency and outcome-based care.

Given spinal surgery’s wider variability in costs, procedural

nuances, and outcome measures, it is important to lesson from

other implementations of bundled spinal surgery to aid in this

transition. Without understanding successful model integration

BPCI may not lead to decreased episode costs, readmission

rates, or reoperation rates.26 Other systems have emphasized

several principles: risk stratification and modeling, adoption of

evidence based clinical pathways, and data collection and

dissemination.27

As discussed before, spinal patients demonstrate extreme

variations in episode of care cost. Characterizing these patients

through diagnosis related groups (DRG) alone is difficult as

spinal fusions address varying pathologies with individualized

post-operative courses. Within a single DRG, many different

combinations of instrumentation, operative levels, grafts, and

post operative care may be utilized leading to variations in

payments from $80,000 to $253,000.28 Alternatively, if hospi-

tals were to reimburse at the same rate for episodes of care

related to the procedure spinal fusion, patients requiring fusion

for spondylolisthesis have been noted to have lower LOS,

lower hospital costs, less chance of being discharged to an

inpatient facility than vertebral fractures despite being reim-

bursed equal amounts for the encounter.29 In addition to prop-

erly modeling diagnosis related groups and stratifying the

different treatments, it is important to model what individual

patient characteristics will contribute to the cost of an episode

of care. For instance, recent research has explored drivers of

90-day cost variability in lumbar microdiscectomy, anterior

cervical discectomy and fusion for degenerative disease, adult

thoracolumbar spine deformity surgery, and elective lumbar

Table 1. Key Concepts and Definitions.

Term Definition

Value-based
purchasing

Performance-based payment strategy linking
financial incentives to defined quality and
cost measures

Episodes of care A set of services provided to treat a clinical
condition or procedure. For spine surgery,
defined as index hospitalization until 90 days
post procedure.

Retrospective
payment models

Payer provides individualized payment based
on charges for all services provided during
an episode of care

Prospective payment
models

Payer provides a single, pre-determined
payment for an episode of care, with
no adjustment to care provided for each
individual patient

One-sided risk Provider is rewarded for cost-savings during
an episode of care, but is not penalized for
additional costs

Two-sided risk Provider is rewarded for cost-savings, while
also assuming risk for additional costs,
conferring penalties for costs above
a predetermined value

Risk-adjusted
payment models

Identifying those patients at high or low risk
of complication, based on individual patient
factors and procedure, and adjusting
payments accordingly

Outlier protection Insurance for providers in which compensation
is on a fee-for-service basis for the highest
risk patients, after crossing a predetermined
cost threshold

Hines et al 9S



decompression and fusion. Factors consistently associated with

variations in episode costs included obesity, length of surgery,

number of levels or extent of surgery, surgical complications,

readmission, medical comorbidities such as MI or diabetes, and

post-hospitalization care.30-33 Figure 2 demonstrates this varia-

bility in cost for episodes of care in different procedures. Nota-

bly, Bronson et al published their Medicare claims data

associated with lumbar fusion after adoption of the BCPI pro-

gram. They failed to show cost savings using the model. How-

ever, the authors note that both case complexity and longer

segment fusions had increased in the BCPI group, confounding

the comparison with the historical control.34 Despite not

demonstrating savings, the BCPI group did have significantly

lower LOS and discharge to inpatient facilities without

increased readmission rates. In addition to patient factors, sur-

geon factors may also affect cost variation such as choice of

implant. In a recent study, by Oren et al, standardizing implant

cost by requiring vendors to meet reference prices, significant

cost savings were demonstrated in patients undergoing single

level anterior cervical discectomy and fusion.35 Understanding

the factors driving variability in spine surgery will be a key in

implementing a successful bundle payment system.

Aside from understanding drivers of cost variability and

incorporating them into payment models, it is important to

establish evidence based clinical pathways (EBCP) or bundled

care plan. EBCP include care built in after analysis of high

quality, large population data that may be applied to episodes

of care in the hopes of decreasing complications, reducing cost

variability, and improving outcomes. Examples of such path-

ways include measures against venous thromboembolism

(VTE),36 surgical site infection (SSI),37,38 and transfusion man-

agement.39 EBCP tend improve outcomes and cost efficiency

in patients by reducing modifiable risk factors. The evidence

that standardization works to reduce variation in costs and out-

comes was adopted from manufacturing concepts popularized

by Shewhart and Deming,40,41 but have been have been suc-

cessful in other surgical EBCP such as knee arthroplasty.42-44

To implement bundled payment systems, EBCP are essential to

reducing cost variability and generating data for smaller, less

experienced institutions to use in the care of spinal surgery

patients.

