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Purpose: Despite being an extremely successful procedure, recurrent disc herniation is one of 

the most common post-discectomy complications in the lumbar spine and contributes significant 

health care and socioeconomic costs. Patients with large annular defects are at a high risk for 

reherniation, but an annular closure device (ACD) has been designed to reduce reherniation 

risk in this population and may, in turn, help control direct health care costs after discectomy.

Patients and methods: This analysis examined the 90-day post-discectomy cost estimates 

among ACD-treated (n=272) and control (discectomy alone; n=278) patients in a randomized 

controlled trial (RCT). Direct medical costs were estimated based on 2017 Humana and Medicare 

claims. Index discectomies were assumed to occur in an outpatient (OP) setting, whereas repeat 

discectomies were assumed to be 60% in OP and 40% in inpatient (IP). A sensitivity analysis 

was performed on this assumption. The device cost was not included in the analysis in order to 

focus on costs in the 90-day post-operative period.

Results: Within 90 days of follow-up, post-operative complications occurred in 3.3% of the 

ACD patients and 8.6% of the control patients (P=0.01). The average 90-day cost to treat an 

ACD patient was $10,257 compared to $11,299 per control patient for a 80:20 distribution of 

Commercial:Medicare coverage ($1,042 difference). This difference varied from $687 with 

100% Medicare to $1,132 with 100% Commercial coverage. Varying the IP vs OP distribution 

resulted in a cost difference range of $968 to $1,156 with the ACD.

Conclusion: Augmenting discectomy with an ACD in high-risk patients with a large annular 

defect reduced reherniation and reoperation rates, which translated to a reduction of direct health 

care costs between $687 and $1,156 per patient during the 90-day post-operative period. Large 

annular defect patients are an easily identifiable high-risk population. Operative strategies that 

reduce complication risks in these patients, such as the ACD, could be advantageous from both 

patient care and economic perspectives.

Keywords: annular closure device, value-based care, 90-day bundle, lumbar discectomy, large 

annular defect, recurrent herniation

Introduction
Treatment of spine-related conditions in USA accounts for over $86 billion in health 

care costs per year.1 The current “fee-for-service” model lacks the necessary incentives 

to curb follow-up costs since reimbursement is not often directly linked to quality of 

care.2 Under the traditional fee-for-service arrangement, primary and revision proce-

dures are reimbursed independently. As a result, institutions may not be financially 

incentivized to minimize secondary procedures. Bundled payment strategies, which 
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provide reimbursement based on the entire episode of care, 

are an example of one strategy that has been designed with 

the intent to mitigate expenditures.2 The goal is to incentiv-

ize practitioners and institutions to make evidence-based 

decisions that curtail acute costs including extended hospital 

stay, associated adverse events, rehospitalization and repeat 

surgery, without sacrificing patient safety. In an effort to 

move toward a bundled-payment system, reimbursements 

have been sequestered to specific “episodes of care”. Based 

on the Centers for Medicare and Medicaid Services (CMS) 

rules, some payers have adopted a 90-day post-operative 

period for specific types of surgeries.3

The costs of inpatient (IP), non-instrumented spinal sur-

gery currently range from $13,924 to $21,638, depending 

on the complexity and associated complications.4 Quoted 

costs here include the surgery, surgeon fee, hospital stay, 

and post-discharge care. In an effort to control these costs, 

many procedures, such as lumbar discectomy, are being 

performed more commonly in the outpatient (OP) setting.5 

Yet, one report suggested that transitioning to OP discectomy 

may be associated with increased readmission rates, which 

would reduce much of any initial savings that may have been 

realized in this lower cost setting of care.5

The most common cause for reoperation following lum-

bar discectomy is recurrent herniation, constituting about 

70% of the reoperations.6,7 A previous analysis of 90-day 

episode-of-care reimbursements observed that post-acute 

care (eg, injections, skilled nursing, and revision surgery) 

accounted for up to 16% of the costs related to discectomy or 

decompression procedures in a population that experienced 

reoperation rates around 2%–3%.8 However, patients with 

large annular defects (≥6 mm width) are 2.3 times more 

likely to require reoperation for recurrent herniation than 

patients with smaller annular defects.9 Therefore, this large 

annular defect population would incur significantly greater 

post-acute care costs.

