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Purpose: Increased focus has been put on the use of “‘real-world” data to support randomized
clinical trial (RCT) evidence for clinical decision-making. The objective of this study was to
assess the performance of an annular closure device (ACD) after stratifying a consecutive series
of “real-world” patients by the screening criteria of an ongoing RCT.

Materials and methods: This was a single-center registry analysis of 164 subjects who
underwent limited discectomy combined with ACD for symptomatic lumbar disc herniation.
Patients were stratified into two groups using the selection criteria of a pivotal RCT on the
same device: Trial (met inclusion; n=44) or non-Trial (did not meet inclusion; n=120). Patient-
reported outcomes, including Oswestry Disability Index (ODI) and visual analog scale (VAS)
for leg and back pain, and adverse events were collected from baseline to last follow-up (mean:
Trial — 15.6 months; non-Trial — 14.6 months). Statistical analyses were performed with sig-
nificance set at p<0.05.

Results: Patient-reported outcomes were not significantly different between groups at last follow-
up (p=0.15) and clinical success (=15-point improvement in ODI score; >20-point improvement
in VAS scores) was achieved in both the groups. Three non-Trial (2.5%) and three Trial (6.8%)
patients experienced symptomatic reherniation (p=0.34). Rates of reoperation, ACD mesh
dislocation/separation, and other radiographic findings were similar between groups (p=1.00).
Conclusion: Outcomes with the ACD appeared advantageous in both the groups, particularly
in comparison with historical reherniation rates reported in the same high-risk, large annular
defect population. Stratification of this “real-world” series on the basis of RCT screening criteria
did not result in significant between-group differences. These findings suggest that the efficacy
of the ACD extends beyond the strictly defined patient population being studied in the RCT
of this device. Furthermore, reducing the reherniation rate following lumbar discectomy has
positive clinical and economic implications.

Keywords: annular closure device, annular defect, discectomy, disc herniation, real-world
evidence

Introduction

Randomized controlled trials (RCT) have long been considered the gold standard in
clinical research design.! Randomization helps minimize treatment allocation bias,
while strict screening criteria diminish the effects of confounding variables. While
RCTs aim to provide definitive empirical evidence, concerns remain as to whether
these study populations adequately represent patients encountered in routine practice.'?
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Several robust reviews have substantiated this dynamic, con-
cluding that many RCT samples lack sufficient representation
of the pertinent diseased-state population.> In some cases,
such representation has been found to be as low as 4%—10%
of intervention candidates.””’

Inclusion criteria for RCTs are often stricter than the
approved indications for a device, which can bias the RCT
population relative to the patient population who will be
treated in general practice. Accordingly, physicians may
take caution when extrapolating RCT data to the more
heterogeneous “real-world” populations whom they treat.
Therefore, observational post-market studies are critical to
monitor and evaluate the safety and efficacy of new thera-
peutic techniques. Malchau has emphasized the importance
of observational data sets being produced in close proxim-
ity with RCT results.'® These post-market studies can be
used to confirm the applicability of RCT results to the more
generalized “real-world” populations who will be treated by
most physicians.

Management of large annular defects associated with
lumbar disc herniation is one area in critical need of improved
therapies. Large defects in the annulus fibrosis, commonly
defined as defects 26 mm wide, are a significant risk factor
for reherniation and revision surgery, with reherniation rates
reported as high as 15%-27%."""!3 In contrast, the rate of
reoperation for reherniation among the general discectomy
population is around 4% (95% CI: 2%—6%).'* A recent
meta-analysis of over 1,500 patients observed significantly
greater rates of recurrence (OR =2.5, p=0.004) and reop-
eration (OR =2.3, p<0.001) in patients with large vs small
annular defects.'

Annular closure devices (ACD) aim to occlude or seal
the defect in the annular ring and have been a strong topic
of research for approximately two decades. Some devices
utilize suturing techniques, with or without anchors, in an
attempt to seal and reapproximate the defect.'®!” Another
strategy has been to occlude the defect with a mesh insert
that is anchored to one of the adjacent vertebral bodies.'®
Regardless of the technology, the primary goal of an ACD
is to minimize reherniation and revision. There is currently
one ongoing RCT that is focused on studying the safety
and efficacy of a bone-anchored ACD in patients with large
annular defects following lumbar discectomy (Clinicaltrials.
gov ID: NCT(01283438).

