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ABSTRACT BACKGROUND CONTEXT: Lumbar discectomy is largely successful surgical procedure; how-
ever, reherniation rates in patients with large annular defects are as high as 27%. The expense asso-
ciated with a revision surgery places significant burden on the healthcare system.

PURPOSE: To compare the direct health care costs through 5 years follow-up of conventional dis-
cectomy (Control) with those of discectomy supplemented by an adjunctive annular closure device
(ACD) in high-risk patients with large annular defects.

STUDY DESIGN: This was a cost-effectiveness study.

METHODS: All-cause index level reoperations were reviewed from a multicenter, randomized
controlled superiority trial that allocated 554 high-risk discectomy patients with large annular
defects to either control or ACD. Medicare and private insurer (Humana) direct costs were derived
from a commercially available payer database to estimate costs in the US healthcare system,
including those associated with facility, surgeon, imaging, follow-up visits, physical therapy, and
injections. A 50:50 split between Medicare and commercial insurers was assumed for the base case
analysis. The analysis was also performed on a 80:20 commercial:Medicare payer basis. For the
base case scenario, a 2-year time horizon and outpatient cost setting was established for the index
procedure. Repeat discectomy was assumed to be performed on a 60:40 outpatient-to-inpatient
basis. Complications requiring surgery, revisions, and/or fusion were assumed to be managed in
the inpatient setting. Total costs of reoperation and per-patient costs of reoperation were compared
between groups for both forms of insurers. One author received consulting fees of <$50,000 for the
completion of this study, and the other eight authors did not have any financial associations with
the current work. Funding for this study was provided by Intrinsic Therapeutics, but all analyses,
interpretation, and writing were performed independently by the authors.
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RESULTS: At two years follow-up, use of the ACD reduced the rate of symptomatic reherniations
in a large defect population to 13% compared with 25% in the control group (p<.001). This reduc-
tion in symptomatic reherniations in the ACD group translated to a savings of $2,802 per patient in
direct health care costs compared with Control at 2 years and $5,315 per patient by 5 years based
on 50% private and 50% public (Medicare) payer split. Under the scenario of 80:20 private:public
insurance reimbursement, the estimated direct cost savings were $3,215 and $6,099 per patient at
2- and 5-years postoperatively, respectively, with the use of the ACD.

CONCLUSIONS: Symptomatic reherniation and reoperation rates were nearly double among control
patients compared with ACD-treated patients, which translated to markedly greater per-patient health-
care costs in the control group, where the ACD was not used. ~ © 2019 Published by Elsevier Inc.
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Introduction

Lumbar discectomy is the most common surgical treat-
ment for radiculopathy secondary to low back pain. Its
widespread adoption is, in part, due to its extremely high
success rate [1—4]. Clinical trials examining early symp-
tomatic relief and functional improvement have consis-
tently demonstrated that lumbar discectomy is superior to
medical therapy [5]. When compared with conservative
therapy, surgery is also highly cost-effective [6].

The lumbar discectomy procedure has undergone several
variations since it was first described in 1934 by Mixter and
Barr [7]. Utilization of the microscope, tubular systems, and
endoscopy have all added to the procedure complexity while
decreasing complications, shortening hospital length of stay,
and increasing patient satisfaction [8—11]. The most preva-
lent and costly complication, however, is recurrent herniation
that requires reoperation. It is estimated that this occurs in
3%—18% of patients [12,13]. Yet, patients with large annu-
lar defects (>6 mm width) are at a particularly high risk for
reherniation, with rates reported as high as 27% and often
accompanied by disabling symptoms that significantly affect
function and quality of life (QoL) [14—17].

Reherniations requiring additional medical therapies or
reoperations dramatically increase the costs to an already
strained healthcare system. Although initially costlier than
conservative management alone, primary lumbar discectomy
remains an established and highly cost-effective treatment
strategy [18—20]. For example, in an outpatient setting,
approximate Medicare ambulatory direct costs for a lumbar
microdiscectomy surgery have been reported to be $10,300
[18]. This surgical cost is quite reasonable given the gain in
quality-adjusted life years (QALYs) that far outweighs the
gains from conservative treatment alone [18]. However,
when accounting for other diagnostic and ancillary services
along with reoperation costs, symptomatic lumbar disc reher-
niation is estimated to cost closer to $26,000—$40,000 [21
—23]. This is exacerbated by high rates of dissatisfaction,
morbidity, and complications in these patients, challenging
the perceived cost-effectiveness defined by the initial surgery
[24]. As a result, there has been extensive research into
developing novel techniques to decrease the rates of

recurrent lumbar disc herniation and, in turn, the associated
morbidity and healthcare costs [22,25—28].

