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0. Re&ort by Kevin Yoo, M.D. (provided 5/26/2015 2 425
at May 26, 2015 deposition)

10. | Supplemental Expert Witness 5/29/2015 2 426 - 452
Disclosure Statement of Defendant
Albert H. Capanna, M.D.

11. | Plaintiff’s Motion in Limine No. 4: 6/22/2015 3 453 - 461
Permit Treating Physicians to Testify as
to Causation, Diagnosis, Prognosis,
Future Treatment, and Extent of
Disability Without a Formal Expert
Report

12. | Defendant’s Response and Opposition 7/9/2015 3 462 - 465

to Plaintiff’s Motion in Limine No. 4:
Permit Treating Physicians to Testify as
to Causation, Diagnosis, Prognosis,
Future Treatment, and Extent of
Disability Without a Formal Expert
Report




13. | Plaintiff’s Opposition to Defendant’s 7/9/2015 466 - 489
Motions in Limine

14. | Plaintiff’s Motion to Declare NRS 7/13/2015 490 - 583
42.021 and NRS 41A.035
Unconstitutional

15. | Plaintiff’s 5th Supplement to 717772015 584 - 588
Designation of Expert Witnesses

16. | Plaintiff’s 6th Supplement to 7/20/2015 589 -593
Designation of Expert Witnesses

17. | Supplemental Expert Witness 772272015 594 - 598
Disclosure Statement of Defendant
Albert H. Capanna, M.D.

18. | Defendant Albert H. Capanna, M.D.’s 772272015 599 - 688
2nd Supplement to NRCP 16.1 Early
Case Conference Disclosure of
Witnesses and Documents

19. | Supplemental Expert Witness 7/27/2015 689 - 693
Disclosure Statement of Defendant
Albert H. Capanna, M.D.

20. [ Jury Trial Transcript — Day 3 8/21/2015 694 - 747
Case No. A-11-648041-C

21. | Order Regarding Plaintiff’s Motion to 8/22/2015 748 - 749
Strike Untimely Disclosures on Order
Shortening Time

22. | Order Regarding Plaintiff’s Motion to 8/22/2015 750 - 751
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Unconstitutional
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This defendant reserves the right to incorporate all witnesses, documents and/or exhibits as

listed in all other parties’ pre-trial disclosures or statements, as currently stated, supplemented or

amended in the future.

This defendant, further, preserves the right to object to any and all witnesses offered by any

other party, as well as any other objections which are not stated herein, but may, nevertheless, be

applicable at the time of trial.

Defendant ALBERT H. CAPANNA, M.D. reserves the right to supplement and/or amend this

disclosure as needed during the course of discovery.

Dated: July 22, 2015 LAURIA TOKUNAGA GATES & LINN, LLP

By: /s/ Anthony D, Lauria
Anthony D. Lauria
Nevada Bar No. 4114
Attorneys for Defendant
Albert H. Capanna, M.D.
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CERTIFICATE OF SERVICE

Pursuant to N.R.C.P. 5(b), I certify that I am an employee of Lauria Tokunaga Gates & Linn,
and that on this 22™ day of July, 2015, I served a true and correct copy of the foregoing
DEFENDANT ALBERT H. CAPANNA, M.D.’S SUPPLEMENT TO NRCP 16.1 EARLY
CASE CONFERENCE DISCLOSURE OF WITNESSES AND DOCUMENTS:

0 By placing same to be deposited for mailing in the United States Mail, in a sealed
envelope upon which first class postage was prepared in Sacramento, California; and/or

X By mandatory electronic service (e-service), proof of e-service attached to any copy

filed with the Court; and/or

[ By facsimile, pursuant to EDCR 7.26 (as amended); and/or
W By personal service
as follows:

Dennis M. Prince, Esq

EGLET PRINCE

400 South 7" Street, Box 1, Suite 400
Las Vegas, NV 89101

Tel. 702.450.5400

John T. Keating, Esq.

KEATING LAW GROUP

9130 West Russell Road, Suite 200
Las Vegas, NV 89148

Tel. 702.228.6800

If

MAR/SA PEREZZ
An employee of Lauria“Tokunaga
Gates & Linn, LLP
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Evid Based Spine Care J. 2014 Oct;5(2).77-86. doi: 10.1055/5-0034-1386750.
Microdiscectomy for the treatment of lumbar disc herniation: an evaluation
of reoperations and long-term outcomes.

Aichmair A", Du Y, Shue J', Evangelisti G, Sama AA', Hughes AP, Lebt DR, Burket JC3, Cammisa
FR1, Girardi FP'.

Author information

1De;:tar’m'zent of Orthopaedic Surgery, Spine and Scoliosis Service, Hospital for Special Surgery,
Weill Cornell Medical College, New York, New York, United States.

21 st Orthopaedic Clinic, Cisanello Hospital, University of Pisa, Pisa, Italy.

3IZJe]::»artment of Epidemiology and Biostatistics, Hospital for Special Surgery, Weill Cornell Medical
College, New Yaork, New York, United States.

Abstract
Design Retrospective case series. Objective The objective of this study was to assess the

reoperation rate after microdiscectomy for the treatment of lumbar disc herniation (LDH) in patients
with 2 5-year follow-up and identify demographic, perioperative, and outcome-related differences
between patients with and without a reoperation. Methods The medical records, operative reports,
and office notes of patients who had undergone microdiscectomy at a single institution between
March 1994 and December 2007 were reviewed and long-term follow-up was assessed via a
telephone questionnaire. Resulis Forty patients (M:24, F:16) with an average age at surgery of
39.9 + 12.5 years (range: 18-80) underwent microdiscectomy at the levels L5-S1 (n =28, 70%),
L4-L5 (n=9, 22.5%), L3-L4 (n=2, 5.0%), and L1-L2 (n =1, 2.5%). After an average of 40.4 + 40.1
months (range: 1-128), 25% of patients {10/40) required further spine surgery related to the initial
microdiscectomy. At an average postoperative follow-up of 11.1 £ 4.0 years (range: 5-19),
additional symptoms apart from back and leg pain were reported more frequently by patients who
underwent a reoperation (p = 0.005). Patient satisfaction was significantly higher in patients who did
not undergo a reoperation (p = 0.041). For the Oswestry disability index, pain intensity (p = ¢.036),
and pain-related sleep disturbances (p = 0.006) were reported to be more severe in the reoperation
group. Conclusions Microdiscectomy for the treatment of LDH results in a favorable long-term
outcome in the majority of cases. The reoperation rate was higher in our series than reported in
previous investigations with shorter foliow-up. Although there were no statistically significant pre-
fperioperative differences between patients with and without reoperation, our findings suggest a
difference in self-reported long-term outcome measures.

KEYWORDS: ODI; Oswestry disability index; limited discectomy; long-term ocutcome; lumbar disc
herniation; microdiscectomy; reoperation
httpAAwww.nebi.nlm.nih.gov/ipubmed/25278881 R. App. 000608 t2
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J_Spinal Disord Tech. 2014 Feb;27(1):E8-E13. doi: 10.1097/BSD.0b013e31828da8f1.

Limited microdiscectomy for lumbar disk herniation: a retrospective long-
term outcome analysis.

Sgoliman .J*, Harvey A, Howes G, Seibly J, Dossey J, Nardone E.

Author information

1*Department of Neurosurgery, Advocate BroMenn Medical Center, Normal t+Central lilinois Neuro
Health Science, Bloomingion $Department of Mathematics, lllinois State University Normal, Normal,
IL..

Abstract
OBJECTIVE AND SUMMARY OF BACKGROUND DATA: Surgical treatment of lumbar disk

herniation is traditionally accomplished by removal of the extruded fragment as well as an
aggressive decompression of the disk space. This retrospective study evaluates the long-term
results of limited discectomy, otherwise known as fragmentectomy, for lumbar disk herniation using
a minimally invasive technique. Although there are ample studies in literature regarding short-term
outcome after limited microdiscectomy, there is a paucity of literature for long-term outcomes
after fragmentectomy. We present long-term oufcomes averaging 7 years after limited
discectomy.

STUDY DESIGN AND METHODS: A total of 152 patients were operated on between January 1,
2001 and June 30, 2003 for single-level herniated lumbar disks. All patients had microsurgical
fragmentectomy performed through a small skin incision off the midline using a tubeless retraction
system. Fifty-four patients participated in the study, whereas 98 patients were lost to long-term
follow-up. Long-term outcome was assessed by telephone survey or mail-in survey using the
Oswestry Low Back Fain Disability Index and a patient outcome survey. After Institutional Review
Board approval and patient consent, all 54 patients had a thorough chart review for evaluation of
further lumbar surgeries. The mean long-term follow-up was 86.2 months (range, 72-104 mo) or

about 7.2 years.

RESULTS: Forty-eight of the 54 patients (88.9%) reported an excellent (26 patients) or good (22
patients) long-term outcome with surgery. Long-term back and leg pain improvement was seen in
44 of 49 (88.8%) and 44 of 50 (88.0%) patients reporting back or leg pain, respectively. The mean
Oswestry Disability Index for long-term follow-up was 8.89, indicating minimal disability. Same-level
recurrences requiring reoperation were seen in 6 of the 54 patients who participated (11.1%) within
the average 86.2-month follow-up. Four of 34 (11.85%) known contained herniations and 2 of 20
(10.0%) known extruded herniations presented for same-level surgical recurrence. All recurrences
were successfully treated with reexploration and fragmentectomy. Two patients from the recurrence
http./Asww. nchi nim . nih.gov/pubmed/23563332 R.App. 000611 1z
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group and 1 from the original 54 progressed to need an arthrodesis at the initial operated level
{5.6%). One patient in the same-level recurrence group and 2 patients from the original 54
developed an operative herniated disk at an adjacent level (5.6%).

CONCLUSIONS: Our long-term outcome study shows that a minimally invasive approach to
microdiscectomy with removal of the fragment only is an effective way fo treat lumbar disk
herniation. The rate of recurrence in our long-term study seems slightly higher compared with
previously published studies, which generally had shorter follow-up periods. Long-term patient
outcomes for back and leg pain were also very low. No appreciable difference in operative
reherniation could be found with patients who had contained verses extruded fragments. [t is difficult
to predict from this study whether a simple fragmentectomy was the cause of the progression to
further surgeries or whether this was the natural progression of a degenerative spine. Further
prospective {rials are necessary to fully understand the factors associated with limited

microdiscectomy.

PMID: 23563332 [FubMed - indexed for MEDLINE]
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Recurrent disc herniation and long-term back pain after primary lumbar
discectomy: review of outcomes reported for limited versus aggressive
disc removal.

McGirt MJ?, Ambrossi GL, Datoo G, Sciubba DM, Witham TF, Wolinsky JP, Gokaslan ZL, Bydon A.

Author information

1De;:)Eilrtrru-::rat of Neurosurgery, The Johns Hopkins Spinal Column Biomechanics and Surgical
Outcomes Laboratory, The Johns Hopkins Hospital, Baltimore, Maryland 21287, USA.

Abstract
OBJECTIVE: It remains unknown whether aggressive disc removal with curettage or limited removal

of disc fragment alone with little disc invasion provides a better outcome for the treatment of lumbar
disc herniation with radiculopathy. We reviewed the literature to determine whether outcomes
reported after limited discectomy (LD) differed from those reported after aggressive discectomy (AD)
with regard to long-term back pain or recurrent disc herniation.

METHODS: A systematic MEDLINE search was performed to identify all studies published between
1980 and 2007 reporting outcomes after AD or LD for a herniated lumbar disc with radiculopathy.
The incidence of short- and long-term recurrent back or leg pain and recurrent disc heriation was
assessed from each reported LD or AD cohort and the cumulative incidence compared.

RESULTS: Fifty-four studies (60 discectomy cohorts) met the inclusion criteria, reporting the
outcomes of 13 359 patients after lumbar discectomy (LD, 6135 patients; AD, 7224 patients). The
reported incidence of short-term recurrent back or leg pain was similar after LD (mean, 14.5%;
range, 7-16%) and AD (mean, 14.1%, range, 6-43%) (P < 0.01). However, more than 2 years after
surgery, the reported incidence of recurrent back or leg pain was 2.5-fold less after LD (mean,
11.6%; range, 7-16%) compared with AD (mean, 27.8%; range, 19-37%) (P < 0.0001). The reported
incidence of recurrent disc herniation after LD (mean, 7%; range, 2-18%) was greater than that
reported after AD (mean, 3.5%; range, 0-9.5%) (P < 0.0001).

CONCL USION: Review of the literature demonstrates a greater reported incidence of long-term
recurrent back and leg pain after AD but a greater reported incidence of recurrent disc herniation
after LD. Prospective, randomized trials are needed to firmly assess this possible difference.

PMID: 19190461 [PubMed - indexed for MEDLINE]
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l.ong-term back pain after a single-level discectomy for radiculopathy:
incidence and health care cost analysis.

Parker SLT, Xu R, McGirt MJ, Witham TF, Long DM, Bydon A.

Author information

1The Johns Hopkins Spinal Column Biomechanics and Surgical Cutcomes Laboratory, The Johns
Hopkins University School of Medicine, Baltimore, Maryland, USA.

Abnsiract

OBJECT: The most common spinal procedure performed in the US is lumbar discectomy for disc
herniation. Longierm disc degeneration and height loss occur in many patients after lumbar
discectomy. The incidence of mechanical back pain following discectomy varies widely in the
literature, and its associated health care costs are unknown. The authors set out to determine the
incidence of and the health care costs associated with mechanical back pain attributed to
segmental degeneration or instability at the level of a prior discectomy performed at their institution.

METHODS: The authors retrospectively reviewed the data for 111 patients who underwent primary,
single-level lumbar hemilaminotomy and discectomy for radiculopathy. All diagnostic modalities,
conservative therapies, and operative treatments used for the management of postdisectomy back
pain were recorded. Institutional billing and accounting recards were reviewed to determine the
billed costs of all diagnostic and therapeutic measures.

RESULTS: At a mean follow-up of 37.3 months after primary discectomy, 75 patients (68%)
experienced minimal to no back pain, 26 (23%) had moderate back pain requiring conservative
treatment only, and 10 (9%) suffered severe back pain that required a subsequent fusion surgery at
the site of the primary discectomy. The mean cost per patient for conservative treatment alone was
$4696. The mean cost per patient for operative treatment was $42,554. The estimated cost of
treatment for mechanical back pain associated with postoperative same-level degeneration or
instability was $493,383 per 100 cases of first-time, single-level lumbar discectomy (34834 per
primary discectomy).

CONCLUSIONS: Postoperative mechanical back pain associated with same-level degeneration is
not uncommon in patients undergoing singie-level lumbar discectomy and is associated with
substantial health care costs.

PREID. 20121353 [FubMed - mdexad for MEDLINE]
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Abstract

Evid Based Spine Care J. 2014 Qct;5(2).77-86. doi: 10.1055/5-0034-1386750.
Microdiscectomy for the treatment of lumbar disc herniation: an evaluation
of reoperations and long-term outcomes.

Aichmair Aj, D J“ﬂ, Shue J1, Evangelisti @2, Sama AN, Hughes APT, Lebl DFﬁ, Burket JC3, Cammisa
FP!, Girardi FP7,

Author information

1Depar“tment of Orthopaedic Surgery, Spine and Scoliosis Service, Hospital for Special Surgery,
Weilt Cornell Medical College, New York, New York, United States.

21t Orthopaedic Clinic, Cisanello Hospital, University of Pisa, Pisa, Italy.

3D@;::Jar’tmﬁant of Epidemiology and Biostatistics, Hospital for Special Surgery, Weill Cornell Medical
College, New York, New York, United States.

Abstract

Design Retrospective case series. Objective The objective of this study was to assess the
reoperation rate after microdiscectomy for the treatment of lumbar disc herniation (LDH) in
patients with = 5-year follow-up and identify demographic, perioperative, and outcome-related
differences between patients with and without a reoperation. Methods The medical records,
operative reports, and office notes of patients who had undergone microdiscectomy at a single
institution between March 1894 and December 2007 were reviewed and long-term follow-up was
assessed via a telephone guestionnaire. Results Forty patients (M:24, F:16) with an average age
at surgery of 39.9 + 12.5 years (range: 18-80) underwent microdiscectomy at the levels L5-51 (n
=28, 70%), L4-L5 (n=9,22.5%), L3-L4 (n=2, 5.0%), and L1-L.2 (n= 1, 2.5%). After an average of
40.4 £ 40.1 months (range: 1-128), 25% of patients (10/40) required further spine surgery related to
the initial microdiscectomy. At an average postoperative follow-up of 11.1 £ 4.0 years (range: 5-
19), additional symptoms apart from back and leg pain were reported more frequently by patients
who underwent a reoperation (p = 0.005). Patient satisfaction was significantly higher in patients who
did not undergo a reoperation (p=0.041). For the Oswestry disability index, pain intensity (p =
0.036), and pain-related sleep disturbances (p = 0.006) were reparted to be more severe in the
reoperation group. Conclusions Microdiscectomy for the treatment of LDH results in a favorable
long-term outcome in the majority of cases. The reoperation rate was higher in our series than
reported in previous investigations with shorter follow-up. Although there were no statistically
significant pre-/perioperative differences between patients with and without reoperation, our findings
suggest a difference in self-reported long-term outcome measures.

KEYWORDS: ODI; Oswestry disability index; limited discectomy; long-term outcome; lumbar disc
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Mid- to long-term outcome of disc excision in adolescent disc herniation.
Smorgick Y1, Floman Y, Millgram MA, Anekstein Y, Pekarsky |, Mirovsky Y.

Author information

1De;:uartr'mz:nt of Orthopedic Surgery, Assaf Harofeh Medical Center, Zerifin, 70300, Israel.
Noam.Yossi@Yahoo.com

Abstract

BACKGROUND CONTEXT: Adolescent disc herniation and its surgical treatment have been the
subjects of many published clinical series. The majority of these series were heterogeneous,; the
number of adoiescent patients (12-17 years) as opposed to young adults (18-20 years) was
generally small and the length of follow-up varied greatly. Although the shon-term outcome of disc
excision in adolescents was mostly favorable, their long-term outcome is unknown.

OBJECTIVES: To evaluate the mid- and long-term resuits of discectomy in patients younger than
17 years of age.

