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Abstract

Recently, there is significant interest in underdtag the cost-effectiveness of treatments in
spine surgery as healthcare systems in the UntetdsSmove towards value-based care and
alternative payment models. Previous studies haweodstrated comparable outcomes of
cervical disc arthroplasty (CDA) and anterior ceadidiscectomy fusion (ACDF); however,
there is a lack of consensus on the cost-effeatisgif CDA to support full adoption.
Limitations of these cost-analysis studies alsatérithe literature including industry-funding,
potential selection bias, and varying methods @fudating value. The goal of this narrative
review is to provide an overview of the cost-effeemhess of CDA compared to ACDF and

potential limitations with cost-analysis studiespine surgery.
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I ntroduction:

Although cervical disc arthroplasty (CDA) has beenavailable surgical alternative for
many years throughout the world, and for over adedn the United States, complete adoption
of CDA in place of anterior cervical discectomy dndion (ACDF) has been slow due to
persistent controversies regarding long-term dihauitcomes, prosthesis survival, and cost-
effectivenesd=> Currently, indications for CDA include patientsthveither single or two-level
cervical myelopathy or radiculopathy, who havedditonservative treatment, with limited
instability and decreased degree of kyphsi&The initial Federal Drug and Administration
(FDA) Investigation Device Exemption (IDE) trialemionstrated positive clinical outcomes of
CDA compared to ACDF in patients with cervical mothy and/or radiculopathy.®**°
Additionally, long-term follow-up studies have denstrated favorable results of arthroplasty,
particularly in terms of pain, disability, neurologl status and patient satisfacttSn’?

Moreover, past studies have also reported decreateslof radiographic adjacent segment
degeneration and symptomatic adjacent segmentséisgeer CDA compared to ACDE:
1317.23-27plthough these studies have described encouragsuits, some reports have noted
limitations with generalizability, and elevatedkssof selection bias due to the initial industry-
sponsored trials’ strict inclusion and exclusioitecia.**?®

In terms of revision and readmission rates, CDAeapp to perform similarly, if not
better, than ACDE!?1724202938/hjle some studies have demonstrated decreasesiafat
reoperation at the adjacent level after CDA, Kaltyl colleagues noted no significant difference
in secondary surgery when comparing arthroplas@®F up to 5-year follow-up*=>2°

Similarly, Bhashyam et al reported no significaiftedences with reoperation rates between

ACDF and CDA®° However, the authors did find a higher readmissite after ACDF that they
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attributed to the difference in age groups of ezatiort® In contrast, Skeppholmm et al
reported higher rates of reoperation after CDA carag to ACDF, likely due to implant
migration as both groups had no significant diffeesin reoperation due to adjacent segment
diseas€” Consequently, as illustrated by these observati®b#\ seems to be a viable
alternative to ACDF in the right patient population

Cervical disc arthroplasty does exhibit featungg®rting its increased use, including the
noted ability to restore segmental mobility andestied increased return-to-work rates
compared to ACDE3**8vet, other studies have argued that deterrenthéouse of CDA
include doubts surrounding its cost-effectivenassyell as concerns with reimbursement and
insurance coverade® As noted above, despite reports showing compamlitomes between
CDA and ACDF, there continues to be a lack of cosge on the cost-effectiveness of CDA to
justify its increased utilization. The purpose loktnarrative review is to highlight the most
recent literature analyzing the cost-effectiveredSSDA compared to ACDF including potential

limitations of current cost-analysis studies.

Overview of Terminology and Cost-Analysis Studies:

As healthcare systems aim to move towards valgeebeare with alternative payment
models, various cost-analysis methods have beetogatpto determine the most cost-effective
procedured® Cost-effective analysis studies (CEA) are useevaluate the cost-effectiveness
of different treatment interventiots*>**Additionally, cost utility analysis (CUA) employ
health utility measures to compare the cost-effeciss of two treatment interventidh§®=°
To assess the value and quality of care, patigrdrted outcome measures (PROMSs), such as the

Short-Form 6-dimensions (6D) and 12-item (12) erBuroQol Five Dimension questionnaire
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(EQ-5D), are used. These PROMSs provide an estiofatee quality-adjusted life-year (QALY)
gained by patients over time for specific interiems *>~*° Alternatively, the health state utility
score (HSU), particularly used in CUAs, is anotimethod for measuring value and quafity?
Considering the variation in utility scores, vasatudies have sought to determine HSU values
for cervical degenerative disease before and AfBDF.**>***'Furthermore, Chotai et al. sought
to find the best PROMs to convert to HSU, and catetl that SF-6D was the preferred measure
to assess quality for cost-effective analyses elg cervical spine surgery.

