[image: image1.png]Baishideng
K Publishing

JBaishideng® Group




[image: image1.png]



Copyright Information of the Article Published Online
	TITLE
	Transforaminal Percutaneous Endoscopic Discectomy using Transforaminal Endoscopic Spine System technique: Pitfalls that a beginner should avoid

	AUTHOR(s)
	Stylianos Kapetanakis, Grigorios Gkasdaris, Antonios G Angoules, Panagiotis Givissis

	CITATION
	Kapetanakis S, Gkasdaris G, Angoules AG, Givissis P. Trans​foraminal Percutaneous Endoscopic Discectomy using Trans​foraminal Endoscopic Spine System technique: Pitfalls that a beginner should avoid. World J Orthop 2017; 8(12): 874-880

	URL
	http://www.wjgnet.com/2218-5836/full/v8/i12/874.htm

	DOI
	http://dx.doi.org/10.5312/wjo.v8.i12.874

	OPEN ACCESS
	This article is an open-access article which was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/

	CORE TIP
	Transforaminal Percutaneous Endoscopic Discectomy (TPED) is an evolving minimally invasive technique that has been proven to be safe and effective in treating symptomatic lumbar disc herniation (LDH). However, this relatively new therapeutic approach requires special training and expertise so as to evade complications that may endanger the safety of the patient. In this review, current concepts regarding challenging indications and contraindications of this novel technique are analyzed focusing on several conditions and pitfalls that a beginner spine surgeon should avoid when treating LDH using TPED with Transforaminal Endoscopic Spine System tech​nique, so as to eliminate possible risks and thus improve outcomes.

	KEY WORDS
	Transforaminal Percutaneous Endoscopic Discectomy; Transforaminal Endoscopic Spine System; Lumbar disk herniation; Pitfalls; Spine surgery

	COPYRIGHT 
	© The Author(s) 2017. Published by Baishideng Publishing Group Inc. All rights reserved.

	NAME OF JOURNAL
	World Journal of Orthopedics

	ISSN
	2218-5836

	PUBLISHER
	Baishideng Publishing Group Inc, 7901 Stoneridge Drive, Suite 501, Pleasanton, CA 94588, USA

	WEBSITE
	Http://www.wjgnet.com


                            MINIREVIEWS

Transforaminal Percutaneous Endoscopic Discectomy using Transforaminal Endoscopic Spine System technique: Pitfalls that a beginner should avoid

Stylianos Kapetanakis, Grigorios Gkasdaris, Antonios G Angoules, Panagiotis Givissis

Stylianos Kapetanakis, Grigorios Gkasdaris, Spine Department and Deformities, Interbalkan European Medical Center, Thessaloniki 55535, Greece

Antonios G Angoules, Department of Medical Laboratories, Technological Educational Institute of Athens, Athens 12243, Greece

Panagiotis Givissis, First Orthopaedic Department of “Aristotle University of Thessaloniki”, “Papanikolaou” Hospital, Exohi, Thessaloniki 57010, Greece

Author contributions: All authors equally contributed to this paper with conception and design of the study; all authors approved the final version of the article. 

Correspondence to: Antonios G Angoules, MD, PhD, Department of Medical Laboratories, Technological Educational Institute of Athens, 28 Agiou Spiridonos St, Athens 12243, Greece. angoules@teiath.gr

Telephone: +30-6-977011617

Received: July 17, 2017 Revised: September 11, 2017 Accepted: October 17, 2017

Published online: December 18, 2017

Abstract
Transforaminal Percutaneous Endoscopic Discectomy (TPED) is a minimally invasive technique mainly used for the treatment of lumbar disc herniation from a lateral approach. Performed under local anesthesia, TPED has been proven to be a safe and effective technique which has been also associated with shorter rehabilitation period, reduced blood loss, trauma, and scar tissue compared to conventional procedures. However, the procedure should be performed by a spine surgeon experienced in the specific technique and capable of recognizing or avoiding various challenging conditions. In this review, pitfalls that a novice surgeon has to be mindful of, are reported and analyzed.
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Core tip: Transforaminal Percutaneous Endoscopic Discectomy (TPED) is an evolving minimally invasive technique that has been proven to be safe and effective in treating symptomatic lumbar disc herniation (LDH). However, this relatively new therapeutic approach requires special training and expertise so as to evade complications that may endanger the safety of the patient. In this review, current concepts regarding challenging indications and contraindications of this novel technique are analyzed focusing on several conditions and pitfalls that a beginner spine surgeon should avoid when treating LDH using TPED with Transforaminal Endoscopic Spine System tech​nique, so as to eliminate possible risks and thus improve outcomes.

INTRODUCTION

Symptomatic lumbar disc herniation (LDH) is a common etiology for spine surgery. Although microdiscectomy is considered to be the gold standard method, the need for minimally invasive techniques and the improvements in the use of optics and surgical instruments have led to the utilization of Transforaminal Percutaneous Endoscopic Discectomy (TPED) using the Transforaminal Endoscopic Spine System (TESSYS) technique[1-3].
TPED has several advantages such as direct visu​alization of the pathology, reduced soft tissue trauma, reduced blood loss, quicker recovery and preservation of the adjacent anatomy. It can be an effective and safe method in the hands of an experienced spine surgeon if specific steps are followed[1]. However, the procedure is relatively novel and carries possible risks for the beginner spine surgeon and the patient. Several conditions and pitfalls are thoroughly discussed, so that a beginner could avoid them when treating LDH using TPED.

