Review and Response to position on AxiaLIF®

Please find below the official comments from the American Association of Neurological Surgeons/Congress of Neurological Surgeons regarding Wellpoint’s draft coverage policy for the AxiaLIF procedure (Exhibit 1).

Introduction:

The draft policy stating that AxiaLIF is investigational does not accurately describe the procedure nor does it reflect the breadth of published medical evidence.  AxiaLIF is an anatomically valid anterior stabilization and interbody fusion technique via a retroperitoneal access that has safely been performed more than 5500 times across the United States.  The procedure has been performed in a variety of settings including large academic medical centers, community hospitals, and the outpatient setting.  Positive results reported in the literature have been achieved across practice settings with regularity.  AxiaLIF is simply an access variation of the current standard of care fusion procedures much as anterior and posterior lumbar interbody fusion techniques.  The body of peer reviewed literature demonstrates that AxiaLIF provides comparable fusion rates to other procedures with similar incidence of iatrogenic complications and clinical outcomes. Wellpoint has published supportive positions of other minimally invasive procedures such as TLIF, XLIF and DLIF having deemed them medically necessary. As such, we disagree with other reviewers in that AxiaLIF, like these other procedures, is simply a variation of classical ALIF (anterior lumbar interbody fusion) and PLIF/TLIF (posterior or transforaminal interbody fusion) at L5-S1.

Technical Description:
Wellpoint’s current description of the AxiaLIF procedure is inaccurate.  The draft policy states “AxiaLIF is…intended to provide anterior stabilization of the spinal segments as an adjunct to spinal fusion and for assisting in the treatment of degeneration of the lumbar disc, performing lumbar discectomy, or for assistance in the performance of interbody fusion.”  The approved FDA labeling for the procedure is as follows: “TranS1 AxiaLIF System is intended to facilitate spinal fusion by providing axial access to the L5-S1 disc space and axial stabilization of those vertebral bodies.  The Trans1 AxiaLIF System is indicated for patients requiring fusion to treat pseudoarthrosis, unsuccessful previous fusion, spinal stenosis, spondylolisthesis (Grade 1 or 2), or degenerative disc disease as defined as back pain of discogenic origin with degeneration of the disc confirmed by history and radiographic studies.” (please see Appendix 2).

AxiaLIF is an anterior stabilization and interbody fusion technique via a retroperitoneal approach that must be performed as an adjunct to posterior (non-interbody) fusion and/or in combination with legally marketed pedicle or facet screws.  The current description inaccurately portrays AxiaLIF as a discectomy or fusion assistance procedure not as a true inerbody fusion procedure as it should.   It is often used in combination with posterolateral fusion but it is never used in conjunction with ALIF, TLIF, XLIF, or PLIF at the same level.   Furthermore, the nomenclature of the current CPT code of AxiaLIF (0195T) describes the procedure as a presacral arthrodesis.  There should be no question that AxiaLIF is an interbody fusion procedure. Historical literature has demonstrated the use of transsacral intrumentation via Rogers or Bohlman fibular struts passed through an equivalent anatomical corridor.
Wellpoint reviewers also questions the ability of the surgeon to adequately perform a discectomy due to visualization of the disc space solely via fluoroscopy.  However, it is well documented that other MIS fusion techniques such as MIS TLIF, XLIF and DLIF also have limited visualization of the disc space during the discectomy portion of the procedure and require fluoroscopy as an enabler for visualization.  It would seem from the published fusion rates for the AxiaLIF procedure that an adequate and aggressive discectomy was indeed accomplished at the time of surgery given the radiographic fusion rates seen by various authors which are equivalent to historical TLIF and ALIF literature series.
There is also concern about the total amount of fluoroscopy used during the procedure.  Despite wide variation in surgical times, the average total amount of fluoroscopy used during the procedure is approximately 2-3 minutes which is far less radiation exposure than a standard CT scan. In this authors experience, the amount of flouroscopy for AxiaLIF is similar or nearly equivalent to that of other minimally invasive procedures such as XLIF, DLIF and minimally invasive TLIF with pedicle screws.
Evidence:

The two main outcomes of interest when considering the clinical rationale for using AxiaLIF are fusion rates over time and complication rates.   AxiaLIF has been widely studied with experiences being reported both in peer reviewed journal articles and via abstracts and posters presented at clinical meetings.  Overall, fusion rates have been comparable or better than those experienced by standard of care procedures while complications have been reduced. (A full appendix of citations and selected study summaries follows)

In one published study Aryan et al. reports a 91% fusion rate at 17.5 months.  This is comparable or superior to current standard of care fusion procedures.  In 1998 Kuslich et al reported fusion rates of 88.3% for ALIF cases and 85.3% for PLIF case at 12 months.  At two years these rates were 93% for ALIF and 90.6% for PLIF.  This represents a significant improvement demonstrated by AxiaLIF as compared to these predicate procedures.  Kuslich also reports an overall spinal fusion complication rate of 19.7% of which 2% were major complications, 8.2% were intraoperative complications, and 9.5% were postoperative complications.  In contrast, using AxiaLIF Aryan reported 1 local infection at the incision site and no major complications including bowel or vascular injuries.  The significantly reduced rate of complications has been widely reported (see full list of references in Exhibit 3).  
In 2008, Anand et al published the first peer-reviewed article regarding MIS fusion techniques, including AxiaLIF, in the adult degenerative scoliosis patient population.   Traditionally, this patient population has been difficult to treat given the significant morbidity and mortality associated with open fusion procedures.  However, Anand reports no surgical or post-surgical complications from the L5-S1 fusion portion of the procedure, and he reported that no blood transfusions occurred and no patients required an ICU stay.  Furthermore, overall hospital stays were significantly reduced when compared to traditional fusion procedures in this population.  Complications were significantly reduced using AxiaLIF as compared to ALIF or PLIF.  
Tobler et al (in press, publication expected late 2009) prospectively followed his first 26 sequential patients who underwent AxiaLIF at L5-S1 for two years.  Tobler reports patients had significant pain and disability reduction as early as 3 weeks post-surgery and continued at 24 months postoperatively.  Fusion rates were equal or greater when compared to conventional fusion procedures and no severe complications were reported in this patient group.  Furthermore, the Company (TranS1, Inc.) has reported all surgical complications resulting from the AxiaLIF procedure to the FDA as part of the continuing safety surveillance and after more than 5,500 completed procedures, the complication rate has consistently remained at approximately 1% which is on par with that of ALIF, TLIF and other L5-S1 interbody fusion techniques. It is crucial to understand that anterior lumbar interbody procedures (ALIF) carry known documented incidences of vascular, bowel, urogenital, and neurological complications. Whereas nonunions exist for all know types of interbody fusion procedures, published and peer-reviewed presented meeting abstract fusion rates for AxiaLIF are at the very least comparable to current standard of care fusion procedures.
AxiaLIF has demonstrated its utility as a treatment for grade 1 or 2 spondylolisthesis.  In a peer-reviewed presentation at the Spine Arthroplasty Society in May 2009, WB Rodgers reported positive results using AxiaLIF to correct spondylolisthesis while allowing surgeons to spare the facet joint and surrounding ligamentous tissues thus providing superior stability to the slipped segment with minimum morbidity to the patient.  

Rodgers et al has also studied AxiaLIF in the morbidly obese patient.  This patient population is often risked out of traditional fusion procedures due to the high risk of major complications.  Rodgers treated 37 patients with BMIs >30 and comorbidities which included smoking (38%), prior spine surgery (35%), diabetes (35%), and CAD (54%).  The average hospital stay for these patients was 1.05 days, disk height increased an average of 3.6mm.  Slip was 57% in spondylolisthesis patients and the reduction was maintained.  There were no transfusions or major infections; one patient required a pedicle screw revision at post-op day 15 and one patient had a local incision infection.  Pre-op VAS of 8.9 decreased to 3.5 at 3 months and 2.8 at six months.  Even in challenging patients, AxiaLIF proved to be safe, effective, and resulted in far fewer complications that those treated with traditional open fusion.