An example of one such method is a novel annular clo-
sure device (ACD), recently tested in a large multicenter,
randomized controlled trial (RCT) (Clinicaltrials.gov Iden-
tifier: NCT01283438) [29], and the 2-year results (primary
endpoint) were recently published in the spine literature
[30]. This device has been evaluated in several clinical
studies, repeatedly demonstrating improved clinical out-
comes [20,30—33]. The ACD was shown to reduce symp-
tomatic reherniation and reduce reoperation rates when
compared with conventional discectomy controls [30,32].
The hypothesis of this study was that direct healthcare costs
would be markedly lower among ACD-treated patients
compared with control discectomy patients due to the lower
incidence of symptomatic reherniations. Therefore, the pur-
pose of this study was to utilize clinical outcomes data
from the RCT to estimate the differences in direct health-
care costs between ACD-treated patients and controls based
on recent data representing the US healthcare system.

Methods

Study design

The data was obtained from a multicenter, RCT involv-
ing patients with chronic radicular leg pain unresponsive
to conservative care. The trial was approved by all local
ethics committee review boards and was registered with
ClinicalTrials.gov (NCTO01283438) [29]. All patients
signed ethics committee-approved informed consent
forms before participation in the trial. This post-hoc direct
cost-analysis models patient scenarios from the time of
their index lumbar discectomy procedure through 5-years
postoperatively, with a focus on the 2-year outcomes to
align with the main endpoint of the RCT. Both the ACD
and control arms were compared. Primary outcomes
included direct costs associated with the index procedure
and all reherniations, device- and procedure-related com-
plications, and revision procedures. Numerous examples
of the methodology used for this type of analysis are avail-
able in the literature [34—36].
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Participants

Patients were eligible for inclusion and randomization
if they presented with image-confirmed, single-level disc
herniation between L1 and S1, with a posterior disc height
>5 mm and a history of unresponsiveness to conservative
care of >6 weeks duration. A principal inclusion criterion
was the presence of a large annular defect after discec-
tomy, defined as >6 mm wide. Patients were excluded if
they had: previous back surgery at the index level, forami-
nal or extraforaminal disc herniation, extraspinal cause of
sciatica, pre-existing spinal pathology, bone mineral den-
sity with a t-score less than —2.0 (for subjects requiring
DEXA), scoliosis of more than 10°, or other abnormalities
such as spondylolysis or spondylolisthesis that would
potentially interfere with the surgical procedure.

Randomization

Eligible patients were randomized intraoperatively fol-
lowing discectomy (if an annular defect >6 mm wide was
present) using a web-based platform that allowed for real-
time computer-generated random treatment assignment.
Patients were randomized 1:1 to receive either discectomy
with the ACD or discectomy alone.

Annular closure device

The Barricaid annular closure device (Intrinsic Thera-
peutics, Inc., Woburn, MA, USA) is an implantable device
used as an adjunct to lumbar discectomy. The device
serves to occlude the annular defect, retaining the nucleus
pulposus within the normal anatomical disc space. The
use of this device has been described previously [30]. In
brief, the device consists of a rigid titanium bone anchor
to ensure proper fixation of the device to the selected adja-
cent vertebral body, and a flexible polymer mesh that
occludes the annular defect and prevents subsequent
migration of the nuclear material (Fig. 1). A radiopaque
platinum-iridium marker is embedded in the occlusion
component and is visible on radiographs, allowing for
visualization and proper placement during implantation.

~
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Fig. 1. Barricaid® annular closure device.

Surgical interventions

An operative microscope or surgical loupes were used to
perform discectomy via the interlaminar transflaval
approach [37]. The randomization process was finalized
following removal of the herniated disc material and defect
measurement. Annular defect height and width was mea-
sured with graduated defect measurement instruments, and
if the defect was between 4 and 6 mm in height and
6—10 mm in width, the patient was eligible for randomiza-
tion and no further disc material was removed. For patients
randomized to the control group, the discectomy procedure
was concluded using standard closure techniques. For those
randomized to the ACD group, the bone-anchored ACD
was inserted under fluoroscopic control.