Lastly, to successfully implement a bundled payment spine

surgery model, development of infrastructure to collect insti-

tutional or system specific data is imperative. While large data-

bases are crucial in developing data driven spine practices that

are applicable to specific spinal surgery populations,16 institu-

tional or network specific database collection and distribution

are paramount to ensuring success in a bundled payment model

for spine surgery. This is because after each episode of care, the

stakeholders involved in the care of a patient may compare the

costs accumulated to the projected cost or contract of the epi-

sode. As this data accumulates, spinal surgeons will have the

opportunity to review their cost efficiency, complications, and

compare complications such as VTE, SSI, or reoperation to

particular episode of care’s projections. As seen in other surgi-

cal fields such as orthopedics, this educates surgeons on cost

and benefit of certain measures with regard to their individua-

lized practices.45

As institutional data on risk stratification, modifiable risk

factors, and ECBP accumulates in spinal surgery, surgeons will

be able to identify individual practices that do no mitigate risk

nor add patient benefit while still generating cost. These prac-

tices are non-value-added care and should be identified so they

may be avoided or reduced. This will improve implementation

of bundled payment model in spinal surgery.

Challenges

While bundled repayment models have upside in provider

accountability, cost efficiency, and standardization of care

there are large hurdles for implementation of this system in

spinal surgery.

Generally considered a costly intervention, bundled repay-

ment models may strain healthcare systems financially while

the process of repayment is optimized and better defined. In a

prospective payment model, a single entity receives the pay-

ment and must delay payment to all stakeholders until the cost

of the episode of care has been determined. Alternatively, pro-

viders in a retrospective model will not obtain full payment for

services until the episode is completed and final associated cost

is determined.

Given that these systems couple large financial risk with

surgeons and add delayed reimbursement to the uncertainty

may make delivering consistent care difficult. Outcome metrics

are not well defined and metrics in chronic back pain patients

such as patient satisfaction may play an unfair role in determin-

ing the quality of a surgeon’s work. In addition to timing and

quality assessment, ensuring accuracy of insurance billing will

be a large concern in spinal surgery. For a surgical specialty

with nuances altering indication, surgical approach, number of

levels, and outcome, it will require provider vigilance and

resources to ensure that payments applied to episodes of care

account for individualized risk and post-operative course.

In addition to payment allocation, a large concern with tran-

sitioning to bundle payment models includes modifying spine

Figure 2. Mean and ranges in cost of episode for common spine
procedures.22,23,24
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surgeons’ incentives. In some models, researchers found that

variability in cost was associated with post-acute care factors

rather than surgeon controlled variables.19 Such associations

may motivate surgeons to select patients by pathology or

anticipated disposition rather than evidence-based indication.

Until payment models are optimized, there is concern that these

models will financially compel surgeons to preferentially oper-

ate on low risk, healthier patients and avoid pathology associ-

ated with higher costs of episodes of care.29 In addition,

advanced techniques with only marginal improvement in out-

comes may be avoided given associations with increased cost

or length or surgery,46 this may lower costs in the near term but

could stifle innovation.

Bundle payment models in spinal surgery offer an alterna-

tive to fee-for service payments and may have potential bene-

fits for healthcare in the United States. Bundled care makes

spinal surgeons accountable for not only outcome, but also

episode cost efficiency and limitation of complications. While

this approach is not novel, it has not been fully implemented yet

in the United States. Despite success in arthroplasty, spinal

surgery has yet to demonstrate clear benefit of bundled pay-

ments in spine surgery the United States. Of 3 studies evaluat-

ing costs savings for episodes of care associated with spinal

surgery, none demonstrated cost reduction.26,34,47 In addition,

it is important to note that it is difficult to evaluate the effect

lowering perioperative cost on the context of overall health

care spending. To optimize this payment method, stringent risk

stratification, development of evidence-based pathways, and

dissemination of detailed outcome-based data must be imple-

mented. In addition, hospital systems must evaluate risk allo-

cation as repayment models are defined to avoid financially

incentivizing spinal surgeons to select for only healthy patient

with low risk pathology. While bundled care payment models

have not been clearly successfully implemented in spine sur-

gery in the United States, they warrant further investigation

given the success in cost reduction of bundled payments in

other specialties and countries.