As demonstrated above, AxiaLIF has particular application in patient populations where traditional fusion procedure outcomes have not been strong.  For example, the adult degenerative deformity population represents the most challenging fusion patient populationAnand shows that MIS techniques, including AxiaLIF, significantly reduce morbidity and mortality in this vulnerable population which in turns creates significant cost savings for both the hospital and the payer.  Rogers et al report using proper care, a transsacral MIS approach using the AxiaLIF fixation system at L5-S1 for a Grade I  or Grade II spondylolisthesis provides a readily reproducible and safe alternative to traditional open interbody procedures at L5-S1  
AxiaLIF is contraindicated in patients with previous bowel surgery, irritable bowel surgery, pelvic disease, or peri-rectal abscesses.  AxiaLIF is also contraindicated in pregnancy and for those with severe spondylolisthesis (grades III or IV).  An MRI to the tip of the coccyx should be performed prior to surgery to rule out any sacral abnormalities that would rule out safe access to the L5/S1 disc space.

Discrepancy in Coverage for Spinal Fusion Procedures
TLIF, XLIF and DLIF are all new and minimally invasive approaches to the lumbar spine and all are considered medically necessary.  Except for two papers documenting MIS TLIF patients at 6 months (Deutsch H, Musacchio MJ-Neurosurg Focus 2006;20(3):E10) and 18 months (Schwender et al-J Spinal Disord Tech 2005;18(suppl 1):S1-S6), there are no peer-reviewed published papers on patient outcomes for these procedures.  The Deutsch paper followed 20 patients with 6 months of follow-up and Schwender followed 49 patients for 18 months (versus 35 patients with 17+ months of follow-up for Aryan).  Mean blood loss was higher for TLIF patients (100ml (Deutsch) and 140ml (Schwender) versus 30ml for AxiaLIF) and the TLIF group experienced 2 intraoperative complications (CSF leaks) versus zero in the AxiaLIF group.  Schwender documented four complications in his paper-2 patients experienced malpositioned pedicle screws that required removal and 2 patients developed new post-operative radiculopathies.  These patients (radiculopathies) required reoperations to resolve their pain.  To date, none of the patient outcomes data for AxiaLIF reports new radiculopathies as a result of surgical technique and no patients have required additional procedures.   Both MIS TLIF papers and the published AxiaLIF data show equivalent VAS and ODI scores at 6 months.  Given the limited data available for other minimally invasive procedures such as TLIF, XLIF and DLIF, AxiaLIF meets the criteria for medically necessity and has more published peer-reviewed patient outcomes data.

Conclusion

AxiaLIF is a reasonable alternate from of anterior stabilization and interbody fusion technique with a growing compendium of published outcomes data.  The procedure is widely performed in a variety of settings with a consistently low complication rate.  When compared to standard fusion procedures, AxiaLIF has an incidence of iatrogenic complications, perioperative morbidity, hospital stay, and infection rate that is equivalent to traditionally published ALIF and TLIF series.
From a cost-perspective, AxiaLIF provides a lower cost interbody fusion with improved patient outcomes.  Current standard of care fusion procedures have a documented reoperation rate of approximately 4% with AxiaLIF’s reoperation rates being similar.  Futhermore, AxiaLIF patients report equivalent radiographic fusion rates at 12 months with similar VAS and ODI scores respectively.

Based on this review of the published and presented data on the procedure, the positive impact AxiaLIF has on patient outcomes, and its potential to decrease costs associated with spinal fusion, AxiaLIF should be considered medically necessary by Wellpoint.
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Description

Axial lumbar interbody fusion (also called trans-sacral or paracoccygeal interbody fusion) is a minimally

invasive technique designed to provide anterior access to the L4-S1 disc spaces for interbody fusion

while minimizing damage to muscular, ligamentous, neural, and vascular structures. It is performed

under fluoroscopic guidance. 

