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Abstract
Study Design: Retrospective propensity score matched analysis.

Objective: To compare the incidence of any 30-day perioperative complication following primary and revision discectomy for
lumbar disc herniation.

Methods: The American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) was used to
identify patients undergoing primary or revision lumbar discectomy from 2005 to 2012. Propensity score matching was per-
formed to create matched pairs of primary and revision discectomy cases for analysis. Univariate analysis was then performed to
compare 30-day morbidity and mortality between propensity score—matched pairs.

Results: We identified 4730 cases of primary discectomy performed through a minimally invasive or open approach and 649
revision discectomy cases. Baseline patient characteristics and comorbidities were compared and then propensity score-matched
adjustments were made to create 649 matched pairs of primary and revision cases. On univariate analysis, there were no sig-
nificant differences in 30-day perioperative outcomes between the 2 groups.

Conclusion: While there were no significant differences in 30-day perioperative complications between patients undergoing
primary lumbar discectomy and those undergoing revision lumbar discectomy, this finding should be interpreted with caution
since the ACS-NSQIP database lacks functional and pain outcomes, and also does not include dural tear or durotomy as a
complication. Future large-scale and long-term prospective studies including these variables are needed to better understand the
outcomes and complications following primary versus revision discectomy for lumbar disc herniation.
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a subgroup of patients have recurrent disc herniations after
discectomy and require reoperation, with rates ranging from
3% to as high as 26%.%” Up to 85% of reoperations have been
attributed to recurrent disc herniation at the same level as the
index procedure.’

Reoperations in spinal surgery have been associated with
higher complication rates compared to primary surgeries. Cam-
misa et al reported an 8.1% incidence of durotomy in revision
spinal procedures compared to 3.1% in primary procedures.®
Ahn et al retrospectively compared primary versus revision
single-level minimally invasive lumbar discectomy and found
that revision lumbar discectomy is associated with increased
procedural time, length of hospitalization, and postoperative
narcotic utilization.” However, they found no differences in
patient-reported functional outcomes.” In contrast, the prospec-
tive SPORT trial found significant differences between the
revision versus primary groups in terms of operative duration,
blood loss, dural tear, nerve root injury, and postoperative
wound hematoma.® As such, there remains no general consen-
sus in the literature regarding outcomes of patients undergoing
revision lumbar discectomy.'’

There have been few studies in the current literature that
have focused on comparing perioperative complications of pri-
mary versus revision discectomy using a validated national
multicenter database. Our aim was to examine if revision dis-
cectomy is associated with higher 30-day perioperative com-
plication rates than primary discectomy using the American
College of Surgeons National Surgical Quality Improvement
Program (ACS-NSQIP) database. We also aimed to identify
patient characteristics and comorbidities that are risk factors
for these perioperative complications. We hypothesized that
30-day perioperative complication rates would be higher after
revision discectomy than primary discectomy.

Materials and Methods

Patient Selection and Data Collection

The ACS-NSQIP database was originally created as a quality
improvement initiative for the Veteran’s Administration (VA)
health system in 1994. It has since expanded to the private
sector after its initial success in the VA system.'"'? Details
of the ACS-NSQIP database have been described earlier, and
its use has been well established in the surgical literature. It is a
validated outcomes registry that allows assessment of 30-day
risk-adjusted surgical morbidity and mortality in order to pro-
vide feedback to participating hospitals.'* Data is collected and
validated for accuracy at each site by trained surgical clinical
nurse coordinators. An interrater disagreement rate between the
clinical abstractors >5% is investigated by the ACS-NSQIP
team.'®> Random patient sampling is done in a standardized
manner at all participating institutions.