To address the unmet medical need of preventing recur-

rent lumbar disc herniation in patients with large annular 

defects, substantial development efforts have focused on 

closure of the annular defect through occlusion or repair 

devices. Several recent studies have demonstrated that an 

annular closure device (ACD) can reduce recurrent her-

niation rates in this high-risk population by 50%.10–13 The 

purpose of this study was to compare 90-day post-operative 

costs in patients with large annular defects receiving the 

ACD vs control (standard lumbar discectomy). We hypoth-

esized that costs during the 90-day post-operative period 

would be lower among patients who received the ACD 

than those receiving discectomy alone, independent of the 

device cost.

Patients and methods
Participants
This is a post hoc analysis of an international, randomized, 

multicenter, trial involving patients with radicular leg pain 

due to lumbar disc herniation.11,14 The randomized con-

trolled trial (RCT) was approved by all ethics review boards 

(Supplementary materials) and prospectively registered 

with ClinicalTrials.gov (NCT01283438). All patients pro-

vided written informed consent, and the study was conducted 

in compliance with the Declaration of Helsinki. Patients were 

eligible for inclusion if they presented with image-confirmed, 

single-level disc herniation between L2 and S1, with a pos-

terior disc height of ≥5 mm and unresponsiveness to at least 

6 weeks of conservative care. A principal inclusion criterion 

was the presence of a large annular defect after discectomy, 

defined as ≥6 mm width. Patients were excluded if they had 

the following: previous lumbar spine surgery, foraminal or 

extraforaminal disc herniation, extraspinal cause of sciatica, 

pre-existing spinal pathology, bone mineral density with a 

t-score of less than –2.0 (for subjects requiring DEXA), sco-

liosis of >10°, or other abnormalities such as spondylolysis 

or spondylolisthesis.

Randomization
Patients were randomized intraoperatively following discec-

tomy using a web-based computer-generated random treat-

ment assignment. Patients were randomized in a 1:1 ratio to 

receive either discectomy with the ACD or discectomy alone. 

All patients provided informed consent for inclusion in the 

study prior to their surgery. A total of 554 patients were ran-

domized as follows: 276 patients to the ACD group and 278 

patients to the control group. Details on the use of the ACD 

and surgical procedure have been described previously.10–13

Clinical outcomes
Complications were based on serious adverse events (SAEs), 

which were defined in the RCT according to the guidelines 

of the International Organization for Standardization (ISO) 

document 14155:2011.15 Complications that were analyzed 

included recurrent herniation, wound dehiscence, infection, 

epidural hematoma, and device-related complications. Recur-

rent herniations were confirmed intraoperatively at the time 

of reoperation or by recurrence of neurological symptoms 

and magnetic resonance imaging (MRI) findings.
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Direct procedure-related costs
Direct medical costs that were included in the analysis were 

associated with operating room time, facility/hospital stay, 

post-operative medications, physical therapy, epidural steroid 

or facet injections, reoperations for symptomatic reher-

niations, diagnostic imaging, follow-up visits (scheduled 

and unscheduled), and surgery-related complications. The 

estimated costs associated with these events were based on 

2017 Humana and Medicare claims data that were derived 

from a commercially available payer database (PearlDiver) 

to represent nationwide private and public payer data, respec-

tively. Payer reimbursements were abstracted for pertinent 

diagnosis-related groups (DRG) for IP scenarios, Ambula-

tory Payment Classifications (APC) for OP scenarios, and 

Current Procedural Terminology (CPT) codes for relevant 

procedures and services (Table 1). Ancillary costs associ-

ated with complications or revisions, including follow-up 

office visits, epidural steroid injections (ESI), spine imaging 

(computed tomography/MRI), and physical therapy, were 

classified together as “conservative therapy total” (Table 1).