Various inclusion criteria for this ongoing RCT, such as
minimum pain and disability scores, result in the exclusion
of many patients from the trial. Based on the indications of
this ACD, many of these patients would still be eligible for

treatment. The goal of the current study was to determine
if the clinical outcomes would differ between patients who
meet the strict RCT inclusion criteria and those who do not.
This is a retrospective registry analysis of all patients who
were treated with this ACD at a single site. Considering the
immense diversity that exists among lumbar discectomy
patients and surgical techniques, addressing the questions of
safety and efficacy of this ACD in a wider spine care popula-
tion is highly advantageous."

Materials and methods
Study design and data collection

This was a single-center retrospective registry study of 164
subjects who underwent limited lumbar discectomy aug-
mented with an ACD (ResearchRegistry.com UIN: 3392).
This study was designed to include patients enrolled in an
ongoing RCT (Clinicaltrials.gov ID: NCT(01283438) as well
as patients who did not meet inclusion criteria for the RCT
but received the same ACD intervention. Clinical data col-
lection was cleared by the local medical ethics committee
(Ethics Committee of the Bavarian Medical Association),
and all patient data were anonymized. All clinical outcomes
and patient imaging had been collected previously in accor-
dance with institutional standard-of-care. All procedures
were performed in an academic medical center between July
2009 and November 2015 across 15 surgeons, all of whom
were experienced in both limited discectomy and the ACD
techniques.

Patient selection and stratification

All patients presented with posterior or posterolateral
symptomatic disc herniations at one level between L1 and
S1 with radiographic confirmation of neural compression
via magnetic resonance imaging (MRI). All patients were
subsequently treated with limited lumbar discectomy and
ACD instrumentation. Patient stratification for this registry
study was then performed by using the selection criteria of
the ongoing RCT (Clinicaltrials.gov ID: NCT01283438)
evaluating the same ACD intervention. Patients meeting RCT
inclusion were classified as ““Trial” patients, while those who
did not were considered “non-Trial” patients.

Preoperative inclusion criteria:

o Failed at least 6 weeks of conservative therapy

e Leg pain graded on the visual analog scale (VAS) higher
than 40/100

e Dysfunction graded on the Oswestry Disability Index
(ODI) greater than 40/100
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e Age of 21-75 years
e No prior herniation at the index level

Intraoperative inclusion criteria:

e Minimum posterior disc height of 5 mm

¢  Minimum/maximum annular defect height of 4/6 mm

e  Minimum/maximum annular defect width of 6/12 mm
(patients with defects wider than 10 mm were assigned to
the non-Trial group, as the 12 mm ACD was not available
for clinical use when the RCT was initiated)

Hypothesis

The authors hypothesized that both patient-reported and
radiographic outcomes at last follow-up would not be sig-
nificantly different between groups given the conservative
nature of limited discectomy and the mechanical occlusion
properties of the ACD.

Surgical technique

A standard posterior lumbar-limited discectomy was per-
formed in all cases. All patients received prophylactic anti-
biotics shortly before skin incision. In some patients, the
discectomy could be performed through the interlaminar
space alone, especially in L5/S1. A small unilateral lami-
notomy was performed in the remaining patients. Medial
facetectomy was avoided unless the medial facet was imping-
ing on the nerve root after discectomy. Standard limited
discectomy with the removal of all loose fragments outside
the disc space was performed without entering the disc space
with any instrumentation.

Following discectomy, the extent of the annular defect was
measured and the appropriately sized ACD was implanted
under fluoroscopic guidance in accordance with the manufac-
turer’s surgical technique manual. Upon discharge, patients
were given standardized post-surgery care instructions per
institutional standard-of-care, without any additional bracing
or other activity restrictions. Patients with persisting neuro-
logical deficits were recommended to do physical therapy or
sent to rehabilitation centers, while all other patients were
allowed to perform activities as tolerated.