The ACS-NSQIP participant files for the period 2005
through 2012 were used to identify patients undergoing
posterior lumbar procedures. The data was obtained in compli-
ance with the ACS-NSQIP data use agreement. The inclusion

criteria were based on the Current Procedural Terminology
(CPT) codes for primary discectomy (63 030) or revision dis-
cectomy (63042) in adults with herniated nucleus pulposus
(ICD-9: 722.10). Exclusion criteria included transpedicular
approaches (CPT 63 056), nonelective procedures, pregnancy,
ventilator dependence, underweight (body mass index [BMI]
< 18.5 kg/m?), preoperative systemic sepsis, emergency oper-
ations, length of stay (LOS) >365 days, acute renal failure,
central nervous system (CNS) tumor, disseminated cancer,
chemotherapy for malignancy within 30 days before operation,
and radiotherapy for malignancy within 90 days before
operation.

Explanatory and Control Variables

Over 136 variables are collected at each participating site,
including demographic characteristics, preoperative risk fac-
tors, intraoperative variables, and 30-day perioperative compli-
cations."* Recorded patient characteristics were classified into
the following groups: baseline demographics, preoperative
medical comorbidities, and operative variables. Patient demo-
graphics included age, gender, race (white, black, Hispanic,
other), BMI class, American Society of Anesthesiologists class,
diabetes, smoking (current smoker within 1 year of surgery),
alcohol use, dyspnea (at rest, moderate exertion, or none), and
functional dependence prior to surgery. “Other” race included
American Indian, Alaska Native, Asian, Native Hawaiian, Pacific
Islander. BMI was categorized according to the World Health
Organization obesity classification: obese I (30.0-34.9 kg/m?),
obese 1T (35.0-39.9 kg/m?), and obese III (>40 kg/m?).

Medical comorbidities and operative variables included pul-
monary comorbidity, cardiac comorbidity, peripheral vascular
disease, neuromuscular injury, stroke, steroid use, recent
weight loss, bleeding disorder, and operative time >4 hours.
These medical comorbidities and operative variables were all
treated as dichotomous variables. Cardiac comorbidity was
defined as a history of congestive heart failure (within 30 days
before surgery), myocardial infarction (within 6 months before
surgery), percutaneous coronary intervention, cardiac surgery,
angina (within 1 month before surgery), or use of hypertensive
medication. Pulmonary comorbidity was defined as history of
severe chronic obstructive pulmonary disease or current pneu-
monia. Peripheral vascular disease was defined as a history of
revascularization or amputation for peripheral vascular condi-
tions and rest pain. Chronic steroid use (regular use within
30 days before surgery) was also assessed.

Outcomes

The primary outcome variable was any postoperative compli-
cation within 30 days of surgery. These complications included
mortality, wound complication (superficial wound infection,
deep incisional surgical site infection, organ space surgical site
infection, or wound dehiscence), pulmonary complication
(pneumonia, intubation, or ventilator requirement), renal com-
plication (progressive renal insufficiency or acute renal failure),
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CNS complication (stroke or coma), cardiac complication (car-
diac arrest or myocardial infarction), pulmonary embolism,
deep vein thrombosis, sepsis or septic shock, peripheral nerve
injury, urinary tract infection, intraoperative or postoperative
blood transfusion, reoperation for any reason, reoperation
related to the index procedure, unplanned readmission (data
only available from 2011 to 2012), and prolonged LOS
>5 days.

Propensity Score Matching

Propensity score matching allowed us to reduce the risk of
selection bias within our patient cohort. Propensity scores were
assigned to patients in each cohort based on all preoperative
factors including patient demographics and comorbidities. The
process of matching was 1:1, with one patient from the primary
surgery cohort being matched with a patient in the revision
surgery cohort with the closest propensity score. Propensity
score matching has been well-described in the literature.'>™"?
Matching was performed using R Software (Vienna, Austria;
http://www.R-project.org/) package “Matchlt.”*°

Statistical Analysis

In the univariate analysis, categorical variables were assessed
using Pearson’s > or Fisher’s exact test where appropriate.
Continuous variables were examined using a 1-way analysis
of variance (ANOVA) test. For outcome variables that were
significantly different between the primary and revision cohorts,
a multivariate stepwise logistic regressions with propensity
score adjustments would be performed to determine if revision
surgery was an independent risk factor for perioperative com-
plications compared to primary surgery after controlling for
baseline differences between the 2 groups. A P value <.05 was
considered significant. SAS software (Version 9.3, SAS Insti-
tute Inc, Cary, NC) was used for all statistical analyses.

