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Purpose: The purpose of this study was to evaluate perioperative complications of lumbar 

discectomy with or without bone-anchored annular closure device (ACD) implant in patients 

at high risk of recurrent disc herniation.

Methods: This was a post hoc analysis of a randomized controlled trial that compared outcomes 

of lumbar discectomy with or without additional placement of an ACD. Patients presented with 

imaging evidence of lumbar disc herniation and radicular pain that was unresponsive to con-

servative care. Randomization occurred intraoperatively following discectomy completion and 

confirmation of annular defect width ≥6 mm. Main outcomes included serious adverse events 

(SAEs) from any cause, device- or procedure-related SAEs, and reoperations at the index level. 

The perioperative period included all outcomes occurring between the day of surgery and 90 

days following hospital discharge.

Results: Analyses were performed on a modified intention-to-treat population consisting of 

272 patients treated with ACD and 278 patients treated with lumbar discectomy only (controls). 

Mean patient age was 44 years, 59% were men, and mean body mass index was 26 kg/m2. 

Baseline patient characteristics and operative outcomes were comparable between groups. The 

risks of all-cause SAE (9.7% vs 16.3%, p=0.056), device- or procedure-related SAE (4.5% vs 

10.2%, p=0.02), and index-level reoperation (1.9% vs 5.4%, p=0.03) were lower with ACD vs 

controls. In multivariable logistic regression, control group assignment and female gender were 

independently associated with higher risk of device- or procedure-related SAE and index-level 

reoperation, respectively.

Conclusion: In patients undergoing lumbar discectomy to treat symptomatic intervertebral disc 

herniation, adjunctive placement of an ACD reduces the risk for perioperative complications 

occurring through 90 days following hospital discharge.

Keywords: annular closure, complications, herniation, lumbar discectomy, randomized con-

trolled trial, reoperation

Introduction
Lumbar discectomy for intervertebral disc herniation is one of the most commonly 

performed spine procedures.1 While lumbar discectomy is generally considered safe and 

provides initial symptomatic relief in most patients, the risk of perioperative complica-

tions ranges from 13% to 15%.2 As patients with large annular defects following lumbar 

discectomy have higher rates of recurrent disc herniation over long-term follow-up,3 

it is plausible that these patients may experience greater risk of complications during 

the perioperative period. Perioperative complications place a large financial burden on 

patients, providers, hospitals, commercial payers, and federal health care agencies.4 
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Hospitals are highly incentivized to reduce complication 

rates, both in-hospital and following discharge.5 Treatment 

paths that reduce perioperative complication risks follow-

ing lumbar discectomy have potential to improve patient 

outcomes and lower health care costs. We report here a post 

hoc analysis from a randomized controlled trial of a bone-

anchored annular closure device (ACD) in patients at high 

risk of recurrent disc herniation after lumbar discectomy. We 

hypothesized that ACD implant following lumbar discectomy 

would reduce the risk for perioperative complications and 

associated reoperations occurring through 90 days following 

hospital discharge.

Methods
This prospective multicenter randomized controlled trial 

compared outcomes after lumbar discectomy with or without 

additional placement of an ACD. The primary objective of the 

study was to determine safety and effectiveness of adjunc-

tive ACD placement through 2-year follow-up in patients at 

high risk of herniation recurrence.6 We report here a post hoc 

analysis of perioperative complication data from this study. 

The study was approved by the local ethics committee at 

each site and all patients provided written informed consent. 

The trial was prospectively registered at ClinicalTrials.gov 

(NCT01283438).

Baseline assessments included physical examination, 

neurologic examination with straight leg lift test, and antero-

posterior, lateral, and flexion–extension x-rays. Disc hernia-

tion was confirmed with magnetic resonance imaging with 

T1- and T2-weighted axial and sagittal images and low-dose 

multiplanar computed tomography. Eligible patients were 

adults aged 21–75 years with single-level posterior or pos-

terolateral disc herniation between L1 and S1, confirmation of 

neural compression on magnetic resonance imaging, positive 

straight leg raise or femoral stretch test, and radicular pain 

(visual analog scale ≥40) and back dysfunction (Oswestry 

Disability Index ≥40) that was unresponsive to at least 6 

weeks of conservative treatment. Main exclusion criteria 

included disc height <5 mm at the index level, grade II or 

higher spondylolisthesis, or prior surgery at the index level. 