Costs

For the purposes of this study, only direct healthcare costs
were evaluated. A societal perspective (including indirect
costs related to return-to-work) was considered only in the
sensitivity analysis. Direct medical costs included, but were
not limited to, operating room time, facility and/or hospital
stay, postoperative medications, physical therapy, epidural
steroid or facet injections, reoperations for symptomatic
reherniations, diagnostic imaging, follow-up visits (scheduled
and unscheduled), and surgery-related complications. Data
on these clinical events and utilization of resources were
gathered from the RCT and costs were estimated for the US
healthcare system based on private and public claims data.

Humana and Medicare 2014 claims data were collected
from a commercially available payer database (PearlDiver).
Humana claims included payments covered by the national
insurer Humana Inc. Medicare claims included payments
covered by The Centers for Medicare and Medicaid serv-
ices. Humana and Medicare were considered to represent
nationwide commercial and public payer data, respectively.
Payer reimbursements were abstracted for pertinent diagno-
sis-related group for inpatient scenarios, Ambulatory Pay-
ment Classifications for outpatient scenarios, and Current
Procedural Terminology codes for relevant procedures and
services (Table 3).

With respect to medication costs, the type and number
of medications taken immediately postoperatively were
assumed to differ from later follow-up periods. For medi-
cations missing a start date, the middle of the month (ie,
the 15th) was imputed. Data were cross-referenced with
the 2011 Redbook MarketScan to calculate medication
costs [38]. The Redbook file contains the average whole-
sale price for all drugs assigned a national drug code. Cost
was estimated at 85% of average wholesale price. This
multiplier was based on Medicare’s 2010 reimbursement
rate for medications. After 2010, Medicare changed to an
average sales price reimbursement method that is not pub-
licly available. Ancillary costs associated with recurrence
and/or complications and/or revisions, including follow-
up office visits, epidural steroid injections, spine imaging
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(computed tomography and/or magnetic resonance imag-
ing) and physical therapy were classified together as con-
servative therapy total (Table 3). Scheduled office visits
were those occurring at 6 weeks, and at 3, 6, 12, 24, 36,
48, and 60 months postoperatively.

To understand the cost-benefit over time for patients
receiving the ACD compared with conventional discectomy
within the US healthcare system, a scenario-based model
was utilized, which included the following cost-related
assumptions: (1) all index operations occurred in the outpa-
tient setting; (2) patient population was split 50:50 based on
their insurance status (Commercial vs. Medicare); and (3)
repeat discectomies were performed on a 60% inpatient-
basis and 40% outpatient-basis [39]. The index procedure
costs were assumed to be identical in the ACD and control
groups (ACD device cost was not included) in order to
focus on direct comparisons of postoperative care. All cost
inputs were adjusted for inflation to 2017 US dollars by
using the U. medical care Consumer Price Index [40].

Statistical analysis

Descriptive statistics were calculated and recorded as
means and standard deviations. Comparisons between groups
were made using the independent t-test, assuming unequal
variances, for continuous data and Fisher’s exact test for cate-
gorical data. The expected complication and reoperation rates
beyond 2 years were estimated based on the number of events
divided by the person-months beyond 2 years. Univariate sce-
nario and multivariate probabilistic sensitivity analyses were
also conducted to examine the uncertainty and generalizabil-
ity of the model. In the univariate analysis, all parameters
were varied by 20% from their baseline. In the multivariate
probabilistic sensitivity analysis, 1,000 simulations of cost
differences were examined at 90 days, 1 year, 2 years, and
5 years postoperatively. An alternate payer mix scenario of
80% Commercial and 20% Medicare was also considered
(Table 5). Statistical significance was set, a priori, at p<.05.