Results

We identified 4730 cases of primary discectomy performed
through a minimally invasive or open approach. We also iden-
tified 649 cases of revision discectomy. In the primary discect-
omy group, the median operative time was 77 minutes
(standard deviation [SD], 49 minutes; interquartile range
[IQR], 56-105 minutes). In the revision discectomy group, the
median operative time was 101 minutes (SD, 74 minutes; IQR,
68-137 minutes).

Propensity score-matched adjustments were used to create
649 matched pairs of primary and revision cases. After
performing propensity score—matched adjustments, there
remained significant differences between the 2 groups
(Table 1). The revision discectomy group had significantly
more females (32.5% vs 40.2%, P = .004), more outpatient
procedures (20.2% vs 30.7%, P < .0001), and a lower propor-
tion of patients with American Society of Anesthesiologists
class >3 (35.6% vs 29.0%, P = .011). In terms of baseline

Table I. Baseline Patient Demographics and Clinical Characteristics.

Primary Revision
Discectomy Discectomy
(N=649) (N =649)

Demographics N % N % P Value®
Age, mean (SD) 51.7 (15.8)  50.1 (14.3) .063
Sex

Female 211 32.5% 261 402% .004

Male 438 67.5% 388 59.8%
Race

White 523 80.6% 527 81.2% .254

Black 18 28% 23 3.5%

Hispanic 10 1.5% 19 29%

Other 19 29% 14 22%

Unknown 79 122% 66 10.2%
Inpatient vs outpatient

Inpatient 518 79.8% 450 69.3% <.0001

Outpatient 131 20.2% 199 30.7%
BMI class

Nonobese (18.5-29.9) 381 587% 384 59.2% .102

Obese | (30-34.9) 172 26.5% 152 23.4%

Obese Il (35-39.9) 55 85% 79 122%

Obese Il (>40) 41 63% 34 52%
ASA

| or2 418 64.4% 461 71.0% .01l

Jor4 231 35.6% 188 29.0%
Diabetes 92 142% 79 12.2% 286
Smoking 187 288% 189 29.1% .903
Alcohol use I 1.7% 17 26% 252
Dyspnea

At rest I 02% 2 03% .002

Moderate exertion 61  94% 29 45%

No dyspnea 587 90.5% 618 95.2%
Preoperative functional status

Dependent 16 25% 19 29% .607

Independent 633 97.5% 630 97.1%

Abbreviations: BMI, body mass index; ASA, American Society of
Anesthesiologists.
?Bold values represent P < .05.

medical comorbidities and operative variables, the only signif-
icant difference was a higher proportion of cardiac comorbidity
in the primary discectomy group (48.8% vs 40.2%, P = .002).
There were no significant differences between the 2 groups in
terms of pulmonary comorbidity, peripheral vascular disease,
neuromuscular injury, stroke, steroid use, recent weight loss, or
bleeding disorder (Table 2).

In our univariate analysis, there were no significant differ-
ences in 30-day perioperative complications between the pro-
pensity score—-matched groups (Table 3). Of note, there were no
deaths, cardiac complications, renal complications, CNS com-
plications, or urinary tract infections in either the primary or
revision surgery group. Additionally, there were no pulmonary
complications in the revision surgery group. We did not per-
form a multivariate analysis since there were no significant
differences in perioperative complications between the 2
groups in the univariate analysis.
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Table 2. Patient Comorbidities and Operative Factors.

