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Study Design. Cost-utility analysis of an annular closure device
(ACD) based on data from a prospective, multicenter randomized controlled trial (RCT)
Objective. The aim of this study was to determine the costeffectiveness of a novel ACD in a patient population at high risk
for recurrent herniation following discectomy.
Summary of Background Data. Lumbar disc herniation
patients with annular defect widths 6 mm are at high risk for
recurrent herniation following limited discectomy. Recurrent
herniation is associated with worse clinical outcomes and
greater healthcare costs. A novel ACD may reduce the incidence
of recurrent herniation and the associated burdens.
Methods. A decision analytical modeling approach with a
Markov method was used to evaluate the cost-effectiveness of
the ACD versus conventional discectomy. Health states were
created by projecting visual analogue scale (VAS) onto Oswestry
Disability Index (ODI). Direct costs were calculated based on
Humana and Medicare 2014 claims to represent private and
public payer data, respectively. Indirect costs were calculated
for lost work days using 2016 US average annual wages. The
incremental cost-effectiveness ratio (ICER) in dollars per quality-
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adjusted life year (QALY) was compared to willingness-to-pay
thresholds. Sensitivity analyses were also conducted.
Results. Patients with the ACD had less symptomatic reherniations, reoperations, and complications and gained 0.0328 QALYs
within the first 2 years. Total direct medical costs for the ACD
group were similar to control. When productivity loss was
considered, using the ACD became $2076 cheaper, per patient,
than conventional discectomy. Based on direct costs alone, the
ICER comparing ACD to control equaled $6030 per QALY. When
indirect costs are included, the ICER became negative, which
indicates that superior quality of life was attained at less cost.
Conclusion. For lumbar disc herniations patients with annular
defects 6 mm, the ACD was, at 2 years, a highly cost-effective
surgical modality compared to conventional lumbar discectomy.
Key words: annular closure device, cost-effectiveness, costutility analysis, disc herniation, lumbar, Markov model, quality
of life, recurrent herniation.
Level of Evidence: 1
Spine 2019;44:5–16
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umbar disc herniation is the most common cause of
sciatica worldwide.1 Initial treatment of sciatica is
conservative; however, approximately 20% of conservatively treated patients have intractable pain or disability that warrant consideration for discectomy.2–4
Approximately 500,000 lumbar discectomy procedures
are performed annually in the United States alone.5 A major
complication of this procedure is recurrent symptomatic
disc herniation, which has been reported to occur in 7%
to 18% of patients within 2 years postoperatively.6–8 Compared to the index event, recurrent symptomatic herniation
is associated with worse clinical outcomes, surgical complications (i.e., cerebrospinal fluid leak and nerve root injury),
and significant cost.7,9
In response, an ongoing prospective, multicenter, randomized controlled trial (RCT) is comparing a novel boneanchored annular closure device (ACD, Figure 1) to conventional lumbar discectomy in patients classified as high-risk for
reherniation (annular defect width 6 mm).10 That study
reported significantly lower incidence of recurrent herniation
www.spinejournal.com
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Figure 1. Annular closure device. Components of the device include a titanium anchor, a polymer mesh designed to prevent disc material
extrusion into the spinal canal, and a platinum iridium marker to imaging.

and reoperation among ACD-treated patients during the first
90 days of follow-up. A previous direct cost analysis also
suggested savings with the ACD11; however, a formal costutility analysis (CUA) has not been performed to determine
cost-effectiveness.
Two approaches are commonly used to conduct a CUA:
simple incremental calculation or decision analytical modeling.12 A major drawback of the cost-accounting approach is its
inability to describe relationships between clinical events,
impeding the prediction of how parameters change relative
to one another. The purpose of this study was to perform a
CUA via decision analytical modeling using a Markov method
to evaluate the cost-effectiveness of the ACD versus conventional discectomies for patients with symptomatic lumbar
disc herniation.

the Second Panel on Cost-Effectiveness Health and Medicine
convened by the United States Public Health Service.14

Construction of Health States

METHODS

All baseline and follow-up data were used to construct 5
health states that were based on 2 dimensions for pain and
disability associated with symptomatic lumbar disc herniation: visual analog scale (VAS) and Oswestry Disability
Index (ODI). These dimensions were combined using statistical regression to obtain a more comprehensive depiction of
functional status. Multiple VAS measurements were
obtained at each time point in the original trial (i.e., back
pain, right or left leg pain), and were handled similarly to the
original trial design. Health states were anchored by 20point increments in maximum VAS. For ODI, health states
are bound by the predicted values of ODI for each 20-point
VAS increment (Figure 2).