STUDY DESIGN: Retrospective examination of a series of adolescent patients under the age of 17
years who underwent surgery for lumbar intervertebral disc hermniation.

PATIENT SAMPLE: The medical records of 26 patients (15 males, 11 females, 12-17 years old
[average 14.6]) who were operated for lumbar intervertebral disc herniation in three spine centers
between 1984 and 2002 were reviewed. These subjects represented the fotal number of patients
meeting the criteria of adolescents undergoing discectomy for lumbar disc herniation in these
institutions during the study pericd. All patients were located and contacted by an independent
observer not involved in the care of these patients. Low back pain associated with leg pain was the
main clinical symptom in 20 patients (77%), leg pain in 4 (15%), and back painin 2 (8%). They all
underwent posterior disc excision: 23 (88%) patients had one level discectomy, and 3 (12%) had
simultaneous discectomy at two levels. The L4-L5 interspace was involved 18 times, and the L5-51
interspace 10 times. Slipped vertebral apophysis was diagnosed in 4 patients (15%). Twelve of the
26 patients (46%) had a first-degree relative with a history of lumbar disc herniation.

OUTCOME MEASURES: Telephone interviews provided follow-up data for 26 patients. Results
were classified as excellent, good, moderate, or poor according to current symptom status, the need
for additional surgery, the Oswestry Disability Index, and back and leg pain scores.

RESULTS: The average time from surgery to follow-up was 8.9 years (range 3-21 years). At follow-
up, the clinical resuits were excelient in 13 patients (50%), good in 4 (15%), moderate in 8 (31%),

et fiwww nebi,alm.nib govipLibm ed/ 18825042 R.App. 000623 ;2
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and poorin 1 (4%j). Four subjects (15%) underwent a subsequent disc excision in the lumbar
region, and one of them later underwent fusion.

CONCLUSIONS: Discectomy provides satisfactory clinical results in young patients with disc
herniation. The rate of reintervention (15%) is comparable to that in adults, indicating that
discectomy for young patients should be approached similarly to that in adults.

PRUD 18825042 [PubMed - indexad for MEDLINE]
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The outcomes of lumbar microdiscectomy in a young, active population:
correlation by herniation type and level.

Dewing cB', Provencher MT, Riffenburgh RH, Kerr §, Manos RE.

Author information
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Absiract
STUDY DESIGN: Prospective longitudinal clinical study.

OBJECTIVE: The purpose of our article was to investigate the clinical outcomes with type and level
of disc herniation in a young, active population undergoing lumbar microdiscectomy.

SUMMARY OF BACKGROUND DATA: There are few reported outcomes studies on the
relationship between disc herniation levei, type of disc herniation, and surgical cutcomes of lumbar
microdiscectomy in a young, active population.

METHODS: One hundred ninety-seven (197) consecutive single-level lumbar microdiscectomies
performed by a singie surgeon were prospectively followed over a 3-year period. All patients had
failed a period of nonoperative care including physical therapy and/or transforaminal epidural steroid
injections. One hundred eighty-three patients (139 males, 44 tfemales) with a mean age of 27.0
years (range 19-46 years) were prospectively followed for a mean of 26 months (range, 12-38
months). Quicomes were assessed using Visual Analog Scale (VAS), Oswestry disability index,
patient satisfaction, return to military duty, and need for additional surgery. The type of disc
herniation (contained, extruded, or sequestered) and the lumbar level of herniation were also

recorded.

RESULTS: At final follow-up, 84% (154 of 183) of patients had returned to unrestricted military duty;
16% (29) had been medically discharged. The mean decrease in VAS leg pain score was 4.7 points
(from mean preoperative 7.2 to mean postoperative 2.5); 80% (146) reported a decrease of greater
than 2 points. The mean Oswestry index improved from 53.6 before surgery to 21.2 at final follow-
up. Overall, 85% (156) were satisfied with their surgery. Six patients had recurrent herniations (3%)
with 4 of the 6 undergoing additional surgery. Patients with preoperative VAS scores consistent with
a preponderance of radicular leg pain versus back pain demonstrated better surgical outcomes in
all categories (P < 0.001) When classified by disc herniation type, sequestered discs at all levels
demonsirated better Oswestry and VAS scores versus extruded or contained disc hemiations. (P <
0.001) Disc herniations at the L5-S1 level had significantly greater improvements in both mean VAS
leg and Oswestry outcome scores than disc herniations at the L4-L5 level. (P < 0.001) Preexisting
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restricted duty status at time of first surgical consultation was associated with poorer outcomes.
Smokers had a significantly lower return to full active military duty (P = 0.037).

CONCLUSION: Microdiscectomy for symptomatic lumbar disc herniations in young, active patients
with a preponderance of leg pain who have failed nonoperative treatment demonstrated a high
success rate based on validated cutcome measures, patient satisfaction, and return to active duty.
Patients with disc herniations at the L5-51 level had significantly better outcomes than did those at
the L4-L5 level. Patients with sequestered or extruded lumbar disc herniations had significantly
better outcomes than did those contained herniations. Patients with confained disc herniations, a
predominance of back pain, on restricted duty and smoking should be counseled before surgery of
the potential for less satisfaction, poorer outcomes scores, and decreased return to duty rates.
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Abstract

Purpose  Assessing the benelits of surgical treatments for
sciatica is critical for clinical and policy decision-making.
To compare minimally invasive (MI) and conventional
microdiscectomy (MDY for patients with sciatica dug to
tumbar dise hermation.

Methods A systematic review and meta-analysis of con-
trolled clinical trinls including patients with sciatica due to
lumbar dise herniation. Conventional microdiscectomy was
comparcd separately with: (1} Interlaminar M1 discectomy
(ILMI vs. MD): (2) Transforaminal Ml discectomy (TFMI
vs. MD). Outcomes: Back pain, leg pain, function,
improvement, work siatus, operative time, blood loss.

S. ) Kamper 80) - ROW, L G Qsiclo - M, W, van Talder
Departiment of Epidemiology and Biostatistics,

VU University Medical Centre, The EMGO4- Institute

for Health wixd Care Research, Vander Boechorststraat 7,
1081 BT Amsterdam, The Netherlands

e-mails skamper@ george.orgay

5. J. Kamper
The George Instinne for Global Health, University of Sydney,
Svdney, Australia

R.W. I G Osielo - SO M. Rubinstein - M. W, van Tulder
Faculty of Eorth and Life Sciences, VU University Amsterdam,
Amsterdam. The Netherlands

1. M. Netfensteijs
Departnent of Orthepedic Surgery, VUme, Amsterdam,
The Netherlands

W, C. Pedd
Gepartrnen of Neurosurgery, LUMC, Leider, The Netherlands

W. C. Peul - M. P Ants
Department of Neurosurgery, Medical Centre Haaglanden,
The Hague, The Nethertunds

length of hospital stay, complications, reoperations, anal-
gesics and cost oulcomes were extracted and nisk of bias
assessed. Pooled effect estimates were caleulated using
random effect meta-analysis.

Results  Twenty-nine studies, 16 RCTs and 13 non-ran-
domised studies (i = 4,472}, were inciuded. Clinical out-
comes were not different between the surgery types. There
is fow guality evidence that IEMI takes 11 min longer,
results in 52 mi less blood loss and reduces mean leagth of
hospital stay by 1.5 days. There were no differences 1n
complications or reoperations. The main limitations were
high risk of bias, low number of studies and small sample
sizes comparing TF with MD.

Conclusions  There 1s moderate to low guality evidence of
no differences in clinical outcomes between Mi surgery and
conventional microdiscectomy for patients with sciatica due
1o lumbar disc herniation. Studies comparing transforaminal
MI with conventional surgery with sulficient sample size
and methodoelogical robustness are lacking.

Keywords Lumbar disc - Hermation - Minimally
invasive surgery - Sciatica - Systemalic review

Introduction

Sciatica due to lumbar disc herniation is responsible for
considerable personal and societal costs. Although defini-
tions vary, sciatica is generally defined as leg pain due to
lumbosacral nerve-root compression or drritation {1}
Patients with disc-related sciatica may be managed con-
servatively or via surgery when conservative treatment
fails or complaints worsen over time. The goal of surgical
management is most commonly to remove disc material o
decompress the nerve rool. Advances in surgical technique
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and technology have seen an increase in minimally inva-
sive (MI) techniques whereby access to the disc is gained
via i tube, using a microscope or endoscope {camera) for
visualisation, Currently available tubular retraction systems
and endoscopie systems enable simuitancous visualisation
and removal of disc material via one Ml working porial.
MI techniques are contrasted with oper microdisceciomy,
which requires a larger incision and hypothetically a
greater degree of muscle trauma, On the other hand, safety
of the MI approach has beer questioned due to the small
working channel and compromised visualisation. The
minimal working space might make it difficult to avotd and
control damage to dural and newural structures. Although
many inpovative dise treatment methods have been
deseribed, open micrediscectomy (MD) remains the usual
standard of care for this patient group at the current ume
(2, 3.

There are several routes by which the surgeon per-
forming MT surgery may access the disc or sequestered dise
fragment, Those investigaled by this review are the inter-
laminar route (1LMD and the transforaminal route (TFMID,
At present, it is unclear whether MI surgery is supenior to
usual operative care (MDD} {or patients with sciatica due 1o
lumbar disc herniation, This question applies to both
clinical effectiveness and cost-effectiveness. As such, a
review of relevant studies is necessary o establish the
current state of evidence,

This study aims to systematically review controlled
clintcal studies refevant to determining the clinicai- and
cost-effectiveness of minimally invasive surgery versus
open microdiscectomy for lumbar dise herniation.

Methods

Published randomised and quasi-randomised controlled
trials (RCTs) and non-randomised controlled studies were
included if they enralied patients with scittica caused by
herniated lumbar disc, and compared MI surgery with open
microdiscectomy. Articles published in English, Dutch or
German were included.

The following techniques were compared separately to
microdiscectomy (M)

o Interfaminar Mi surgery (1LMI).
» Transforaminal MI surgery (TEMI).

In MD, access to the herninted dise involved a dorsal
incision, followed by removal of the lamina. Tn ILMI,
access via a small dorsal working channel was created by
wbular retraclors. Tollowed by removal of the lamina to
access the herniated dise. In TFMI, a ksteral percutancous
technigque was used to access the herniated dise through a
small working channel that runs through the foramen. MD

@ Springer

and ILMI require general anzesthetic, whereas TEMI can
be performed under local anaesthesia,

Relevant stadies were identified via a search of CEN-
TRAL, MEDLINE and EMBASE databases {Appendix
Table 2) from inception {o January 2013. All identified
titles were independently screened for inclusion by two
guthors, and full-text articles obtained where appropriate.
Full-text articles were then independently screened by lwo
authors; a surgeon was consulted where contenlion over
inclusion involved the surgical intervention.

Risk of bias for all included RCTs was assessed using
methods endorsed by the Cochrane Collaboration [4]. The
risk of bias instrument categorises risk according to 12
criteria, as outlined in Appendix Table 4. Risk of bias was
assessed for all RCTs by two authors and points of dis-
agreement resofved by consensus, Non-randomised studies
were not formally assessed for risk of bias but the overall
quality of cvidence was downgraded by one level for risk
of bhias for all estimates that included a non-randomised
study.

Outeomes were extracted into a spreadsheet and pooled
within the two comparisons (JLMI vs. MD; TEMI vs. MD)
at three time points; short term (up 1o 3 months), medium
term (>3 to <12 months), and long term (12 months or
morc}., Qutcomes included: clinical outcomes (back pain,
leg pain. function, improvement, work status, satisfaction};
perioperative outcomes (eperative time, blood loss, length
of stay, analgesic use. complications, reoperations); and
costs (e.g. costs of interventions, health care utilisation,
production losses).

Random effect models were used to calculate pooled
estimates, standardised mean differepces (SMD), mean
dilferences or cdds ratios {OR), and 93 % confidence
intervals. Random effect models were selected o account
for heteragencity, as such analyses with a high I* were not
disregarded. When standard deviations were not reported,
if possible an estimate derived from studies within the
same comparison was used. The GRADE [5] approach was
used to categorise the quality of evidence for cach
ouicorne.

A subgroup analysis was conducted lo assess the
influence on the method of visualisation, i.e. microscope
or camera, was conducted. This was performed by
inspecting the between-group ceffect sizes for only those
studies that used camera visualisation versus all stodies.
Further, subgroup analyses were planned {o investigate
the effectiveness of ML surgery on obese subjects and
patients with far-lateral, as opposed to central, disc her-
niations. However, none of the included studies reported
resufts in such a way o enable these subgroup analyses.
Studies in the ILMI vs, MB comparison were coded for
the use of a camera or a microscope to assess the influ-
ence of this on outcome.
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Table T Included stedies

Study Study - Sample  Av,  Av, [nclosion Chutcomes
Ivpe  siFe gge pain daradion;
months
TLMI
Arts 6] RCT 328 415 35 MRI confirmed lombar herninted dise and  Back pain, feg puin, improvement, Roland
petsistent scistica, failed cons. Rx Muorris, operative time, LOS, blood Joss,
camplications, reoperations, Prolo scaie,
bothersomeness, SF36, cost
Brock [8] RCT 125 5l - First gime fumbar discectemy, faed cons.  Leg pain, back pain, oswestry, 1L.OS,
Rx analgesics
Franke 8] RCT 106 44 - Lunsbar dise herniation, Kreamer dislocation  Back pain, leg pain, oswestry, RTW
grade 3-5 operative time, operative time, LOS,
neurologicil
Creirg FiO RCT 112 38 14.2 Persistent radicalopathy, failed cons. Rx, Oswestry, operative time, blood loss, LOS,
positive SLR complications, reoperstions
Huang [13] RCT 22 3 - Fatled cons. Rx or acute Buractable back  Leg pain, McNab, operative time, bloond
and leg pain, not improved with bedrest loss, LOS, complicitions, inciston, blond
anatlyses
Righesso RCT &0 44 2 MRI confinned posterotuteral dise Lep pain, oswestry, RTW, opesative time,
[ 8] herniation, persistent radicatar pein, hload loss, LOS, comphications,
fatled cons. Rx reoperations, incision, neurologieal status
Ryanp {i9}  RCT 60 37 - Single-level berniated dise, unilateral Pain, oswestry, operative aime, LOS, binod
radicilar symptoms, failed cons. x lass, cision, SF36
Sasanka RCEF 2e LY - Reguirisg surgery for lumbar disc Back pain, JOA, operative time, blood loss,
|2 hermiation blood analyses
Schick {217 RCT 30 40 28 CT or MRI confirmed disc hermation, Muscle EMG
recurrent episodes al radiculopathy,
failed cons, Rx
Shin {234 RCT 30 45 - CT or MRI confirmed single-leve] dise Back pain, leg pain, operative time, blood
herniation, fatled cong. Rx loss, Blood analyses
Tel: 124} RO 230 ju 3 Symptomatic single-ievel dise hermation, Back pain, leg pain, oswestry, operative
concordant neurological signs, failed time, complications, reoperations,
cons. Rx meision, SF36, cust
Bennis (7} Pros 83 42 - MR or CT confirmsed single-level Pain, operative time, bluod loss,
herniation, with persisient radicular complications, 1.OS, morphine
symptoms, failed cons, Ry consumplion
Manin- Psos £38 45 4 MR canfirmed Jdisc herniption, MeNab, operative iime, LOS,
Laez [15] radicufopathy, failed cong. Rx complications, reoperations
Schizas Pros 28 42 3 Uncontained or farge congained disce lesions  Oswestry, operative time, LOS,
t22) complications, anaigesics
Tuvone Pras A0 - 17 MRI contirmed dise hesmation, persistient Sagisfaclion
125} or recusring leg pain. failed cons. Rx
(ernn Retrp 172 L R First time, single-devel lumbar discectomy  Operative tme, blood loss, LOS, narcotic
13 suage, physio referrals
Harrington  Retro 66 42 - Radicular pain duc to heraiated dise, failed  Oswestry, operative time. biood loss,
1123 cons, Rx, no prior lombar surgery narcoric usaze, LOS, complications
Lau {14] Retr 45 43 - Neurological deficit or pain, fmled cons. Rx - Pain, operative tme, bicod loss, LOS,
complications, neurolegical
Muramatsy  Retro 40 3z - Bise hernintion and sciatica, resistant 0 Operative time, bloed loss, MRI findings
{16} cons. Rx
Nukagawa  Retro 60 S - Pamful scintica reflmactory o cons, Ry JOA, RTW, operative lime, blood loss,
{17] anaigesic use, complications,
reoperations, blood analyses, days fever
Wu [26] Retre 123 42 5 MRI or CT confirmed prolapsed disc, Back puain, leg pain, oswestry, McNab,

clinical complaints consistent, failed
cans. Rx

RTW, vperalive time, blood loss, LOS,
analgesic use, complications, recperations
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Table 1 continued

Cutcomes

LBP and radicular symptoms, imaging
confirmed dise herniation a? 1.2-51, failed

MRT confirmed disc herniation, persistent
radiculopathy, neurelogical deficit, {aited

Faited cons, Bx, small non-contained disc

intractable radicular symptoms, {ailed cons.
Rx, single-level dise hemiation

C¥ or MRI confirmed disc herniation,
untfateral leg > back pain. fadled cons,

Pravious opes lumbar microdiscectomy,
recurrent radicudar pain, MR confirmed
dise hernistion at same Tevel, (aifed cons.