Authors’ Note

The authors conducted a literature review with the goal of writing a

narrative review of bundled payment models in spine surgery. The

objectives were to provide readers with key definitions to understand

bundled payment models, outline strategies for success implementing

such a payment model, and defining challenges to implementing such

a system in spine surgery. Using PubMed, a literature review of arti-

cles pertaining to episodes of care, bundled payments, and drivers of

cost variability in spine surgery were reviewed. In review of the lit-

erature, bundled payment models offer potential cost savings and

quality improvement incentives in spine surgery. However, success-

fully implementing these models will be challenging given the varia-

bility and nuance inherent in spine diagnosis, pathology, and surgical

techniques.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for

the research, authorship, and/or publication of this article: This

supplement was supported by a grant from AO Spine North America.

ORCID iD

Kevin Hines, MD https://orcid.org/0000-0003-1700-174X

Nikolaos Mouchtouris, MD https://orcid.org/0000-0001-9495-9391

Resources

1. Moses H, Matheson DHM, Dorsey ER, George BP, Sadoff D,

Yoshimura S. The anatomy of health care in the United States.

JAMA. 2013;310(18):1947-1963. doi:10.1001/jama.2013.281425

2. Papanicolas I, Woskie LR, Jha AK. Health care spending in the

United States and other high-income countries. JAMA. 2018;

319(10):1024-1039. doi:10.1001/jama.2018.1150

3. Stadhouders N, Kruse F, Tanke M, Koolman X, Jeurissen P.Effec-

tive healthcare cost-containment policies: a systematic review.

Health Policy Amst Neth. 2019;123(1):71-79. doi:10.1016/j.

healthpol.2018.10.015

4. Rosen BS, Maddox PJ, Ray N. A position paper on how cost and

quality reforms are changing healthcare in America: focus on

nutrition. JPEN J Parenter Enteral Nutr. 2013;37(6):796-801.

doi:10.1177/0148607113492337

5. Beller GA. The United States has lower life expectancy than other

developed nations, despite having highest health care costs.

J Nucl Cardiol: Off Publ Am Soc Nucl Cardiol. 2013;20(2):

177-178. doi:10.1007/s12350-013-9692-4

6. Struijs J, de Vries E, Baan C, van Gils P, Rosenthal M. Bundled-

payment models around the world: how they work and what their

impact has been [published online April 6, 2020]. Commonw

Fund. 2020. doi:10.26099/936s-0y65

7. Miller DC, Gust C, Dimick JB, Birkmeyer N, Skinner J, Birk-

meyer JD. Large variations in Medicare payments for surgery

highlight savings potential from bundled payment programs.

Health Aff Proj Hope. 2011;30(11):2107-2115. doi:10.1377/

hlthaff.2011.0783

8. Porter ME. Value-based health care delivery. Trans Meet Am Surg

Assoc. 2008;126:144-150. doi:10.1097/SLA.0b013e31818a43af

9. Navathe AS, Troxel AB, Liao JM, et al. Cost of joint replacement

using bundled payment models. JAMA Intern Med. 2017;177(2):

214-222. doi:10.1001/jamainternmed.2016.8263

10. Siddiqi A, White PB, Mistry JB, et al. Effect of bundled payments

and health care reform as alternative payment models in total joint

arthroplasty: a clinical review. J Arthroplasty. 2017;32(8):

2590-2597. doi:10.1016/j.arth.2017.03.027

11. Barnett ML, Wilcock A, McWilliams JM, et al. Two-year evalua-

tion of mandatory bundled payments for joint replacement.

N Engl J Med. 2019;380(3):252-262. doi:10.1056/NEJMsa1809010

12. Bennett C, Xiong G, Hu S, Wood K, Kamal RN. What is the state

of quality measurement in spine surgery? Clin Orthop. 2018;

476(4):725-731. doi:10.1007/s11999.0000000000000074

13. Chen E, Tong KB, Laouri M. Surgical treatment patterns among

Medicare beneficiaries newly diagnosed with lumbar spinal ste-

nosis. Spine J. 2010;10(7):588-594. doi:10.1016/j.spinee.2010.

02.026

Hines et al 11S

https://orcid.org/0000-0003-1700-174X
https://orcid.org/0000-0003-1700-174X
https://orcid.org/0000-0003-1700-174X
https://orcid.org/0000-0001-9495-9391
https://orcid.org/0000-0001-9495-9391
https://orcid.org/0000-0001-9495-9391


14. Rajaee SS, Bae HW, Kanim LEA, Delamarter RB. Spinal fusion

in the United States: analysis of trends from 1998 to 2008. Spine.