Discectomy Revision

(N = 649) (N = 649)
Comorbidities N % N % P Value
Pulmonary comorbidity 19 2.9% 15  23% 487
Cardiac comorbidity 317 488% 261 40.2% .002
Peripheral vascular disease 4 0.6% 4 0.6% I
Neuromuscular injury 18 182% 19 29%  .868
Stroke 10 1.5% 7 1.1% 464
Steroid use 18 28% 22 34% 521
Recent weight loss | 0.2% I 0.2% I
Bleeding disorder 8 1.2% 6 09% 591
Operative variables

Operative time >4 hours 47 72% 50 7.7% 752

Table 3. Thirty-Day Perioperative Complications.

Discectomy Revision

(N =649) (N = 649) p
Complication N % N % Value
Any complication 25 39% 22 34% .656
Death 0 00% 0 00% NA
Wound complication 7 1% 11 1.7% .342
Pulmonary complication 3 05% 0 00% .083
Renal complication 0 00% 0 0.0% NA
CNS complication 0 00% 0 0.0% NA
VTE 4 06% | 02% .179
Sepsis I 02% 3 05% 317
Peripheral vascular disease 0 00% 2 03% .I57
Cardiac complication 0 00% 0 0.0% NA
Perioperative blood transfusion 15 23% 11 1.7% .428
Reoperation for any reason 12 19% 10 15% .667
Unplanned readmission (2011-2012) 8 12% 3 0.5% .14]
Length of stay > 5 days 30 4.6% 31 48% .8%
Urinary tract infection 0 00% 0 0.0% NA
Reoperation related to index 4 0.6% I 0.2% .189

procedure

Abbreviations: CNS, central nervous system; VTE, venous thromboembolism.

Discussion

Intervertebral disc herniation is one of the most common rea-
sons for lumbar spinal surgery, with discectomy being the
mainstay of treatment.?’*> However, reoperation rates after
discectomy have ranged widely in the literature, which may
be attributed to variations in surgical approach and technique,
definitions of disc herniation recurrence, disease progression,
or duration of follow-up.>>"*” While few studies have directly
compared primary and revision discectomy for lumbar disc
herniation, studies of other spinal surgical procedures suggest
that complication rates are significantly higher after revision
surgery compared to the index procedure.”®

In this study, we utilized the ACS-NSQIP database to exam-
ine 5379 patients who underwent discectomy. The proportion
of revision cases in this cohort was 12.1%, which is consistent

with the revision discectomy rate of 13% reported by the
SPORT trial.> Following propensity score—matched analysis,
there were no significant differences in 30-day perioperative
complications between the 649 matched pairs of primary and
revision cases. This suggests that revision discectomy does not
have a higher risk of short-term postoperative complications
compared to primary discectomy.

This finding is in contrast to prior studies that have found
over a 2 times increased rate of complications after revision
surgery.?”! This increased complication rate has been pri-
marily attributed to the incidence of durotomy. For example,
Morgan-Hough et al found a 14.3% incidence of durotomy
after revision surgery compared to 5.5% after primary sur-
gery.”” Unfortunately, one of the main limitations of our
study is that the ACS-NSQIP database does not collect data
about the incidence of durotomy, and therefore, we could
not assess whether there was a higher risk of durotomy after
revision discectomy.

In past studies, complications other than durotomy that have
also been associated with revision discectomy. Leven et al con-
ducted a subgroup analysis of the SPORT trial in which they
compared 691 patients who underwent primary discectomy
without reoperation with 110 patients who underwent reopera-
tion for recurrent lumbar disc herniation.'® They found that the
reoperation group had a significantly higher overall complica-
tion rate, as well longer LOS and a higher incidence of wound
infections.'® However, they found no significant differences in
operative duration, blood loss, dural tears, nerve root injuries,
or postoperative wound hematomas between the 2 groups.'”