Complete inclusion and exclusion criteria in this study have 

been described elsewhere.6

All patients underwent single-level limited lumbar dis-

cectomy.7 Nuclear material removed from within or outside 

the disc was placed dry in a syringe and the volume was 

measured and recorded. Following the discectomy, intraop-

erative verification of annular defect between 4 and 6 mm 

in height and 6 and 10 mm in width was required; the latter 

requirement has been reported to increase recurrence risk.3,8 

Eligible patients were then randomized (1:1) to additional 

ACD implant or discectomy only (controls). Randomiza-

tion assignments were obtained intraoperatively through 

a web-based platform. Patients randomized to the control 

group underwent a standard wound closure procedure with 

no treatment of the annulus. Patients randomized to ACD 

underwent device implantation under fluoroscopic guidance 

as per the manufacturer’s surgical technique and instruc-

tions for use. Neither patients nor surgeons were blinded to 

treatment assignment, except for patients in the Netherlands 

(comprising 15% of the sample) who were blinded because 

of regional regulatory requirements.

The ACD (Barricaid, Intrinsic Therapeutics, Inc., Woburn, 

MA, USA) is a permanent implant with two components – an 

occlusion component and an anchor component (Figure 1). 

The occlusion component consists of a flexible polymer mesh 

that is designed to prevent reherniation by physically blocking 

the annulus at the postsurgery defect and a platinum–iridium 

radiopaque marker to enable radiographic visualization. The 

anchor component consists of titanium alloy that is placed 

into either the caudal-adjacent or cranial-adjacent vertebral 

body to resist migration. The device is preassembled onto a 

single-use delivery tool.

Anteroposterior and neutral lateral radiographs were 

obtained prior to discharge. Immediate postoperative care, 

including discharge instructions, ambulation restrictions, 

and physical therapy recommendations, was provided at 

investigator discretion. Patients returned for planned in-clinic 

visits at 6 weeks and 3 months post-treatment. Complica-

tions and reoperations that occurred in hospital and through 

90 days following hospital discharge were recorded and 

independently monitored for accuracy. An independent data 

safety monitoring board reviewed and adjudicated all adverse 

events, monitored study stopping rules, and had the authority 

to stop the study at any point.

A Bayesian adaptive sample size procedure to test for 

superiority of two co-primary endpoints at 2-year follow-up 

has been described elsewhere.6 Analyses were performed 

using a modified intention-to-treat population, which 

included all randomized control patients and all randomized 

ACD patients where the delivery tool was inserted through 

the skin. Continuous data were reported as mean and stan-

dard deviation unless otherwise noted. Categorical data were 

presented as counts and percentages. Group comparisons of 

procedural data were performed using independent-samples 

t-test or Wilcoxon–Mann–Whitney test for continuous data 

and Fisher’s exact test for categorical data. Time-to-event data 
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through 90 days following hospital discharge were analyzed 

using Kaplan–Meier methods; group comparisons were per-

formed with a log-rank test. Univariate logistic regression was 

performed to determine the association of baseline patient 

characteristics with risk of perioperative complications. 

Independent variables included treatment group, age, gender, 

body mass index, smoking status, and index level. Variables 

that entered the univariate model at p<0.2 were considered 

for inclusion in a multivariate model. The multivariate model 

utilized a forward–backward stepwise elimination variable 

selection process that optimized the Akaike information 

criterion by assessing model fit penalized for the number of 

estimated parameters.9 Statistical analyses were performed 

using SAS v9.4 (SAS Institute, Cary, NC, USA) and R v3.3.2 

(R Foundation for Statistical Computing, Vienna, Austria ).

Results
A total of 647 patients met the initial study entry criteria and 

underwent lumbar discectomy. After exclusion of 93 patients 

because of ineligible annular defect dimensions, 554 patients 

were randomly allocated to ACD (n=276) or control (n=278) 

at 21 centers in six European countries between December 

2010 and October 2014. A list of participating centers and 

investigators is provided in Table S1. Four patients random-

ized to ACD did not undergo device implantation because of 

anatomical considerations; therefore, the modified intention-

to-treat population consisted of 272 patients treated with 

ACD and 278 patients treated with limited discectomy only. 