Model Design

Direct Cost

The patient population was extracted from a prospective,
multicenter RCT.13 Included patients had single-level
symptomatic lumbar disc herniations and underwent discectomy surgery. Randomization was performed intraoperatively following confirmation of an annular defect width
6 mm and patients received either limited discectomy or
limited discectomy with insertion of the ACD. There were
no statistically significant differences in baseline demographics.
Two primary outcome measures, cost and quality-adjusted
life years (QALY) at 2 years follow-up, were evaluated using
constructed health states. The resulting incremental costeffectiveness ratio (ICER), expressed in dollars per QALY,
was calculated and compared to willingness-to-pay (WTP)
thresholds. The analysis was conducted in accordance with

Costs were measured from both healthcare (only direct
medical costs) and societal (direct and indirect costs) perspectives. Humana and Medicare 2014 claims data were
captured from a commercially available payer database
(PearlDiver) to represent nationwide private and public payer
data, respectively. Payer reimbursements were abstracted for
pertinent diagnosis-related group (DRG) for inpatient scenarios, Ambulatory Payment Classifications (APC) for outpatient scenarios, and Current Procedural Terminology
(CPT) codes for relevant procedures and services (Table 1).
For medication costs, we hypothesized that the type and
number of medications taken immediately postoperatively
should differ from later follow-up periods. In addition, this
difference (particularly with analgesics, antispasmodics, and
neuroleptics) was associated with the patient’s health status
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Figure 2. Regression analysis of VAS and ODI for the creation of health status. ODI indicates Oswestry Disability Index; VAS, visual analogue
scale.

(Table A1, http://links.lww.com/BRS/B364). We cross-referenced our data with the average wholesale price (AWP) from
the 2011 Redbook MarketScan to calculate medication
costs.15 Cost was estimated using AWP times 85%, based
on Medicare’s 2010 reimbursement rate for medications.
Costs associated with follow-up office visits (both scheduled and unscheduled) were also included in the model.
Scheduled office visits occurred at 6 weeks, and at 3, 6, 12,
24, 36, 48, and 60 months, postoperatively. An analysis of
the trial data revealed that unscheduled office visits were
associated with a worse overall health status (P ¼ 0.002).
Therefore, we examined health state-specific likelihood of
office visits per 6 weeks. All cost inputs were adjusted for
inflation to 2017 dollars by using the US medical care
Consumer Price Index.16

Indirect Cost
Productivity loss in this analysis was based on work status
reported at each follow-up. In the Markov model, the states:
‘‘work with no restriction,’’ ‘‘work with few restrictions,’’
‘‘work with many restrictions,’’ and ‘‘unable to work’’ were
translated to 100%, 70%, 30%, and 0% work time, respectively. Productivity loss was not computed for patients older
than 65. We applied 2016 US national average annual wages
to calculate productivity loss (Appendix A2, http://links.
lww.com/BRS/B364).17
Spine

QALY
The second primary outcome measure, health-related utility, was expressed in the unit QALY. The base case analysis
utilized SF-36 data from the RCT and weighted utility
values based on the validated SF6D algorithm.18 Both cost
and QALYs were discounted at an yearly rate of 3% to
reflect their present value.14 The cost-effectiveness outcome
measure was calculated as the ICER. A value below the
commonly accepted United States WTP threshold of
$100,000 per QALY was considered to favor the ACD
compared to conventional discectomy.14