Results

A total of 554 patients who underwent surgery for lumbar
discectomy between 2010 and 2014 were included in the ini-
tial RCT and in this cost analysis. Patients were randomized
into the ACD (N=276) or control (N=278) groups. The 2-
year postoperative milestone was completed for all patients
and follow-up compliance through 2 years was 91% in the
ACD group and 93% in the control group. Considering that
the trial is ongoing and not all patients have reached 5 years
of follow-up at the time of this analysis, 5-year data was
only available for 40% of ACD patients and 39% of control
patients. There were no significant differences amongst the
groups. Mean age was 43 years old, with 59% male popula-
tion and body mass index of 26 (Table 1). All patients had a
single level intervention and most patients required surgery
at L4—L5 and L5—S1 interspaces (96%—98%).

Table 1
Patient characteristics
ACD Control
Characteristic (N=276) (N=278)
Age, (mean=standard deviation) 43+ 11 44 £+ 10
Male sex, no (%) 156 (57) 171 (62)

Body mass index, (kg/m?) 26+ 4 26+ 4

Smoking history, no (%) 173 (64) 175 (63)
Index level — no (%)
L2-L3 2 (1) 1(<1)
L3-14 8(3) 52)
L4-L5 123 (45) 101 (36)
L5-S1 139 (51) 171 (62)
Disk height, mm (mean=standard deviation) 8.9 £ 2.1 8.9+22

At 6 months follow-up, 13% of the control group had
experienced a symptomatic recurrent disc herniation com-
pared with 6% in the ACD group (p=.005). By 2 years, 25%
of patients in the control group experienced a symptomatic
reherniation at the index level compared with only 13% in
the ACD group (p<.001). There were 61 reoperations in 45
patients in the control group and 29 reoperations in 24
patients in the ACD group through 2 years. Both groups had
a similar proportion of patients (4%; p=.99) requiring fusion
procedures after recurrent disc herniation. Other complica-
tions also differed between groups. In the control group, three
patients required surgical intervention for epidural hemato-
mas, three required surgery for wound infections, and two
required pain stimulator placement for intractable pain. In
contrast, the ACD group reported only one wound debride-
ment and no epidural hematomas or stimulators (Table 2).

The estimated 2-year direct costs associated with the
ACD and control groups were $11,488 and $14,290 per
patient, respectively (Table 4; Fig. 2B). Considering the
index procedure costs were assumed to be identical in the
ACD and control groups, the $2,802 difference in per-
patient costs was attributable to the additional complica-
tions and reoperations required in the control group. By
5 years, the estimated cost savings increased to $5,315 per
patient with ACD treatment.

Sensitivity analysis

A greater cost benefit of the ACD is realized when the
payer distribution is shifted from 50% Commercial and
50% Medicare to 80% Commercial and 20% Medicare
(Table 5). At 2- and 5-years, for example, the cost savings

Table 2
Surgical complications

Surgical interventions ACD, N (%) Control, N (%) p Value

Recurrent herniation 10 (3.6) 36 (12.9) <.0001
Recurrence with fusion 10 (3.6) 11 (4.0) .99
Epidural hematoma 0(0) 3(1.1) 25
‘Wound infection 1(0.4) 3(1.1) .62
Implantation of stimulator 0(0) 2(0.7) .50
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Table 3
Estimated costs for interventions, by Payer Type
Medicare, $  Humana, $
Index operation outpatient
Medicare - PT x 2 sessions 122.85 93.04
Medicare - MRI 203.84 791.94
Medicare - CT 146.26 140.33
Medicare - Injection x 2 132.34 290.66
APC 5114 (Medicare) 5,219.36 7,150.52
Medicare - Surgeon 578.63 1,938.61
Total 6,403.28 10,405.10
Recurrence discectomy outpatient
Medicare - Conservative therapy 892.49 1,621.35
APC 5114 (Medicare) 5,219.36 7,150.52
Medicare - Surgeon 578.63 1,938.61
Total 6,596.24 10,710.48
Recurrence discectomy inpatient
Medicare - Conservative therapy 892.49 1,621.35
Medicare - DRG 519 10,290.00 15,526.14
Medicare - Surgeon 578.63 1,938.61
Total 11,666.88 19,086.10
Recurrence with fusion
Medicare - Conservative therapy 892.49 1,621.35
Medicare DRG 459/460 30,945.65 49,760.12
Medicare - Surgeon 619.60 2,034.79
Total 32,363.50 53,416.26
Epidural hematoma
Medicare - Conservative therapy 892.49 1,621.35
Medicare - DRG 920 6,327.00 7,402.00
Medicare - Surgeon 424.06 1,279.62
Total 7,549.31 10,302.97
Wound infection
Medicare - Conservative therapy 892.49 1,621.35
Medicare - DRG 856 16,948.88 24,177.83
Medicare - Surgeon 424.06 1,279.62
Total 18,171.18 27,078.81
Implantation of stimulator
Medicare - Conservative therapy 892.49 1,621.35
Medicare - DRG 029 20,946.67 34,262.00
Medicare - Surgeon 142.00 492.00
Total 21,886.91 36,375.35
Ancillary costs
MRI CPT-73221 203.84 791.94
CT Scan CPT-77217 146.26 140.33
Epidural steroid injection CPT-62311 132.34 290.66
Physical therapy CPT-97530 122.85 93.04
Unscheduled office visit CPT-99215 192.96 305.38
Conservative therapy total 892.49 1,621.35