Another study on outcomes following minimally invasive
single-level discectomy by Ahn et al found comparable visual
analogue scale scores between primary and revision discec-
tomies at 6-month follow-up with no significant difference in
12-week postoperative complications.’ Furthermore, there
were no in-hospital complications and no 6-week postoperative
complications reported in either group.” In contrast, our study
of a large nationwide database—which included 649 revision
cases—demonstrated that the rate of any 30-day complication
was 3.9% and 3.4% following primary and revision discect-
omy, respectively. It is important to note, however, that Ahn
et al’s study was a small study with only 41 revision cases.’
Given that the complication rate associated with discectomies
is fairly low, their small sample size may not have been ade-
quately powered to capture the short-term occurrence of these
infrequent complications.

Prolonged operative time >4 hours occurred significantly
more often in the revision discectomy group compared to the
primary discectomy group. This is consistent with our expecta-
tion that revision surgery is more complex and more techni-
cally challenging than primary surgery. One of the limitations
of the ACS-NSQIP database is that it does not provide infor-
mation regarding whether a revision discectomy was per-
formed by the same surgeon as the primary discectomy or by
a different surgeon. Therefore, this introduces bias into our data
set, as we were unable to determine or control for differences in
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surgeons’ operative skills or surgical techniques within
matched pairs.

Another limitation of the ACS-NSQIP database is the lack
of information regarding the indication for revision discect-
omy. One of the known surgical indications for revision dis-
cectomy is recurrent disc herniation, and several risk factors
have been proposed. These risk factors include young age, male
sex, smoking, and prior trauma.*%*%* However, other studies
suggest that recurrent disc herniation is more likely to occur in
older patients with degenerative disc disease, as well as in
patients with asymmetric motor weakness.>*>> Therefore, there
remains a lack of a general consensus in the literature regarding
the risk factors that predispose toward recurrent disc herniation.
In this study, patients in the revision discectomy group were
more likely to have a cardiac comorbidity, but the clinical
significance of this association in terms of identifying patients
who are at risk for revision surgery is unclear.

In addition to the limitations discussed above, this study is
also subject to potential selection bias due to the retrospective
nature of our data set. We were also unable to examine longer
term outcomes beyond 30 days following surgery. Notably, we
were unable to assess the incidence of longer term instability
and need for spinal fusion following primary or revision dis-
cectomy. Another major limitation is the lack of functional or
pain outcome scores in the ACS-NSQIP database, which pre-
vented us from examining patient satisfaction as a measure of
whether the primary or revision discectomy was successful.
Another potential limitation is that the ACS-NSQIP database
does not differentiate between different types of disc hernia-
tions, that is, constrained, extruded, or sequestrated. Whether
surgical outcomes and complications vary depending on the
type of disc herniation requires further study. Last, the ACS-
NSQIP database does not provide sufficient information to
determine whether the revision surgery was performed on the
same spinal level as the original surgery. With these limitations
in mind, our finding that there is no significant difference in
30-day perioperative complications between primary and
revision discectomy should be interpreted with caution, in par-
ticular as it does not include functional or pain outcomes, as
well as dural tear or durotomy as a complication.

Conclusion

In this large retrospective cohort study of 649 propensity score—
matched pairs of primary and revision discectomies, we found
no significant difference in 30-day perioperative complications
that are recorded in the ACS-NSQIP database. However, this
finding should be interpreted with caution, as our data set did
not include functional or pain outcomes. Additionally, dural
tear or durotomy was not included as a complication, and this
has been shown in past studies to be a major contributing factor
to overall complication rates following discectomies. Future
large-scale and long-term prospective studies including these
variables are needed to better understand the outcomes and
complications following primary versus revision discectomy
for lumbar disc herniation.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

References

1. Le H, Sandhu FA, Fessler RG. Clinical outcomes after minimal-
access surgery for recurrent lumbar disc herniation. Neurosurg
Focus. 2003;15:E12.

2. Atlas SJ, Keller RB, Chang Y, Deyo RA, Singer DE. Surgical and
nonsurgical management of sciatica secondary to a lumbar disc
herniation: five-year outcomes from the Maine Lumbar Spine
Study. Spine (Phila Pa 1976). 2001;26:1179-1187.