Follow-up compliance through the 3-month visit was 98% 

with ACD and 95% with control (Figure 2).

Baseline patient characteristics were comparable between 

groups (Table 1). Mean patient age was 44 years, 59% were 

men, and mean body mass index was 26 kg/m2. Surgery was 

most frequently performed at L5–S1 (56%) or L4–L5 (41%). 

Intraoperative findings were similar between groups includ-

ing mean volume of nucleus removed (1.3 mL) and mean 

annular defect area (39 mm2). Surgery time (skin-to-skin) 

was longer in the ACD group owing to the additional time 

required for implant placement (70 vs 52 minutes, p<0.001). 

Median blood loss (50 mL) and hospital stay (3 days) were 

identical between groups.

Through 90 days following hospital discharge, the cumu-

lative probability of all-cause serious adverse event (SAE) 

was lower with ACD vs control (9.7% vs 16.3%, p=0.056). 

The cumulative probability of a device- or procedure-related 

SAE through 90 days following hospital discharge was 4.5% 

with ACD and 10.2% with control (p=0.02) (Figure 3). The 

most common of these SAEs was herniation at the index 

level, reported in six (2.2%) ACD patients and 19 (6.8%) 

control patients (p=0.01) (Table 2).

The risk of reoperation at the index level over this period 

was also lower with ACD (1.9% vs 5.4%, p=0.03) (Figure 4). 

In the control group, 18 index-level reoperations were per-

formed in 15 patients. These included discectomy (n=8), 

discectomy with ACD implant (n=2), hematoma evacuation 

(n=3), wound revision (n=1), and multiple (four) wound 

revisions (n=1). In the ACD group, six index-level reopera-

tions were performed in five patients including discectomy 

(n=3), decompression with subsequent fusion (n=1), and 

implant removal (n=1). The risk of reoperation for recurrent 

Figure 1 The Barricaid annular closure device.
Notes: Graphic representation of the annular closure prosthesis, with a titanium bone anchor holding the polyester mesh in place (left panel); lateral radiograph showing 
implanted device at L4–L5 (right panel).

Titanium bone anchor

Flexible polymer mesh
Radiopaque platinum

iridium marker
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Figure 2 CONSORT patient flow diagram.
Notes: Modified intention-to-treat population consisted of 272 patients with attempted ACD implant and 278 patients assigned to control. Compliance with clinical follow-
up at 3 months follow-up was 98% with annular closure device (ACD) and 95% with control.
Abbreviations: ACD, annual closure device; mo, months; wk, weeks.

647 underwent microdiscectomy 93 had ineligible annular defect size

554 underwent randomization

278 were assigned to receive control

266 were included in the 6-wk follow-up
5 missed the visit
1 withdrew from the study
0 died

267 were included in the 3-mo follow-up
2 missed the visit
2 withdrew from the study
0 died

265 were included in the 3-mo follow-up
6 missed the visit
5 withdrew from the study
0 died

271 were included in the 6-wk follow-up
5 missed the visit
2 withdrew from the study
0 died

276 were assigned to receive ACD
4 in whom ACD implant not attempted

Table 1 Baseline patient characteristics

Characteristic Annular closure 
(N=272)

Control  
(N=278)

Age – years – mean ± SD 43±11 44±10
Male gender – n (%) 156 (57) 171 (62)
Body mass index – kg/m2 – mean ± SD 26±4 26±4
Smoking history – n (%) 173 (64) 175 (63)
Medical history – n (%)*
Musculoskeletal 95 (35)** 91 (33)***
Head and neck 62 (23)** 54 (20)***
Gastrointestinal 53 (20)a 59 (21)**
Cardiovascular 49 (18)** 48 (17)**
Genitourinary 39 (14)** 35 (13)**
Skin 29 (11)** 30 (11)**
Respiratory 28 (10)** 44 (16)**
Index level – n (%)
L2–L3 2 (1) 1 (<1)
L3–L4 8 (3) 5 (2)
L4–L5 123 (45) 101 (36)
L5–S1 139 (51) 171 (62)

Notes: *Medical history variables reported with frequency of 10% or more in 
either group. **Data from two patients not reported. ***Data from one patient not 
reported. aData from three patients not reported.