The calculations for medication costs were based on the 

average wholesale price (AWP) from the 2011 Redbook 

MarketScan.16 The cost was estimated using AWP times 85%, 

based on Medicare’s 2010 reimbursement rate for medica-

tions. To understand the cost–benefit over time for patients 

receiving the ACD compared to conventional discectomy 

within the US healthcare system, the following assumptions 

were made: all index operations occurred in the OP setting 

and repeat discectomies were performed on a 60% OP and 

40% IP basis.17 Costs were modeled under varying distribu-

tions of insurance coverage, including 100:0, 80:20, 50:50, 

20:80, and 0:100 proportions for Commercial:Medicare. A 

sensitivity analysis was also performed to evaluate the effect 

of repeat discectomies being performed in an OP vs IP set-

ting. The cost of the ACD was not included in this analysis 

in order to focus on comparisons of post-operative care and 

to determine potential pricing thresholds. All cost inputs 

were adjusted for inflation to 2017 US dollars by using the 

US medical care Consumer Price Index (CPI).18

statistics
Descriptive statistics were calculated and recorded as mean 

and SD. Comparisons between groups were made using chi-

square or Fisher’s exact tests. Statistical significance was set 

a priori at P<0.05.

Results
The 90-day clinical outcomes of this RCT have been previ-

ously described.11 Within 90 days of follow-up, post-operative 

Table 1 Estimated costs for each intervention by payer type

 Medicare 
($USD)

Commercial 
($USD)

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

Abbreviations: APC, ambulatory payment classification; CPT, current procedural 
terminology; CT, computed tomography; DRg, diagnosis-related group; MRi, 
magnetic resonance imaging; PT, physical therapy.

complications occurred in 3.3% of the ACD patients and 

8.6% of the control patients (P=0.01; Table 2), and the rate 

of reoperations for recurrent herniation was significantly 

lower among ACD patients (0.7% vs 4.0%, P=0.02). Within 

a 90-day bundled payment period, the average cost to treat 
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the incidence of reoperation due to reherniation in the ACD 

group. When considering alternative scenarios of 100% 

Commercial or 100% Medicare populations, the average cost 

difference was $1,132 or $687, respectively (Table 3). These 

costs were based on an assumption of repeat discectomies 

performed on a 60% OP and 40% IP basis. In the case of 

an 80:20 Commercial:Medicare population, adjusting this 

assumption to a 100% OP setting for repeat discectomies 

changed the 90-day cost estimates to $10,162 for ACD 

patients and $11,130 for control patients (∆ = $968). In a 

100% IP setting, these estimates were $10,397 and $11,553 

(∆ = $1,156; Figure 1).

Discussion
Discectomy patients with large annular defects are easily 

identifiable at the time of surgery and are known to be at high 

risk for recurrent herniation. Therefore, operative strategies 

that reduce reherniation rates in these patients, such as the 

ACD evaluated in this study, are highly advantageous from 

both a patient care perspective and an economic perspective. 

To better define the impact value of the ACD under a 90-day 

bundled payment system, this study estimated the US health 

care costs that would be associated with treating high-risk 

discectomy patients from the RCT (with or without ACD) 

from index surgery through 90-day follow-up.

For any given episode-of-care, costs and reimbursement 

can vary widely depending on the surgeon, hospital, patient 

insurance coverage, and IP vs OP care.8,19,20 For discectomy 

or decompression procedures, Jain et al8 calculated average 

90-day bundle costs of $11,091 for patients with Commercial 
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Figure 1 sensitivity analysis of 90-day per-patient cost differences.
Notes: sensitivity analysis of the differences in 90-day costs between control and aCD-treated patients was conducted by varying the distribution of Commercial payers vs 
Medicare and the ratio of repeat discectomies performed in an OP vs iP setting. Costs include the index discectomy plus additional direct health care costs during the 90-day 
follow-up period, but the aCD device cost was not included in this analysis. all costs are represented in Us dollars ($).
Abbreviations: aCD, annular closure device; iP, inpatient; OP, outpatient.

Table 2 summary of 90-day clinical outcomes affecting direct 
costs

 ACD Control P-value

Reherniation (%) 2.2 6.8 0.01
Post-op complications (%)a 3.3 8.6 0.01
Revision surgery (%) 1.9 5.4 0.03

Note: aPost-op complications included wound dehiscence, infection, epidural 
hematoma, or device failure.
Abbreviations: aCD, annular closure device; post-op, post-operative.