Markov Model
A cohort Markov model (Figure 3) was constructed to
analyze transition probabilities between health states for
both ACD and control cohorts (Table A4, http://links.
lww.com/BRS/B364). Each health state was therefore associated with costs and utility scores. The process of redistribution is controlled by 2 factors: the preoperative
distribution of health states, and the transition probabilities
between the health states. To capture the early dynamics of
postoperative recovery, the model begins with 1.5-month
cycles and then increases to 6-month cycles after the 6month follow-up.
Four postoperative clinical events were considered in the
model: reoperations related to symptomatic reherniation
www.spinejournal.com
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TABLE 1. Cost Input Parameters
Medicare
1. Ancillary procedure
MRI
$204
CT Scan
$146
Epidural steroid injection
$66
Physical therapy
$31
Unscheduled Office Visit
$97
2. Index Operation
Facility fee (APC 5114)
$5219
Surgeon fee
$579
Total
$6403
3. Reoperation
3.1.a. Re-discectomy, outpatient
Facility fee (APC 5114)
$5219
Surgeon fee
$579
Totaly
$6596
3.1.b. Re-discectomy, inpatient
Facility fee (DRG 519)
$10,290
Surgeon fee
$579
Totaly
$11,667
3.2. Fusion
Facility fee (DRG 459/460)
$30,946
Surgeon fee
$620
Totaly
$32,364
4. Complications
4.1. Wound infection drainage or incision
Facility fee (DRG 856)
$16,949
Surgeon fee
$424
Totaly
$18,171
4.2. Evacuation of epidural hematoma
Facility fee (DRG 920)
$6327
Surgeon fee
$424
Totaly
$7549
4.3. Implantation of stim
Facility fee (DRG 029)
$20,947
Surgeon fee
$142
Totaly
$21,887
5. Medication Costs, by health state
a) First 6 mo since initial surgery, per 6 wk
Mild
$7
Moderate
$16
Severe
$39
Crippled
$57
Bedbound
$97
b) After first 6 mo, per 6 mo
Mild
$13
Moderate
$68
Severe
$82
Crippled
$76
Bedbound
$192

Humana
$792
$140
$145
$47
$153
$7151
$1939
$10,405

$7151
$1939
$8779
$15,526
$1939
$19,086
$49,760
$2035
$53,416

$24,178
$1280
$27,079
$7402
$1280
$10,303
$34,262
$492
$36,375

$11
$24
$58
$86
$145
$19
$101
$122
$114
$288

CT indicates computed tomography; DRG, diagnosis-related group; MRI,
magnetic resonance imaging.

Total cost for index operation includes, facility and surgeon fees, one CT,
one MRI, two physical therapy sessions, and two epidural steroid injections.
y
Total costs for reoperations and complications include, facility and surgeon
fees, one CT, one MRI, two sessions of physical therapy, two epidural
steroid injections, and two unscheduled office visits.

(repeat discectomy, decompression, and fusion); reoperation related to ACD failure (device revision and removal);
reoperation unrelated to reherniation (decompression and
8
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fusion); and other types of complications (e.g., spinal cord
stimulator placement, epidural hematoma evacuation,
wound infection). Complications were associated with
time-specific incidence rates and were included as input
parameters to inform the model (Table 2).
The initial base case scenario assumed: a device cost of
$3000; a 2-year time horizon; SF36 as the primary quality of
life outcomes measure; direct costs were calculated using a
50:50 split between Medicare and Private payer rates; all
index procedures occurred in the outpatient setting; and
60% of repeat discectomies were outpatient and 40% were
inpatient.3

Sensitivity Analysis
We conducted scenario, one-way parameter, and probabilistic sensitivity analyses. The scenario sensitivity analysis
examined cost-effectiveness of the ACD versus ‘‘without
ACD" in scenarios that deviated from the base case. For
example, we tested alternate time horizons (i.e., 90 days,
1 year, and 5 years), reimbursement strategies (i.e., 100%
Medicare or 100% private payer), and quality of life instruments (i.e., EQ5D). The purpose of the one-way parameter
sensitivity analysis was to identify key parameters that
influence the base case. We varied each input parameter,
independently, by 20%, and reported the resultant variations in the ICER in a tornado diagram (Figure 4). Parameters with the largest influence on the ICER are listed closest
to the top of the illustration. The probabilistic sensitivity
analysis examined the stability of the base case conclusion
given the inherent uncertainty in the input parameters. We
assigned beta distributions for probability and utility
parameters and gamma distributions for cost parameters.
Although uncertainty calculations are classically based
directly on the 95% confidence intervals or standard errors,
this level of granularity was not available for the cost data
used in this analysis. Standard convention assumes that 95%
of sampled costs fall into a range of 20% or 30% of
their baseline values.19,20 To be conservative, we assumed a
30% variation. We simulated 1000 iterations of input
parameter variations (based on their respective distributions). The resultant cost and QALY differences between
the ACD and control groups were illustrated on a
scatter plot. Simulation points to the right of and
below the blue US willingness-to-pay line indicates costeffectiveness (Figure 5). A cost-effectiveness acceptability
curve was also created from the probabilistic sensitivity
analysis, which represents the percentage of iterations
achieving cost-effectiveness over a range of willingness-topay thresholds (Figure 6).