increase $3,215 and $6,099 per patient, respectively. When
return-to-work (societal perspective) is considered, the cost
benefit occurs earlier in the postoperative course and is of
greater magnitude in all scenarios (Tables 4 and 5).

In the one-way sensitivity analysis, reherniation rates
and fusion costs in the control group had the greatest impact
on cost (Fig. 3). In 89.3% of the multivariate probabilistic
simulations, the ACD group costs less than the control at
90 days (Fig. 4A). This increases to 93.8%, 99.8%, and
100% at 1, 2, and 5 years, respectively (Fig. 4B—D).

Some of the reoperations observed in the RCT may have
been disproportionate between the ACD and control groups

Reoperation Rate
*kkk
40% .a- Control

-©- ACD

30%-
20%-
10%- 2
'd
@
0% T T 1
90-d 1-yr 2-yr 5-yr

Post-op Follow-up

Direct Healthcare Costs (USD)

$20,000+
$15,0004
[ )
_-——e-——_
$10,0004 w=-°
$5,000+ -&- Control
-©- ACD
$c 1 T L] L}
90-d 1-yr 2-yr 5-yr

Post-op Follow-up

Fig. 2. Reoperation rates and direct healthcare costs were significantly
lower among ACD-treated patients compared to Control. * p<.05, ***
p<.001, #*#** p< 0001 by Fisher’s exact test.

by chance (ie unrelated to the difference in treatment).
These may include hematomas, infections, and spinal cord
stimulator placement. In the base case analysis, the costs
were increased in the control group by an average of $96
per patient for hematomas (3%), $162 per patient for infec-
tions (6%), and $210 per patient for stimulators (7%). The
base case analysis observed a cost difference of +$2,802
for the control group at 2 years. If the ACD group and con-
trol group were matched for reoperations on hematomas,
infections, and stimulators, the control group costs would
exceed those of the ACD group by $2,334 at 2 years.

Discussion

The prevalence of back pain is increasing with the aging
population and, as a result, inflation-adjusted expenditures
increased 129% in less than a decade since 2000, with small
subsets of patients carrying the majority of costs [41]. For
lumbar disc herniation, conservative therapy remains the
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Table 4
Base case cost comparison (50/50 Medicare/Humana) for different postsurgical lengths and from health system (direct medical cost only) and societal (direct
medical cost + productivity loss) perspectives

With ACD Control Difference
Reoperations (%) Costs ($) Reoperations (%) Costs ($) Costs ($)
Health system perspective
90 day 3.7 8,955.60 8.5 9,864.60 909.00
1 year 10.8 10,722.40 18.3 12,057.50 1,335.10
2 years 134 11,488.20 254 14,290.10 2,801.90
5 years 18.5 13,140.80 37.9 18,455.30 5,314.50
Societal perspective
90 day 3.7 15,929.30 8.5 16,869.90 940.60
1 year 10.8 29,035.60 18.3 30,890.00 1,854.40
2 years 13.4 43,027.10 254 48,102.80 5,075.70
5 years 18.5 83,639.30 37.9 95,895.00 12,255.70
Table 5
Alternate payer scenario: 80% commercial and 20% medicare
With ACD Control Difference
Reoperations (%) Costs ($) Reoperations (%) Costs ($) Costs ($)
Health system perspective
90 days 3.7 10,257.70 8.5 11,299.20 1,041.50
1 year 10.8 12,297.30 18.3 13,803.00 1,505.70
2 years 134 13,138.90 254 16,353.70 3,214.80
5 years 18.5 15,001.40 37.9 21,100.10 6,098.70
Societal perspective
90 days 3.7 17,231.40 8.5 18,304.50 1,073.10
1 year 10.8 30,610.50 18.3 32,635.50 2,025.00
2 years 134 44,677.80 254 50,166.40 5,488.60
5 years 18.5 85,499.90 37.9 98,539.80 13,039.90