Radicular pain and neurological deficits,
=80 % had fafied cons. Rx

Back pain, improvement, RTW,
salisfuction, narcotic usage,
complications, reoperations

McNab, RTW, complications, reoperatians,
cosl

Back pain leg pain, disability, symptom
score, RTW, operative time, reoperations

MeNnh, operative ime, blood loss,
camplications, reaperations, radinkogical

McNah, operative time, LOS, radwslogical

Buck pain, leg patn, oswestry, operative
time, LOS, complications, reoperitions

Back pain, Jeg pain, oswestry, satisfaction,
operative titme, blood loss. complications,

Sudy Stdy  Sample Av. Av. tnclusion
ype  size age  pain duration:
months
TEMI
Hernmumin RCT 60 40 =3
{271
cons, Hx
Krappel RCT 40 4 =]
P20
cons, Rx
Mayer {321 RCT 40 41 6.9
herniation
Kims { 28] Retro 902 41 Il
Lee [31] Retra 60 39 =3
Rx
bee (301 Retra 54 45 -
Rx
(LM 4 TEMI
Ruglten RCT 260 43 3
[33]
Ructign RCT 140 v 2
(34]

cons. Rx

Chnically symptomatic recurrent dise
hermiation affer discectomy, MRI
confirmed disc herniation, radicular pain
and neuralogical deficits, 79 % bad failed

reoperations, NASS score {pain and
neirology)

Back pain, leg pain, oswestry, satisfaction,
eperative time, biood ioss, complications,
reaperations, NASS score (pain and
nearologyy

FEAT interfaminae minimally invasive surgery, TFAY transforaminal minimally invasive sergery, Pros prospective study design, Retro retrospective
study design, posiop within 2 weeks of surgery, RTW return to work, cons. Ry conservative treatment, LOS fength of hospital stay, JOA JTapanese

Orthopedic Assnciation outoeme score

Results

The scarches identified 4,138 titles {Appendix Figure 4);
alter screening and exclusion on the basis of title and
abstract, the full-text ol 141 articles was reviewed and a
further 112 excluded (Appendix Table 3). Finally, 20
studies were included in the review (total m = 4,472} 16
were RCTs, four prospective coliorts and nine retrospective
cohorts. A total of 21 studies [6-26] were included in the
ILMI vs, MD comparison and six studies {27-32] in the
TFMI vs. MD comparison. Two RCTs [33, 34} included
both TLMI and TFMI in their index group and compared
these patients 1o a MD group. The results from these two
studies were assessed separately from the above,
Diagnosis usually involved a history of pain with a der-
matomal distribution radiuting down the leg that corresponded
t0 MR or CT confirmed nerve root compression by a herniated
intervertebral disc, Most included patients had experienced a
period of unsuccessful non-operative treatment. The mean age
of the participants was approximately 40 years; average

@_ Springer

symptom duration prior to surgery ranged from approsimately
I month-2 years (Table 1). All RCTs except one had a high
risk of bias, several used quasi-randomisation instead of true
randomisation, allocation concealment was often uncertain,
and blinding was uncommon (Appendix Table 4).

Due 1o the high risk of bias, the quality of evidence was
oraded down by one level for risk of bias {or all pooled
estimates, The quality of evidence was graded down by two
levels for risk of bias for all analyses that included non-
randomised studies. Evidence level was graded down one
further level due to imprecision if the total number of
parlicipants was <400 [33].

Etfects of interventions

Interlaminar minimally invasive surgery
versus microdiseectomy (ILMI vs. MIDy)

Eleven RCTs [6, 810, 13, 18-21, 23, 24], four prospective
studies [7, 15, 22, 257 and six retrospective studies [11, 12,

R.App. 000632
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1L MD Std. Mean Difference Std. Mean Ditference
Study or Subgroup Mean SD Totalf Mean SD Total Weight I¥, Random, 95% Ci IV, Randam, 85% CI
Arts 2008 2001 22 167 1548 23.3 161  34.8% 0.20[-0.02, 0.42] Bl
Brock 2008 09 1.4 66 1.4 1.4 A9 20.5% -0.35 [-0.71, -0.00] ]
Huang 200% 1.5 1.4 10 1.4 1.4 12 5.3% 0.07 [-0.77, 0.91]
Righesso 2007 1.5 1.4 21 1.2 1.4 18 8.0% 0.21 1-0.41, G.83] I
Shin 2008 25 16 15 24 21 15 7.0% 0.05{-0.66, 0.77] —_ T
Teli 2010 H 1 70 i 1 72 22.9% 0.0C {-0.33, £0.33] N
Total (95% CI) 349 338 100.0% 0.02 [-0.18, 0.22] ?
Heterageneity: Taut = 0.02; Chiz= 7,16, df = 5 (P = 0.21); 2 = 30% _iz '51 3 1 .:z
Test for overall effect: Z = 0.20 (F = 0.84) Faveurs ILMI  Favours MD

Fig, I Short-term leg pain: interlaminar mimimuliy mvasive versus microdiscectomy
ILMY (] ] Std. Mean Difference Sid. Mean Dilference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, $5% CI
2.19.1 RCTs
Arls 2008 4.7 6.5 167 34 83 161 36.4% G.2C [-0.0%, 0.42] K
Franke 2008 {Index) 9 1§ 27 155 18 23 5% -0.43[-0.99, 0.14] I
Frarke 2009 {Transier) 11.6 1B 25 11.68 1% 25 8.1% 0.00 -0.55, 00.55] D
Garg 2611 1.75 1b 55 Z.i4 15 57  168.5% -0.03 [-0.40, .34 A
Righesso 2007 10 15 21 5 1% 19 6.6% 0.13 [-0.49, 0.75] e E—
Tedi 2000 14 4 70 13 4 72 19.9% 0.25 [-0.08, £.58) TR
Subtotal (95% CI) 365 357  95.5% 0.10 {-0.06, 0.26] 4
Heterogenelty: Tau? = 0.00; Chi® = 5.83, df = 5 (P = 0.35}; IF = 10%
Test for overall eflect: £ = 1.28 (P = 0.20)
2.19.2 Non-randomized
Echizas 2005 2.3 12 14 15 12 14 4.5% 0.689 [-G.17, 1.35]
Subtotal (95% CI) 14 14 4.5% 0.59 [-0.17, 1.35] e —
Heterogeneily: Not applicable
Test for overall effect: Z = 1.52 (P = 0.13)
Total (85% CJ) 379 371 100.0% 0.12 [-0.04, 0.29] 'P
Heterogenoity Tau? = 0,01; Chi¥ = 6,98, df = 6 (P = 0.32); P = 14% =_2 _‘1 6 i 2‘
Test for overall effect 2= 1,43 (P = 0.1%) Favours ILMl Favours MD

Test for subgroup differences: Chif = 151, di =1 (P = 023}, = 33.6

Fig. 2 Long-term function: interlaninar minimally invasive versus microdiscectomy

P4, 16, 17, 26] were included in the 1LMI vs. MD com-
parison (Appendix Table 3).

There 15 moderate quadity evidence that ILMI 15 not
superior to MDD on clinical outcomes of back pain [6-8, 23,
24] (four RCTs, one non-randomised studies; n == 640) and
leg pain [6, B, 13, 18, 23, 24] (six RCTs; n == 687) (Fig. 1}
and low quality evidence of no difference on composite
pain {back and leg) {9, 19, 26] (two RCTs, one non-ran-
domised study: # = 1,391) or palient satisfaction [23] (one
non-randomised study; no== 40) at any time point, There is
moderate quality evidence from six RCTs [0, 810, 24, 36]
(== 847 and two non-randomised studies (12, 26} that
short-term fupetion outcomes are better in the MD group,
This difference is smali (SMD 0.17, 95 @ CI 0.6-0.34) and
1s not maintained at medium or long term (Fig. 2). There 15
fow quality evidence from two RCTs [6, 13] (n = 338) that
long-term general improvement is greater in the MD
groups; the difference 18 not significant when two non-

randomised  studies are included (total n = [,983).

Although three studies (n = F,27]) report time to return to
work [17, 18, 26], none report sufficient data to calculate a
pooled estimate of the between-group difference.

There is modeyate quakity evidence from eight RCTs [6,
10, 13, 1820, 23, 24] (totad n = 76() that 1M1 takes
longer than MD {mean increase in minutes; 11.064, CI
5.04-18.23); the estimate was similar when eight non-
randomised studies [7. 11, 12, 14-17, 26] are included
(total 12 == 2.,585), Mean operative tume for the H.MI was
89.4 min and for MD; 64.9 min. There 1s moderate quality
evidence from five RCTs [6, 10, 13, 18, 19] (total i == 362}
that length of haspital stay is not different; however, when
six noen-randomised studies [7, 11, 14, 15, 22, 26] (total
n == 2259) are included there is low quality evidence that
it is reduced in the TLMI group (number of days fewer;
1.49, CI 0,.43--2.54), There is low quality evidence from six
RCTs [10, 13, 18-20, 23] (total n = 290) that blood loss 18
not different, but when six non-randomised studies {11, 12,
14, 16, 17, 26] (total 12 = 1,904) are included there 15 low
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1L Mb Odds Ratio Qdds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2.35.1 RCTs
Arts 2009 19 167 14 161 19.6% 1.35 [0.65, 2.79] B el
Franke 2008 {Index} 2 B2 3 48 3.1% 0.6G [0.10, 3.76] -
Garg 2011 5 55 5 87 6.1% 1.04 [0.28, 3.81] A
Huang 2005 1 10 1 12 1.2% 1.22 [0.07, 22.40]
Righesso 2007 P4 21 O 14 1.1% 5.00{0.23, 111.05] v ’
Ryang 2008 e 30 & 30 3.6% .29 10.05, 1.55] -
Teali 20010 11 TG 7 72 101% 1.73 10,63, 4.76; I
Subtotal (95% Cl) 405 399  44.9% 1.18 [0.73, 1.91] <>
Totat events 42 36
Heterogeneity: Tau? = 0.00; Chi* = 4.78,df = 8 (P = 0.57); B = (%%
Test for overali effect: 2 = 0.68 (F = 0.49)
2.35.2 Non-randomized
Benrnis 2009 5 57 3 26 4.5% 0.74 [0.16, 3.35] -
German 2008 4 49 & 123 6.0% 1.7310.47, £.43] T
Lau 2011 4 20 6 25 5.1% 0.7910.19, 3.31] -
Martin-Laez 2012 3 37 10 101 B.7% 0.80 [0.21, 3.09] A A
Nakagawa 2003 2 30 0 3G 1.1% 5.35 [0.25, 116.31] ” »
Schizas 2005 2 14 0 14 1. 1% 5.80 [0.25, 132.86] *
Wu 2006 35 873 19 358 31.6% 0.75 [0.42, 1.32] W
Subtotal (95% CI} 1080 677 55.1% 0.90 [0.58, 1.38} 0’
Total events 55 44
Heterogenaity; Tau? = 0.00; Chiz = 418, ¢f = 6 (P = 0.65); 2= 0%
Test for overall effect: Z = 0.50 (P = 0.62)
Total (95% Cl) 1485 1076 100.0% 1,01 [0.74, 1.40] ©
Tolal events a7 86
Haterogeneity: Taw?® = .00; Chi® = 8.65, df = 13 (P = 0.72); = 0% IG 0z DEE ] 1=0 505
Test lor overali effact: Z = 0.09 (P = 0.93) ' Fa\:rauis LMl Favours MD

Test lor subgroup differences: Chi2 = 0.71, df = 1 (P = 0.40), 17 = 0%

Fig, 3 Complication rates: interlmninar minimally tnvasive versus nucrodiscectomy

quality evidence that blood loss is less in the ILMT group
(muliitres of blood loss less; 31.64, CI 22.34-80.94).
There 1s low guality evidence (six RCTs; = 804 that
there is no difference in the rate of complications 16, 7, 9-
14, 13-15, 17-19, 22, 26}, lhe estimale being largely
unaffected by the addition of seven non-randomised studies
(total n == 2,561 (Fig. 3} and moderate quality evidence
(six RCTs; n == 782) that there 1s no difference n rate of
reoperation [6, 9, 10, 12, 15, 1719, 24, 26], the estimale
being largely unaffected by inclusion of four non-ran-
domised studies (total 5z = 2,277). There is low quality
avidence {rom three non-randomised stadies 17, 11, 12]
(total n = 321) that ILMI results in reduced postoperative
morphine requirement and four {8, 17, 22, 26] further
studies (i1 = 1,445} also reported data suggesting reduced
analgesic usage in the ILMI group, buf these could not be
poaled.

Two RCTs reported data segarding costs. One high
quality RCT {6, 37] (n = 328} reported quahty-adjusted
life-years, and costs of the treatments from a socieral per-
spective. They found non-sigmificamt differences on both
measures. Per-pitient inlervention costs for the two groups
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were US$5,329 for ILMT and US55,070 for MD and total
socictal costs were, US$16,858 and USS$15,367, respee-
tively, One RCT [24] (n = 142) reported that ILM] is more
expensive than MD Gmean difference; USS$728), but did not
conduct a cost-effectiveness analysis. The costs® were
limited to direct medical costs; surgical instrumentation,
operating theatre, inpatienl costs and reoperations. The
average costs were USS3913 for IEMI and USE3,185 for
MD.

“*Costs were converted fram Euros using the formaia:
1 € = [.3 USE, the approximate conversion rate at the time
of publication (2010}, hup//www. x-rafes.com/faverage/
Hrom=ELUR&to=USD&amount=&year=2010 .

A subgroup anulysis was conducted 10 assess whether
the method of visualisation (camera or microscope} influ-
enced the findings. Excluding studies that used a micro-
scope for visualisation had only a small impact on the
results; in most cases, point estimates were very similar
but, as would be expected, confidence inlervals wider, The
overall conclusions of the comparison between 1LMI
discectomy and convenuonal discectomy are not substan-
tially influcnced by the method of visualisation.
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Transforaminal minimaily invasive surgery
versus microdiscectomy {TFMI vs, MD)

Three RCTs [27, 29, 32] and three retrospective studies
[28, 34, 31] were included in the TEMI vs. MDD comparison
{Appendix Tuble 6).

There is low quaiity evidence that TFMI is not superior 1o
MD for back pain {27, 30, 32] (three RCTs, one nen ran-
domised; n = §54), leg pain [30, 32] {one RCTs, one non
randomised; n = 100) or patient satisfaction [27] (one RCT;
n = 60) and very low quality evidence that there is no dif-
ference 1n function or gencral improvement [27--24, 31, 32]
(three RCTs, three non-randomised; n = 1,169} at any time
point. There is low quality evidence from two RCTs
(i1 == 80} that there s no difference in the proportion of
people who return o work [29, 32], one further RCT [27]
{1 = 60 measurced return to work indays but does not report
sufficient detail to estimate ihe between-group difierence.

There is low quality evidence {rom two RCTs and three
non-randomised studies {n = 1,109 that operative time
[28-321 is not different; mean operative time was 55.2 min
for TFMI and 60.3 min for MD. Very low guality evidence
suggests that there is no difference in length of hospital
stay [29-31] (one RCT, two non-randomised; i == 154} or
rale of complications [27-30] (two RCTs, two non-ran-
domised; n == 1,056}, There is low quality evidence from
three RCTs [27, 29, 32] (total n = 160} of no difference in
reoperation rate, but low quality evidence that TEMI results
in moare reoperatons when two non-randomised, retro-
spective studies [28, 30] (otal n = 1.129) are included
(OR; 1.69, C1 1.06-2.71).

One RCT [29} (i == 40) reported that TEMI is more
expensive than MD. The costs included in this comparison
were a per-minute calculation of operation theatre costs,
per-day calculation for hospital in-patient stay, cost of
equipmient stertlisation and the cost of two endoscopes per
operation. The fotal costs” were US$7.707 for TF aad
USS1417 for MD. Tt is noted that most of the difference i3
accounted for by the cost of two endoscopes (US$3,422)
and {urther that rechnological advances since the publica-
tion of this study Hmit the generalizability of these results
{0 the current situation.

PCosts were converted from Dewschmarks using the for-
mula: 1 Deutsclumark == 0.5 USS, the approximaie conver-
sion rate at the time of publication (2001} (hup://www.
history.ucsb.edu/faculty/marcuse/projects/currency.himy,

Mixed RCTs

Two RCTs [33, 34] (n = 200 and »n = 100} aliocated
patients either to MI surgery (interlaminar or transforami-
nal approach) or to MD (Appendix Table 7). In the MI
arm, IL approach was generally used for herniations inside

the spinal capnul and TF for intra- and extra-foraminal
herniations, although the final decision was at the discre-
tion of the surgeon. One study incleded patients with first
ttme disc herniations [33], the other only patients with
recurrcnt disc herniations who previously had discectomy
surgery [34] at the same level. These studies were both
judged to have a high risk of hias (Appendix Table 4), As
such all pooled analyses provide low quality evidence.

There is low quality evidence that the effects of minimally
mvasive surgery (IL or TF) {or patients with first time [33]
and recurrent disc beratations {34 are not different to MDD on
back pain, leg pain or function at any time point. There is low
quality evidence that more patients are satisfied with MIE(OR:
2.26, C1 1.23-4.13) and low quality evidence that the pooled
Oswestry score is lower {betler function) at one year follow-
up in the M1 group (SMD; —{1.29, CI —0.51 10 —0.06). It is
noted that this latter difference is not significant in either
individual study or at any of the other time-points.

There 1s tow guality evidence that operative time (mean
decrease in minutes; 27.33, CF 40.06-14.59) was reduced
compared o MD. Mean MI surgery time was 23 min and
M 30.3 min. There is jow quality evidence that compli-
cations {OR; .23, Ci 0.09—(.58} are reduced compared to
MD and low quality evidence that rate of reoperation is not
different,

Discussion

There is moderate (o low quality evidence of no differences
in clinical outcomes between MI surgery, using either the
interlaminar or the transforamingl approach, and conven-
tional microdiscectomy. This finding relates to the key
outcomes of back pain, leg pain, function and general
improvement and 1s not alfected by length of follow-up or
imclusion of nen-randomised studies. The few significant
differences found were too small 10 be of clinical relevance
and not maintained over time, While studies reported data
related to return to work rates, the heterogeneity with
which this outcome was measured made synthesis prob-
lematic. As such it is not possible to provide a conclusion
regarding the refative effectiveness on return to work. With
regard to perioperative outcomes, there was also low 1o
moderate evidence of no difference between MI and MD
for most outcomes; this is particularly notable for com-
plication and reoperation rates. Two RCTs [6, 24, 37]
assessed the costs of ILMI vs. MD: one was a high quality
study and conducted a full cost-effectiveness analysis.
They reported no signilicant difference on quality-adjusted
fife-years or total costs from a societal perspective.