The AxiaLIF® (Axial Lumbar Interbody Fusion) and AxiaLIF 2 Level Systems were developed by TranS1®

and consist of techniques and surgical instruments for creating a pre-sacral access route to perform

percutaneous fusion of the L5 - S1 or L4 – S1 vertebral bodies. FDA Premarket Notification [510(k)J]

summaries indicate that the procedures are intended to provide anterior stabilization of the spinal

segments as an adjunct to spinal fusion and for assisting in the treatment of degeneration of the lumbar

disc, performing lumbar discectomy, or for assistance in the performance of interbody fusion. The

AxiaLIF® systems are indicated for patients requiring fusion to treat pseudoarthrosis, unsuccessful

previous fusion, spinal stenosis, spondylolisthesis (Grade 1), or degenerative disc disease as defined as

back pain of discogenic origin with degeneration of the disc confirmed by history and radiographic

studies. They are not intended to treat severe scoliosis, severe spondylolisthesis (Grades 2, 3 and 4),

tumor, or trauma. The device is not meant to be used in patients with vertebral compression fractures or

any other condition where the mechanical integrity of the vertebral body is compromised. Their usage is

limited to anterior supplemental fixation of the lumbar spine at L5-S1 or L4-S1 in conjunction with legally

marketed facet or pedicle screw systems. (1,2)

The procedure for one level axiaLIF is as follows. Under fluoroscopic monitoring, a blunt guide pin

introducer is passed through a 15-20 mm incision lateral to the coccyx and advanced along the midline of

the anterior surface of the sacrum. A guide pin is introduced and tapped into the sacrum. A series of

graduated dilators is passed along the guide pin and a dilator sheath attached to the last dilator is left in

place to serve as a working channel for passage of instruments. A threaded reamer is then passed into

the L5-S1 disc space to rest on the inferior endplate of L5. It is followed by cutters alternating with tissue

extractors and the nucleus pulposis is debulked under fluoroscopic guidance. Next, bone graft material is

injected to fill the disc space. The threaded rod designed to distract the vertebral bodies, restore disc

height, and neural foramen height is then introduced over the guide pin into the S1 and L5 interbodies.

Bone void filler is injected into the rod and enters the disc space through holes in the axial rod. A rod plug

is then inserted to fill the cannulation of the axial rod. Percutaneous placement of pedicle or facet screws

completes the procedure.(3)

Policy

Axial lumbar interbody fusion is considered investigational.

Policy Guidelines

Rationale

The published literature reporting patient outcomes for axial lumbar interbody fusion is limited to a

technical report with presentation of 2 cases(4) and one retrospective case series with patients who

received AxiaLIF at L5-S1. The AxiaLIF 2 level system received premarket notification in April 2008.

Aryan and colleagues(5) report on their series of 35 patients with average follow-up of 17.5 months.

These patients had pain secondary to lumbar degenerative disc disease, degenerative scoliosis, or lytic

spondylolisthesis. In 21 of the patients, the axiaLIF procedure was followed by percutaneous pedicle

screw-rod fixation, 2 patients had extreme lateral interbody fusion combined with posterior

instrumentation, and 10 had a stand alone procedure. Two patients had axial LIF as part of a larger

construct after unfavorable anatomy prevented access to the L5-S1 disc space during open lumbar

fusion. Thirty-two patients had radiographic evidence of stable cage placement and fusion at last followup.