RESULTS

A strong correlation (R2 ¼ 0.826, P < 0.001) was found by
projecting VAS onto ODI for the creation of the Markov
health states (Figure 2). Also, patients living in better health
states were associated with a higher quality of life (Table 3)
and increased likelihood of working with less restrictions
(Table A2, http://links.lww.com/BRS/B364). Patients with
January 2019
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Figure 3. Markov model schematic. Each Markov Node represents possible patient transitions between health states. ACD indicates annular
closure.

the ACD had fewer symptomatic reherniations, reoperations, and complications and gained 0.0328 QALYs within
the first 2 years.
The higher cost of index surgery in the ACD group was
offset over time by reductions in complications, medications, and reoperations. At the conclusion of the base case
time horizon (Table 4), total direct medical costs for the
ACD group were essentially equal (þ$198) to control.
When productivity loss was considered, using the
ACD became $2076 cheaper, per patient, than conventional
discectomy.
From a health system perspective, the ICER comparing
ACD to control equaled $6030 per QALY, a value that is
substantially lower than the recommended US-based willingness-to-pay threshold of $100,000 per QALY. From a
societal perspective, the ICER became negative—a rare
scenario in healthcare economics referred to as dominance,
Spine

which means that superior quality of life was attained at
less cost.
Net monetary benefit was also analyzed and is a
summary statistic that represents the value of an intervention in monetary terms when a willingness-to-pay
threshold for a unit of benefit (i.e., QALY) is known.
At 2 years and a willingness-to-pay threshold of
$100,000/QALY, each ACD insertion saved $3084 of
direct cost (Table 4). Moreover, when productivity loss
was considered, the savings increased to $5358 per ACD
insertion (Table 4).

Sensitivity Analysis
From a healthcare perspective, with varying time-horizons
(from 90 days to 5 years), the ICER comparing ACD to
Control ranged from $2,272,750 per QALY to –$23,545
per QALY (Table 5). From a societal perspective, this range
www.spinejournal.com
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TABLE 2. Probability Input Parameters
Parameters

Value, %

1. Health state before initial discectomy
Mild
Moderate
Severe
Crippled
Bedbound
2. Probability of symptomatic reherniation
0–6 wk
6 wk–6 mo
6 mo–1 y
1–2 y
>2 y
3. Probability of subsequent surgeries
3.1 Reherniation-related reoperations

0.00
0.00
0.00
14.73
85.27

(0.00, 0.51)
(0.00, 0.51)
(0.00, 0.51)
(11.52, 17.94)
(82.06, 88.48)

With ACD
1.53 (0.04, 3.02)
0.39 (0.00, 0.93)
1.56 (0.05, 3.07)
1.38 (0.00, 2.83)
1.58 (0.14, 3.02)

