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Reoperation After Primary Lumbar Discectomy with or without Implantation of a

Bone-Anchored Annular Closure Device: Surgical Strategies and Clinical Outcomes
Peter D. Klassen1, Geoffrey Lesage2, Larry E. Miller3, Robert Hes4, Jasper F.C. Wolfs5, Sandro Eustacchio6,
Peter Vajkoczy7
-OBJECTIVE: To determine whether presence of a bone-
anchored annular closure device (ACD) impacts reopera-
tion strategies and subsequent outcomes.

-METHODS: Patients with large annular defects after
single-level limited lumbar discectomy were randomly
allocated to receive an ACD or discectomy alone (controls)
and were followed for at least 3 years.

-RESULTS: Among 550 patients, reoperation risk was
lower with ACD (11.0% vs. 19.3%). The types of reop-
erations and operative time were similar in each group,
and the ACD did not interfere with surgical planning or
operative technique. Fusion success was 87% with ACD
versus 85% for controls. Perioperative complications
occurred in 22% and 19% of reoperations, respectively.
Leg pain and back function were improved with ACD
versus controls after fusion procedures, and no
group differences were observed after non-fusion
reoperations.

-CONCLUSIONS: In patients undergoing post-
discectomy reoperation, patients with an ACD were
treated with similar operative techniques, were not
exposed to additional surgical risks, and reported
comparable clinical outcomes versus those without an
ACD.
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INTRODUCTION
umbar discectomy provides relief from sciatica in most
patients1,2 and is one of the most commonly performed
Lspine surgeries.3 However, approximately 10% of surgical

patients require a repeat operation within 4 years mainly
because of inadequate symptom relief or symptom recurrence.4,5

One of the strongest risk factors for symptom recurrence after
lumbar discectomy is a postoperative defect of at least 6 mm width
in the annulus fibrosus.6,7 A large annular defect may allow
pressurized nuclear material to enter the extradiscal space and
reproduce radicular symptoms caused by local inflammatory re-
actions and/or mechanical nerve root compression. In a
meta-analysis comparing patients with large (�6 mm width)
versus small (<6 mm width) annular defects, large defects were
associated with more than a 2-fold increase in symptom recur-
rence and reoperation risk over approximately 3 years follow-up.6

Reoperations for lumbar herniation are more costly8 and less
effective4,9 than primary procedures. This has prompted devel-
opment of technologies intended to repair large postoperative
defects to lower recurrence rates in this high-risk patient popu-
lation.10 In a randomized trial of 554 patients with large
postoperative annular defects, a bone-anchored annular closure
device (ACD) implanted at discectomy completion significantly
lowered the risk of recurrence and reoperation over 2 years of
follow-up11 and was shown to be highly cost-effective12 versus
discectomy alone. Among patients treated with an ACD who
require a reoperation, the impact of an ACD on procedural
complexity and subsequent clinical outcomes is unclear. In this
post hoc analysis from a randomized trial, our objective was to
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Table 1. Primary Indications for Reoperation by Treatment
Group

Indication for Reoperation* ACD Control P Value

Reherniation 17 (6.4) 49 (17.6) <0.001

Lumbar or extremity pain/dysfunction 18 (6.7) 12 (4.3) 0.26

Device event 9 (3.4) — —

Bone anchor migration 3

Occlusion component migration 3

Occlusion component detachment 2

Bone anchor fracture 1

Wound complication 1 (0.4) 5 (1.8) 0.22

Residual herniation 2 (0.7) 0 0.24

Hematoma 0 1 (0.4) >0.99

Values are presented as n or n (%).
ACD, annular closure device.
*As adjudicated by an independent data safety monitoring board.
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report reoperation strategies and clinical outcomes in patients
treated with lumbar discectomy and ACD implantation versus
patients treated with lumbar discectomy alone.

METHODS

Study Design
This was a post hoc analysis of a randomized trial involving pa-
tients with large annular defects after lumbar discectomy who
were allocated to additionally receive a bone-anchored ACD or
lumbar discectomy alone (controls). The purpose of this report
was to describe outcomes of revision surgery in patients with a
minimum of 3 years follow-up after the primary discectomy pro-
cedure. Local ethics committees approved the study protocol, all
patients provided written informed consent, and the trial was
registered at ClinicalTrials.gov (NCT 01283438).

Patients
Detailed descriptions of the study design, eligibility criteria, and
study methods of this randomized trial have been published
elsewhere.13 Adults with single-level intervertebral disc herniation
between L1 and S1 with persistent symptoms despite nonsurgical
management received lumbar discectomy. At completion of the
procedure, annular defect size was measured. Patients with an
annular defect 4 to 6 mm tall and 6 to 10 mm wide (a strong
determinant of recurrence risk6), were enrolled in the study and
intraoperatively randomized 1:1 to ACD or control groups.
Patients with an annular defect size not meeting these criteria
were excluded from further study participation. Patients returned
for clinical and imaging follow-up at 6 weeks, 3 months, 6
months, and annually thereafter for 5 years.