In their 2007 review of minimally invasive techniques for lumbar interbody fusion, Shen, et al note that

experience with the technique is limited and complication rates are unknown. Complications may include

perforation of the bowel and injury to blood vessels and/or nerves as well as infection. They also voice

concerns about the increased need for fluoroscopy and the inability of the surgeon to address intracanal

pathology or visualize the discectomy procedure directly.(3)

There is insufficient evidence to determine if axial lumbar interbody fusion is as effective or as safe as

other surgical techniques, therefore the technology is considered investigational.
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Codes Number Description

CPT 0195T Arthrodesis, pre-sacral interbody technique, including instrumentation, imaging (when performed), and

discectomy to prepare interspace, lumbar; single interspace

0196T Each additional interspace
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EXHIBIT 2- Review of AxiaLIF Publications
	TranS1 Publication List: Article Summaries 

	Author
	Title
	Journal
	Month/Year
	Summary

	Cragg A, Carl A, Casteneda F, Dickman C, Guterman L, Oliveira C
	New Percutaneous Access Method for Minimally Invasive Anterior Lumbosacral Surgery
	Journal of Spinal Disorders & Techniques 
	2/1/2004
	This study demonstrates the feasibility of the axial access technique to the anterior lower lumbar spine; The technique preserves integrity of the muscles, ligaments, and annulus at L5-S and may provide biomechanical and physiologic advantages over current MISS access techniques



	Ledet E, Tymeson M, Salerno S, Carl A, Cragg A
	Biomechanical Evaluation of a Novel Lumbosacral Axial Fixation Device
	Journal of Biomechanical Engineering
	11/1/2005
	The purpose of this study was to evaluate the in vitro biomechanical performance of the axial fixation rod, an anulus sparing, centrally placed interbody fusion implant for motion segment stabilization.  The preliminary biomechanical data from this study indicate that the axial fixation rod compares favorably to other devices and may be suitable to reduce pathologic motion at L5-S1, thus promoting bony fusion. 

	Yuan P, Day T, Albert T, Morrison W, Pimenta L, Cragg A, Weinstein M
	Anatomy of the Percutaneous Presacral Space for a Novel Fusion Technique
	Journal of Spinal Disorders & Techniques 
	6/1/2006
	The objective was to evaluate the safety of a paracoccygeal approach to the axial lumbosacral spine and determine structures that could potentially be injured.  The coronal safe zone was 6.9 and 6.0 cm on MRI and CT, respectively.  This safe zone may guide surgeons when utilizing the percutaneous paracoccygeal approach.



	Eck J, Hodges S, Humphreys S
	Perspectives on Modern Orthopaedics: Minimally Invasive Lumbar Spinal Surgery
	Journal of the American Academy of Orthopedic Surgeons
	6/6/2007
	A review of minimally invasive techniques for lumbar spine fusion developed in an attempt to decrease the complications related to traditional open exposures (eg, infection, wound healing problems).

	Akeson B, Wu C, Mehbod A, Transfeldt E
	Biomechanical Evaluation of Anterior Transacral Fixation
	Journal of Spinal Disorders & Techniques 
	2/1/2008
	The aim of this study is to evaluate the biomechanics of the transsacral rod fixation.  Transsacral rod fixation provides strong ligamentotaxis due to intact annulus. Standalone transsacral rod is able to reduce ROM significantly and achieve indirect decompression by distracting L5-S1 disc space. However, additional posterior fixation, such as facet screws or pedicle screws, is required to achieve better construct stability for successful fusion.

	Asgarzadie, F; Khoo LT; Cosar, M; Marotta, N; Pimenta, L. 
	One Year Outcomes of Minimally-Invasive Presacral Approach and Instrumentation Technique for Anterior Lumbosacral Intervertebral Discectomy and Fusion
	The Spine Journal
	9/1/2007
	Summary of presentation at the 22nd Annual Meeting of the North American Spine Society

	Shen, F; Samartzis, D; Khanna, A; Anderson, DA
	Minimally Invasive Techniques for Lumbar Interbody Fusions
	Orthopedic Clinics of North America
	7/1/2007
	This article provides a general review of the history, indications, brief overview, and description of the more common minimally invasive spine surgery techniques used for achieving a lumbar interbody fusion.