To compare the cost-effectiveness between twéntesas or intervention, metrics
developed include the cost-effective ratio (CERYjried as the cost per QALY, and the
incremental cost-effective ratios (ICER), definasdf@e difference in cost divided by the
difference in quality®****~>°An ICER for the surgical intervention in questican then be
compared to thresholds to consider whether it s$-efective’**° Current literature uses
arbitrary cost thresholds for procedures that arsiclered cost-effective (represented in cost per
QALY gained), with US ranges estimated at $50,@0$100,000, and UK ranges stretching
from $40,000 to $60,000:°*°Procedures below the lower bound are considegfiyhtost-
effective and those above the upper bound are deresi unfavorabl&>®~°However, it is
important to note that these thresholds are arjtcutdated, and continue to be under
significant debaté&

In addition, other costs to consider are direct iaulirect cost§!***' Direct costs may
include factors such as inpatient hospital staggeson’s fee, cost of readmission, and costs
associated with events after discharge, such adteogwently patients visit healthcare providers,
medication use, and use of diagnostic imadiri§®'°*These costs are typically gathered from

payor and reimbursement d&td*®*®4ndirect costs may include the amount of workdkgs
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are lost by either the patient or their caregieera patient that may continue to work while

having some type of disability leading to loss afquctivity ***

Valueof Carein Spine Surgery:

Currently, there continues to be significant debvagarding the preferred method for
calculating value of treatments in spine surgery #we components that define value of
care?!434461.63-67patliff and colleagues discuss the importancehobsing the appropriate
metric for quality or utility scores and, more inmfamntly, collecting these metrics at the
appropriate time poinfS.However, given the diversity and complexity ofreppathology cases
and interventions, a consensus to standardizetguaditrics is difficult to reac’ The authors
also describe the varying definitions for reportquality, which can be dependent on what
perspective is being considered—either the paymrsocietal’** Furthermore, the varying
perspectives and costs, such as hospital coststhemmayor’s perspective, loss of productivity
from the social perspective, or varying reimbursetsiérom different insurers, may further
complicate methods of calculations to determinentost cost-effective interventidfi**

Although previous studies have used healthcalieatton metrics, such as readmission,
revision surgery, length of stay or complicatiaiosgetermine cost-effectiveness, these metrics
may not be the most appropriate for measuring vialware®* Instead, moving towards utilizing
PROMs with more accurate cost exploration, such @®se-driven activity-based coding

(TDABC) analysis, may allow spine surgeons to delivetter value-based c&fe.

Overall Trends and Costs of ACDF and CDA:
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Several studies have demonstrated positive clinisl@omes after ACDF surgery, and
this procedure is considered the gold standardinteyat for various cervical degenerative
disease§®"°Nevertheless, recent studies have demonstratedt@mased rate of CDA use for
similar pathologie$*"°In a retrospective review of a nationwide inpatisample, Nesterenko
et al observed an estimated 700% increase in CBAscaerformed from 2005 to 2008 (344 to
2434)!® Additionally, Lu and colleagues reported an 11i8&sease in CDA procedures from
2008 to 2010, while Niedzielak et al noted thatdbepound annual growth rate (CAGR) of
CDA from 2005 to 2014 was 20.5% for primary proaeduand 5.84% for revision
procedures™"*More recently, Witiw et al reported an increaséhia proportional utilization
rate of CDA from 2009 to 2017 (5.6 to 28.8 per MIDF cases), noting that the largest
increase was after 2013, likely secondary to mesécgs being approved after this date.

Cost comparisons between these two interventioasisa changed over time. Liu and
colleagues reported that there was an overall &aserén cost, adjusting for inflation, from 2001
to 2013 in cervical spine surgefyDirects costs for ACDF are estimated to be ard5896 to
$29,898 compared to estimated costs of $4,4995¢032 for CDA****"8Using the Blue Health
Intelligence national claims database, Radcliff aoleagues compared the total costs for the
index procedure and for continuous monthly costgpéent in a four-year follow-up time
period’® The authors reported that the mean costs for ipdeosedures was significantly lower
in CDA than ACDF ($22,761 compared to $25,029, eetipely).® At 2 year follow-up, the
authors reported that CDA continued to be signifiteless compared to ACDF ($34,979
compared to $39,820, respectively)vhen evaluating costs per patient per month ofwttoe
interventions, CDA was also found to be signifitaless than ACDF at 1, 2, and 3 year follow-

up.”® Furthermore, Chotai et al also found increasetsassociated with ACDF, with
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preoperative anticoagulation, length of surgemygth of hospital stay, number of operative
levels and postoperative imaging modality identifées independent predictors for increased cost
in the 90 day postoperative peritfdn contrast, a retrospective review of the Natidnpatient
Sample of the Healthcare Cost and Utilization progiatabase, Nandyala and colleagues did not
find a significant difference in total hospital tesetween ACDF and CDA.