ACD

The ACD under consideration in this study (Barricaid®;
Intrinsic Therapeutics, Woburn, MA, USA) is intended for
use as an adjunct to lumbar discectomy surgery (Figures 1
and 2). It is designed to block large annular defects following
a sequestrectomy or limited discectomy, preventing extrusion
of the nucleus material from within the disc space. The device

Occlusion component
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Figure | Annular closure device possessing a mesh occlusion component and
titanium anchor.
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Figure 2 Rendering of annular closure device following implantation.

consists of two components, a flexible mesh component that
blocks the defect and inhibits nucleus extrusion (the mesh
overlies the residual nucleus) and a bone anchor that secures
the mesh component to one of the adjacent vertebral bodies.
The mesh material is woven polyester (Dacron). A platinum—
iridium marker within the polymer mesh allows visualization
on plain radiographs (Figure 3). The bone anchor is composed
of TibAL-4V ELI. The anchor is placed into one of the
adjacent vertebral bodies via tamp and mallet. The implant
is available in three mesh widths (8, 10, and 12 mm) and is
provided pre-loaded on a disposable delivery tool.

Study follow-up and outcome measures

Data were collected at baseline (preoperative) and at all
follow-up visits, with the last follow-up visit serving as the
comparison to baseline measures. ODI scores and VAS leg
and VAS back scores were collected at all time points. Plain
radiographs (lateral, anterior/posterior, and flexion/extension)
and functional imaging (magnetic resonance images [MRIs]
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Figure 3 Postoperative plain radiograph showing platinum—iridium marker within the annular closure device polymer mesh.

or computed tomography [CT] scans) were obtained preop-
eratively, with plain radiographs collected again at follow-up
to confirm implant position. Postoperative functional imaging
was used in any instance in which the patient reported pain.
Reasons for CT instead of MRI included contraindications or
long waiting lists for MRI, with the majority receiving MRI.
Clinical success was defined as a 15-point improvement
in ODI score and a 20-point improvement in VAS leg and
back scores, as defined by prior lumbar device studies.?!
Ipsilateral and contralateral reherniations were confirmed via
functional imaging and reported as adverse events. Reher-
niation was considered to be any protrusion, extrusion, or
sequestration of disc material and classified as symptomatic
or asymptomatic. All functional imaging was reviewed by a
single spine surgeon. Additional reoperations and complica-
tions occurring within follow-up were also reported. The disc
height was measured 2-3 mm from the posterior aspect of
the vertebral bodies by using lateral radiographs that were
collected pre- or peri-operatively and at last follow-up.

Statistical analysis

Fisher’s exact test was used for between-group comparisons
of categorical demographic and surgical variables. The same
analysis was performed for comparing clinical success rates
as well as clinical and radiographic complication rates. An
unpaired 7-test was used for normally distributed variables
and the Wilcoxon rank-sum test was used for all other
variables, such as defect area, operative time, latest follow-
up, and outcome scores. In addition to Trial vs non-Trial
comparisons, a subgroup analysis was conducted between
primary discectomy and repeat discectomy patients by using

the same analysis techniques. Statistical significance was set
at p<0.05 for all comparisons.

Ethics approval and informed consent
Clinical data collection was cleared by the local medical
ethics committee. All clinical outcomes and patient imaging
had been collected previously in accordance with institutional
standard-of-care.

Results

Patient demographics

During the study review period, 221 patients received limited
discectomy with the ACD. Of the 221, 19 were participants of
the aforementioned RCT and were excluded from this analysis
since the RCT protocol prohibited subjects from participation
in other studies. Of the remaining sample (n=202), follow-up
data were available for 164 consecutive patients, of which all
were subsequently screened against the RCT inclusion/exclu-
sion criteria. Inclusion criteria and metrics that constituted fail-
ure to meet inclusion criteria are outlined in Table 1. Forty-four
patients (27%) met the RCT inclusion criteria (Trial group)
and 120 patients (73%) did not (non-Trial group). Only three
patients (3/164; 1.8%) had an annular defect measuring <6
mm in width. Average time to last follow-up was 15.6 months
(range: 1-64.5 months) in the Trial group and 14.6 months
(range: 1-71.8 months) in the non-Trial group.