I Fusion cost: $34,312 to $51,468
I
I Complication rate in 'without ACD": 80%...
I
[ Inpatient discetomy cost: $12,301 to...
]
I Average cost of other complications a:...
I
[ [ ] % repeat discetomy treated in outpatient...
[ [ |
[ [ MRI cost: $398 to $597

I Steroid injection cost: $84.6 to $126.9
\ Cost of Unscheduled visit: $99.7 to $149.5
Cost of index discetomy surgery: $6,723.4...
-$3,200-$3,000-$2,800 -$2,600 -$2,400 -$2,200 -$2,000

Cost Difference (ACD - Control)

Fig. 3. Tornado diagram of 2-year cost difference between ACD and control groups.



1176 J.D. Ament et al. / The Spine Journal 19 (2019) 1170—1179
A.
100% -
90% - Cumulative Frequency
80% - B Frequency Density
70% -
2 60% -
g
=l 50% -
[
™ 40% -+
30% -
20% -
10% - I I I I I I
0% T T T T T T T T T | —
S O O O O O O O O O O O © © O © O © ©o © © o oo o o <
S O O O O O O O O O O © O © © ©o © © o o S O O O O
SO 0 O ¥ N O 0 OV ¥ N O 0 OV F N © 0 VO F N N O 0 O
D D P —
Cost Difference (With ACD - Without ACD)
B.
100% -
90% - Cumulative Frequency
80% - B Frequency Density
70% -
2 60% -
g
2. 50% -
o
= 40% -+
30% -
20% -
10% - I I I I
0% T T T T T T_T T-T T T T 1
S ©O ©O ©O O ©O O O O O O O O O O ©O ©O O ©O ©O o o © © o <
©S O O O O O O O O O O O O O O ©O © © o o o O O O O
O 0 O ¥ N O 0 O ¥ N O ©® OV F N © 0O OV F N N O 0 O
D e r N —
Cost Difference (With ACD - Without ACD)

Fig. 4. Probabilistic sensitivity analysis on cost difference for base case patient population (50/50 Commercial/Medicare) from a health system perspective,
based on 1,000 simulations. 90-day cost-difference (A), 1-year cost difference (B), 2-year cost difference (C), 5-year cost difference (D).

first-line strategy for patients without neurological deficits.
For patients that remain symptomatic, two primary manage-
ment options exist: prolonged conservative therapy or lum-
bar discectomy. Continued conservative therapy circumvents
surgery in 50%—60% of instances [5]. Patients who fail,
however, often progress to needing delayed surgery.
Reherniation-related reoperation costs are significant
and place substantial stress on the healthcare system. It is
estimated that $17 billion is spent annually on the readmis-
sion of medical and surgical patients in the US. Reducing
these costs has become a critical and necessary societal

goal [42]. In this analysis, the cost of treating recurrent lum-
bar disc herniations made up 32% of the total cost of treat-
ing these patients. As such, strategy to minimize the rate of
reoperations is paramount for improving patient outcomes
as well as healthcare resource utilization. In this analysis of
direct costs, the ACD reduced reherniations and reopera-
tions, resulting in a net savings compared with control. The
cost benefit was realized early (90 days postoperatively)
and increased over time.

The direct costs associated with uncomplicated traditional
lumbar discectomy correlate well with other observations.
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Fig. 4 Continued.

We found conventional discectomy surgery to cost
$5,200—$7,100 according to 2017 adjusted Medicare and
Humana reimbursement rates, falling within the range of
other published reports [6,43]. Hansson et al. examined the
cost-utility of lumbar discectomy by QALYS in patients who
had surgery versus conservative therapy [18]. Despite sur-
gery initially carrying substantially greater costs than conser-
vative management, it resulted in a 10-fold improvement in
quality of life. This therefore yielded an incremental cost-
effectiveness ration of $4,648/QALY, which is well within
the accepted US-threshold for cost-effectiveness of
$100,000/QALY [43—45]. Despite this, the high recurrence
rates associated with lumbar discectomy surgery, particularly

in the high-risk patient populations, continues to challenge
this “cost-effectiveness” argument.