Figure 3 Cumulative probability of device- or procedure-related SAE through 90 
days following hospital discharge.
Notes: Day 0 is surgery date. Kaplan–Meier estimate is 4.5% with ACD and 10.2% 
with control (log-rank p-value =0.02).
Abbreviations: ACD, annular closure device; SAE, serious adverse event.
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herniation was lower in the ACD group vs controls (0.7% 

vs 4.0%, p=0.02).

In univariate logistic regression, treatment group was 

the only variable that was associated with occurrence of a 

device- or procedure-related SAE (control vs ACD: odds 

Table 2 Listing of device- or procedure-related serious adverse 
events through 90 days following hospital discharge

Characteristic Annular  
closure (N=272)

Control  
(N=278)

Patients reporting at least one SAE 12 (4.4%)* 26 (9.4%)**
Index-level herniation 6 19
Wound complication 2 6
Epidural hematoma 0 2
Anchor/mesh dislocation 2 0
Back/leg pain 2 0
Coronary heart disease 0 1
Dural tear 0 1
Hypesthesia 1 0

Notes: *13 events in 12 patients, **29 events in 26 patients.
Abbreviation: SAE, serious adverse event.

Figure 4 Cumulative probability of index-level reoperations through 90 days 
following hospital discharge.
Notes: Day 0 is surgery date. Kaplan–Meier estimate is 1.9% with ACD and 5.4% 
with control (log-rank p-value =0.03).
Abbreviation: ACD, annular closure device.
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Table 3 Univariate logistic regression of predictors of complications through 90 days following hospital discharge

Variable Unit of measure Device- or procedure-related SAE Index-level reoperation

OR 95% CI p-value OR 95% CI p-value

Treatment group Control vs ACD 2.24 1.10, 4.53 0.03 3.05 1.09, 8.50 0.03
Gender Female vs male 1.90 0.98, 3.68 0.06 2.83 1.11, 7.21 0.03
Current smoker Yes vs no 1.80 0.92, 3.50 0.09 2.40 0.94, 6.12 0.07
Age Per 10 years 1.30 0.96, 1.77 0.09 1.32 0.87, 2.00 0.19
Index level L5 1 (Reference) 1 (Reference)

L4 1.58 0.80, 3.12 0.18 2.43 0.94, 6.28 0.07
L2 or L3 2.45 0.52, 11.68 0.26 2.88 0.33, 24.90 0.34

Body mass index Per 5 kg/m2 1.11 0.75, 1.64 0.61 1.51 0.91, 2.51 0.11

Abbreviations: ACD, annular closure device; OR, odds ratio; SAE, serious adverse event.

ratio [OR]=2.2, p=0.03). Control group assignment (OR=3.1, 

p=0.03) and female gender (OR=2.8, p=0.03) were associated 

with greater risk of index-level reoperation in the univariate 

model (Table 3). In each multivariable model, control group 

assignment and female gender were independently associated 

with greater complication risks (Table 4). Comparing women 

to men in the control group, the probabilities were 13.1% 

vs 7.0% for a device- or procedure-related SAE and 8.4% 

vs 3.5% for index-level reoperation. In the ACD group, the 

probabilities were 6.0% vs 3.2% for a device- or procedure-

related SAE and 3.4% vs 0.6% for index-level reoperation.

Discussion
The results of this post hoc analysis from a randomized 

controlled trial demonstrated that reherniation was the 

most common perioperative complication following lumbar 

discectomy for disc herniation. Further, adjunctive use of 

an ACD following lumbar discectomy reduced the risk for 

perioperative complications and associated reoperations 

compared to lumbar discectomy alone. To the authors’ 

knowledge, this is the first study to characterize perioperative 

complications in patients with large annular defects following 

lumbar discectomy.

In the current economic climate with heightened scrutiny 

on health care resource utilization, hospitals continually 

face a delicate balance between limiting unnecessarily long 

hospitalizations and reducing the risk of complications and 

readmissions following discharge. With Diagnosis-Related 

Group-based flat payment schedules10 and financial penal-

ties for higher-than-average readmission rates set forth by 

the Hospital Readmission Reduction Program,11 adoption of 

therapies that reduce in-hospital and postdischarge complica-

tions may improve patient outcomes and potentially increase 

hospital margins. Given that 480,000 discectomy procedures 

are performed annually in the USA12 and that adjunctive ACD 

implant reduced perioperative complication risk by over 50%, 
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it is plausible that significant cost savings may be realized 

with routine ACD placement in patients undergoing lumbar 

discectomy who are at high risk for reherniation based on 

annular defect size.