Contributors for patients being categorized as non-Trial
included <6 weeks conservative treatment (84/164 or 51%),
preoperative ODI scores <40 (42/164 or 26%), and discec-
tomies for recurrent herniation (23/164 or 14%), with some
patients having more than one contributor (Table 1).
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Demographic and surgical characteristics were compared
between Trial and non-Trial groups. No statistically signifi-
cant differences were identified, indicating that the groups
were well-matched (p>0.05, Table 2).

Outcome measures
Mean preoperative ODI, VAS leg, and VAS back scores were
significantly different between the two groups, with worse
scores in the Trial group (p<0.04). This is likely attributable
to the inclusion criteria of ODI and VAS scores >40 for the
Trial group. However, these scores were not significantly dif-
ferent between the Trial and non-Trial groups at last follow-up
(p=0.15) (Table 3).

Clinical success, defined as 15-point improvement in ODI
score and 20-point improvement in VAS scores, was achieved

Table | Summary of exclusion criteria resulting in subject
conversion to non-trial group

Inclusion criteria

Proportion excluded: % (n/164)

6 weeks conservative
care

ODI and/or VAS

leg 240

Primary discectomy

Defect width 26 mm
and <10 mm

Defect height 24 mm
and <6 mm
Posterior disc height
25 mm

Age 221 years and
<75 years

<6 weeks conservative care: 51.2% (84/164)

ODI <40: 25.6% (42/164)

VAS leg <40: 7.9% (13/164)

Subsequent discectomy/recurrence: 14.0%
(23/164)

<6 mm: 1.8% (3/164)

>10 mm: 9.1% (15/164)

<4 mm or >6 mm: 6.7% (11/164)

<5 mm: 4.9% (8/164)

<21 years: 2.4% (4/164)
>75 years: 0.6% (1/164)

Abbreviations: ODI, Oswestry disability Index; VAS, visual analog scale.

Table 2 Patient demographics stratified by group

Demographic Trial group Non-Trial p-value
(n=44) group (n=120)

Gender (male: female) 25M: I9F 66 M: 54 F 0.86
Operative level

L2-3 | 0 0.67

L34 | 4

L4-5 25 69

L5-6 0 |

L5-SI 17 45
Defect area (mm?) 39.248.9 44.2+13.9 0.08
Age (years) 46.7+12.8 45.6+14.3 0.56
Operative time (min) 97.5+36.8 93.5+34.0 0.54
Operative side (left: 21 L:23R 64L:56R 0.60
right)
Mean latest follow-up 15.6+13.7 14.6x11.1 0.99

(months)

Note: Average values are presented as “meantSD.”

in both the groups. No statistically significant differences
were observed at last follow-up between groups for any index
(p=0.11) (Table 4). In addition, the change in disc height was
not significantly different between the Trial (—0.38+0.69 mm)
and non-Trial (—0.39£0.59 mm) groups (p=0.66).

Reherniations

Three patients (2.5%) in the non-Trial group and three
patients (6.8%) in the Trial group had symptomatic reher-
niations (p=0.34). Asymptomatic reherniations occurred in
three non-Trial patients (2.5%) and two (4.5%) Trial patients

(p=0.61).

Reoperations and other adverse events
Reoperation rates and radiographic findings were statistically
similar between the two groups (p=1.00). In total, there were
three (6.8%) subsequent surgical interventions in the Trial
group and 11 (9.2%) in the non-Trial group as summarized
in Table 5. In each group, two of the aforementioned, symp-
tomatic, reherniations were treated with repeat discectomies.
In the non-Trial group, four reoperations were performed in
a single patient to treat a wound infection. Details of two
reoperations could not be confirmed as each patient went to
a different institution.