2012;37(1):67-76. doi:10.1097/BRS.0b013e31820cccfb

15. Hines K, Mouchtouris N, Knightly JJ, Harrop J. A brief history of

quality improvement in health care and spinal surgery. Glob

Spine J. 2020;10(1 Suppl):5S-9S. doi:10.1177/2192568219853529

16. McGirt MJ, Parker SL, Asher AL, Norvell D, Sherry N, Devin CJ.

Role of prospective registries in defining the value and effective-

ness of spine care. Spine. 2014;39(22 Suppl 1):S117-S128. doi:10.

1097/BRS.0000000000000552

17. Damberg CL, Sorbero ME, Lovejoy SL, Martsolf GR, Raaen L,

Mandel D. Measuring success in health care value-based purchas-

ing programs: findings from an environmental scan, literature

review, and expert panel discussions. Rand Health Q. 2014;

4(3):9.

18. Joynt Maddox KE, Orav EJ, Zheng J, Epstein AM. Evaluation of

Medicare’s bundled payments initiative for medical conditions.

N Engl J Med. 2018;379(3):260-269. doi:10.1056/NEJMsa1801569

19. Kahn EN, Ellimoottil C, Dupree JM, Park P, Ryan AM. Variation

in payments for spine surgery episodes of care: implications for

episode-based bundled payment. J Neurosurg Spine. 2018;29(2):

214-219. doi:10.3171/2017.12.SPINE17674

20. Schoenfeld AJ, Harris MB, Liu H, Birkmeyer JD. Variations in

Medicare payments for episodes of spine surgery. Spine J Off J

North Am Spine Soc. 2014;14(12):2793-2798. doi:10.1016/j.spi-

nee.2014.07.002

21. Dietz N, Sharma M, Alhourani A, et al. Bundled payment models

in spine surgery: current challenges and opportunities, a systema-

tic review. World Neurosurg. 2019;123:177-183. doi:10.1016/j.

wneu.2018.12.001

22. BPCI Advanced. CMS.gov. Published January 16, 2020.

Accessed March 30, 2020. https://innovation.cms.gov/innova

tion-models/bpci-advanced

23. Hardin L, Kilian A, Murphy E. Bundled payments for care

improvement. J Nurs Adm. 2017;47(6):313-319. doi:10.1097/

NNA.0000000000000492

24. Kazberouk A, McGuire K, Landon BE. A survey of innovative

reimbursement models in spine care. Spine. 2016;41(4):344-352.

doi:10.1097/BRS.0000000000001212

25. Mok JM, Martinez M, Smith HE, et al. Impact of a bundled

payment system on resource utilization during spine surgery. Int

J Spine Surg. 2016;10:19. doi:10.14444/3019

26. Martin BI, Lurie JD, Farrokhi FR, McGuire KJ, Mirza SK. Early

effects of Medicare’s bundled payment for care improvement

program for lumbar fusion. Spine. 2018;43(10):705-711. doi:10.

1097/BRS.0000000000002404

27. Bosco JA, Harty JH, Iorio R. Bundled payment arrangements:

keys to success. J Am Acad Orthop Surg. 2018;26(23):817-822.

doi:10.5435/JAAOS-D-17-00022

28. Ugiliweneza B, Kong M, Nosova K, et al. Spinal surgery: varia-

tions in health care costs and implications for episode-based

bundled payments. Spine. 2014;39(15):1235-1242. doi:10.1097/

BRS.0000000000000378

29. Yee P, Tanenbaum JE, Pelle DW, et al. DRG-based bundled

reimbursement for lumbar fusion: implications for patient

selection. J Neurosurg Spine. 2019:1-6. Published online June

28, 2019, doi:10.3171/2019.3.SPINE18875

30. Stephens BF, Khan I, Chotai S, Sivaganesan A, Devin CJ. Drivers

of cost in adult thoracolumbar spine deformity surgery. World

Neurosurg. 2018;118:e206-e211. doi:10.1016/j.wneu.2018.06.155

31. Chotai S, Sivaganesan A, Parker SL, et al. Drivers of variability in

90-day cost for primary single-level microdiscectomy. Neurosur-

gery. 2018;83(6):1153-1160. doi:10.1093/neuros/nyy209

32. Chotai S, Sivaganesan A, Parker SL, Sielatycki JA, McGirt MJ,

Devin CJ. Drivers of variability in 90-day cost for elective ante-

rior cervical discectomy and fusion for cervical degenerative

disease. Neurosurgery. 2018;83(5):898-904. doi:10.1093/

neuros/nyy140

33. Sivaganesan A, Chotai S, Parker SL, McGirt MJ, Devin CJ. Driv-

ers of variability in 90-day cost for elective laminectomy and

fusion for lumbar degenerative disease. Neurosurgery. 2019;

84(5):1043-1049. doi:10.1093/neuros/nyy264

34. Bronson WH, Kingery MT, Hutzler L, et al. Lack of cost savings

for lumbar spine fusions after bundled payments for care improve-

ment initiative: a consequence of increased case complexity. Spine.