With ACD
0–6 wk
1.45 (0.00, 2.90)
6 wk–6 mo
0.24 (0.00, 0.66)
6 mo–1y
0.72 (0.00, 1.75)
1–2 y
0.36 (0.00, 1.11)
>2 y
0.36 (0.00, 1.05)
Fusion
0–6 wk
0.00 (0.00, 0.91)
6 wk–6mo
0.00 (0.00, 0.46)
6 mo–1 y
0.36 (0.00, 1.09)
1–2 y
0.18 (0.00, 0.71)
>2 y
0.24 (0.00, 0.80)
3.2. Reherniation-unrelated reoperations
Repeat Discectomy
0–6 wk
0.00 (0.00, 0.91)
6 wk–6 mo
0.00 (0.00, 0.46)
6 mo–1y
1.09 (0.00, 2.36)
1–2 y
0.00 (0.00, 0.96)
>2 y
0.06 (0.00, 0.34)
Fusion
0–6 wk
0.00 (0.00, 0.91)
6 wk–6 mo
0.00 (0.00, 0.46)
6 mo–1y
1.81 (0.18, 3.44)
1–2 y
0.54 (0.00, 1.45)
>2 y
0.12 (0.00, 0.52)
3.3. Device-related reoperation
Revision fixation
0–6 wk
0.00 (0.00, 0.91)
6 wk–6 mo
0.00 (0.00, 0.46)
6 mo—1 y
0.36 (0.00, 1.09)
1–2 y
0.54 (0.00, 1.45)
>2 y
0.12 (0.00, 0.52)
Removal
0–6 wk
0.72 (0.00, 1.75)
6 wk–6 mo
0.12 (0.00, 0.42)
6 mo–1 y
1.45 (0.00, 2.91)
1–2 y
0.00 (0.00, 0.96)
>2 y
0.30 (0.00, 0.93)
3.4. Other complications
0–6 wk
0.36 (0.00, 1.09)
6 wk–6 mo
0.12 (0.00, 0.42)
6 mo–1 y
0.72 (0.00, 1.75)
1–2 y
0.00 (0.00, 0.96)
>2 y
0.00 (0.00, 0.82)
4. Probability of supplemental procedures, per person-year by health state
Mild
Moderate
CT
0.42 (0.00, 1.04)
1.70 (0.27, 3.13)
MRI
0.21 (0.00, 0.65)
0.00 (0.00, 0.76)
Physical therapy
0.42 (0.00, 1.04)
0.57 (0.00, 1.40)
Epidural steroid injection
0.21 (0.00, 0.65)
1.14 (0.00, 2.31)
Unscheduled office visit
4.52 (2.51, 6.53)
12.22 (8.60, 15.84)

Source
RCT data analysis

Without ACD
4.35 (1.94, 6.76)
1.99 (0.81, 3.17)
2.64 (0.71, 4.57)
3.27 (1.06, 5.48)
2.79 (0.94, 4.64)

Without ACD
3.24 (1.15, 5.33)
1.31 (0.35, 2.27)
2.51 (0.62, 4.40)
1.80 (0.15, 3.45)
0.78 (0.00, 1.77)
0.00 (0.00, 0.86)
0.12 (0.00, 0.41)
0.36 (0.00, 1.08)
0.36 (0.00, 1.11)
0.30 (0.00, 0.91)

Repeat Discectomy

0.00
0.00
0.72
0.00
0.06
0.00
0.00
0.12
0.54
0.30

(0.00,
(0.00,
(0.00,
(0.00,
(0.00,
(0.00,
(0.00,
(0.00,
(0.00,
(0.00,

0.86)
0.44)
1.74)
0.96)
0.33)
0.86)
0.44)
0.54)
1.45)
0.91)

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
2.16
0.24
0.00
0.36
0.00

1.41
0.47
1.87
1.41
44.23

Severe
(0.28, 2.54)
(0.00, 1.12)
(0.58, 3.16)
(0.28, 2.54)
(39.49, 48.97)

3.30
0.64
3.30
1.98
38.63

(0.44,
(0.00,
(0.00,
(0.00,
(0.00,

3.88)
0.65)
0.90)
1.11)
0.78)

Crippled
(1.29, 5.31)
(0.00, 1.54)
(1.29, 5.31)
(0.41, 3.55)
(33.14, 44.12)

Bedbound
2.59 (0.76, 4.42)
0.57 (0.00, 1.44)
5.19 (2.63, 7.75)
3.21 (1.18, 5.24)
76.36 (71.46, 81.26)

ACD indicates annular closure; CT, computed tomography; MRI, magnetic resonance imaging; RCT, randomized controlled trial.