Table 3 ODI, VAS leg, and VAS back scores at baseline and last
follow-up, stratified by group

Outcome Trial group Non-Trial p-value
metric (n=44) group (n=120)

Baseline (preoperative)

ODI 59.5£13.8 50.5+22.5 0.03*
VAS leg 87.7+12.6 76.1£25.5 0.02*
VAS back 67.0+28.2 55.7431.7 0.04*
Last follow-up

ODI 24.2420.8 18.7+17.4 0.15
VAS leg 28.2+29.9 27.6127.6 0.97
VAS back 38.4+32.7 30.5+24.8 0.28

Notes: *p<0.05.
Average values are presented as “meantSD.”
Abbreviations: ODI, Oswestry Disability Index; VAS, visual analog scale.

Table 4 Rate of clinical success* based on ODI, VAS leg, and
VAS back scores

Outcome Trial group Non-Trial p-value
metric (n=44) group (n=120)

ODI 84% (37/44) 71% (85/120) 0.11
VAS leg 84% (37/44) 79% (94/119) 0.52
VAS back 68% (30/44) 62% (74/119) 0.58

Note: *Defined as |5-point improvement in ODI score and 20-point improvement
in VAS scores.
Abbreviations: ODI, Oswestery Disability Index; VAS, visual analog scale.
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Table 5 Rates of subsequent surgical interventions

Intervention type Trial group Non-Trial
(n=44) group (n=120)
Fusion 1 (2.3%) 2 (1.7%)
Discectomy 2 (4.5%) 3 (2.5%)
Wound 0 (0.0%) 4 (3.3%)
Decompression 0 (0.0%) 3 (2.5%)
Unknown* 0 (0.0%) 2 (1.7%)

Note: *Performed outside of institution.

Migration or loosening of the bone anchor was not
observed in any case. There were 15 patients (9.1%) with
mesh migrations and/or separations from the implant with
10 (8.3%) in the non-Trial group and 5 (11.4%) in the Trial
group. Of these 15 patients, two had undergone reoperation
prior to the last follow-up. Migrations included dorsal or
medial movements of the mesh from its immediate post-
operative position (n=6 in non-Trial, n=4 in Trial) without
separation from the anchor. Separations of the mesh from the
anchor (n=4 in non-Trial, n=1 in Trial) were usually preceded
by radiographically identified migrations that were observed
as early as 1.8 months postoperative with an average time to
separation of 25.9 months (range: 3.5-57.7 months). Both
the overall rate of mesh dislocations and the rate of mesh
separations were statistically similar between the two groups
(p=1.00). At last follow-up, two of the 15 patients with mesh
migrations had radicular pain, but did not have significant
neurological deterioration or motor deficits. One of those
patients was treated with a subsequent fusion and the other
did not require additional therapy.

Recurrent herniation patients

In the non-Trial group, 23 patients (14%) had a prior dis-
cectomy. At mean last follow-up (12 months; range: 1-24
months), no symptomatic or asymptomatic reherniations
occurred in this subgroup. Furthermore, patient-reported out-
comes for this prior discectomy group were not significantly
different from patients who received a primary discectomy
(p>0.3). Of the two patients in this subgroup who received a
subsequent surgery, one patient was treated with fusion for
degenerative disc disease and one was treated at a different
institution with no available details.

Discussion

Comparison of RCT data to observational registry data is
increasingly performed within spine research.?>?* Malchau
has led this trend across musculoskeletal research, offering
a stepwise approach to medical device introduction that
seeks to substantiate RCTs by the collection of real-world

evidence.'® One such example is Staub et al, a retrospective
analysis of registry data, which examined patient-reported
outcomes after total disc arthroplasty vs anterior interbody
fusion and compared the results with the corresponding
RCTs.?* These comparisons provide external validity for the
extrapolation of RCT data for treatment decision-making
when real-world patients are outside of the strict study inclu-
sion criteria.

In this analysis, the authors examined 164 consecutive
patients who had undergone limited discectomy with an
ACD, mirroring the same intervention of an ongoing RCT.
The observational group was screened against the RCT
selection criteria and patients were stratified into Trial and
non-Trial segments for comparative purposes. Preoperative
and intraoperative demographics were not significantly dif-
ferent between the groups, except when comparing patient-
reported outcomes. The Trial group had significantly worse
preoperative ODI, VAS leg, and VAS back scores (p<0.04).
These differences were not unexpected, however, since the
RCT was designed to include a high-risk discectomy popu-
lation with ODI and VAS scores >40. Patients with better
preoperative scores were more likely to be included in the
non-Trial group, with 34% of non-Trial patients qualifying
under this criterion alone.