	Aryan HE, Newman CB, Gold JJ, Acosta FL Jr, Coover C, Ames CP
	Percutaneous Axial Lumbar Interbody Fusion (AxiaLIF) of the L5-S1 Segment: Initial Clinical and Radiographic Experience
	Minimally Invasive Neurosurgery
	8/1/2008
	A review of clinical experience with the technique for L5-S1 interbody fusion.  It may provide an alternative route of access to the L5-S1 interspace in those patients who may have unfavorable anatomy for or contraindications to the traditional open anterior approach to this level.



	Anand, N; Baron, E; Thayanithan, G; Khalsa, K; Goldstein, T
	Minimally Invasive Multilevel Percutaneous Correction and Fusion for Adult Lumbar Degenerative Scoliosis
	Journal of Spinal Disorders & Techniques 
	10/1/2008
	This article assessed the feasibility of minimally invasive spine surgery (MIS) techniques in the correction of lumbar degenerative deformity.

Multisegment correction can be performed with less blood loss and morbidity than for open correction.



	Tobler W, Bohinski R, Basham S, Jamarillo J
	Lumbar Interbody Fusion: A Comparative Clinical Assessment of the AxiaLIF System
	Neurosurgical Focus
	Accepted, not yet published

	Aryan H, Newman C, Acosta F, Coover C, Ames C.
	Percutaneous Axial Lumbar Interbody Fusion (AxiaLIF) of the L5-S1 Segment: Initial Clinical and Radiographic Experience
	Journal of Spinal Disorders & Techniques 
	Accepted, not yet published


	Selected Abstract Summaries  

	Author
	Title
	Summary

	W. B. Rodgers, M.D., Curtis S. Cox, M.D., Edward J. Gerber, P.A.
	SINGLE LEVEL LUMBAR FUSION FOR A GRADE I AND II SPONDYLOLISTHESIS CORRECTION USING THE AXIALIF ROD SYSTEM (Spine Arthroplasty Society, April/May 2009)
	Clinical report utlizing the MIS transsacral fusion (AxiaLIF) method with spondylolisthesis correction, which allows surgeons to spare the facet joint and surrounding ligamentous tissues to the spinal column, thus providing superior stability to the slipped segment.  The authors found that this approach provides adequate reduction of a Grade I or II spondylolisthesis due to the added contribution in biomechanical stability of the intact surrounding ligamentous tissue and noted that meticulous attention to operative technique is required.  The early results demonstrate excellent clinical outcomes with minimal morbidity.

	W. B. Rodgers, M.D., Curtis S. Cox, M.D., Edward J. Gerber, P.A.
	SINGLE LEVEL LUMBAR FUSION  AT L5-S1:  A COMPARISON OF MIS TLIF AND AXIALIF (25th Annual Meeting AANS/CNS Section on Disorders of the Spone and Peripheral Nerves, March 2009)
	Clinical report comparing experience using two alternatives to fusion at the LS junctions:  MIS T/PLIF and AxiaLIF.  Surgeons saw fairly equivalent clinical and radiographic outcomes but notably different OR times, blood loss, and length of stay.  It was the prevalence of complications in the MIS T/PLIF group that led surgeons to try and then adopt the AxiaLIF as their fusion method of choice at the L5-S1 interval.

	Viral Jain, MD 
William Tobler, MD 
Robert Bohinski, MD 
	Axial Lumbar Interbody Fusion: Result of a new minimally invasive lumbosacral fusion technique (American Academy of Orthopaedic Surgeons, Oral Presentation, February 2009)
	Retrospective review of author's first 50 consecutive AxiaLIF procedures at 1-year showed statistically significant improvement in patient outcome, comparable fusion rates and very low complication rates 

	W.B. Rodgers, MD; Curtis Cox, MD; Edward J Gerber, PA
	Safety and the Learning Curve of Trans-Sacral Fusion (AxiaLIF) at L5-S1:  
Complications in the first 100 Surgeries of a Single Surgeon Series 
	The peri- and post-operative complications associated with the AxiaLIF procedure during the initial adoption phase are reported to demonstrate the feasibility, safety, and effectiveness of the approach.  The adoption phase and learning curve for trans-sacral fusion shows very few complications compared to traditional open techniques.  