Despite the increased rate in utilization repontetthe above studies, in a survey of 383
AO Spine members, Chin-See-Chong and colleaguesirdited that ACDF continued to be the
dominant treatment compared to CDA, with particigariting limited reports for cost-
effectiveness and benefits as the most importasornes for reduced CDA adoptidhSimilarly,
Nunley et al noted insurance coverage and reimmeseas potential barriers for increased

utilization of cervical arthroplast.

Comparison of cost-effectiveness between ACDF and CDA

Since the FDA approved cervical disc replacemen207, various studies have
investigated the cost-effectiveness of these devioenpared to ACDF!"®8%%|n a CEA study
comparing single-level CDA and ACDF utilizing Medre charge and reimbursement data,
Qureshi et al. reported that, assuming 20-yeartipesss survival, CDA was the more cost-
effective surgical intervention over the lifetimeaopatient with a CER of $3,042 compared to
$8,760 per QALY for CDA and ACDF, respectivéfy.In addition, the authors reported that
CDA was the more cost-effective intervention withI€ER of $2,394 per QALY° However,
when the authors used sensitivity analyses to purate device durability and a willingness-to-
pay threshold (WTP) of $50,000, ACDF was foundedte more cost-effective intervention if

the CDA failed before 9.75 years of ({8eYet, if the prosthesis survives for at least &arg,
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CDA may be the more cost-effective optfSrConsistent with these findings, Ament and
colleagues using a Markov model demonstrated tbe§ @as the more cost-effective treatment,
with an ICER of $24,594 per QALY compared to ACORgear follow-ug Similarly, at 5
year follow-up, Ament et al. found that CDA was tl@minant intervention when taking direct
costs into consideration with an ICER of $8,518 QALY .?* In comparison to the previous 2
year study, the large difference in the ICERs destrated that CDA continued to be cost-
effective at 5 years using a WTP threshold of $803°*In a cost-effective analysis study also
utilizing a Markov model with 5 year follow-up, Mcrany et al reported a CER for CDA and
ACDF as $35,976 and $42,618 per QALY, respectifeljhe authors also noted an ICER of -
$557,849 demonstrating that CDA was the dominaatesgy in this modét* In a long-term
follow-up study, McAnany et al reported that thge&ar cost for CDA was $172,989 compared
to $143,714 for ACDE? They reported CERs as $38,247 for CDA comparé&8#325 for
ACDF per QALY # Although the CERSs of both treatments demonstresst-effectiveness,
authors concluded that CDA was more favored whempeowing treatments with an ICER of
$43,522/QALY for CDA using a WTP of $50,080Similarly, Radcliff et al reported that CDA
was more cost-effective than ACDF at 7 year follopvutilizing Markov analysis and reporting
net monetary benefit—an alternative to ICEREurthermore, the authors demonstrated that
CDA had a net positive and mean NMB of $20,679(%$8,-$35,377] compared to ACDF,
suggesting that the positive cost-effective begaefitCDA may be due to the small increase in
QALYs and decrease in secondary surgical intereesfi’ Utilizing a Markov analysis, Kim et
al. reported that the 7 year cost for CDA and AGES $105,332 and $103,911, respectidly.
The authors also illustrated that the QALYs gaifdACDF and CDA was 5.16 [95CI: 3.08-

7.24] and 5.33 [95CI: 3.21-7.45], respectively agplorted an ICER of $8,111 per QALY



Reyes

gained, favoring CDA as the more cost-effectivatsigy® Overall results of these studies
suggest that at 7-year follow-up, CDA continuedéoa more cost-effective treatment strategy
compared to ACDF.

In contrast to the aforementioned studies, otbponts suggest ACDF may be more cost-
effective and describe limitations with analyse€&A expenditures. Overley and colleagues
found the five year cost of CDA and ACDF to be $#307 and $116,717, respectivély.
Moreover, the authors reported that neither treatmwas found to be dominant over the other in
their model with CDA found to have an ICER of $623above the WTP threshold of
$50,000%! Warren et al illustrated that ACDF was more cdfgative than CDA in terms of cost
per QALY whether using hospital or total costsyedl as using NDI or SF-36 as the utility
measuré® For example, using hospital costs and SF-36, utieoes reported cost per QALY at
year 1 of ACDF and CDA as $70,034 and $106,69@ews/ely®® Additionally, the costs per
QALY at year 2 was reported for ACDF compared toACa> $34,272 and $50,011,
respectively, demonstrating the potential costetiffie benefit of ACDF over tim& When
calculating the ICER to compare treatments fromegiNDI or SF-36, the authors found both
were cost-effective using the common WTP thresbdB50,000; however, these results may be
limited by the study’s two-year follow-Ui.Additionally, Goz and colleagues reported poténtia
limitations with utilizing a national database, Bas the National Inpatient Sample, in studies
that have demonstrated the cost-effectiveness @.€&Mlotably, the authors demonstrated that
ACDF patients were found to be older and have mormsorbidities compared to the CDA
patients?® Furthermore, although CDA was reported to cost@pmately $549 less than ACDF
based on cost-to-charge ratios, the authors faustdXCDF was in fact the less expensive option

when adjusting for baseline differences, such asoadnaving multiple comorbiditieg.