Clinical success rates between the groups tended to favor
Trial patients but did not reach a statistically significant dif-
ference. The favoring of Trial patients was most likely due to
this group beginning with a mean preoperative ODI score that
was nearly 10 points worse than that of non-Trial patients.
Therefore, Trial patients had more room to improve than
non-Trial patients. It is important to note that improvements
in ODI and VAS scores are attributable to the successful
nerve decompression that is achieved during the discectomy
procedure, independent of the ACD. The efficacy of the ACD
is primarily realized by minimizing the risk of reherniation,
which is often associated with symptom recurrence.'®

Symptomatic reherniation, a primary concern with
limited lumbar discectomy, was marginalized in both the
groups, with the Trial group exhibiting a higher recurrence
rate (6.8% vs 2.5%) (p=0.34). These rates compare favorably
to the literature on recurrence rates in limited discectomy
patients with large annular defects (15%—27%).!'-1* Each of
those studies examined patients by using screening criteria
similar to those of the RCT and Trial group presented here,
specifically targeting large annular defect (=6 mm) patients.
Given the large annular defect area of non-Trial and Trial
patients (44.3+13.9 and 39.248.9 mm?, respectively), the
rates of recurrent herniation in the present study (2.5%—6.8%)
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suggest increased efficacy of limited discectomy when
augmented with an ACD, relative to the literature rates of
limited discectomy alone (15%—27%). Furthermore, within
the non-Trial group, no reherniations (with or without
radicular symptoms) were observed in those patients who
had undergone previous discectomy, demonstrating similar
outcome scores to those patients who had undergone primary
discectomy (p>0.3). These trends compare favorably to the
literature in which Osterman et al reported that patients
with one reoperation after lumbar discectomy had a 25.1%
cumulative risk of subsequent surgical intervention within
10-year follow-up.?

The mesh occlusion component partially or completely
migrated from the bone anchor in 15 patients (9.1%). The
non-Trial and Trial patients were similarly susceptible to these
migrations, indicating that an increased risk does not exist
among the more generalized treatment population. Only two
of those patients reported radicular pain, without any signifi-
cant neurological dysfunction or motor deficits. Based on this
study, a clear relationship between mesh migration and clinical
outcomes could not be identified. A 2-year sub analysis on the
RCT data of this device examined the association of vertebral
endplate changes (VEPC) with device complications and
clinical outcomes.?® There were less mesh migrations in the
subgroup with VEPC vs those without VEPC (1% vs 11%).
Furthermore, VEPC and mesh subsidence were not correlated
with any clinical outcomes in the ACD group. Those findings
suggest that the mesh migrations may be a minor complication
with respect to clinical outcomes. Continual follow-up with
patients to monitor these mesh migrations will be important
to better understand the effects of such complications.

Study limitations

The authors acknowledge that there were limitations in this
analysis. Nonstandardized follow-up, with no minimal last
follow-up is inconsistent with the RCT design. However,
since mean last follow-up was consistent between groups,
any effect of this variation is diminished for the purpose of
this analysis. An additional limitation was the study being
conducted at a single-center on a sample size that may ren-
der insufficient statistical power for some analyses. Future
analyses with longer follow-up on larger sample sizes can be
done to further substantiate the present findings.

Conclusion

This study supports the conclusion that data from an ongoing
RCT can be extrapolated to certain patients falling outside
its selection criteria. However, more definitive extrapolation

can only be fully considered in the context of whether other
real-world outcomes align with those reported from the
RCT. Outcomes observed with the technique of combining
limited discectomy with an ACD in this study were favorable
in comparison with historical reherniation rates in the same
large annular defect population. Long-term outcomes from
the RCT will better address the efficacy of this ACD, but the
current study supports that similar outcomes can be expected
in a more generalized patient population.
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