We found that in patients with large annular defects fol-

lowing lumbar discectomy for disc herniation, perioperative 

complication risk was higher in women than men. This is 

in agreement with other studies that have reported female 

gender as an independent risk factor for inferior outcomes 

following lumbar disc surgery.13 However, we are unaware of 

other studies that have examined the influence of gender on 

perioperative complications following lumbar discectomy. It 

is plausible that the greater complication risk in women was 

confounded by preoperative status. In the Swedish Spine 

Register of over 15,000 patients, women scheduled for lum-

bar disc surgery reported inferior clinical status compared to 

men including greater pain severity, inferior walking ability, 

higher consumption of analgesics, and greater disability.14 

In the current study, no other preoperative variable was 

independently associated with perioperative complication 

risk. Still, the possible influence of unmeasured preopera-

tive status variables on the elevated complication risk in 

women remains a possibility. Despite the higher risk of 

perioperative complications in women following lumbar 

discectomy, the risk of device- or procedure-related SAE 

and index-level reoperation in women remained lower with 

ACD vs controls.

Strengths of this study included a randomized design, 

rigorous study entry criteria, and adjudicated complication 

reporting. There were also several limitations of the study 

that warrant consideration. First, as investigators and most 

patients were aware of treatment allocation, the potential for 

expectation bias must be acknowledged. Second, while SAEs 

were reported and reviewed in a standardized fashion, the 

decision to perform surgery was based on patient willing-

ness and surgeon recommendations. Third, the results of this 

study are applicable to patients with large annular defects 

following lumbar discectomy. Perioperative complication 

risk in patients with small vs large annular defects has not 

been reported to date.

Table 4 Multivariate logistic regression of predictors of complications through 90 days following hospital discharge

Variable Unit of measure Device- or procedure-related SAE Index-level reoperation

OR 95% CI p-value OR 95% CI p-value

Treatment group Control vs ACD 2.32 1.14, 4.71 0.02 3.22 1.15, 9.05 0.03
Gender Female vs male 1.98 1.01, 3.86 <0.05 3.00 1.17, 7.68 0.02

Abbreviations: ACD, annular closure device; OR, odds ratio; SAE, serious adverse event.

Conclusion
In patients undergoing lumbar discectomy to treat symp-

tomatic intervertebral disc herniation, adjunctive placement 

of an ACD reduces the risk for perioperative complications 

occurring through 90 days following hospital discharge.
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Perioperative complications of lumbar discectomy

Site name Ethics committee name Ethics committee address Principal investigator Sub-investigator(s)
Kantonsspital Aarau (Aarau, 
Switzerland)

Kanton Aargau, Kantonale 
Ethikkommission

Bachstrasse 15, 5001 Aarau Javier Fandino Jenny Kienzler

Knappschafts-Krankenhaus 
Bochum-Langendreer 
(Bochum, Germany)

Ethics Committee of the 
Medical Faculty of the Ruhr 
University

Gensundheitscampus 33, 
44801 Bochum
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Centre Hospitalier Régional 
Universitaire de Lille (CHRU), 
Hôpital Roger Salengro (Lille, 
France)

Comité de Protection des 
Personnes (CPP)
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Lille Cedex

Richard Assaker Fahed Zairi
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Ethikkommission an der 
Medizinischen Fakultät der 
Universität Rostock

Universitätsmedizin Rostock, 
PF 10 08 88, 18055 Rostock

Susanne Fröhlich Dorit Panser-Schulz

Universitätsmedizin Rostock 
(Rostock, Germany)

Notes: *PI moved to AZ Klina, Brasschaat, Belgium. EC approval at this site to follow patients enrolled at original site.  PI at ZNA Middleheim now Guido Dua. ‡PI Mehdorn 
retired. Former Co-Investigator Jadik now PI.
Abbreviations: EC, ethics committee; PI, principal investigator.
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