Table 3 summary of 90-day direct cost estimates under varying 
payer distributions

Repeat 
discectomy: 
60% 
outpatient, 
40% 
inpatient

Payer 
distribution (%) 
Commercial: 
Medicare

Estimated direct health care 
costs ($USD)a

ACD Control Difference

100:0 11,123 12,255 1,132
80:20 10,257 11,299 1,042
50:50 8,956 9,865 909
20:80 7,654 8,430 776
0:100 6,787 7,474 687

Note: aCosts include index discectomy plus additional direct health care costs 
during 90-day follow-up; the aCD device cost was not included in this analysis.
Abbreviation: aCD, annular closure device.

an ACD patient (not including device cost) was $10,257 

compared to $11,299 per control patient for a 80:20 distribu-

tion of Commercial:Medicare coverage (Table 3). Therefore, 

under this payer distribution, using the ACD in this high-risk 

population would reduce direct health care costs by an aver-

age of $1,042 per patient, primarily due to a reduction in 
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insurance and $6,239 for patients with Medicare, who experi-

enced reoperation rates of 2.7% and 1.8%, respectively. In this 

analysis of US health care costs, the average 90-day bundle 

costs were $12,255 for Commercial coverage and $7,474 

for Medicare in the control group, which had a reoperation 

rate of 5.4%. In contrast, the ACD group had a significantly 

lower reoperation rate of 1.9% and lower 90-day cost esti-

mates of $11,123 and $6,787 for Commercial and Medicare 

reimbursement, respectively. The revision rate for the control 

group of high-risk, large annular defect patients in the RCT 

was at least twice as high as the revision rate for the general 

discectomy population described by Jain et al.8 This is con-

sistent with a previous meta-analysis that reported that large 

annular defect patients have a risk of index-level reoperation 

2.3 times greater than patients with smaller annular defects.9 

The cost estimates and reoperation rates reported here for the 

ACD group are similar to the measurements of Jain et al in the 

general lumbar discectomy population.8 This demonstrates 

that the ACD was able to reduce reoperation rates and 90-day 

post-operative costs in this high-risk population back to the 

average level of the general discectomy population. Taken 

together, it is clear that proactive identification and manage-

ment of these high-risk patients could directly mitigate a 

substantial cost generator (reherniation) in this population.21

One limitation of this study is that the cost for the ACD 

was not included in order to directly compare cost differences 

during the 90-day follow-up period. This method provides 

insights into the differences in post-operative complications, 

reoperations, and associated costs. The device cost could 

be directly compared alongside the potential cost reduction 

observed in this analysis; however, those costs should also be 

considered in light of the patient’s reduced risk for experienc-

ing a recurrent herniation and/or reoperation. Ament et al22 

modeled the cost of this device to be $3,000, which would 

result in a net average cost of $1,958 after the savings cal-

culated for the 90-day post-operative period ($1,042). Con-

sidering that the rate of reoperation for recurrent herniation 

was reduced nearly sixfold during the first 90 days (0.7% in 

the ACD group vs 4.0% in the control group), the additional 

cost for the device may be justified to help prevent further 

patient morbidity and socioeconomic costs, which were not 

modeled in this study.

Another limitation to consider is that most of the study 

was open-label, so it is possible that trial participants (physi-

cians and patients) may behave differently if the ACD tech-

nology was used. Finally, US direct cost data were estimated 

based on a fee-for-service database because limited data are 

currently available for bundled payment schemes.

Conclusion
High-risk discectomy patients require additional resources 

and incur a greater cost to the health care system due to more 

frequent reherniations and reoperations. Technologies that 

sufficiently mitigate risks within these target populations, 

such as the ACD in this study, help diminish these costs. The 

frequency of reoperations due to recurrent herniation was 

reduced nearly sixfold (0.7% vs 4.0%, P=0.02) in patients 

treated with an ACD, which translated to an estimated 

direct cost savings up to nearly $1,200 per patient during 

the 90-day post-operative period. Treatment strategies such 

as this ACD will be important to consider as reimbursement 

practices continue to evolve and place greater emphasis on 

the quality of care.
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