The results regurding operative times are difficult fo
interpret; white there was moderate quality evidence that
ILMI surgery takes 10—135 min longer than MD, there is
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considerabie heterogeneity amongst operative times in the
included studies. This may be explained by the fearning
curve associated with M1 surgery [38], variability in the
technigues used and differences in how operative time was
defined, [or cxample whether or aot total time under
anaesthesia was measured. Similarly, there was low quality
evidence of a difference of 1.5 days in mean length of
ltospital stay in tavour of 1ILMIE, but times were guite var-
table between the included studies. It 15 not clear what the
source of this variability was,

A review of TEMI surgery compared to MDD was recently
published [39] and reports on findings from four studies also
included 1n this review. The review does not provide a formal
evidence synihesis butl it concludes strongly 1a favour of
transforaminal surgery. On the basis of our more compre-
hensive review process, we contend that the avatlable ew-
dence suggests no real difference with respect to clinical
outeoines. Part of this review (TFMI vs. MD) updates that
conducted by Nellenstegn et al. [36]): since then one refevant
RCT and one controlled retrospective study have been pub-
fished. The conclusion that there 15 no difference in clinical
otlcomes between the sargical types remuains the saime. A
review by Jacobs etal, {40} includes many of the same studies
inchuded in this review and concluded that it was not possible
to estimate the difference in clinical outcomes between the
surgery types,

Assigning an acceptable definition for minimally invasive
surgery in such a dynamic field is challenging, The inter-
ventions investigated in this review involve use of a tubular
system Lo retract tissues overtying the dise and 1o provide a
working portal. Tt is recognised that other procedures are
sometimes  designated  as  minimally  invasive  surgery,
including automated percutaneous discectomy [41], nue-
teoplasty [42], chemonucleolysis [43] and Iaser dise decom-
pression {44), The decision to adopt the above definition to
focus the scope of the review was made ta ensure sufficient
homiogeneity to draw clinicaliy applicable conclusions.

The strengths of this review include the sensitive search
strategy and the use of best-practice systematic review meth-
odology as endorsed by the Cochrane Collaboration {45}, This
inciudes a pratocol established prior to commencement of the
review, independent screening of identified studies for eligi-
bility, risk of bias assessment and explicit report of decisions.
Evidence was synthesised and assessed using a standardised
method which takes into account risk of bias and sample size
when assessing the quality of the evidence, The review is
up-to-date, and provides a synthesis of both randomised and
non-randomised studies, with appropriate treatmend of the
increased risk of bias associated with the tatter study type.

There wre several limitations associaied with the findings
of this review, particularly with respect to the number and size
of RCTs included in the TFMI vs. MD comparison. Lack of
power is a problem commeon to most of the included RCTs,

@ Springer

and cven the pooled analyses m the TFMI vs. MD comparison
often included only small total samples. 1t is conceivable that
the lack of difference observed between TFMI and MD in
studies conducted 1o date 15 a Type I error due to insufficient
power. An RCT, with robust methodology and adequate
sample size, comparing transforaminal surgery to conven-
tional microdiscectomy, 1s vet to be conducted. Such a study
should pay appropriate atiention to clinical concerns, such as
indications for surgery, location of the disc fragment, surgical
complications, muscle damage, operative time, standardised
measurcment of paticnt-relevant outcomes, and methodo-
logical features such as; sample size, concealed allocation,
rardom allocation and blinding where possible. As Ml
methods might hvpothetically lead to a shorter hospital stay
and earlier return to work, a comprehensive cost-effective-
ness study including a societal perspective should be con-
ducted alongside the RCT.

With respect to the ILMIE vs, MD comparison, the
number of included studies ensured satisfactory power for
many of the analyses. This comparison also contains one
well-powered, tow risk of bias RCT {6]; the results of the
pooted analyses are very similar to those found in this
study. This increases confidence in the conclusion that
there 1s no substantial difference in terms of clinical out-
comes between 1LMI and MD.

Conclusions

There is evidence from a substantial sumber of compara-
tive studies that suggest that clinical outcomes are not
different between interlaminar minimatly invasive discec-
tomy and conventional microdicectomy. The avaliable
evidence also points towards no difference on periaperative
and cost outcomes, although in some cases it s less com-
peliing. Conclusions regarding the differences in effect
between transforaminal discectomy and conventional mi-
crodiscectomy are difficult to draw due to the lack of high
quality studies. Whije available evidence also suggests that
outcomes are comparablie, well-designed research of sof-
ficient power could change estimates of effect,
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See Tables 23 4 5 6, 7 and Fig. 4.
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Tabie 2 MEDLINE search strategy

(Spinal diseases.af OR Tntervertebral disk displacement.al OR Spinal esteophytosis.af OR Spinal steposis.al OR Spondylanthritis.af OR
Spondylitis.af OR Spondyiolisthesis.af OR “Spinal Osteophytosts™.af OR Buaek pansaf OR sciatica.af OR radicuiopathy.af OR “Spinal
Cord Compression™.af QR back.al OR spine.af OR ({stenosis.ti,ab OR osteophytosistiab.y AND (spinetiob OR spinaltiab OR
verlebr®.tabty OR discopath®.ti,ab OR diskopath®.ti,zb OR disk dispiacementtiab OR dise displacement.ti,ab OR spondylarthritis.iiab
OR spondylitis.t,ab OR spordylolisthesis gi,ab OR seistics thah OR back paingiub,)

AND

{"Endoscopy™.al. or “Arthroscopy™. af. or “Video-Assisted Surgery™. af. or “Surgical Procedures, Minimally Invasive™. afl, or
“Microsurgery”, af, or “Diskectomy, Percutancous”. af. or endoscop™ tiab. or microendoscop® ti,ab. or microsurgery.ti,ab. or
microsurzical.ti.ab. or arthroscop®.ti.ab. or Foraminotom* ti,ab. or foraminoplast®atab. or minimally invasive surgery iiab. or video
assisted surgery tiab. or discoscop® diab. or Percmancous transforminal endoscopie discectamy. af. or Perculaneous transforminal
endoscopic discectomy thub, or Surgical procedures. af. or Surgical procedures.ti,ab, or Discectomy Spinal cord compression. af. or
Discectomy Spinal cord compression.diab. or Biscectomy Spinal cord decompression. afl or Discectomy Spinal cord decompression.tiab.
or Perculancous Sciatica, al, or Percutancous Sctalics.ti,ab.}

AND

(randomized controfled trial.pt. OR contrelied clinical nal.pt. OR randomized.ab. OR placebo.ab. OR randomly.ab. OR trial.ab. OR
aroups.ib.}

Tabie 3 Excluded studies

Surgery type

1. Barth M, Diepers M, Weiss C, Thome €. Two-vear outcome after lumbar microdiscectomy versus microscopic sequestrectomy: part 2:
radiographic evaluation and correlation with clinical outcome. Spine. 2008,33:273-9

2 Bistrovie [, Ljubicic D, EkE D, Pencrnic L, Mocenic D, Stancic ME. Influerce of depression on patients™ satisfaction with the outcome of
microsuraical “key<hole™ vs classical discectomy: Prospective matched-cohon study. Croatian Medical Journal, 2002:43(6):702-6

3. Bokov A, Skorodumov A, Isrelov A, Smpak Y, Kukaris A- Differential treatmesst of nerve roof compression pag caused by lambar dise
herniation applying nucleoplasty. Pain Physician, 2010:13(5:46%-80

4. Caspar W, Campbell B, Barbier DD, Kretschmmer R, Gotfried Y. The Caspar microsurgical discectomy and comparison with a
conventional steedard tombar dise procedure. Newrosorgery. [991:28:78-7

5. Chotierjes 8, Foy PM, Findiay G Report of a controlled clinical taal comparing sutomated percutaneous jumbar discectomy and
microdiscectomy i the treatment of contained lumbar dise herniation, Spine. 1993,20:734-8

6. Poncee! P, Do Boeis M. Fitness for work after surgery for lumbar dise hernintion: a retrospective stady. Buropean spine joarnsl
1908 7:20-35

7. Faulhager K, Manicke C. Fragment excisioa versus conventional disc removial 1o the microsurgical trealiment of hermiated tumbar dise,
Acty Newrochirurg. 1995,133(3-43:107-11

8. Haings 8], Jordan N, Boen IR, Nyman JA, Oldndge NB, Lindgren BR. Discectomy strategies for lumbar dise herniation: results of the
LAPDOG wtal, Journal of Clinical Neuroscienee. 2002.8(4)3411-17

4, Henrtksen L, Schmidt K, Eskesen V, Jantzen E A controlled study of micresurgical versus standard fumbar discectomy. British journal of
neurosurgery. 1996, [{H289.93

14h Hoogland T, Schubert M, Mikiitz B, Ramirez A, Transforaminal posterolateral endoseopic discectomy with or without the combination of
g low-dose chymopapain: A prospective randomized study 1o 280 consecutive cases. Spine. 2006:3124).E890-E7

1. Isaacs RE, Podichetty ¥V, Fessler RG. Microendoscopic discectomy for recurrent disc herniations. Neurosurgical focus, 2003;15:E1]

12, Kahanovitz N, Viela K, Muculloch J. Limited surgical discectomy and microdiscectomy. A clinical comparison. Spine, 193% 14{1:79-81

13, Katgyazma Y, Matsuyama Y, Yoshihara H, et al. Comparison of swrgical oulcomes betweent macro discectomy and micro discectomy for
fumbar dise hiernfation: A prospective randomized study with surgery performed by the same spine surgeon. leurnal of Spinal Diserders and
TFechnigues. 2006, 19(5).344-7

14. Krughuger 1, Knahir K. Chemonucleolysis and antomated percutmieous discectomy-a prospective rmndomized comparison. International
orthopacdics. 2000.24:167-9

15, Lagarrigue }, Chayres P Comparative study of umbar discectomy witl or without microscope, A prospective analyse of 80 cuses,
Newvgechirurgis, 199440023 116-20

16. Le H, Sandhu FA, Fessler RG. Clinieal outcomes affer minimal-access surgery for recurrent iumbar dise herniation. Neurosurgical focus.
2003 15:E1L

17, Lee SH. Lee 8), Park KH, et al. Comparisor of perculanegous mununl and endoscopic laser disceciomy with chemonucleolysis and
agtomated nucieotomy, Orthopade, 1996;25(13:49-55

18. Lemcke I, Al-Zain F, Mutze 8§, Meier U, Minimally invasive spinal surgery using nucleoplasiy and the dekompressor took: A comparison
of lwe methods in g one year follow-up, Minimally Invasive Neurosurgery, 2010;33(5-0):236-42
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Table 3 comtinused

Surgery type -

19, Lia T, Zhon Y, Wang J, Chut TW, Li C, Zhang ZF, el al. Clinical efficacy of three different minimally invasive procedures for far laferal
lumbar dise heroiation. Chinese Medical Josmal, 2012;12506):1082-8

20, Liw WG, Wu XT, Guo JH, Zhuang Y, Teng GJ. Long-tenm outcomes of patients with lumbar disc herniation treated with percutancous
discectomy: Comparative study with microendoscopic discectomy, Cardiovascalar and Interventional Radioleay. 2015 33(3):780-6

2t Marin FZ. CAM versus nucieoplasty. Acta neurochirurgica Supplement, 2005,92(1009627523:111-4

22, Maroon IC, Abia A, Microdiscectomy versus chemuonucleolysis. Neuwrosurgery. [485;16:644-9

23, Matsumoto M, Watanabe K, Tuji T, et al, Microendoscopic discectomy for lumbur disc hernintion with bany fragment due to apophysen!
separalion, Mintmally Isvasive Newrosurgery, 2087;50(6).335-9

34, Ostermnan H, Seitsalo §, Karppisen L Malmivaora A, Effectiveness of microdiscectomy for lumbar disc hermiation: 2 randomized
controlled trial with 2 yvears of follow-up, Spinc. 2006;31:2409-14

25, Park BS, Kwen YI, Won YS, Shin HC. Mmimally invasive muscle sparing transmuscular microdiscectomy: Technigue and compurison
with conventdonal subperiosteal microdiscectomy during the early postoperative period. JTournal of Korean Neurosurgical Sociey.
20010:48(3%:225-9

26. Porchet T, Bartanusz ¥V, Kleinstueck TS, Lattig F, Jeszenszky 13, Grob D, et al. Microdiscectomy compared with standard discectomy: An
ol problem revisited with new ontcome measures within the framework of a spine surgical registry. European Spine Journal,
2009 18(Suppl 3):5360-86

27. Saberski LR, A retrospective analysis of spinal canal endoscopy and laminectomy cutcomes daty, Pata Phvsician, 2000;3(2):193-5

28, Tasst GI'. Comparisen of results of 500 microdiscectomies and 300 percstancous laser dise decompression procedures [or lumbar disc
hermiation. Photomedicine and Laser Surgery. 2006;24(6%.694-7

29, FTheme C, Bartly M, Scharl ), Schmicdek P, Outcome after lumbar sequestrectomy compared with microdiscectomy: a prospective
randamized study. Journal of Newrosurgery Spine. 2005,2(3):271-8

3 Fubiberg T, fsacson ), Weidenhichm L. Does microsconic ramoval of lumbar dise herniation fead w better resalts than the standard
pracedure? Results ol o one-year randomized study. Spine. 1993, 18¢1):24-7

31, Tullberg T, Rydberg 1, Tsocsson 1. Radiographic changes sfter lumbar discectomy. Sequential ¢nhanced computed tomography in relation
to chinical observations, Sping. 1993;18:843-30

32, Tureyen K. One-level one-sided hambar dise surgery with and witiout microscopic assistance: f-year outcomte in 14 consecutive
patients. Journal of Newrosurgery 2003,99(33:247-30

33 Waness WO, 3ed, Mirkovie 5, Boss I Treatiment of the isolnted lumbar iatervertebral dise hermiation: microdiscectomy versus
chemonucleolysis, Spine. 1988:13:360-2

34. Yang 3, Du F, Zhao DO, Zheng YB, Li JG, Shao YG, Two different intervention measures in secovery of lumbar function of patients who
underwent fumbar discectomy. Chinese Journal of Chnical Rehabilitation, 2005,9(22):268-9

Populatien

1. Bagan B, Patel N, Deutseh H, Harrop 1, Sharan A, Vaccaro AR, et al, Pertoperative complications of misimally invasive surgery (MIS):
comparisonr o MES and open interbody fusion techniques, Surgicat techaology imternational, 2008;17(9604509):281-6

2. Burkus K, Gornet MF, Schuler TC, Kleeman T3, Zdeblick TA. Six-year outcomes of anterior lumbar interbody arthrodesis with use of
interbody fusion cages and recombinant human bone moemhbogenctic protein=2. Jowrnal of Bone and Joint Surgery——Series A 2Z009;91(5): 1 181-8

3. Celik SE, Celik 8§, Goksu K, Kara A, Ince L Microdecompressive laminstomy with a S-year follow-up period for severe lumbay spinal stenosis.
Jowrnal of Spinal Disorders and Technigues. 2001{(123(4):229.35

4. Cho D-Y, Lin H-L, Lee W-Y, Lee H-C. Split-spinous process laminotomy and discectomy for degenerative lumbar spinad stenosis: a
preliminary report, Joumal of neutosurgery Spine. 2007:6(141223345:229-39

3. Cowles RA, Tuheri PA, Sweeney JF, Graziano GP, Efficacy of the laparoscopic approach for anterior lumbar spinat fusion. Surgery.
2000;1 284 1:589-96

6. Dhalt 85, Wang MY, Mummaneni PV, Clinical and radiographic comparisen of miai-open transforaminal lumbar interbody fusion with open
trunsforaminal lumbar terbody fusion in 42 patients with long-term follow-up. Journal of neurosurgery Spine. 2008;9:560-3

7. Fan 8, Zhao X, Zhao F, Fang X, Minimally invasive transforaminal ombar interbody fusion for the treatment of degenerative lembar discuses.
Spine. 2010;35(17):1615-2(

8. Fan S5-W, Ha Z-J, Fang X-Q. Zhao F-I, Huang Y, Yu H-J. Comparisen of paraspinal muscle injury in one-level lumbar posterior inter-body
fusion: modified minimally invasive and traditional open approaches. Orthopaedic surgery, 201(:2:194-200

9, Harris EB, Sayadipour A, Massey P, Duplantier NL, Anderson DG, Mini-open versus open decompression and fusion for lumbur degenerative
spondyiolisthesis with stenosis. American journal of orthopedics. 201 140:E257-6]

10, Manchikanti L, Boswel MV, Rivera J), et al. A randomized, controlled trial of spinal endoscopic adhesiolysis in chronic refriciory low back
and lower extremity pain. BMC Ancsthesiology, 20055
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Table 3 continued

Populatjon

1. Manchikant L, Pampan V, Bakkit CE, Pakarati RR. Non-endoscopic and endoscopic adhesiolysis in post lumbar laminectomy syndrome: A
one-yeur omteome study wad cost effectivenesys analysis, Pain Physictan, 1999:2(3),52-8

12, Manchikanti L. Rivera 11, Pampati V, Damros KS, Bever CD, Brandon DE, et al. Spinal endoscopic adhesiolysis in the management of
chronic fow back pain: A preliminary report of a randomized, double-blind trinl. Pain Physician, 2003:6(3):259-67

13, Mannios RIL Guilfoyle MR, Efendy J. Nowitzke AM, Laing RE Wood M1 Minimally invasive lumbar decompression: Long-term cutcome,
morbidity, and the learning curve from the first 50 cases. Journal of Spinal Disorders and Technigques. 2012;25(1347-31

14, Matsumoto M, Watansbe K, Ishii K, Tsuji T, Takaishi H, Nakamura M, et al. Pesterior decompression surgery for extraferimingl entrapmens
ol the {ifth lumbar spinal nerve at the lumbosacral jpnction: Clinical anticle. Journal of Neurasurgery: Spine. 2080:12(1)3:72.81

I5. Mobhs R, Sivabalan P, Li J. Minimally invasive surgery compared to open spinal fusicn for the treatment of degenerative lumbar spine
paliologies. Journai of Clinical Neuroscience, 2012;19(63:829-35

I6. Morgalla MH, Noak N, Merkle M, Tatagiba MS. Lumbar spinal stenosis in eldesly patienis: Is o unilateral microsurgical approach sufficient
for decompression? Clinical article, Journal of Neurosurgery: Spine. 2G11;14{3):305-12

[7. Nioukas V, Muller A, Minimally invasive approach versus traditional open approach for one ievel posterior lumbar interbody [usion.
Manimally Invasive Neurosurgery. 2610:53¢(13:21-4