Reherniation incidence rates vary in the literature. Risk
factors have been reported to include age >50, body mass
index >25, Modic end-plate changes, quantity of disc
removed, and annular integrity after discectomy (eg, annu-
lar defect size) [12,14,15,46,47]. Aggressive discectomy
mitigated recurrent herniation rates at 2 years but was asso-
ciated with worse back pain; the opposite was true for lim-
ited discectomy [12,47]. Large annular defects (>6 mm
wide) are also associated with higher rates of reherniation
[14,16,17]. These high-risk patients with larger annular
defects were the focus of this RCT, which observed a
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dramatic reduction in symptomatic reherniation rates when
the ACD was utilized. Similarly, Parker et al. reported zero
reherniations in a smaller cohort of ACD patients over
2-years and Bouma et al. found that only 1.4% of their
75-patient series with the ACD had symptomatic rehernia-
tions [48,49]. In an early report from this RCT, Klassen
et al. observed a 40% reduction in reherniation rates with
the ACD within the first 90 days, postoperatively [16].

With costs between $26,593 and $39,836 for the diag-
nostics, ancillary services, and overall management of
lumbar disc reherniations that require reoperation, the
importance of preventive technologies is clear [48]. Parker
et al found that using the ACD resulted in a net savings of
$2,226 per discectomy, over 2 years [48]. Similarly, in this
analysis, the direct cost savings at 2 years was estimated to
be $2,802; at 5 years, the estimated direct cost savings
increased to $5,314. Although costs associated with disabil-
ity and quality of life were beyond the scope of this manu-
script, it is likely that the reduction in reherniations (and its
associated symptoms) as well as secondary surgical inter-
ventions (instrumented fusion in some cases) would further
amplify the cost-benefit of the ACD.

This study should be interpreted in the context of several
limitations. The device cost was not considered in this analysis
because, in part, this device is currently investigational and
prices have yet to be determined. Based on the data provided
from this analysis, it is easy to assess the effect of adding
in the device cost for break-even analyses or other interpreta-
tions. For example, if the device cost is assumed to be
$3,000, the net average cost would be +$198 ($3,000—$2,302
in postoperative savings) in the ACD group over 2 years and a
net average savings of $2,315 over 5 years ($3,0000—$5,315
in postoperative savings). However, it is also important to
consider that any net costs could be well justified to pre-
vent further patient morbidity and socioeconomic costs by
avoiding recurrent symptomatic herniation and associated
reoperations.

In addition, one author’s economic corporation received
consulting fees of <$50,000 for the completion of this study,
and the other eight authors did not have any financial associ-
ations with the current work. Although funding from Intrin-
sic Therapeutics was provided to support the completion of
this study, the analysis, interpretation, and conclusions were
reviewed by all authors to ensure integrity. Also, though the
2-year patient data is complete, the study is still ongoing and
the long-term results (eg, 5 years) are based on current fol-
low-up data that represent approximately 40% of the study
population. The patient cohorts were limited to RCT data
that had strict inclusion criteria with respect to disc height
and annular defect size. Therefore, these findings may not be
generalizable to patients with smaller defects or disc heights.
Additionally, although randomized, this study was not
blinded, leading to potential expectation bias. Finally, the
model assumptions and imprecision associated with pre-
dicted savings, along with the reliance on Medicare and
Humana reimbursement rates, clearly limits the external

validity. Yet, the robust sensitivity analysis provides some
estimates of the inherent uncertainty and, overall, corrobo-
rates the robustness of the conclusions.

Conclusions

Use of the ACD reduced estimated costs over time by
decreasing index-level reherniations and complications. As
early as 90 days postoperatively, a cost benefit was appreci-
ated. This realization continued to improve over time,
resulting in substantial cost savings through 5 years. When
novel technologies, such as this ACD, reduce complica-
tions, morbidity and costs over time, they are worthy of
careful consideration for utilization.
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