Include wound infection drainage or incision, evacuation of epidural hematoma, and implantation of stimulator.
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Figure 4. Tornado diagram, representing a one-way parameter sensitivity analysis with resultant ranges in the ICER in $/QALY for the ACD
compared to control. ACD indicates annular closure; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life year.

changed to $2,238,478 per QALY to a negative, dominant
value. When costs were considered from an entirely Medicare fee schedule perspective, over the same follow-up
time range, the ICER varied from $27,032 per QALY to
dominating. And, when costs are considered from an
exclusively private insurer’s perspective, the ACD strategy
dominated in all scenarios (Table 5). Using EQ5D instead of
SF36 to assess quality of life did not significantly alter
the result.
As the societal perspective strongly favored the ACD
group, the one-way and probabilistic sensitivity analyses
were confined to the health system perspective to be conservative. In the one-way sensitivity analysis, the parameters with the largest impact on the ICER included the
reherniation rate in the control group, ACD device cost,
and the cost of fusion surgery (Figure 4). Despite the
resultant variations in the ICER, it consistently remained
below $25,000 per QALY. The probabilistic sensitivity
analysis also demonstrated that the majority (93.3%) of
the iterations fall far below the standard willingness-to-pay
threshold of $100,000 per QALY (Figures. 4 and 5). This
remained valid (88.8% of iterations) even when a more
antiquated willingness-to-pay threshold of $50,000 per
QALY was considered.
Spine

DISCUSSION

Radicular low back pain from a herniated lumbar intervertebral disc remains one of the most common causes of disability
and lost productivity in the United States.1–3 Despite the
success of initial discectomy in most patients, reherniationrelated reoperation costs are significant and place substantial
stress on the healthcare system. It is estimated that $17 billion
is spent annually on the readmission of medical and surgical
patients in the USA.21 This constitutes approximately 20% of
Medicare’s total payments.22
In this study, we derived the ICER of ACD compared
with traditional lumbar discectomy by using 2-year RCT
data. For the base case analysis, an ICER of $6030 per
QALY established cost-effectiveness centered on the commonly accepted willingness-to-pay threshold of $100,000
per QALY.14 Accounting for indirect costs augmented the
ICER value further, resulting in economic dominance. A
dominant healthcare economic strategy occurs when superior quality of life is attained at less cost.
Cost-effectiveness of the ACD compared to Control
persisted despite varying input parameters in multiple sensitivity analyses, corroborating robustness of the model. In
all scenarios, the ICER improved over time because of
improving quality of life at less cost (Table 5). From a
www.spinejournal.com
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Figure 5. Cost-effectiveness scatter plot representing 1000 simulated iterations of input parameter variations. The resultant cost and QALY
differences between groups is illustrated. Simulation points to the right of and below the blue US willingness-to-pay line indicates costeffectiveness. ACD indicates annular closure; QALY, quality-adjusted life year.

healthcare and Medicare-only perspective, the ICER
increased to $27,032 per QALY. When costs were considered solely from a private insurer (Humana) setting, the
ACD strategy dominated. In contrast, from a societal

perspective, the ACD dominated conventional discectomy
in both of these artificial monopolist payer scenarios.
Similarly, in the probabilistic sensitivity analysis, costeffectiveness could only be challenged if the simulated

Figure 6. Cost-effectiveness acceptability curve. This is created from the probabilistic sensitivity analysis scatter plot, representing the percentage of iterations achieving cost-effectiveness over a range of willingness-to-pay thresholds ACD indicates annular closure.
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TABLE 3. Quality of Life Estimates by Health

States
SF36
(Base Case)
Mild
Moderate
Severe
Crippled
Bedbound

0.842
0.675
0.616
0.575
0.494

(0.118)
(0.093)
(0.088)
(0.077)
(0.086)

EQ5D
(Sensitivity Analysis)
0.917
0.816
0.741
0.663
0.431

(0.097)
(0.087)
(0.113)
(0.154)
(0.209)


Base case analysis uses SF36 as quality of life measure, whereas EQ5D is
used in the scenario sensitivity analysis.

willingness-to-pay threshold was unrealistically low (i.e., at
values <$10,000 per QALY).
The disparity between the healthcare and societal perspectives was believed to be secondary to differences in work
status between the two groups. Health status-specific
return-to-work probabilities suggested that patients with
less postoperative disability were more likely to return to
work (Table A2, http://links.lww.com/BRS/B364). Furthermore, return-to-work rates and health state transitions were