EXHIBIT 3-   AxiaLIF Publication, Abstract & Poster List

Original Articles, Scientific Journal & Textbook Publications (Index Medicus)

· Cragg A, Carl A, Casteneda F, Dickman C, Guterman L, Oliveira C: New Percutaneous Access Method for Minimally Invasive Anterior Lumbosacral Surgery. J Spinal Disord Tech 17(1):21-28, 2004

· Cragg A, Carl A, Casteneda F, Dickman C, Guterman L, Ledet E, Oliveira C:  Percutaneous Axial Lumbar Spine Surgery (AxiaLIF).  An Anatomical Approach to Minimally Invasive Spine Surgery.  Editors Mick Perez Cruet, M.D., Larry Khoo, M.D. and Ricard G. Fessler, M.D., Ph.D.  Quality Medical Publishing, St. Louis, MO, April 2006, Chapter 38, pp. 38: 1-17.

· Ledet E, Tymeson M, Salerno S, Carl A, Cragg A: Biomechanical Evaluation of a Novel Lumbosacral Axial Fixation Device, Journal of Biomechanical Engineering, November 2005, Volume 127, Issue 6, pp. 929-933 

· Khoo L, Marotta N, Cosar M, Pimenta L : Novel Minimally-Invasive Presacral

Approach and Instrumentation Technique for Anterior L5-S1 Intervertebral

Discectomy and Fusion: Technical Description and Case Presentations, J

Neurosurgery and American Association of Neurological Surgeons:

Neurosurgical Focus, Volume 20, January, 2006

· Ledet EH, Carl AL, Cragg A. Novel Lumbosacral Axial Fixation Techniques. Expert Review of Medical Devices, 2006; 3(3); 327-34.

· Yuan P, Day T, Albert T, Morrison W, Pimenta L, Cragg A, Weinstein M: Anatomy of the Percutaneous Presacral Space for a Novel Fusion Technique, J Spinal Disord Tech, 2006 June; 19 (4):237-241
· Cragg A, Carl A, Ledet E, Diaz R and Pimenta L. "Percutaneous Axial Lumbar Spine Surgery." An Anatomical Approach to Minimally Invasive Spine Surgery. St. Louis, MO: Quality Medical, Inc., 2006. 653-670.

· Eck J, Hodges S, Humphreys S.  Perspectives on Modern Orthopaedics: Minimally Invasive Lumbar Spinal Surgery.  J Am Acad Orthop Surg 2007;15:321-329

· Akeson B, Wu C, Mehbod A, Transfeldt E: Biomechanical Evaluation of Anterior Transacral Fixation, J Spinal Disord Tech. 21(1):39-44, February 2008.

· Asgarzadie, F; Khoo LT; Cosar, M; Marotta, N; Pimenta, L. One Year Outcomes of Minimally-Invasive Presacral Approach and Instrumentation Technique for Anterior Lumbosacral Intervertebral Discectomy and Fusion.  Proceedings of the 22nd Annual Meeting, The Spine Journal, Volume 7, Number 55, Sept/Oct 2007, Special Interest Paper Presentations 4: Fusion, 26-27S.
· Shen, F; Samartzis, D; Khanna, A; Anderson, DA. Minimally Invasive Techniques for Lumbar Interbody Fusions. Orthop Clin N Am 38 (2007) 373–386.
· Coric D; Mummaneni, P: Nucleus replacement technologies.  Invited submission from the Joint Section Meeting on Disorders of the Spine and Peripheral Nerves, March 2007.  J Neurosurg Spine 8:115–120, 2008.
· Burak M. Ozgur, Marlon Mathews, William Taylor: Combined XLIF and AxiaLIF Techniques for Minimally-Invasive Surgical Access. The Internet Journal of Minimally Invasive Spinal Technology. 2008. Volume 2 Number 3.
· Diaz R, Pimenta L, Nicola H, Khoo L, Sasso R, Wessman B, Cragg A: TranS1® Percutaneous Nucleus Replacement (PNR).  Motion Preservation Surgery of the Spine - Advanced Techniques and Controversies: Expert Consult.  Editors James J. Yue, MD, Rudolph Bertagnoli, MD, Paul C. McAfee, MD and Howard S. An, MD.  Saunders Publishing, St. Louis, MO, June 2008, Chapter 57, pp: 435-441.