I8, Park Y, Ha IW. Comparison of ane-level posterior fumbar tnterbody fusion performed with o minimally invasive approach or o traditionad
open approach. Spine, 20807;32(5):537-43

19. Podichetty VK, Speats 1, Isaacs RE, Booher 1, Biscup RS, Complications associated with mnnomally invasive decompression for lumbar
spinal stenosts, fournal of Spinad Disorders and Technigaes. 2000;19% 331016

20, Rahman M, Summers LE, Richter B, Mimran R1, Jacob RP, Comparison of techniques for decompressive Tumbar laminectomy: The
minimatly invasive versus the “classic” open approach. Mintmally Invasive Neurosurgery. 2008:51(2): 100-5

21, Rodgers WB, Gerber T2, Rodgers TA. Lumbar fusion in octogenarians: The promise of minimally invasive surgery, Spine. 200H035(SUPPL,
205):5353-560

22, Ruetten 5, Komp M, Merk H, Godohias (. Surgical treatment for fumbar lateral recess stenosis with the full-endoscopic interlaminar
approach versus conventional microsurgical lechnique: a prospective, randomized, controlied study——clinical articte. Journal of Neurosurgery:
Sping, 2009, 10(5)476-85

23, Schizas C, Tzinteris N, Tsindis E, Kosmopoulos V. Minimally invasive versus open transforuminst lumbar interbody fusion: evajuating
iniial experience. International onhopacdics. 2009;33:1683-8

24, Shik P, Wong AP, Smith TR, Lec AL Fessler RG. Complications of open compared 10 sminimally invasive Jumbar spine decompression,
Journal of Clirical Newroscience, 201 1,18¢10):1360-4

25, Wang HL, Lu FZ, Hang FY, Ma X, Xia XL, Wang LX. Minimally invasive lombar interbody fuston via MAST Quadrant retractor versus
open surgery: A prospactive randemized clinical irial. Chinese Medical Journal, 201 1;124(233:2868-74

26, Wang MY, Cummoeck M, Ya Y, Trivedi RA. An analysis of the differences in the acute hospitalization charges fellowing minimally
invasive versus open posierior lumbar interboedy fusion: preseated at the 2009 Joim Spine Seclion Mecting—clinical article. Journal of
Neurasurgery: Spine. 2000;12{61:694-Y

27. Wang MY, Lerner J, Lesko 1, MeGirt MIL Acute hospital costs afier minimally fnvasive versus open iumbar iaterbody fusioa: Data from a US
nutional dutabase with 6106 patients, Journal of Spinal Disorders and Technicoes. 2012,25(63.324-8

28 Wu Y, Tang 1, Li Z, Zbang Q, Shi Z. Outcome of posterior fumbar interbody fusion versus posterolateral fusion in lumbar degenerative
disease. Journal of Clinical Neuroscience, 200 [;18(03:780-3

29, Yagi M, Okada B, Nimomiya K, Kihara M. Postoperalive outcome afler modified unilaterai-approach micreendoscopic midline
decompression for degencrative spinal stenosis, Journal of neurosurgery Spine. 2009, 1(0:293-9

30. Yoo N, Wang W, Liu Y. Percutancous endoscopic lumbar disceciomy and interbody fusion with B-Twin expandable spinal spacer. Archives
of Orthopaedic and Trawma Surgery. 2011;131(6):7%]-6

31, Zdeblick TA, David 8M. A prospective comparison of surgical approach for anterior E4-L5 fusion: laparoscopic versus mini anterior lumbas
interbody fusion. Spine, Z000;25(203:2682-7

Uncontrofied desipn

I. Choi G, Lee SH, Bhanot A, Raiturker PP, Chae YS. Percutancous endoscopic discectomy for extraloraminal lumbar dise herniations:
Extraforaminal targeted Magmentectomy technique using working channel endoscope. Spine. 2007;32(23EY3-EY

2. Chot G, Lee SH, Lokhande P, Kong BJ, Shim CS, Jung B, et al. Percutanecous eadoscopic approach for highly migrated intracanal disc
herniations by foraminoplastic sechnigue using rigid working channel endoscope. Spine. 2008;33{15%5508-E15

3. Cole IS, fackson TR, Minimaily invasive lunbar discectomy in obese patients. Neurosurgery, 2007,61{3)3:539-44

4, Garg M, Kumar $. Interlaminar discectomy ard selective foraminotomy in lumbar dise herniation. Journal of Crthopaedic Surgery,
2001,9(2):15-8

c_g_} Springer

R.App. 000639



1032 Fur Spine J (2014) 23:1021--1043
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Table 4 Risk of bias assessments

Study t. Randomisation 2. Concealed 3. Pagient 4. Surgeon 50 Assessor . 0 LY g Selective 4. 10. Co- R 1. Otcome
alllocation blmiding biinding hlinding Dropouts reponting Bascline  imerventions  Complisnce  tming

ILMI
Arts |6} Low Low Low Hizh Low Low Low Unclear Low Uinclear Luw L
Beock {8l High High Low High Low Uinelear Unclear  Usclear Hagh Linclear Low Unclear
Franks [9} Unclear Linclear Uneleur High Einclear Einelene Unclear  Unclear Low Unglear E.ow Low
Crarg {10 Unelear Unelear Linclear High Uneclear Uncleor Unclear  Unelewr Low Uinclear Low Low
Huang [13] Unelear Lhuclear Higls Hizh High Lnclear Unclhar Unclear Unclear Low Low High
Righesso [ 18] Unclear Linclear High Hizh High Uncleas Upciear  Unclear Low Unclear Eow Low
Ryang | i) Unclear Unclear Hiph High High Unclear Unclear  Unclear Low Unclear Low High
Susaoka {24 Unclear Unclear Unclesr Hieh Unclear Uinclear Unclear  Uinclear Unclear Uinclear E.ow Low
Schick {2 feg i Jncle: ig Tig Incles Jncfes Helear Inclear ow oW oW
Schick {21 High High Lnclear High High Unclear Linclear  Unclea Uncl L L. L
Shin {231 Low High High Higph High Linclear Unelear  Unelear Unclesr  Unclear Low Low
Teli 124] Unclear Uinclear Hiah High High Low High Unclear Low Low Low Low

Beainis [ 7] - P - e - - - - - - - -
Martin-Laez [153] - - - . - - - - - - - "

Scinzas (22 s - - o - - - - - - - -

;
H
|
|
i
i
1
H
i
!

Toyone (23]
German {1} - - - - - - - - - - - -
Harmington [123 - g - . - — - - - - - ~
Lau [i4] - - - - - - - - — - _ .
Muramatsu {161 - . - - " - " _ - ,_ _ _

Nikagaswa ]I - - - - - - - - - - - -

Wu [26] - - - - - - - - " - -
M|

Hermuntin {271 Low Linclear High High High Low Low Unclear Low Unclear Low Low
Krappel {29 High Higzh High High High Higzh Higl Low Unclear Unclear Low High
Maver [37] Unclesr Linclear Hiph High High Low Unclear  Unciear Low Unclear Low Low
Kim {28} - - - - - - - - - - - -
Lee (31 - - - - - - - - - -

Lee |34 - - - - - — - - - - . -

HLAY 4 TEMI

Ruenen [33} Hizgh High High High High Low Unclear  Unclear Low Unglear Low Low
Ruetten [341 Thgh igh High High High Low Unefear  Unclear Low Unclear Low Low

Lenw fow 1isk of bias, High high nisk of bias, Unciear unclear rnisk of as, — nsk of bias not assessed {non-randomised study}
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Table 5 1LMI vs. MD GRADE cvidence suninary

Quality assessment No. of patents Eifect (95 % CI) Quality
N of Destgn Rol Inconsistency Indirectness Imprreciston Other  1LMI Control
studies
Back pain short 1erm ollow-up T week; measured with; VAS; better mndicated by Tower values)
4 RCT Serious’ No Serious No Serous No Sesious None 3i8 07 SMD D28 {079 to L
inconsistency indireciness tmprecisicn 0.23) MODERATLE
3 Mixed Very No serious No senous No serious None 307 333 SMUD QR (055 o =00 LOW
serious” inconsistency indirectness imprecision 0.i9)
Back pain medium term doliow-up 6 months; measured with: VAS; better indicated by Jower values)
2 RCT Serious’ No sertous No serious No serious None 237 233 SMD 0.8 (—0.08 o T
inconsisiency indirecingss imprecision (1L.29} MODERATE
Back pain long term (follow-up 12 months; measered with: VAS; better indicated by lower values)
2 RCT Serious’ No sernous No seftous NO seriois None 237 233 SMID 014 (—0.04 10 3
inconsisiency indirectness Imprecision 1,33} MOBRERATE
Back pain long term ({ollow-up 24 months; assessed sath: proportion with ongoing pain}
R RCT Serious’ No serious MNa serious Serious” None 70 72 SMBP O (033 1o §.33) a0 LOW
inconsistency indirectness
Leg pain short term (follow-up 4 weeks; measured with: VAS better indscated by fower valuesy
6 RCT Serious’ No serious N serious No sericus None 349 338 SMD 002 {(~0.18 10 e )
ineonsistency indigectness Emprecision 0.223 MOBDERATE
Leg pain medium tecm (Tollew-up 6 months; measured with: VAS; better indicated by dower valoes)
3 RCT Serious’ Mo sertous No senous No serious None 258 257 SMD OGS (012 w e
IMCORSIRENCY indirectness mprecision 0.23) MODERATE
Leg pain long term (follow-up 12 smonths; measured with: VAS: better mdicated by Jower values)
3 RCT Serious’ No serious No serions No serons Nope 238 252 SMD 012 {00510 a0
inconsistency ndireciness Imprecision £1.20) MODERATE
Leg pain long lerm (follow-up 24 months; measured with: VAS; better indicated by lower valies)
3 RCT Serious' No serious No serious Setious” Noag 9} 91 SMD 045 (—0.51 10 1.4y @00 LOW
mconsislency mdireciness
Buck/leg patn short term (follow-up | week; measured with: VAS: better indicated by tower values)
2 RCT Serous’ MNo senous Mo serious Sertous” None 52 48 SMD D12 (~1.65 50 Sm00 LOWwW
neonsistency mdirectngss 141)
3 Mixed Very No serious No serious No serious Nope 925 M) SMD 013 (078 1o w0 LOW
serious” mconsistency indirectness imprecision .53}
Back/leg pain medium term (Tollow-up 6 months, measured with: VAS; hetter indicated by lower values}
2 RCT Serious’ Mo seriops No serious Serious” MNone 52 48 S5MD 049 (~1.60 1 @00 LOW
HICONSISIENCY indireciness 72y
Back{leg pain leng term {foflow-up 12 months; measared with: VAS; better indicaled by lower values)
3 RCT Seriows’ No sertons No serious Serious” None 82 5 SMD 009 (—0.40 1o A0 LOW

inconsistency indireciness

£.22)
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1a3; Table 5 continued =
L
= ) T i o ; o
. Quality assessment Nu. of putients Effect {95 %% Ch Cuality
o}
g No. of Besizn RoB nconzistency Indirectness {emprecision Other LM Comstro]
stidies

Function shon tenn (follow-up 3 months; measured with: VAS, better indicated by lower values)

7 RCT Serions Mo serous No serions MO serions None 431 414 SMB 017 (0.0-0,34) dut ()
INConsisiency indireciness HMPIeCision MODERATE
0 Mixed Very _ No serious No serious No serous Nopne 1,333 Y SMD 15 (0.02-0.26) an 0 T.OAV
serious’ InCoOnsIstency indirectness Imprecision
Function pain medium term {(follow-up 6 months; measared with: VAS! better indicated by lower values)
fr RCT Serious’ N serious Nao seqous Mo serions Mone 363 357 SMDP 007 (—0.07 10 GubemQ
inconsislency indirectness imprecision n22 MODERATE
Function tong term (foHow-up 12 months; measiured with: VAS; better indicated by lower values)
§ RCT Serious’ N serious No serions Mo senous None 363 357 SMBP 10 (—0.06 o S
inconsistancy mdirectsess HBPRFECLS R (L26} MOBERATE
7 Mixed Very No serious No serious N serious None 379 371 SME 012 (004 1o G0 LOW
serious’ incensistency indirectness imprecision (.29}
Function pain long term (follow-up 24 months; assessed with: proportion with ongoisg paing
2 RCT Serions’ N Serions NO serious Serious” None 41 g1 SMEB —128 {037 o 200 LOW

tconsistency indirectness 0.0

General improvement pain medium term {follow-up 6 months; assessed with: proportion improved)

i RCT No serious  No serlous No serious Serious” None  TENIAT 1247101 OR 661 (1L37-0.90) Hripn ()
risk inconsistency indireciness (h7.1 %) (TE &0 MODERATE
General improvement fong teem (follow-up 12 months: assessed with: proportion improved)
2 RCT Serious’ Nuo serios NO serious Serions” None 121/172 133/166 OR 039 (6,360,983 00 LOW
meonsistenscy indireciness {H)L.3 %) (8ih1 96}
4 Mixed Very NO senous N serious No serious None  SERAINDA0 617 OR 1.24 (6.537-2.7 s O LOW
serious’ mConsisiency indireciness HTIPTECISion (89} <) (Rd.6 G
Retumn to work {assessed with: proporton reivrned to work)
] RCT Serious’ No serious No serious Serious” None 24 19 Naot estimable -
Meonsislency indireciness
3 Mixed Very No serous No serious No serious None 871 30y Not estimable - ?
serious” inconsistency indireciness HNPrecision L
Satisfaction with surgery {assessed with: proportion satisfies) 7
1 Mixed Very No serious No serinus Serious” Nong TG0 480 %)y 19/20(95 %Yy OR 0.21 (0.02-2.08} 4000 VERY E
serious” mconsisicncy indireciness LOW <
Operative time (measured with: mnutes) ‘j-':
8 RCT Serious’ No serious No serions No serzous None 383 3 SMBP i1.64 (5041823 w00 s
meoitsisteancy indireciness imprecision MODERATE bt
16 Mixed Very No serious No serious No serious Mone 1,495 Haoo SMB 1063 4411724y 3500 LOW g:
serious’ inconsistency indirectness mprectsion E
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Table 5 comsinued

Quality assessment No. of patients Effect {95 ¢ O Cuutlity
No. of Design ReB Inconsistency ladirectness imprecision Onhier  §LME Control
studies
Length of hospital stay {measured with: days)
3 RCT Serious’ No seriows MNO serous NO serious Mone 285 277 SMD —238 (—0.32 o sl
mgonsistency indisectness ENDFECISION 1.57) MODERATE
il Mixed Very . MNo serious Mo serious No serious None 1335 04 SMD —1.48 (254 19 -~  JupQ0 LOW
serious’ InconRsislency indireciness HNprecision 0.43)
Blead Foss (sneasured wath: millilieres)
0 RCT Serious! No sertous N seros Serigus” None 146 144 SMD —69.35 (—150.94 300 LOW
mconsislency indirectness ta .84y
13 Mixed Very Mo serious No senous N serious None 164 7H) SMD 5164 {(—8094 10 @00 LOW
seripus’ inconsisigney indirectness mprecision ~22.34)
Complications (assessed with: number of complieations)
i} RCT Serious’ No oserious Serous Mo sertous None 424404 36390 (9 %) OR LI (0.73-1.91) SO0 LOW
inconsistency nmprecision (104 %)
13 Mixed Very N0 serious Sertous No serious Nope 191485 AN1076 OR 1.OF (0741 20 LOW
serions” INCONSIstency mprecision (6.5 %) {7.4 %)
Reoperations {(assessed with: aumber of reoperations}
6 RCT Serious! No sericus No serious MNo serious None 317393 247387 OR .24 (01.65-2.38) RETE )
inconsisiency indirectness imprecision (7.8 ) (6.2 5&) MODERATE
1, Mixed Very No serious No serigus Neo serions None 52/1366A 34411 OR 1.25 (157.-2.773) A O0 LOW
serions’ tnconsislency mdireciness HTIprecision (3.8 %) (3.7 %)
Analgesic use (measured with: midigrams of morphine}
3 Non- Very  No serious N sericus Serious” None 137 154 —283 (3.6 t0 ~-0.06) #0000 VERY
randomised  serious” Hiconsistency indirectness LOW

Small total sample size

Non-randomised study incloded

Unclear which complications were recorded
Types of medication not specifled

" Potentinlly different complications reported

Unclear allocation concealment, possible selective reporting, no blinding
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Table 6 TFMI vs. MD GRADE cevidence summary

Quality assessment Nuo. of paticnls Effect (45 % CI} Curadity
No. of studies  Design Rob Inconsislency Indirectness Imprecision (ther TEMI Control
Buack pamn short term (follow-up 1 week; measured with: VAS: better indicated by ower values)
1 {&] RCT Serions’ NO serious No senoss Serious” None 30 30 SMD (128 (079 10 S0 LOW
miconsislency mndireciness (1233
218, Mixed Very N1 serious No serions Serinus” None 53 39 SMD 018 ¢~11.55 v 2000 VERY
serious” HCONSISIeney sndrrectness (L1939 LOW
Back pain fong term {follow-up 24 months; assessed with: proportion with ongoimg pain)
1{1, 3 RCT Serious’  No serious No serious Serious” Nene  10720¢30 %) 15/20(75 %) OR 033 (0.09-1.27y 2000 LOW

inconsisiency

indirectness

Eeg pain short term (follow-up 1 weeks; measured with: VAS; better indicated by Iower values)

1 FiL} Non- Very

. . 3
randomised SOTHOLS

No serinus
Inconsistency

Mo serious
indirectniess

Serious”

Leg pain long term folow-up 24 moaths; assessed with: proportion with ongeing pain}

i

1§13} RCT Senous

Funetion short term (fuflow-up 3 months: measured with: days of disabifilv/oswestry:

P13 RCT Serions’
Fili} Noa- Yery
randomised serions”

Nu serious
incomsistency

No senious
lnconsistency

No serious
eonsisteney

No serious
indirectness

No serious
indirectness

N serious
indirectness

. 3
Sernous”

NMNene 25

Nene 4720 {20 %)

better indicated by lower values)

Serious”

. ]
Sertous”

General improvement fong term (foflow-up 24-36 months; assessed with: propornon mmproved}