superior in the ACD group (Tables A3 and A4, http://links.
lww.com/BRS/B364). Before index surgery, only 13.1% of
patients in the two groups could work without restriction.
By 3, 12, and 24 months, the proportions of patients that
could work without restriction in the ACD versus control
groups were 47.8% versus 46.9%, 52.7% versus 49.2%,
and 53.3% versus 49.5%, respectively (Table A3, http://
links.lww.com/BRS/B364).
The ICER in this analysis compares favorably with that
of other surgical interventions. A study of total ankle
arthroplasty versus fusion demonstrated an ICER of
$18,419 per QALY.23 An analysis of antibiotic-impregnated hip arthroplasty found an ICER of $37,595 per
QALY24 and an examination of lumbar discectomy versus
non-operative management calculated an ICER of
$69,403 per QALY.25 Although these and other published
reports have examined cost and quality of life in similar
patient populations,26,27 this is the first study, to our
knowledge, to create unique health states and use modeling to thoroughly assess the cost-effectiveness of an ACD.
This novel approach allowed for extrapolation and
accounted for the temporal component inherent in the
disease process and patients’ recovery.

TABLE 4. Base Case Cost-effectiveness of ‘‘With ACD’’ for Lumbar Discectomy versus ‘‘Without

ACD," 2-year Time Horizon for a Composite Cohort of (50:50) Medicare and Privately
Insured Patients

Cost Outcomes
Index surgery, A
Reoperations, B
Medications, C
Complications, D{
Productivity loss, E
Total direct medical cost (A þ B þ C þ D)
Total cost including productivity loss, G (E þ F)
Health outcomes
Symptomatic reherniation
Reherniation-related reoperations, per 100 patients
Reoperations and complications, per 100 patients
QALY
Cost-effectiveness outcomes
ICER, health system perspective
ICER, societal perspective y
NMB, WTP ¼ $100,000/QALY and health system
perspective z
NMB, WTP ¼ $100,000/QALY and societal
perspective§

With ACD

Without ACD

Difference (With
ACD–Without ACD )

$11,404
$2653
$307
$125
$31,539
$14,488
$46,027

$8404
$5364
$343
$178
$33,813
$14,290
$48,103

$3000
$2711
$37
$54
$2274
$198
$2076

11.7%
5.8
13.4
1.5377

24.8%
15.7
25.4
1.5049

13.1%
9.9
12.0
0.0328
$6030
$63,244 (Dominated)
$3084
$5358

ACD indicates annular closure device; ICER, incremental cost effectiveness ratio; NMB, net monetary benefit; WTP, willingness to pay; QALY, quality-adjusted
life years.

Calculated as difference in total direct medical cost/difference in QALY.
y
Calculated as difference in total cost/difference in QALY.
z
Calculated as difference in QALY  WTP per QALY - difference in total direct medical cost.
§
Calculated as difference in QALY  WTP per QALY – difference in total cost.
{
Includes wound infection incision/drainage, evacuation of epidural hematoma, and implantation of stimulator.
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0.1612

3.5008

1.5378

86,639

5y

2. Alternative payment composition
2.1 Health system perspective
All Medicare rate
11,739

1.7139
1.7139

3.2

11.7

11.7

11.7

11.7

11.7

11.7

16.4

11.7

7.8

3.2

16.4

11.7

7.8

3.7

13.4

13.4

13.4

13.4

13.4

13.4

18.5

13.4

10.8

3.7

18.5

13.4

10.8

9,865

48,103

14,290

51,542

44,663

17,730

10,851

95,895

48,103

30,890

16,870

18,455

14,290

12,058

1.6818

1.6818

1.5049

1.5049

1.5049

1.5049

3.4025

1.5049

0.8214

0.1603

3.4025

1.5049

0.8214

0.1603

24.8

24.8

24.8

24.8

24.8

24.8

36.0

24.8

17.1

8.3

36.0

24.8

17.1

8.3

25.4

25.4

25.4

25.4

25.4

25.4

37.9

25.4

18.3

8.5

37.9

25.4

18.3

8.5

Without ACD
QALY % Symp. Reop. & ComReherniation
plications

2,076

198

2,766

1,386

492

888

9,256

2,076

1146

2059

2,315

198

1665

2091

0.0320

0.0320

0.0329

0.0329

0.0329

0.0329

0.0983

0.0329

0.0105

0.0009

0.0983

0.0329

0.0105

0.0009

D
DQALCostz
Y§

dominated

6184

Dominated

Dominated

Dominated

27,032

Dominated

Dominated

109,209

2,238,478

Dominated

6030

158,707

2,272,750

ICER, ($/
QALY){

5280

3006

6052

4672

3778

2398

19,089

5362

$97

1967

12,148

3088

$616

1999

NMB,
($)jj

ACD indicates annular closure device; ICER, incremental cost effectiveness ratio; NMB, net monetary benefit; QALY, quality-adjusted life years.