· Aryan HE, Newman CB, Gold JJ, Acosta FL Jr, Coover C, Ames CP.  Percutaneous Axial Lumbar Interbody Fusion (AxiaLIF) of the L5-S1 Segment: Initial Clinical and Radiographic Experience.  Minim Invasive Neurosurg. 2008 Aug, 51(4):225-30.

· Anand, N; Baron, E; Thayanithan, G; Khalsa, K; Goldstein, T. Minimally Invasive Multilevel Percutaneous Correction and Fusion for Adult Lumbar Degenerative Scoliosis,   J Spinal Disord Tech 2008;21:459–467.
· Tobler W, Bohinski R, Basham S, Jamarillo J.  Lumbar Interbody Fusion: A Comparative Clinical Assessment of the AxiaLIF System.  Neurosurgical Focus. Accepted, not yet published.  (26 patient series, prospective, non-randomized, historical fusion controls vs 23/24 fused)

· Aryan H, Newman C, Acosta F, Coover C, Ames C.  Percutaneous Axial Lumbar Interbody Fusion (AxiaLIF) of the L5-S1 Segment: Initial Clinical and Radiographic Experience.  J Spinal Disord Tech, Accepted for Publication, not yet published.  (35 patient series, 24 months, retrospective, non-randomized)

Symposia Presentation

· Pimenta L, Bellera F, Carl A, Ledet E, Cragg A:  New Percutaneous Access Method and Implant for L4-S1 Spinal Fusion Surgery.  Presented at AANS 2004, Session 118 New & Evolving MIS Techniques: Drs. Fessler, Pimenta, Smith & Isaacs,1-6 May 2004, Orlando.

· Albert T, Lieberman I: Pre-Sacral Approaches & MIS Spine Surgery, Innovative Techniques in Spine Surgery 2nd Annual Meeting, 20-23 July 2005, Los Cabos, Mexico

· Pimenta L, Guerrero L, Cragg A, Diaz R: Prospective Clinical Feasibility Study of the Novel Percutaneous Nucleus Replacement (PNR) System. Early Clinical Results.  Presented at the 13th International Meeting on Advanced Spine Techniques (IMAST), 12-15 July 2006, Athens, Greece.

· Aryan, HE; FL Acosta; CP Ames: Initial Clinical and Radiographic Results of a Minimally Invasive Presacral Approach for L5-S1 Interbody Fusion.  AANS/CNS Section on Disorders of the Spine and Peripheral Nerves (22nd Annual Meeting), Lake Buena Vista, Florida, 2006.

· Pimenta L, Guerrero L, Cragg A, Diaz R: Early clinical and biomechanical evaluation of the axial lumbar percuatenous nucleus replacement (PNR), Spine Arthroplasty Society 6: Global Symposium on Motion Preservation Technology.  May 9-13, 2006, Montreal, Canada.

· Pimenta L, Guerrero L, Cragg A, Diaz R: Percutaneous Nucleus Replacement (PNR) L5-S1.  A new minimal invasive arthroplasty device.  A one year clinical and radiological follow-up.  2006 Spine Across The Sea; Annual Meeting.  July, 2006.  Hawaii, USA.
· Pimenta L, Guerrero L, Cragg A, Diaz R: Minimal Invasive Percutaneous Presacral Axial Lumbar Fusion (AxiaLIF).  Prospective clinical and radiographic results after 30 months follow-up.  Section on Disorders of the Spine and Peripheral Nerves, Congress of Neurosurgeons, Chicago, IL, October 7-12, 2006.
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