FE8, 10,13 RCT Serious’ No serious
imconsistency

5 {810, 12, Mixed Very No sefious
3] serious’ CONsISiency
Return to work {assessed with: proportion returned to work)

2 {30, 131 RCT Sedous’ No sertous

Satisfaction with surgery {assessed with: proportion satisfied)

118 RCT "

Sericus

Operative time (measared with: mipuics)

2110, 13] RCT Serions’
5 19-13] Mixed Very
serions”

ICORSISIENCy

No serious
imconstsiency

No serous
Inconsisiency

No serious
mconsisiency

" 4
Serious

Serious’

NG serions
indircciness

No serious
tndirectness

N serous
indirectness

No sertons
indirectiness

. ]
Senous”

No serous
TMPFECISion

. ]
Serious”

" -
Serious”

- >
Serious”

NO serious
ImprECIsion

None 24

None 25

None  65£70

(V2.0 %)
None 32401

{79.8 %)
None 3840495 9
Nene  22/30

(73.3 %)

None H)

None 396

7420 {35 Ge)

S84
(R2.Y )
68714
(852 %)
32440 (8O %)

230
{66.7 %}

40

713

SMD —0.21 (072 w
.3

(R 46 (0.15-1.94)

MNot estimable

SMD 016 {038 10
(.60}

OR 2.64 (0.84-8.33)

OR 140 (0.49-4.4h

OR 3,82 (0.4-36.7F

OR 138 (045407

MD 1326 (—47.01 10
3.5

MDD —7.03 (=299 1o
15.43)

HO00 VERY
LOW

&5 Q0 LOW

a0 LOW

000 VERY
LOW

Q00 VERY
LOW

2000 VERY
LOW

2 00) LOW

200 LOW

mwlDD LOAWY

.......
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Table 6 coatinued

Qualtty assessment No. of patients Effect (95 % CD Quality
No.of studies Design RaB3 Inconsistency Indirectaess Itnprecision Other  TEMIE Control
Length of stay {measured with: days)
3012 Mixed Very Na serions No serious Serious” None 73 74 MDD —1.31 (=381 G000 VERY
serious’ incoasisfency indirectness 1.ITY LOW
Complications (assessed with: number of complications)
2 18, 10} RCT Serionst No senous Sertous” Serious” Mane O30 (0 % VA0 42 O OR 032 ¢0.01-8.2:5 20000 VERY
Hconsistency LOW
£ 5111 Mixed Very Mo serions Serinus” No serious None H¥Y376 16/693 OR 19 ((.54~2.63) #0040 VERY
serious inconsislency imprecision (2.7 &) (3.3 2} LOW
Reoperations (assessed with: namber of reoperations}
318,80, 13] RCT Seriovs! No senons No serolts Serious” None 6/80 (6.3 %y 1BO{1.3 %) OR3I7{0.62-1626y &:300 LOW
inconsistency indireciness
5 iR~ 13]  Mixed Very No serious No sertous No sertouy None  36/4046 41723 OR 169 ¢1.06-2.71) 00 LOW
serious? inconsistency indirectness tmprecision (8.9 <) (5.7 )
Analgestc vse {measured with: days of narcolic use)
I I8] RCT Sericus’ No serious No seriong Serious” Noae 30 360 Nat estimable a0 LOW

inconsistency

tndireciness

Small total sanple size
Non-randamised stedy incladed

Differcol measures used

Potentially different complications reported

Unclear allocation concealment, possible selective reporting, no blinding

Data from Krappel 2001 adjusted 1o enable pooling, 19 out of 20 subjects substituted for 20 ot of 20 in both groups
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Table 7 [LME 4+ TFMI vs. MD GRADE evidence summary

OFG

Qualily assessment No. of patients Etfect ¢45 % ChH Cuality
No. of Desizn - Rol Inconsistency Indireciness Imprecision  (uher 1LMI -+ TEMIT  Conirol
studies
Buck puwin short term (follow-up 3 months; measured with: VAS; better indicated by lower vidues)
2 135, 6] RCT Serious'  No serious Mo sertous Sertous” None 150 | iH SMD 012 (0350 iy a0
inconsistency indirectness LOW
Back pain medium term (foliow-up 6 months; measured with: VAS] betier indicated by lower values}
2135, 36F  RCT Serious'  No serious NO sesnus Serious® Nene 130 P50 SMD -6 (1339 10 007y 400
ncensistency indirectsiess LOW
Back pain long-term | oyear (follow-np 12 months; measured with: VAS? better indicated by Jower values)
235,36} RCT  Serious'  No serious No serious Serious”  Nune 150 150 SMD —-0.04 (=027 0 0.19) 3200
FICONSISIency imdirectness LOW
Bock pain long-term 2 vears {follow-up 24 months: measured with: VAS; better indicated by Jower values)
2135, 367 RCT Serious'  No sericus Mo serioses Serious’ None 150 130 SMD 015 ¢—04da 10 016 00
INCoONsISency indiwectness LOW
Leg pain short term (follow.op 3 months; measured with: VAS! Better indicated by lower valoes)
2{35,36] RCT Serious’  No serious No serious Serious™ None 156 150 SMD -0.13 {(-0.36 10009  &200
INCONSIStCRCyY ingireciness 1L.OW
Leg pain mediuns term (follow-up 6 months; measured with: VAS, betier indicated by lower values)
2 133, 30] RCT Seriows’  No serious No serious Serious” MNone 154 130 SMD O3 {~02 10 0.2 200
meonsisiency indireciness LOW
Leg pain long-term | year {[ollow-up 12 months: measuged with: VAS; better indicated by lower values)
2 i35, 36)  RCT Serions’  No serious No serious Serious” None 154 15} SMD 001 (-024 10821 400
fnconsistency indirectness LOW
Leg pain long-term 2 years (follow-up 24 months; measured with: VAS; better indicated by lower vatues)
2135.36] RCOT Serions’  No serious Ne serous Seripus” None 153 150 SMD 005 (028w 1 4200
inconsistency indirectness LOW
Fusction short term (follow-up 3 months; measured with: oswestry: better indicated by lower values)
2435, 36] RCT Serious’  No serious NG SEIIouS Serious” None 150 150 SMD —0.02 {054 10 0.3} GO0
INCOHNKISIENCY indirectness LOW o
Function medium 1erm {({oflow-up 6 months; measured with; oswestry; betier indicsted by Jower values) &
. . . N - 7
2135, 36]  RCT Serious’  No serious No serious Serious” None 130 150 SMID 005 {047 to .56 =
inconsistency indirectness =
L]
Function fong-term 1 year (foliow-up 12 months: measured with: oswestry; better indicated by lower valoes} o
2135, 360]  RCT Serious’  No serious N serieus Serious’ None 150 150 SMD —0.20 (~0.51 1o ~0.06y £500 :T-':
inconsistency indireciness LOW e
—= " . - . - LH
Function fong-term 2 years (follow-up 24 months; measured with: oswestry; better sndicated by lower vahues) -
2135 36 RCT Serious!  No serious No serious Serious” None 530G 150 SMID —0.2 {—0.43 (o 0.0 Q0O 5%'—’
inconsistency indirectness LOW =
jN
[
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Table 7 continued 2
Qualily assessment No. of patients Lffect {95 % Ch) Qualigy -'La_f
New of Desian  RoB inconsistency Indirectness Imprecision  ther LM + TEML  Control o
siudies [
Satisfaction with surgery {assessed with: proportion satisfied) g
2135, 36] RCT Serious’  No serious Mo serious Serious” Nene 131150 F13/150 OR 2.26 (1.23-415) (00 =
HICONSIStenCY cdirectaess {87.3 %} (75.3 %) LOW E
Operative time (measured with: minutes) L
2035, 36] RCT Serions'  No serions No serious Serious” None 15 130 M} =27.33 (400 10 (N0 &
HIConsisiency indirectness -14.59) LOW
Complications (assessed with: number of complications)
2135, 36] RCT Serivus'  No serious No serious Serious” None 67150 (4 ) 2371506 OR 023 (0.69-0.58) CapOC
neonsistency indirectness (153 %) LOW
Reoperations {assessed with: number of reoperations)
2035, 36 RCT Sericus'  No serious No seriouns Serious” None 127130 (8 %) 8A50 {53 %) OR LS4 {(e1-3.%) a0}
inconsistency indireciness LOW

Inappropriate randomssstion, nsclear allocation concealment, possible selective repoding, no blinding

* Smalf total sample size
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Fig, 4 Flow of studics Searcly results
Databases (n= 4,132}
Hand search (n= 6)

Total in=4,138)

|

(n= 3570

Duplicates removed

‘ Excluded on the basis of title or abstract
(n = 3,420

n= 141}

Retrieved for evaluation

Excluded on the hasis of eligibility criteria
Secondary publications (n = 6)
Surgery type (n = 34}

Uncontrolled design (n = 23}
Population (n = 31)
Unable 1o obtain/transiate (n = 16)
Total{n= 112}

(1= 20}

Included articles

Fransforaminal vs. Micrediscectomy (8 = 6)
Microendoscopic vs. Microdiscectomy {(n = 21)
Transforaminal/Microendoscopic vs, Microdiscectomy (= 2)

References i, German JW, Adamo MA, Hoppenot RG, Blossom JH, Nagle HA
{2008) Perioperative results following lumbar discectomy: comn-
. Konstastinos K. Duni KM {2008) Sciatica: review of epidemio- pasisen of minimally invasive discectomy and standard micro-
. b . - e L ‘. L J.': . w S , T, ) . ,.f}“ ¢ . e
lagical studies and prevalence estimates. Spine 33(22 24642472 5 d“’“’_'”mm-\‘ I}u}r@hurg r{fu"’ = H_}OS‘)&?U*FQ{_} _ C
2. Health Council of the Netherlunds, (19929 Management ol the 12. Harrington IF, French F (2008} Open versus minimally invasive
lumbosacral redicutar syndrome (sciatica), Healih Councit of the iutmhar lnucrc}disccm{m‘}y: comparison ”_i operative Umes, 1&11;:;1?1
Netherlands publication no. 1999718 of hospita] stay, narcotic nse and compliications. Minim Invasive
. * A & « : ) . ) . . X _.q
3. Gibsan | Waddell G (2007) Surgical interventions for lumbar N“]““’f’rg ‘ﬂ{“f‘ (35 ) . i N o
disc protapse. Cochrane Dalabase Systematic Reviews 1 13, Huang TJ, Hsu RWW, Li YY. Cheng CC (2005) Less systemic
CDOOE350 cytokine response in putients followmg sscroendoscopic verss
T . o \ . nr (icope ' N Vio Y AT O
4. Higgins IPT, Green 8 (2011) Cochrane Handbook for Systematic open fombay df"‘"'"‘"mmff* 1 Orthop Res 2323406411
Reviews of Interventions i, Lag I, Han 81, Lee JG, Lu DC, Chou D (2011) Minimally
5. Guvalt GH. Oxman ADL Vist . Kunz R, Fulck-Yuer Y. Alonso- invasive compared 0 open micrediscectomy  fur lumbar disc
LN ¥ . A | ES, b ' ) 1 N b N . 5, o ) ey
Cocllof P, Schunemann HI (2008} Rating quality of evidence and h"r"',‘lmﬁ"‘ ] C{'im I{:’;‘*“f&s‘u !LE(I)'HI ?’i g . ez D
l ; 2 : artin-Lacz Tartinez- Agueros arez-TFern: .
strength of recommendations GRADE: an emerging consensus on b3, :;1”'." ii:: , ; 11;“"'” »’-"]«;“'m“ ’,;t ':t;lr:? C"m “;f ez[‘ '
. - " - . LT P n o oy L I P 2 ! ..E .-..
rating quality of evidence and strength of recommendations, Br ‘,””“‘]*‘1 : ",”““2, ! _‘”’qm“‘r“ 1rqi.n,rﬂ (201.2) Complica mr?«,
Med 1 336:974-074 of eadoscopic microdiscectomy using the EASYGO! systemy 1
6. Afls h‘il; -ﬂr*mt} R Vun Den Akker ME. Koes BW. Bartels there any difference with conventional discectomy during the
v 1 + A1 v % - 'y Ao . -4 & b . . . . . o - ) .
REIMA, Peul WC Q2000 Tubular diskectomy vs conventional fearmning-curve period? Acta Neurochic Wien 154(6): 10231032
. .v - T . . . : . H HE% P""‘i, i .; __'1 Tey ‘lll-'t HiTw
microdiskectomy for seiatica: a tandomized controlled wial, 0 Murumatsn K, Hachiya ¥, Morita C (2001) Postoperative mag
FAMA 302(23: 149158 netic resonance imaging of lumbar dise berniation: comparison of
i¥l® P i f i % ~ H "'_ - oy rint oa T 11N
7. Bennis S, Scarone P, Lepeistre JF, Aldea S, Gaillard § {2009} microendoscopic  discectomy  and  love’s  method. Spne
o - o e 26{14): 15991605
Transtubuiar versus microsurgical approach for single lumbar *‘F{]&] 4}-1~-)-;1 12(}" ) M. ek S Takal 1 Twsuho T
. . . j : akagawa H, K: - Tehiyama & cthare
dise herniation: a prospective study, Ear § Qrithop Surg Traumalol b7 Nakagawa H, hamiewra M, Pehiyama 5, Takahara K, lisubo T,
19(8):535-540 Mivasaka T (2003) Microendoscopic discectomy (MED) for
NN A T I
. ' v ATeTa L) 1 Ja AT S Py
8. Brock M, Kunkel P, Papavero L (2008) Lumbar microdiscecto- " ]I;_mlh‘" ‘5“{‘_; ]-I’f”:“p_'““ ] ;EIE h"“_r‘g"“}:;[}}%-}&ji 233 ;

: : thess “alavigng A 2 AiSE :
wmy: subpertosteal versus transmuscaiar approack and influence - MEHESS0 B, TAVISHG A, AvaNZY (- . ) omparison o3 open
on the early postoperative analgesic consumplion. Eur Spine ] discectomy with microendoscopic discectomy in jumbar disc
17643518 577 hernintions: resulis of a randomized controlied trinl. Neurosur-

. L i JALA
’ . > . ET AL s e A
9, Frunke J. Greiner-Perth R, Boehim H, Muahifeld K, Grasshot? H, 0 %Lr} 61%%:;1343 54? ME. Mavirank L. Gilshach JM. Rohde V
. R R R . N . ., i v i h A A1 Aavir: - shac E
Allam Y, Awiszus F {2009 Compurison of 4 minimally mvasive 9, lf{)‘;}”ﬁ* . 'd jm ' li.r'm > Liisbach Z, lm ¢
- o : Standard open microdiscee al access
procedure versus standard microscopic discotomy: a prospective (2008} Fm 1_r. _GW“H erodisceclany. versus mnima ‘nf'f'_ '
candomised contralled clinical risd, Eur Spine 3 18(7):992-1000 trocar microdiscectomy: results of a prospective: randoinize
10, Garg B. Nagraja UB, Jayaswal A (201 1) Microendascopic versus study. Neurosurgery 62(1):174-181

2

open discectomy for lumbar dise hermiation: a prospective ran-
domised study. F Orthop Sorg 19:30-34

Springer

20

Sasaoka R, Nukamura H, Konishi 8. Nagavama R, Suzuki E,
Terni H, Takacka K (2006) Obiective assessment of reduced

R.App. 000650



Eur Spine 1 {2084} 23:1021-1043

f043

Tt
i

6.

30,

3.

invasiveness in MED: compared with conventional one-level
laminotomy. Eur Spine J 15(5):577-582

Schick U, Dolinent J, Richter A, Konig A, Vitzthum H {2002)
Microendoscopic lumbar discectomy versus open surgery: an
imraoperative EMG swudy. Tur Spine T 11(15:20-26

Schivas C, Tsiridis E, Saksena 1 (2005) Microendoscapic disc-
cclomy compared with standard microsurgical discectomy for
treatment of uncomained or large containgd dise herniations.
Neurosurgery 57:357-360

. Shin D, Kim KN, Shin HC, Yoon DH {2088) The efficacy of

microendoscopic  discectomy i oreducing datrogenic  muscele
injury. J Newrosurg Spine 8:39

. Teli M, Lovi A, Brayda-Bruno M, Zagra A, Corriero A, Giwdic

F, Minota L {2031 Higher risk of dural tears and recurrent
herniation with lumbar micro-eadoscopic discectomy. Bur Spine
1190352443450

Toyone T, Tanaks T, Kato D, Kanevama R (2004) Low-back
pain {oilowing surgery for fumbar disc herniation. A prospective
study. § Bone Joint Surg Am 85-A:893-BUo

Wu X, Zhuang S, Mao Z, Chen H {2006) Microendoscopic
giscectomy for lambar disc hernistion: surgical technique and
cutcome in 873 ¢onsecuwtive cases. Spine 31{23):2680-2694
Hermantin FU, Pefers T, Quurtarare L, Kuambin P (1909 A
prospective, randemized study comparing the results of open
discectomy with those of video-assisted arthroseopic microdise-
cctomy. J Bong Joinl Surg Ser A 81{73U58-963

. Kim M1 Lee SH, Jung ES, Son BG, Choi ES, Shin JH, Sung JK,

Chi ¥'C {2067 Targeted percutaneous transforamnal endoscopic
diskectomy in 295 paticats: comparison with resuits of micro-
scopic diskectomy. Surg Neurol 63(63:0703-631

Kruppel FA, Schmitz R, Bauer E, Harland U (20013 Open or
endoscopic nucleolomy? Results of a prospective, controlled
clinial trial with independent follow.up, MRI and special refer-
ctice to cosl-effectiveness. Onhopadische Prax 37(3): 164-169
Lee DY, Shim CS, Alin Y, Chol YG, Kim HJ, Lee SH 2009
Compuarison of percutancous endoscopic Tambar discectomy and
open lumbar micrndiscectomy  for recurrent dise herniation.
J Korean Netrosurg Soc 46(6):515-323

Lee SH, Chung SE. Ahn Y, Kuan TH, Pask JY, Shin SW {2006}
Comparative radiologic evaluation of percutancous endoscopic
lambar discectomy and open microdiscectomy: a matched cohiont
anabysis, Mt Sinzi 3 Med 73(5):795-801

. Mayer HM, Brock M (1993) Percutanecus endoscopic discec-

tomy: surgical technigue and preliminary resuits compared to
microsurgical discectomy. § Neurosurg 78(23216-225