3. Lurie JD, Tosteson TD, Tosteson AN, et al. Surgical versus non-
operative treatment for lumbar disc herniation: eight-year results
for the spine patient outcomes research trial. Spine (Phila Pa
1976). 2014;39:3-16.

4. Connolly ES. Surgery for recurrent lumbar disc herniation. Clin
Neurosurg. 1992;39:211-216.

5. Fandino J, Botana C, Viladrich A, Gomez-Bueno J. Reoperation
after lumbar disc surgery: results in 130 cases. Acta Neurochir
(Wein). 1993;122:102-104.

6. O’Sullivan MG, Connolly AE, Buckley TF. Recurrent lumbar
disc protrusion. Br J Neurosurg. 1990;4:319-325.

7. Law JD, Lehman RA, Kirsch WM. Reoperation after lumbar
intervertebral disc surgery. J Neurosurg. 1978;48:259-263.

8. Cammisa FP Jr, Girardi FP, Sangani PK, Parvataneni HK, Cadag
S, Sandhu HS. Incidental durotomy in spine surgery. Spine (Phila
Pa 1976). 2000;25:2663-2667.

9. Ahn J, Tabaraee E, Bohl DD, Aboushaala K, Singh K. Primary
versus revision single-level minimally invasive lumbar discect-
omy: analysis of clinical outcomes and narcotic utilization. Spine
(Phila Pa 1976). 2015;40:E1025-E1030.

10. Leven D, Passias PG, Errico TJ, et al. Risk factors for reoperation
in patients treated surgically for intervertebral disc herniation: a
subanalysis of eight-year SPORT data. J Bone Joint Surg Am.
2015;97:1316-1325.

11. Fink AS, Campbell DA Jr, Mentzer RM Jr, et al. The National
Surgical Quality Improvement Program in non-veterans adminis-
tration hospitals: initial demonstration of feasibility. Ann Surg.
2002;236:344-354.

12. Khuri SF, Henderson WG, Daley J, et al. Successful implemen-
tation of the Department of Veterans Affairs’ National Surgical
Quality Improvement Program in the private sector: the Patient
Safety in Surgery study. Ann Surg. 2008;248:329-336.

13. American College of Surgeons. User guide for the. 2012 ACS
NSQIP Participant Use Data File. https://www.facs.org/~/
media/files/quality%20programs/nsqip/ug12.ashx. Accessed
April 12, 2018.

14. Hall BL, Hamilton BH, Richards K, Bilimoria KY, Cohen ME,
Ko CY. Does surgical quality improve in the American College of
Surgeons National Surgical Quality Improvement Program: an


https://www.facs.org/~/media/files/quality%20programs/nsqip/ug12.ashx
https://www.facs.org/~/media/files/quality%20programs/nsqip/ug12.ashx
https://www.facs.org/~/media/files/quality%20programs/nsqip/ug12.ashx
https://www.facs.org/~/media/files/quality%20programs/nsqip/ug12.ashx

Phan et al

815

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

evaluation of all participating hospitals. Ann Surg. 2009;250:
363-376.

Duchman KR, Gao Y, Pugely AJ, Martin CT, Callaghan JJ. Dif-
ferences in short-term complications between unicompartmental
and total knee arthroplasty: a propensity score matched analysis.
J Bone Joint Surg Am. 2014;96:1387-1394.

Boening A, Friedrich C, Hedderich J, Schoettler J, Fraund S,
Cremer JT. Early and medium-term results after on-pump and
off-pump coronary artery surgery: a propensity score analysis.
Ann Thorac Surg 2003;76:2000-2006.

Milton RC, Sperduto RD, Clemons TE, Ferris FL 3rd; Age-
Related Eye Disease Study Research Group. Centrum use and
progression of age-related cataract in the Age-Related Eye Dis-
ease Study: a propensity score approach. AREDS Report No. 21.
Ophthalmology. 2006;113:1264-1270.