Outcomes
Main study outcomes included symptomatic reherniation, reop-
eration, back pain severity (0e100 scale), leg pain severity (0e100
scale), and Oswestry Disability Index (ODI) score. Reoperations
included any repeat procedure at the level of herniation including
discectomy, supplemental fixation, fusion, and/or ACD explant.
Among patients receiving fusion, fusion success was assessed by 2
independent radiologists who read all available computed to-
mography and x-ray images at all follow-up intervals after the
fusion procedure; disagreements were adjudicated by a third
radiologist. Periprocedural outcomes after reoperation included
procedure time, blood loss, and complications. After a reopera-
tion, patients remained in follow-up and clinical outcomes
continued to be monitored. An independent data safety moni-
toring board provided safety oversight during the study and
adjudicated all adverse events.

Data Analysis
Preoperative patient characteristics are reported asmean� standard
deviation for continuous variables and count and percentage for
categorical variables. Group comparisons were performed with
Student’s t test for continuous data or Fisher’s exact test for cate-
gorical data. The risk of reoperation was analyzed using Kaplan-
Meier survival methods with log-rank comparisons. Statistical sig-
nificance was set at P < 0.05 and all tests were 2-sided. Statistical
analyses were performed using SAS v9.4 (SAS Institute, Cary, NC).
e2 www.SCIENCEDIRECT.com WORLD NE
RESULTS

The ACD group included 272 patients treated with lumbar dis-
cectomy in which device implantation was attempted and the
control group consisted of 278 patients treated with lumbar dis-
cectomy alone. ACD implantation was not attempted in an addi-
tional 4 patients due to proximity of the nerve root to the planned
device location. Mean patient age was 43 � 11 years, 59% were
men, and disc herniation primarily occurred at L5-S1 (56%) or L4-
L5 (41%). Patients typically presented with severe leg pain (overall
mean pain 81 � 15) and severe disability (overall mean ODI 59 �
13) at the time of surgery.
All patients had at least 3 years of postoperative follow-up in

this series (mean: 3.9 years, range: 3 to 5 years). Clinical outcomes
at 3 years favored the ACD group for symptomatic reherniation
(14.8% vs. 29.5%; P < 0.001), reoperation (11.0% vs. 19.3%;
P ¼ 0.007), leg pain (21 vs. 30; P < 0.01), back pain (23 vs. 30;
P ¼ 0.01), and ODI (18 vs. 23: P ¼ 0.02).
Ultimately, 51 reoperations were performed in 44 ACD patients

and 81 reoperations were performed in 58 control patients. Mul-
tiple reoperations were required in 7 and 23 patients, respectively.
The primary indications for reoperation were reherniation or un-
related pain/dysfunction in the lower back or legs (Table 1). None
of the reoperations in the ACD or control group were attributable
to morphologic changes in the vertebral endplates. Although the
risk of reoperation was lower in the ACD group, the distribution
of reoperation techniques was generally comparable between the
groups apart from device removal procedures applicable to the
ACD group only (Figure 1). Among interbody fusion procedures,
the distribution of techniques was generally comparable between
groups, with transforaminal lumbar interbody fusion the most
commonly performed fusion procedure in the ACD (37% of
fusions) and control (43% of fusions) groups.
Procedure timewas comparable betweenACDand control patients

for reoperations involving a fusion (135� 80 vs. 126� 63minutes, P¼
0.69) or non-fusion (69� 37 vs. 57� 39minutes, P¼ 0.16) procedure.
UROSURGERY, https://doi.org/10.1016/j.wneu.2019.07.038
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Figure 1. Types of index level reoperations performed in annular closure device (A) and control (B) groups.
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Figure 2. Patient-reported outcomes at final follow-up
after reoperation involving fusion (left) and non-fusion

(right) procedures. ACD, annular closure device; ODI,
Oswestry Disability Index.
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Blood loss during reoperations was not routinely collected. Among
patients with available data (33% in ACD group, 21% in control
group), median blood loss was 300 versus 500 mL in fusion proced-
ures and 50 mL in each group for non-fusion procedures. The per-
centage of reoperations with a perioperative (�30 days) complication
was 22% (11 of 51) for ACD patients and 19% (15 of 81) for control
patients (P¼ 0.66). Multiple complications were reported in 1 (2.0%)
and 4 (4.9%) procedures, respectively. The most common perioper-
ative complications after reoperation in the ACD and control groups
were dural tears (reported in 5 and 7 procedures, respectively) and
lumbar/leg pain (reported in 3 and 2 procedures, respectively).
The median time from reoperation to final follow-up was 2.4

years (interquartile range: 1.6 to 3.2 years) in the ACD group and
2.9 years (interquartile range: 1.5 to 3.9 years) in the control group.
Deterioration in neurologic function after reoperation occurred in
1 (2.4%) patient in the ACD group and in 5 (11.6%) control pa-
tients (P ¼ 0.20). Among patients who underwent interbody
fusion, fusion status at final follow-up was 87% in ACD patients
and 85% in control patients. Regardless of reoperation type,
postoperative leg pain and ODI were comparable between ACD
and control groups (Figure 2). After review of operative notes
among all ACD patients undergoing reoperation, there were no
reports indicating that the presence of an ACD interfered with
surgical planning or operative technique. Radiographic images
from representative reoperation cases in patients initially treated
with an ACD are shown in Figure 3.
DISCUSSION