. Ruetten S, Komp M, Merk H, Godotias G (2008} Full-endoscopic

interiaminar  and transforaminal  lumbar  discectomy  versus

4

35,

36,

41

conventional microsurgical 1echnique; a prospective, randomized,
controfled study. Spine 33(4):931-939

Ructten 5, Komp M, Merk H, Godolias G (2009) Recurrent
lombar dise herniation after conventional discectomy: a pro-
spective, randomized study comparing (wll-endoscopic interfame
mar and trunsforamenal versus microsorgical revision. b Spinad
Disord Tech 22{2%122-.129

Guyait GH, Oxian AD, Kunz R, Brozeka ), Alonso-Coellof P,
Rind D, Devereanx PI, Montorih VA, Freyschussi B, Vist G,
Faeschike R, Williams JW, Muradh MH. Sinclzir D, Falek-Yierd
Y, Meerpohlm |, Whittington C, Thotlunda K, Aadrews J,
Schusemann HI {2011) GRADE gaidelines 6. Rating the quality
of evidence imprecision. J Clin Epidemiol 64:1283-1293
Nellensieifn I, Osteo R, Bartels R, Peul W, Van Royer B, van
Tulder M (2010} Transforaminal endoscopic surgery for symp-
tomatic lombar disc herniations: a systematie review of the lit-
erature. Eur Spine § 1902181204

Van Den Akker ME, Aris MP, van den Hout WE, Brand R, Koes
BW, Peal W (2011 Tubular diskectomy v conventicnal mi-
crodiskectomy for the treatment of lumbar disk-related sciatica:
cost utidity analysis alengside a double-blind randomized con-
trotled trial. Neurosurgery 69(4):829-836

. Lee BY, lee 85-H (2008) Learning curve for percatancous

endoscopic lambar discectomy, Neurol Med Chir 48(9):383-389

. Gibson INA, Cowie JG, Iprenburg M (2012) Transforaminal

endoscopie spinal surgery; the future ‘gold standard’ for discee-
tonrty? A review. Surgeon 10:290-206

CJaeobhs WOH, Ars MP, van Tulder MW, Rubinstein SM, van

Middeikoop M, Osiglo RW, Verhiagen AP, Koes BW, Peu! WC
(2} Surgical teckniques for sciatica dug 10 harmimed dise, a
syslematic review. Bur Spine 1 2123322254

Chalterjee 5, Foy PM, Findlay GF (19953} Report of a comrolled
clinical trial comparing anmtemaed percutancous lumbar discee-
tomy and microdiscectomy i the fremment of contained Tembar
disc herniztion. Spine 20:734-738

cLemcke 1, AblZain F, Mutze §, Mueier U (201 Minimally

imvasive spinal surgery using nucleoplasty and the dekompressor
tool: a comparison of twe methods in a one year follow-up.
Minim Invasive Netrosurg 53563236242

. Maroon JC, Abla A {(1983) Microdisceclomy versgs chemonu-

clealysis. Neurosurgery 16633049

. Tasst GP (2008) Comparison of results of 500 microdiscectomies

and 500 percutaneous laser disc decompression procedures for
fumbar dise herniation. Photomed Laser Surg 24061:0694--697

5. Fortan ADL Pennick V, Bombardier C, van Tulder M (2009)

Updited methad guidelings for systematic reviews in the coch-
rane back review group, Spine 34(18): 19291641

C:';} Springer

R.App. 000651



EXHIBIT 31

EXHIBIT 31

R.App. 000652



712012015 Is the rate of re-cperation after primary lumbar microdiscectomy affected by surgeon grade or intra-operative tavage of the disc space? - PubMed - NCBI
PubMed v

Absitract Fudl text links

informa zccess
BrJ Neurosurg. 2014 Apri28(2):247-51. doi: 10.3109/02688697,2013.829555. Epub 2013 Aug 19, =" TR

Is the rate of re-operation after primary lumbar microdiscectomy affected
by surgeon grade or intra-operative lavage of the disc space?

Ellenbogen gﬂa", Marlow W, Fischer BE, Tsegaye M, Wilby MJ.

Author information

The Walton Centre NHS Foundation Trust , Fazakerley, Liverpool, UK.

Abstract

STUDY DESIGN. Retrospective audit of consecutive patients. OBJECTIve. To investigate the re-
operation rate following elective primary lumbar microdiscectomy and to determine whether
principal surgeon grade and/or disc space lavage is a factor in recurrence. SUMMARY OF
BACKGROUND DATA. Recurrent herniation of disc material following lumbar microdiscecomy
surgery is one of the commonest complications of the procedure. Any reduction in the number of
revision microdiscectomies performed per year would have a significant impact on patients' lives
and on the health service economy. We undertook this study to ascertain whether principal surgeon
grade and/or disc space lavage has an impact in reducing the re-operation rate. METHODS. We
undertook a retrospective audit of patients who underwent elective primary lumbar
microdiscectomy, over a 3-year period (n = 971). RESULTS. The overall re-operation rate for
primary elective microdiscectomy was 3.8%, consistent with the published literature. The relative
risk of re-operation in patients primarily operated by registrar surgeons was 1.2 fold the risk in
patients operated by consuitants (95% Cl: 0.62, 2.35) although not statistically significant (p =
0.568). The risk of re-operation in the 'non lavage' group was 2.15 fimes the risk in the 'lavage’
group (95% CI: 0.63, 7.34), but it did not reach significance (p = 0.222). CONCLUSIONS. Principal
surgeon grade and intervertebral disc lavage have not been found conclusively to be factors in the
rate of recurrence. This information is useful to reassure patients that their outcome from such
surgery is not dependent on the grade of surgeon performing the operation. There is a possible
trend towards intervertebral disc lavage reducing the rate of recurrence.
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Reoperation for recurrent lumbar disc herniation: a study over a 20-year
period in a Japanese population.
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Anstract

BACKGROUND: Many studies have been reported on recurrent lumbar disc herniations covering
several pathological conditions. In those studies, reoperation rate of revised disc excisions was
calculated by simple division between the number of reoperations and that of the total primary disc
excisions. To determine the real reoperation rate, strict definition of pathologies, a large number of
patients, a long observation period, and survival function method are necessary.

METHODS: Between 1988 and 2007, 5,626 patients with disc excision were enrolled by the spine
registration system of the Department of Orthopaedic Surgery, Tohoku University, Japan. Among
them, 192 had revised disc surgery, and we obtained data of 186 patients whose clinical features
were assessed and reoperation rates analyzed using the Kaplan-Meier method.

RESULTS: In total, 205 disc herniations were excised in the revision surgery (including
contralateral herniation at the same level and new herniation at a different level), and 101 were real
recurrent herniations (recurrence at the same level and side as the primary herniation). The kappa
coefficient of the spinal level and side between the primary and revision surgeries was 0.41,
indicting moderate correlations. Real recurrent herniations showed shorter intervals between
primary and revision surgeries. Male patients with surgery at a younger age carried a higher risk of
reoperation. In the revision surgery, transligamentous extrusion was significantly more common
than other types of herniation. On Kaplan-Meier analysis, the reoperation rate of overall revised
excisions was 0.62% at 1 year, 2.4% at & years, 4.4% at 10 years, and 5.9% after 17 years. That of
real recurrent herniations was 0.5%, 1.4%, and 2.1%, respectively, and 2.8% after 1 5.7 years.

CONCIL.USION: Reoperation rate of real recurrent herniations calculated using survivai function
method gradually increased year by year, from 0.5% at 1 year after primary surgery to 2.8% at
15.7 years.
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Abstract
INTRODUCTION: In the treatment of the lumbar disc herniaton (LDH) microdiscectomy

canstitutes one of the standard procedures. In the present study we have analyzed the clinical
outcome of the lumbar microdis- cectomy in a series of worker patients who underwent surgery in
our service.,

METHODS: Retrospective analysis and a 5-year follow up, of a series of 142 patients operated on
by means of lumbar microdiscectomy in the 2004-2005 period. The clinical outcome was
analyzed according to the "Herron and Tumer" outline: pain reduction, use of medical treatment,
restriction in the ability to perform physical activities, and return to work.

RESULTS: 116 men and 26 women, with an average age of 37.9 and 45.4 years respectively,
underwent surgery because of LDH. In the clinical aspect, sciatica was predominant over low back
pain in a ratio of three to one. The L5-S1 discal level was operated on in 68.3% of the cases. It was
considered that occupational activities gave rise to damage in 107 patients (75.3%). Besides a
symptomatic disc, there was an additional injured disc in 44.3% of the cases. An initial unfavourable
outcome was seen in 42 patients (33%), 15 of which recovered from in an interval of 3 months, and
another fifteen within a one year period. A re-operation was necessa ry in 16 patients because of
recurrent lumbar disc hemniation (11%). Work reintegration was achieved in 83.3% (119/142) of the
cases. After a 5-year follow up, we stated the consistency of the clinical result.

DISCUSSION: We analyzed the intervertebral disc behaviour as regards sex, age, variety of discal
herniation, additional disc, outcome and re-operation variables. After the analysis of the type of
discal herniation and additional disc we defined three disc injury pattermns. VWe consider
microdiscectomy as the technique of choosing for the treatment of recurrence disc herniation.

CONCLUSIONS: Between the working class, discal injury predominates in young men, as a
consequence of the annulus breakage, or an annulus plus posterior longitudinal ligament breakage
(traumatic herniae). Frequently it was observed that more than one disc was involved, and a left

lateralization.
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The efficacy of minimally invasive discectomy compared with open
discectomy: a meta-analysis of prospective randomized controlled trials.
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Ahstract

OBJECT: Advocates of minimally invasive discectomy (MID) have promaoted this operation as an
alternative to open discectomy (OD), arguing that there may be less injury to the paraspinal
muscles, decreased postoperative pain, and a faster recovery time. However, a recently published
large randomized controlled trial (RCT) comparing these approaches reported inferior relief of leg
pain in patients undergoing MID. The authors conducted a meta-analysis to evaluate complications
and improvement in leg pain in patients with radiculopathy enrolled in RCTs comparing OD to MID.

METHODS: The authors performed a literature search using Medline and EMBASE of studies
indexed between January 1990 and January 2011. Predetermined RCT eligibility included the
usage of tubular retractors during MiD, a minimum follow-up duration of 1 year, and quantification of
pain wilh the visual analog scale (VAS). Trials that only evaluated patients with recurrent disc
herniation were excluded. Data on operative parameters, complications, and VAS scores of leg pain
were extracted by 2 investigators. A meta-analysis was performed assuming random effects {o
determine the difference in mean change for continuous outcomes and the risk ratio for binary
outcomes.

RESULTS: Six trials comprising 837 patients (of whom 388 were randomized to MID and 449 were
randomized to OD) were included. The mean operative time was 49 minutes during MID and 44
minutes during OD; this difference was not statistically significant. incidental durotomies occurred
significantly more frequently during MID (56.67% compared with 2.80% for OD; RR 2.05, 95% CI
1.05-3.98). Intraoperative complications (incidental durotomies and nerve root injuries) were also
significantly more common in patients undergoing MID (RR 2.01, 95% CI1 1.07-3.77). The mean
preoperative VAS score for leg pain was 6.9 in patients randomized to MiD and 7.2 in those
randomized to OD. With long-term follow-up (1-2 years postoperatively), the mean VAS score
improved to 1.6 in both the MID and OD cohorts. There was no significant difference in relief of leg
pain between the 2 approaches with either short-term follow-up (2-3 months postoperatively, 0.81
points on the VAS, 95% CI-4.71 {0 6.32) or long-term follow-up (2.64 on the VAS, 95% Cl -2.15 1o
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7.43). Reoperation for recurrent herniation was more common in patients randomized to the MID
group (8.50% compared with 5.35% in patients randomized to the OD group), but this difference
was not statistically significant (RR 1.56, 85% CI 0.92-2.66). Total complications did not differ
significanily between the operations (RR 1.50, 85% Cl1 0.97-2.33).

CONCLUSIONS: The current evidence suggests that both OD and MID lead to a substantial and
equivaient long-term improvement in leg pain. Adequate decompression, regardless of the
operative approach used, may be the primary determinant of pain relief-the major complaint of many
patients with radiculopathy. Incidental durotomies occurred significantly more frequently during MID,
but total complications did not differ between the techniques.

PRUD: 22404142 [PubMed - indexed for MEDLINE] PMCID: PMC3618201  Free PMC Article
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Reoperation rate after surgery for lumbar spinal stenosis without
spondylolisthesis: a nationwide cohort study.
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Abstract

BACKGROUND CONTEXT: Lumbar spinal stenosis is one of the most common degenerati\ke spine
diseases. Surgical options are largely divided into decompression only and decompression with
arthrodesis. Recent randomized trials showed that surgery was more effective than nonoperative
treatment for carefully selected patients with lumbar stenosis. However, some patients require
reoperation because of complications, failure of bony fusion, persistent pain, or progressive
degenerative changes, such as adjacent segment disease. [n a previous population-based study,
the 10-year recperation rate was 17%, and fusion surgery was performed in 10% of patients.
Recently, the lumbar fusion surgery rate has doubled, and a substantial portion of the reoperations
are associated with a fusion procedure. With the change in surgical trends, the longitudinal surgical
outcomes of these trends need to be reevaluated.

PURPOSE: To provide the longitudinal reoperation rate after surgery for spinal stenosis and to
compare the reoperation rates between decompression and fusion surgeries. |

STUDY DESIGN/SETTING: Retrospective cohort study using national health insurance data.

PATIENT SAMPLE: A cohort of patients who underwent initial surgery for lumbar stenosis without
spondylolisthesis in 2003.

OUTCOME MEASURES: The primary end point was any type of second lumbar surgery. Cox

proportional hazards regression modeling was used to compare the adjusted reoperation rates
between decompression and fusion surgeries.

METHODS: A national health insurance database was used to identify a cohort of patients who
underwent an initial surgery for lumbar stenosis without spondylolisthesis in 2003; a total of 11,027
patients were selected. Individual patients were followed for at least 5 years through their encrypted
unique resident registration number. After adjusting for confounding factors, the reoperation rates for
httpwway.neblnime.nih.govipubmed/24017959 R. App. 000662
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decompression and fusion surgery were compared.

RESULTS: Fusion surgery was performed in 20% of patients. The cumulative reoperation rate was
4.7% at 3 months, 7.2% at 1 year, 9.4% at 2 years, 11.2% at 3 years, 12.5% at 4 years, and 14.2%
at 5 years. The adjusted reoperation rate was not different between decompression and fusion
surgeries (p=.82). The calculated reoperation rate was expecied to be 22.9% at 10 years.

CONCLUSIONS: The reoperation rate was not different between decompression and fusion
surgeries. With current surgical trends, the reoperation rate appeared to be higher than in the past,
and consideration of this problem is required.

Copyright © 2013 Elsevier Inc. All rights reserved.

KEYWORDS: Decompression; Fusion; Lumbar spine; Reoperation rate; Surgery
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5-year reoperation rates after different types of lumbar spine surgery.
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Abstract
STUDY DESIGN: Population-based cohort study of Washington State patients who underwent
lumbar spine surgery for degenerative conditions in 1988.

OBJECTIVES: To compare complications and reoperation rates during the 5-year period after
surgery between patients who have undergone lumbar spine fusion surgery and those who have
undergone laminectomy or discectomy alone.

SUMMARY OF BACKGROUND DATA: Spinal fusion is associated with wider surgical exposure,
more extensive dissection, and longer operative times than lumbar surgery without fusion, and
previous studies have shown higher complication rates and hospital charges associated with these
maore complex procedures. In elderly patients, spinal fusion operations were associated with higher
mortality rates than laminectomy or discectomy alone, and reoperation rates were not lower. In the
current study, reoperations, mortality, and complications following lumbar spine surgery were
examined for the general population.

METHODS: A statewide hospital discharge database was used to identify all Washington patients
who underwent spine surgery in 1888 and to determine the rate of reoperation during the
subsequent 5 years. Administrative records also were used to identify complications, mortality, and
hospital charges associated with the operations. Unadjusted complication and reoperation rates for
the groups were compared using chi-squaré statistics. Adjusted rates were compared using logistic
regression.and proportional hazards (Cox) regression after controlling for age, gender, prior spine
surgery, diagnosis, comorbidity, type of surgery, and coverage by Workers' Compensation.

RESULTS: Of 6376 patients who underwent lumbar surgery for degenerative conditions in
Washington in 1988, 1041 (16%) had operations involving spine fusion. Diagnoses of degenerative
disc disease or possible instability were more frequent among patients undergoing fusion surgery,
whereas hemiated discs were more frequent among those undergoing discectomy or laminectomy
alone. Complications were recorded in 18% of fusion patients and 7% of nonfusion patients (P <
0.01), but mortality rates did not differ. Unadjusted reoperation rates over the 5-year period were
greater for patients who underwent fusion than for patients who underwent nonfusion surgery (18%

vs. 15%, respectively), but after adjustment for baseline characteristics, fusion patients had only a
htt:/Awew. nCkinim. nih. qov/oubmed/9563113 - - R.App. 000665~
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slightly greater (and nonsignificant) risk of reoperation (relative risk 1.1, confidence interval .9-1.3).

CONCLUSION: As in previous studies, complications in the current study occurred more frequently
among patients who underwent lumbar spine fusion than among those who underwent laminectomy
or discectomy alone. Reoperations were at least as frequent after fusion, but the authors could not
assess treatment efficacy in terms of pain relief or improved function. Although the characteristics of
patients undergoing fusion differed from those undergoing a laminectomy or discectomy alone,
there appeared to be sufficient overiap in the clinical populations to warrant closer scrutiny of the
safety, efficacy, and indications for spinal fusions, preferably in randomized trials.

k
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Abstract

BACKGROUND: For carefully selected patients with lumbar stenosis, decompression surgery is
more efficacious than nonoperative treatment. However, some patients undergo repeat surgery,
often because of complications, the failure to achieve solid fusion following arthrodesis procedures,
or persistent symptoms. We assessed the probability of repeat surgery following operations for the
treatment of lumbar stenosis and examined its association with patient age, comorbidity, previous
surgery, and the type of surgical procedure.