Includes $3000 ACD device cost for the initial surgery.
y
Measured as number of reoperations and complications requiring surgery per 100 patients.
z
DCost ¼ Barricaid cost–control cost.
§
DQALY ¼ Barricaid QALY–control QALY.
{
ICER ¼ DCost/DQALY; ICER may be slightly different from DCost in the table divided by DQALY in the table due to rounding errors; ‘‘Dominated" indicates that ‘‘With ACD’’ strategy costs less while
yielding a higher QALY.
jj
Net monetary benefit ¼ DQALY  $100,000 per QALY–DCost.

46,027

3. Alternative Utility Scale (EQ5D)
Health system perspective
14,488

Societal perspective

1.5378

48,776

All private insurer rate

1.5378

43,278

2.2 Societal perspective
All Medicare rate

1.5378

17,238

All private insurer rate

1.5378

46,027

2y

0.8319

32,036

0.1612

3.5008

1.5378

0.8319

1y

18,929

16,141

5y

1.2 Societal perspective
90 days

14,488

2y

11,956

13,722

1y

1. Alternative time horizons
1.1 Health system perspective
90 days

Cost,
($)

With ACD
QALY % Symp. Reop. and Com- Cost,
($)
Reherniation
plications y

TABLE 5. Scenario Sensitivity Analysis: Cost-effectiveness of ‘‘With ACD’’ versus ‘‘Without ACD’’ in Alternative Scenarios

RANDOMIZED TRIAL
Annular Closure Cost-Effectiveness  Ament et al
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RANDOMIZED TRIAL
This study should be interpreted in the context of several
limitations inherent in decision analytical approaches. By
definition, the Markov model is conditional on the present
state alone; future and past events are assumed independent.
With disease processes, it is rarely plausible to assume that a
patient’s transition to another health state was entirely
independent of a previous health state. The model also
assumed that surgical cohorts began in similar health states,
which is likely acceptable because of the trial randomization
and nonsignificant differences in baseline characteristics.
We also recognize that some cost data were not ascertainable. As it is problematic to use hospital charge data to conduct
a CUA, we used Medicare and Humana DRG/APC rates. As a
result, differences in parameters (such as operating room time
and length of stay) were not captured. Medication-related costs
were estimated from the average wholesale price (0.85), as
updated Medicare average sales prices were not publicly
available. Although this estimate is considered appropriate,
it is impossible to determine if it overestimated or underestimated costs for both groups. Productivity loss was also a
significant contributor to cost, but this analysis was unable
to include factors such as transportation costs, caregiver time/
responsibilities, and educational days missed.

CONCLUSION
This study is the first to report the comparative cost-effectiveness of a novel ACD compared to conventional lumbar
discectomy using a decision analytic model. The authors
conclude that for patients with lumbar disc herniations, the
ACD used in the trial is, at 2 years, a highly cost-effective
surgical modality compared to conventional lumbar discectomy. Furthermore, cost savings and quality of life both
continued to improve over time. In a rapidly changing
medical climate with emerging practice paradigms such as
pay-for-performance and value-based purchasing, surgeons
and payers will naturally gravitate toward these analyses. In
addition, as the health care system becomes more informed
in an established setting of scarce resources and increasing
expenses, sustainable surgical technologies that improve
quality of life while saving costs require serious attention.

Key Points
Patients with the ACD had less symptomatic
reherniations, reoperations, and complications.
The vast majority (93.3%) of model cases fall far
below the standard willingness-to-pay threshold
of $100,000 per QALY and 88.8% were below
$50,000 per QALY.
When including indirect costs to assess societal
impact, the ACD had a dominant costeffectiveness, indicating superior quality of life
at a lower cost compared to Control.
Supplemental digital content is available for this article.
Direct URL citations appearing in the printed text are
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