Pain recurrence after lumbar discectomy remains a challenging
therapeutic dilemma. Surgical techniques or devices intended to
reduce recurrence risk must durably prevent disc reherniation
while ensuring that future surgical options remain available. This
is particularly important because patients treated with lumbar
discectomy often demonstrate progressive degenerative changes
of the spine that may necessitate a repeat operation.14 In the
current study, patients with large annular defects who were
treated with lumbar discectomy and an ACD had a significantly
lower risk of reoperation compared with patients undergoing
e4 www.SCIENCEDIRECT.com WORLD NE
lumbar discectomy only. Among patients requiring reoperation,
the ACD group was treated with similar reoperation techniques,
experienced comparable surgical risks, and reported comparable
post-revision outcomes relative to patients without an ACD.
These results indicate that a broad range of fusion and non-fusion

procedures representing the spectrum of typical surgical techniques
were used in reoperations, regardless of the presence of an ACD.
The most common interbody fusion revision procedures among
patients in the ACD group were transforaminal lumbar interbody
fusion and posterior lumbar interbody fusion. This finding is in
agreement with prior studies that reported transforaminal lumbar
interbody fusion and posterior lumbar interbody fusion to be the
predominant fusion methods used to treat recurrent lumbar disc
herniation.15-17 These results are also reflective of thewide variability
among spine surgeons regarding best surgical practices to treat
herniation recurrence.18 The success of fusion procedures was
comparable between groups, with slightly better clinical outcomes
reported in the ACD group. Further, post-fusion leg pain and ODI
outcomes improved by a similar degree in the ACD group versus the
control group. Overall, these results suggest that presence of an
ACD does not interfere with standard revision strategies commonly
used by spine surgeons.
The decision to remove the ACD, in part or in its entirety,

during a reoperation was dependent on the surgical indication and
was at the discretion of the surgeon. If the purpose of the reop-
eration was to address a device deficiency, the nature of the
deficiency dictated the extent of device removal. In the single case
of anchor migration, the device was removed in its entirety. When
anchor fracture or detachment of the occlusion component from
the anchor were identified, surgeons typically removed only the
detached fabric and elected to leave the anchor in place. The
clinical rationale for these decisions was that the remaining device
segment was well-fixed and posed no risk of subsequent com-
plications. Exceptions to this strategy were implemented in cases
where the occlusion component of the device was purposefully
removed to facilitate placement of a cage for interbody fusion.
There were no instances in which the presence of an ACD was
reported to complicate a reoperation or interfere with execution of
the planned surgical approach.
UROSURGERY, https://doi.org/10.1016/j.wneu.2019.07.038
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Figure 3. Representative reoperations in patients with
existing bone-anchored annular closure device (ACD).
(A) Patient with lumbar disc herniation (top left) who
was treated with annular closure device (top right).
After reherniation (bottom left), transforaminal lumbar
interbody fusion with pedicle fixation was performed to
address segmental instability. The operation was
performed leaving the ACD intact because the device
did not interfere with the fusion construct. The
radiopaque occlusion component markers of the ACD

and the fusion cage markers are visualized in the disc
space (bottom right). (B) Patient with lumbar disc
herniation (top left) who was treated with annular
closure device (top right). Posterior lumbar interbody
fusion with pedicle fixation was performed to address
segmental instability (bottom). The ACD was originally
implanted at L4/L5 and was completely removed prior
to fusion surgery.

(Continues)
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Figure 3. (Continued)
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This study reports the largest known series of patients under-
going reoperation in the presence of a previously implanted bone-
anchored ACD. There are several limitations of this analysis that
warrant further discussion. First, although all patients in this
study had a minimum of 3 years follow-up after the primary dis-
cectomy procedure, the follow-up period after reoperation was
e6 www.SCIENCEDIRECT.com WORLD NE
variable. Still, the median post-reoperation follow-up duration was
over 2 years and, therefore, was sufficient to draw reliable con-
clusions. Second, as with any study evaluating reoperation rates
and practices, the decision to reoperate was made on a case-by-
case basis considering patient medical history, prior surgeries,
and patient/surgeon preferences. Thus, reoperation rates and
UROSURGERY, https://doi.org/10.1016/j.wneu.2019.07.038
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associated results may be influenced by patient or surgeon biases.
Third, the type of reoperation was also determined in the same
manner and, therefore, because of the variability in revision ap-
proaches that were used, an objective revision pathway based on
anatomical factors and clinical symptoms cannot be recom-
mended and must instead be determined on an individual basis.
Finally, all patients in this trial had large post-discectomy annular
WORLD NEUROSURGERY-: e1-e7, - 2019
defects and, therefore, these results are not applicable to patients
with smaller annular defects.
In summary, among patients undergoing discectomy revision,

patients initially treated with a bone-anchored ACD
underwent similar operative techniques, had similar operative
time, were not exposed to additional surgical risks, and reported
comparable clinical outcomes versus those without an ACD.
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