10
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However, it is important to note that these ressitsuld be interpreted with caution as the use of
ICD-9 codes may not always be accuréte.

Two-level interventions portray a different pictuin a cost-effective analysis of two-
level CDA, Merrill et al reported the 7-year co$(GDA and ACDF as $176,654.19 and
$158,373.48, respectively Additionally the authors demonstrated that the @Ajained was
4.56 for CDA and 4.44 for ACDF, with a net gainlo21 QALYSs for CDA over 7 yeafs.
Likewise, the cost-effectiveness ratio of CDA and¥ were $37,99.53 per QALY and
$35,653.72 per QALY, respectively, illustrating thath procedures are cost-effective when
assuming a WTP of $50,08DNevertheless, when comparing an ICER of CDA of,$89 per
QALY to the WTP threshold of $50,000, the authangrfd that CDA was not necessarily the
most cost-effective treatment despite a gain in @AL

Although there are limited reports using indireasts from a societal perspective, Ghori
et al. demonstrated that ACDF was more expensitieeiong-term with costs of $31,780
compared to $24,119 for patients aged 45 to 65syadr and taking into consideration loss of
productivity and reoperation ratés* Ament et al. also demonstrated that CDA was taditey
intervention with an ICER of -$165,103 per QALY wheonsidering indirect costs and using
$50,000 as the threshold for WTP at 5 year follgw*lirhese results suggest that CDA is more
cost-effective when considering decreased prodittnss and increased return-to-work

compared to ACDE?

Healthcar e Utilization

Reoperation rates and healthcare utilization earbalternative method to consider

when assessing cost-effectiveness of a surgiahviantion*'**Rumalla and colleagues showed

11
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that ACDF had a lower overall hospital cost comgdoeCDA, but cervical arthroplasty was
associated with shorter length of stay, less carapbns, and adverse events during patient
discharge dispositioff. When comparing rates and costs of revision praesdafter either
cervical arthroplasty or ACDF, Nandyala and colleegydemonstrated that revision CDA
procedures had a significantly greater associabsgital cost compared to revision ACDF
($16,998 compared to $15,222, respectively) witbvésion rate of 2.0% for ACDF and 7.7%
for CDA.” In addition, Saifi et al reported that the measitl cost was significantly greater
for ACDF, but CDA was found to have a greater prtipa of patients with a “mean revision
burden”— measured as revision procedures dividetthégum of primary and revision
procedureg? In contrast, Kumar et al reported that there wasignificant difference in
healthcare utilization between ACDF and CDA at &rgevhen considering revisions and
readmission$? The differences in results may be attributed &owrious patient sampling
protocols from distinct national databases; needetds, components of healthcare utilization
such as revision, readmission, and length of staynaportant to consider as they may play a

role in long-term costs that can affect future af&tctiveness models.

Limitations of Cost-Effective Analysis Studies

Given the amount of cost-effective analyses usembimpare surgical interventions,
potential limitations should be considered whenwating results including varying definitions
for calculating cost and quality measut&® Although PROMs and HUS are continuously used
to evaluate health-related quality of life, theomtinues to be a paucity in the literature of the
most appropriate time points to collect these messwvhich can ultimately affect resulting

cost-analyses performét?**>*’As future studies continue to assess the mosbpppte

12



Reyes

guality measure for evaluating spine surgery, stagidation of metrics will be necessary for
generalizability of findings. Furthermore, Markovadyses may have limitations as they are
based off varying assumptions that are used imibdel and only account for the current health
state of a patient rather than for potential futuealth state$-*° Despite past long-term reports
for cervical arthroplasty, there are currently tiedal studies with greater than 10-year follow-up,
leading to gaps in knowledge of long-term reoperatind prosthesis survival rates that may

impact cost-effectiveness analy§&%®

Conclusion

Previous cost-effective studies have demonstitii@dboth ACDF and CDA are cost-
effective procedure¥®*Moreover, several studies have demonstrated that @ay be more
cost-effective with 5- to 7-year follow-uf3:®>#"Yet, ACDF surgery continues to be the more
commonly used proceduf&.”*Future studies are needed to demonstrate longfaiow-up on
prosthesis survival and clinical outcomes to furtlacidate the cost-effectiveness of cervical

disc arthroplasty compared to ACDF, and deternfineoire widespread adoption is warranted.

13
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