Austin PC, Grootendorst P, Anderson GM. A comparison of the
ability of different propensity score models to balance measured
variables between treated and untreated subjects: a Monte Carlo
study. Stat Med. 2007;26:734-753.

Vikram HR, Buenconsejo J, Hasbun R, Quagliarello VJ. Impact
of valve surgery on 6-month mortality in adults with complicated,
left-sided native valve endocarditis: a propensity analysis. JAMA.
2003;290:3207-3214.

Ho DE, Imai K, King G, Stuart EA. Matchlt: nonparametric pre-
processing for parametric causal inference. J Stat Softw. 2011;42:
1-28.

Martin BI, Mirza SK, Comstock BA, Gray DT, Kreuter W, Deyo
RA. Reoperation rates following lumbar spine surgery and the
influence of spinal fusion procedures. Spine (Phila Pa 1976).
2007;32:382-387.

Gibson JN, Waddell G. Surgical interventions for lumbar disc
prolapse: updated Cochrane Review. Spine (Phila Pa 1976).
2007;32:1735-1747.

Yorimitsu E, Chiba K, Toyama Y, Hirabayashi K. Long-term
outcomes of standard discectomy for lumbar disc herniation: a
follow-up study of more than 10 years. Spine (Phila Pa 1976).
2001;26:652-657.

Vik A, Zwart JA, Hulleberg G, Nygaard OP. Eight year outcome
after surgery for lumbar disc herniation: a comparison of

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

reoperated and not reoperated patients. Acta Neurochir (Wein).
2001;143:607-61.

Davis RA. A long-term outcome analysis of 984 surgically treated
herniated lumbar discs. J Neurosurg. 1994;80:415-421.

Lewis PJ, Weir BK, Broad RW, Grace MG. Long-term prospec-
tive study of lumbosacral discectomy. J Neurosurg. 1987;67:
49-53.

Phan K, Mobbs RJ. Minimally invasive versus open laminectomy
for lumbar stenosis: a systematic review and meta-analysis. Spine
(Phila Pa 1976). 2016;41:E91-E100.

Khan MH, Rihn J, Steele G, et al. Postoperative management
protocol for incidental dural tears during degenerative lumbar
spine surgery: a review of 3,183 consecutive degenerative lumbar
cases. Spine (Phila Pa 1976). 2006;31:2609-2613.
Morgan-Hough CV, Jones PW, Eisenstein SM. Primary and
revision lumbar discectomy. A 16-year review from one centre.
J Bone Joint Surg Br. 2003;85:871-874.

Fritsch EW, Heisel J, Rupp S. The failed back surgery syndrome:
reasons, intraoperative findings, and long-term results: a report of
182 operative treatments. Spine (Phila Pa 1976). 1996;21:
626-633.

Ahn Y, Lee SH, Park WM, Lee HY, Shin SW, Kang HY.
Percutaneous endoscopic lumbar discectomy for recurrent disc
herniation: surgical technique, outcome, and prognostic factors
of 43 consecutive cases. Spine (Phila Pa 1976). 2004;29:
E326-E332.

Suk KS, Lee HM, Moon SH, Kim NH. Recurrent lumbar disc
herniation: results of operative management. Spine (Phila Pa
1976). 2001;26:672-676.

Dora C, Schmid MR, Elfering A, Zanetti M, Hodler J, Boos N.
Lumbar disk herniation: do MR imaging findings predict
recurrence after surgical diskectomy? Radiology. 2005;235:
562-567.

Cinotti G, Roysam GS, Eisenstein SM, Postacchini F. Ipsilateral
recurrent lumbar disc herniation. A prospective, controlled study.
J Bone Joint Surg Br. 1998;80:825-832.

Epstein JA, Lavine LS, Epstein BS. Recurrent herniation of the
lumbar intervertebral disk. Clin Orthop Relat Res. 1967;52:
169-178.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