2019;44(4):298-304. doi:10.1097/BRS.0000000000002812

35. Oren J, Hutzler LH, Hunter T, Errico T, Zuckerman J, Bosco J.

Decreasing spine implant costs and inter-physician cost variation:

the impact of programme of cost containment on implant expen-

diture in spinal surgery. Bone Jt J. 2015;97-B(8):1102-1105. doi:

10.1302/0301-620X.97B8.35333

36. Khan NR, Patel PG, Sharpe JP, Lee SL, Sorenson J. Chemical

venous thromboembolism prophylaxis in neurosurgical patients:

an updated systematic review and meta-analysis. J Neurosurg.

2018;129(4):906-915. doi:10.3171/2017.2.JNS162040

37. Bagga RS, Shetty AP, Sharma V, Vijayanand KSS, Kanna RM,

Rajasekaran S. Does preventive care bundle have an impact on

surgical site infections following spine surgery? An analysis of

9607 patients. Spine Deform. 2020;8(4):677-684. doi:10.1007/

s43390-020-00099-0

38. Yamada K, Abe H, Higashikawa A, et al. Evidence-based care

bundles for preventing surgical site infections in spinal instrumen-

tation surgery. Spine. 2018;43(24):1765-1773. doi:10.1097/BRS.

0000000000002709

39. Alfonso AR, Hutzler L, Lajam C, Bosco J, Goldstein J.

Institution-wide blood management protocol reduces transfusion

rates following spine surgery. Int J Spine Surg. 2019;13(3):

270-274. doi:10.14444/6036

40. Best M, Neuhauser D. W Edwards Deming: father of quality

management, patient and composer. Qual Saf Health Care.

2005;14(4):310-312. doi:10.1136/qshc.2005.015289

41. Best M, Neuhauser D. Walter A Shewhart, 1924, and the

Hawthorne factory. Qual Saf Health Care. 2006;15(2):142-143.

doi:10.1136/qshc.2006.018093

42. Froemke CC, Wang L, DeHart ML, Williamson RK, Ko LM,

Duwelius PJ. Standardizing care and improving quality under a

bundled payment initiative for total joint arthroplasty. J Arthro-

plasty. 2015;30(10):1676-1682. doi:10.1016/j.arth.2015.04.028

43. Featherall J, Brigati DP, Faour M, Messner W, Higuera CA.

Implementation of a total hip arthroplasty care pathway at a

high-volume health system: effect on length of stay, discharge

12S Global Spine Journal 11(1S)

https://innovation.cms.gov/innovation-models/bpci-advanced
https://innovation.cms.gov/innovation-models/bpci-advanced


disposition, and 90-day complications. J Arthroplasty. 2018;

33(6):1675-1680. doi:10.1016/j.arth.2018.01.038

44. Featherall J, Brigati DP, Arney AN, et al. Effects of a total knee

arthroplasty care pathway on cost, quality, and patient experience:

toward measuring the triple aim. J Arthroplasty. 2019;34(11):

2561-2568. doi:10.1016/j.arth.2019.06.011

45. Doran JP, Beyer AH, Bosco J, et al. Implementation of bundled

payment initiatives for total joint arthroplasty: decreasing

cost and increasing quality. Instr Course Lect. 2016;65:

555-566.

46. Calsyn M, Emanuel EJ. Controlling costs by expanding the Med-

icare acute care episode demonstration. JAMA Intern Med. 2014;

174(9):1438-1439. doi:10.1001/jamainternmed.2014.2981

47. Jubelt LE, Goldfeld KS, Blecker SB, et al. Early lessons on bundled

payment at an academic medical center. J Am Acad Orthop Surg.

2017;25(9):654-663. doi:10.5435/JAAOS-D-16-00626

Hines et al 13S


	Bundled Payment Models in Spine Surgery.
	Let us know how access to this document benefits you
	Authors

	Bundled Payment Models in Spine Surgery