METHODS: We performed a retrospective cohort analysis of Medicare claims. The index operation
was performed in 2004 (n = 31,543), with follow-up obtained through 2008. Operations were
grouped by complexity as decompression alone, simple arthrodesis (one or two dis¢ levels and a
single surgical approach}, or complex arthrodesis (more than two disc levels or combined anterior
and posterior approach). Recperation rates were calculated for each follow-up year, and the fime to
reoperation was analyzed with proportional hazards models.

RESULTS: The probability of repeat surgery fell with increasing patient age or comorbidity. Aside
from age, the strongest predictor was previous lumbar surgery: at four years the reoperation rate
was 17.2% among patients who had had lumbar surgery prior to the index operation, compared with
10.6% among those with no prior surgery (p < 0.001). At one year, the reoperation rate for patients
who had been managed with decompression alone was slightly higher than that for patients who
had been managed with simple arthrodesis, but by four years the rates for these two groups were
identical (10.7%) and were lower than the rate for patients who had been managed with complex
arthrodesis (13.5%) (p < 0.001). This difference persisted after adjusting for demographic and
clinical features (hazard ratio for complex arthrodesis versus decompression 1.56, 95% confidence
interval, 1.26 to 1.92). A device-related complication was reported at the time of 29.2% of
reoperations following an initial arthrodesis procedure.

CONCLUSIONS: The likelihood of repeat surgery for spinal stenosis declined with increasing age
and comorbidity, perhaps because of concemn for greater risks. The strongest clinical predictor of
repeat surgery was a lumbar spine operation prior to the index operation. Arthrodeses were not
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significantly associated with lower rates of repeat surgery afier the first postoperative year, and
patients who had had complex arthrodeses had the highest rate of reoperations.

Comment in
Can stafistics alone add clinical meaning o non-specific biling databases? Commentary on an
arlicle by Richard A. Deyo, MD, MPH, et al.. "Revision surgery following operations for lumbar

stenosis”. [J Bone Joint Surg Am. 2011]

PMID; 22048092 [PubMed - indexed for MEDLINE] PMCID: PMC3490708 Free PMC Article

Images from this publication. See allimages
(2) FEreetext

oy recrem P va—

QT i g ST g P r y T
§ it e At SN welgae iR A B g P 98 g Eedbaliompis Savnea, irvg
.r"'“'\ a»c:, af " e M'h*{,
g o e
- e G ’
L :
= L il S
. ,r-"", H
e AT 5=
o Pt et "
B H i : : R
’ el e -H
[T FFT— i) S s
T . et i,

Publication Types, MeSH Terms

LinkOut - more resources

PubMed Commons PubMed Commons home

0 comments

How to join PubMed Commons

httpfweww.nebi nlm.nih.gov/pubmed/22048092 22
R.App. 000669



EXHIBIT 38

EXHIBIT 38

R.App. 000670



222015 Surgery for spinal stenosis: long-term reoperation rates, health care cost, ard impact of instrumentstion. - PubMed - NCBI

PubMed Y|

Wolters Kiz.s:‘ssgffsri

Spine (Phila Pa 1976). 2014 May 20,3%(12):978-87. doi: 10.1087/BRS.0000000000000314.

Surgery for spinal stenosis: long-term reoperation rates, health care cost,
and impact of instrumentation.
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Abstract
STUDY DESIGN: Retrospective cohort analysis.

OBJECTIVE: To examine the complications, reoperation rates, and resource use after each of the
surgical approaches for the treatment of spinal stenosis.

SUMMARY OF BACKGROUND DATA: There are no uniform guidelines for which procedure
{decompression, decompression with instrumentation, or decompression with noninstrumented

fusion) to perform for the freatment of spinal stenosis. With no clear evidence for increased efficacy,
the rate of instrumented fusions is rising.

METHODS: We performed a retrospective cohort analysis of patients who underwent spinal
stenosis surgery between 2002 and 2009 in the United States. Patients included (n = 12,657) were
diagnosed with spinal stenosis without concurrent spondylolisthesis and had at least 2 years of
preoperative enroliment. A total of 2385 patients with decompression only and 620 patients with
fusion had follow-up data for 5 years or more.

RESULTS: Complication rates during the initial procedure hospitalization and at 90 days were
significantly higher for those who underwent laminectomy with fusion than for those who underwent
laminectomy alone, with reoperation rates not differing significantly between these groups. Long-
term (25 yr) reoperation rates were similar for those undergoing decompression alone versus
decaompression with fusion (17.3% vs. 16.0%, P = 0.44). Those with instrumented fusions had a
slightly higher rate of reoperation than patients with noninstrumented fusions (17.4% vs. 12.2%, P =
0.11) at more than 5 years. The total cost including initial procedure and hospital, outpatient,
emergency department, and medication charges at 5 years was similar for those who received
decompression alone and fusion. The long-term costis for instrumented and noninsirumented
fusions were also similar, totaling $107,056 and $100,471, respectively.

CONCLUSION: For patients with spinal stenaosis, if fusion is warranted, use of arthrodesis without

-iww.ncbi nim .nih.govipubmed/247 18058 12
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instrumentation is associated with decreased costs with similar long-term complication and
reoperation rates.

Comment in
[L.umbar Spinal Stenosis - decompression with vs. without instrumented fusion]. [Z Orthop Unfali.
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J Bone Joint Surg Am. 2013 Nov 6;95(21):e162. doi: 10.2106/JBJS.L.00730.

Complications, reoperation rates, and health-care cost following surgical
treatment of lumbar spondylolisthesis.

Lad SP! BabuR, Baker AA, Ungiliweneza B, Kong M, Bagley CA, Goltiried ON, Isaacs Rk, Palil CG, Boakve
M.

Author information

Abstract

BACKGROUND: Surgery remains the mainstay for management of lumbar spondylolisthesis and is
considered an effective therapeutic modality following unsuccessful nonoperative treatment.
Surgical procedures include decompression, decompression with instrumented arthrodesis, and
decompression with noninstrumented arthrodesis. The purpose of this study was to examine the
complications, recperation rates, and health-care costs associated with each of these procedures.

METHODS: The MarketScan database was utilized to identify 16,556 patients with a primary
diagnosis of lumbar spondyiolisthesis who underwent surgical treatment from 2000 to 2009.
Qutcomes were evaluated in propensity score-matched cohorts, with complication rates analyzed
with the chi-square test, reoperation rates analyzed using the Mantel-Haenszel test, and health-care
resource use analyzed using the Wilcoxon signed-rank test.

RESULTS: Complication rates were significantly higher in patients who underwent arthrodesis
compared with those who had decompression alone during the initial hospitalization (8.3% versus
4.8%; p < 0.0001) and at the time of the ninety-day follow-up (9.6% versus 5.5%; p < 0.0001).
Complication rates were similar for those who received instrumented and noninstrumented
arthrodesis. Patients who underwent decompression alone had higher reoperation rates at two
years or more than those who received arthrodesis (15.7% versus 11.8%; p = 0.034). Patients with
instrumented arthrodesis trended to have higher reoperation rates than those without
instrumentation at five years or more (18.4% versus 10.6%; p = 0.063). Initial hospital costs and two-
year and five-year overall costs (in 2009 U.S. dollars) were higher for patients managed with
arthrodesis than for those who had decompression only ($102,906 versus $89,337; p = 0.0018).
Also, patients who received instrumentation had higher hospitalization costs than those without
instrumentation (539,997 versus $27,309; p = 0.023) and higher overall costs at two years ($73,482
versus $60,394,; p < 0.0001), although the difference was not significant at five years {p = 0.29).

CONCLUSIONS: Patients with lumbar spondylolisthesis who underwent decompressive
faminectomy and spinal arthrodesis had lower reoperation rates but higher overall costs than
patients treated with laminectomy alone. Noninstrumented arthrodesis was also associated with
lower long-term reoperation rates and health-care costs compared with instrumented arthrodesis.

http:iwww.nebi.nlm.nih.gowpubmed/24 196474 172
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The long-term outcomes and costs of these procedures should be evaluated in conjunction with
clinical efficacy to ensure the most cost-effective treatment is utilized.

LEVEL OF EVIDENCE: Therapeutic level lll. See Instructions for Authors for a complete description
of levels of evidence.

PMID: 24196474 [PubMed - indexed for MEDLINE]
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Abstract
STUDY DESIGN: Retrospective cohort study using national health insurance data.

OBJECTIVE: To provide a longitudinal reoperation rate after surgery for lumbar herniated
intervertebral disc (HIVD) disease, and to compare the reoperation rates of surgical methods.

SUMMARY OF BACKGROUND DATA: Herniated intervertebral disc disease is the most common
cause of lumbar spinal surgery. Despite improved surgical techniques and instrumentation,
reoperation cannot be avoided. The reoperation rates were in the range of 6% to 24% in previous
studies. A population-based study is less subject to bias; hence, a nationwide longitudinal analysis
was warranted.

METHODS: A national health insurance database was used to ideniify a cohort of patients who
underwent first surgery for herniated intervertebral disc disease in 2003 and 18,590 patients were
selected. Individual patients were followed for at least 5 years through their encrypted unique
resident registration number. The primary endpoint was any type of second lumbar surgery. After
adjusting for confounding factors, 5 surgical methods (fusion, laminectomy, open discectomy,
endoscopic discectomy, and nucleolysis [including mechanical nucleus decompression]) were
compared. Open discectomy was used as the reference method.

RESULTS: Open discectomy was the most common procedure (68.9%) followed by endoscopic
discectomy (16.1%), laminectomy (7.9%), fusion (3.9%), and nucleolysis (3.2%). The cumulative
reoperation rate was 5.4% at 3 months, 7.4% at 1 year, 9% at 2 years, 10.5% at 3 years, 12.1% at4
years, and 13.4% at 5 years. The reoperation rates were 18.6%, 14.7%, 13.8%, 12.4%, and 11.8%
after laminectomy, nucleolysis, open discectomy, endoscopic discectomy, and fusion, respectively.
Compared with open discectomy, the reoperation rate was higher after laminectomy at 3 months,
whereas the other surgical methods had simiiar rates.

CONCLUSION: The cumulative reoperation rate after 5 years was 13.4% and half of the
reoperations occurred during the first postoperative year. With the exception of laminectomy, the
reoperation rates of the other procedures were not different from that of open discectomy.
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Abstract

BACKGROUND CONTEXT: Repeat lumbar spine surgery is generally an undesirable outcome.
Variation in repeat surgery rates may be because of patient characteristics, disease severity, or
hospital- and surgeon-related factors. However, litile is known about population-level variation in
reoperation rates.

PURPOSE: To examine hospital- and surgeon-level variation in reoperation rates after lumbar
herniated disc surgery and to relate these to published benchmarks.

STUDY DESIGN/SETTING: Retrospective analysis of a discharge regEStry including all nonfederal
hospitals in Washington State.

METHODS: We identified adults who underwent an initial inpatient lumbar decompression for
herniated disc from 1997 to 2007. We then performed generalized linear mixed-effect logistic
regressions, controlling for patient characteristics and comorbidity, to examine the variation in
reoperation rates within 90 days, 1 year, and 4 years.

RESULTS: Our cohort included 29,529 patients with a mean age of 47.5 years, 61% privately
insured, and 15% having any comorbidity. The age-, sex-, insurance-, and comorbidity-adjusted
mean rate of recperation among hospitals was 1.9% at 90 days (95% confidence interval [CI], 1.2-
3.1), with a range from 1.1% 10 3.4%; 6.4% at 1 year (95% Cl, 3.9-10.6), with a range from 2.8% {o
12.5%; and 13.8% at 4 years (95% Cl, 8.8-19.8), with a2 range from 8.1% o 24.5%. The adjusted

mean reoperation rates of surgeons were 1.9% at 90 days (85% ClI, 1.4-2.4) with a range from 1.2%

{0 4.6%, 6.1% at 1 year (95% ClI, 4.8-7.7) with a range from 4.3% to 10.5%, and 13.2% at 4 years
(95% CI, 11.3-15.5) with a range from 10.0% to 19.3%. Multilevel random-effect models suggested
that variation across surgeons was greater than that of hospitals and that this effect increased with
leng-term outcomes.

CONCLUSIONS: Even after adjusting for patient demographics and comorbidity, we observed a
large variation in reoperation rates across hospitals and surgeons after lumbar discectomy, a
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relalively simple spinal procedure. These findings suggest uncertainty about indications for repeat
surgery, varations in perioperative care, or variations in quality of care.

Copyright A® 2012 Elsevier Inc. All rights reserved.

Comment in
Commentary: The degenerative lumbar spine: a chronic condition in search of a definitive solution.

[Spine J. 2012]
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1 1-year cumulative incidence of reoperation following decompression surgery for herniated disc in
Washington State (solid line). The figure is annotated with point estimates for reoperation rates from other
studies on decompression surgery (clinical and administrative).
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The reoperation rates within 90-days, 1-year, and 4-years following inpatient lumbar decompression surgery
for herniated disc. Each spike represents 95% Bayesian confidence interval for the probability of reoperation
within hospitals (figures on left) and surgeons nested within hospitals (figures on right) in Washington State.
For the purposes of presentation we excluded those surgeons who have fewer than 10 cases (because of their
uninformative low volumes, we could not identify any of them as being significantly above or below the
SPORT benchmark). The solid horizontal line represents the overall reoperation rate, while dashed hines
represent the reoperation benchmark from SPORT.
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Abstract
STUDY DESIGN: Retrospective follow-up study of patients undergoing multiple (two or more)
reoperations after initial lumbar discectomy using an administrative database.

OBJECTIVES: To identify the population-based risk of multiple reoperations after lumbar
discectomy and to analyze factors associated with the risk.

SUMMARY OF BACKGROUND DATA: Although muitiple reoperations after initial lumbar
discectomy are likely uncommon, research to better understand reasons for and outcomes of
reoperations is needed because of the large number of discectomies performed.

METHODS: Data on all lumbar spine operations during 1987-1998 were obtained from the Finnish
Hospital Discharge Register. The patient's initial disc operation during the study period was linked to
subsequent operations, and patients with two or more reaperations were analyzed further. The risk
of multiple reoperations was determined using the methods of event history analysis.

RESULTS: Among 35,308 patients undergoing an initial discectomy, 4943 (14.0%) had atleast one
reoperation and 803 (2.3%) had two or more reoperations. A total-of 63% of the second
reoperations were discectomies, 14% were fusions, and the remaining 23% were decompressions.
Patients with one reoperation after lumbar discectomy had a 25.1% cumulative risk of further spinal
surgery in a 10-year follow-up. Reduced risk was seen when the first reoperation took place more
than 1 year after the initial discectomy (relative risk 0.83, 95% confidence interval 0.72-0.86), in
patients for whom the first reoperation had been a fusion (relafive risk 0.27, 95% confidence interval

0.12-0.61), and in patients 50-64 years of age (relative risk 0.62, 95% confidence interval 0.48-
0.79).

CONCLUSION: Patients with one reoperation after lumbar discectomy are at considerable risk of
further spinal surgery. | .. _

PMID: 12642772 [PubMed - indexed for MEDLINE]
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Northwest Location

7455 W. Washington Avenue
Suite 160

Las Vegas, NV 89128

Southwest Location
/\ /\,-\ 1505 Wigwam Parkway

Suite 330

NEVAD A Henderson, NV 89074

ORTHOPEDIC & SPINE CEN’TER Medical-Legal/Licns Department
(702) 258-3748 voice

Workers” Compensation Liaison
{702) 258-3744 voice

Patient Name; Beau Orth
Patient ID: 496711
Date of Birth: 11/02/1989

Date of Examination/Report: 7-24-15

SUPPLEMENT

For previous opinions please see my previous report. I will state that my last report was authored
on June 26, 20135 and it indicates that I disagree with the opinions of other healthcare providers
who feel that Mr. Orth has a probability of requiring fusion surgery. 1 specifically mentioned Dr.
Andrew Cash as being one of the healthcare providers who opines that because of the lumbar
decompression within the next 10 years he will require an L4 to the sacrum fusion. Certainly
this opinion is not supported in the literature. I have reviewed multiple articles including the
following out of evidence based spine care journal entitled “Microdiskectomy for the Treatment
of Lumbar Disk Hemiation and Evaluation of Reoperations and Long Term Qutcomes”. In that
paper patients were followed for greater than five years and a minority required further spine
surgery which was related to the initial microdiskectomy. There was no evidence of long term
fusion surgery required in that article authored by Aichmairl in October of 2014. Likewise in the
Journal of Spinal Disorders, a February of 2014 article entitled “Limited Microdiskectomy for
Lumbar Disk Herniation: A Retrospective Long Term Analysis”, there were reoperations for
recurrent disk herniations in a small number of patients. There was no report of patients
requiring fusions in the long term. This article was authored by Soliman, et al. The Journal of
Neurosurgery 2009, February, entitled “Recurrent Disk Herniation and Long Term Back Pain
After Primary Lumbar Diskectomy: Review of Outcomes” reported for limited versus
aggressive disk removal by McGirt, et al., indicates that there were no fusions performed.

Journal of Neurosurgery of the Spine, February of 2010, “Long Term Back Pain After Single
Diskectomy for Radiculopathy™ showed after long term follow-up there was no probability of
patients going on to require lJumbar fusion. This article was authored by Parker, et al. Additional
articles including the Spine Journal, July of 2006, “Mid to Long Term Qutcome of Disk Excision
in Adolescent Disk Hernias” in which patients were followed between 1984 and 2002 with an
average time from surgery to follow-up of 8.9 years. There was only one patient that required a
fusion. These articles and others would suggest against Dr. Cash’s recommendation that the
patient will require a lumbar spine fusion in the next 10 years. Certainly I can state to a
reasonable degree of medical probability that the patient will not go on to require a lumbar
fusion, and that is based not only on opinions that I' ve authored prior, but based on a literature
review which does not indicate that patients undergoing disk decompressive surgery or
microdiskectomy will be subjected to fusions in the future. Certainly a small number of patients
require reoperation for recurrent disk hernia but it would be improbable for patients undergoing
microdiskectomy whether it be at one or two levels that would go on to require lumbar spine
fusion. The literature supports my opinion that this patient will not require future surgical
treatment in the way of a fusion. If there are any other questions or concerns please feel free (o
contact me.

Reynold L. Rimoldi, MD/DA
DT: 7-24-15
R.App. 000693