Indications

Generally, the indication for TPED, in compliance with clinical findings, is usually found to be persistent sciatica caused by LDH. There are several inclusion criteria such as radiculopathy, positive nerve root tension sign, sensory or motor neurological lesion on clinical examination, cauda equine syndrome, hernia confirmed by magnetic resonance imaging (MRI) of the lumbar spine. Failure of 12-wk conservative treatment is also a strong indication[2,3].

Challenging conditions 

Various conditions have been reported as contrain​dications for TPED including: Recurrent herniated disc, migrated LDH, sequestration of the disc, central or lateral recess spinal stenosis, or previous surgery at the affected level, segmental instability or spondylolisthesis, spinal tumor or infection and vertebral fracture[1,4-6]. The following conditions should draw the maximum attention in the hands of an inexperienced spine surgeon.

SURGICAL TECHNIQUE-RELATED CONDITIONS

Recurrent disc herniation

The gold standard treatment for recurrent LDH is con​sidered to be open discectomy (Figure 1). However, in the hands of an experienced spine surgeon, TPED for recurrent LDH is a feasible and effective alternative to conventional repeated discectomy, while reducing tissue damage, scar tissue formation and instability[7]. 

Scar tissue formation

Conventional microdiscectomy is an open surgery with high risk of scar tissue formation contrary to endoscopic discectomy. In case of recurrent LDH and repetitive procedures scar tissue formation is almost inevitable. These cases can be difficult to manage with TPED. The altered anatomy of the region, the possible nerve tension and the difficult visualization of the anatomic structures are major obstacles for a beginner spine surgeon. Recently, percutaneous endoscopic interlaminar lumbar discectomy with dissection of the scar tissue from the medial facet joint rather than from the neural tissue has been proposed as an effective alternative surgical method on the background of recurrent disc herniation[8]. Also, less systemic cytokine response in patients following microendoscopic vs open lumbar discectomy has been found to exist, indicating the minimally invasive character of the first one[9]. Additionally, microendoscopic discectomy has been associated with lower risks for surgical site infection and major complications contrary to open discectomy[10].

Migrated or extruded LDH

TPED is usually appropriate for normal or caudal LDHs. Pediculectomy or translaminar approach may be required to remove an upward- or downward-migrated LDH[11,12] (Figures 2 and 3). Dorsal LDH located behind the dural sac is not treated with TPED. Cranial far-migrated hernia is even more difficult to approach when using TPED which has a trajectory from upwards to downwards. Open surgery is also proposed for far-migrated disc herniations[12]. Even for extruded disc fragments endo​scopic transforaminal discectomy has been proposed as a safe and effective alternative[13]. 
PATIENT-RELATED CONDITIONS

Intracanal LDH at the L5/S1 level with a high and steep iliac crest

High iliac crests refer usually to men contrary to women[14] (Figure 4). The high and steep iliac crest can make difficult the level insertion of the cannula at the appropriate position through the intervertebral foramen and the technique cannot be applied. In high iliac crest cases where the iliac crest is above the mid L5 pedicle, foraminoplasty may be considered for transforaminal access of L5-S1 disc herniation[15]. Lee et al[16] also proposed the foraminoplastic approach in order to facilitate the insertion of the cannula. Tezuka et al[17] indicated that treatment for the central type of LDH at the L5-S1 disc level is more difficult than at the L4-L5 due to the iliac crest. This can be solved by using a more perpendicular approach with the possible addition of a foraminoplasty[17]. Interlaminar approach can escape the blockade of crista iliaca, and offer several advantages including a faster puncture orientation, a shorter operation time, and less intraoperative radiation exposure[18]. Application of transiliac approach to intervertebral endoscopic discectomy in L5/S1 LDH has also been suggested[19]. Additionally, it is reported that compared with the L5/S1 level, the L4/5 level might be easier to master after short-term professional training[20]. It is true that some propose the percutaneous endoscopic discectomy as the treatment of choice for foraminal and extraforaminal disc herniations at the L5-S1 level on appropriately selected patients[21]. Since this is considered the most difficult level, we can forecast that TPED might be established as a treatment for all lumbar levels.

Scoliosis

Scoliosis is a form of deformity which results in mis​alignment of the spine. Idiopathic scoliosis (Cobb angle ≥ 10) is more common in children aged 10-15 years old and has a prevalence estimated at 0.5%[22]. Degenerative scoliosis is observed in more than 30% of elderly patients with no history of spinal abnormalities and is typically diagnosed in patients older than 40 years[23]. The prevalence of 10°, 10°-20° and > 20° curves is 64%, 44% and 24%, respectively[24]. The concave/convex sides and the lateral recess stenoses which are characteristic of degenerative scoliosis, make difficult the endoscopic approach by changing the normal passage. Basically, the Kambin’s triangle is altered making difficult the safe passage of the endoscopic instruments[4]. In coronal projection, the deformation of the lumbar spine affects the form of the meninge something which makes its traumatization more possible. Nevertheless, the use of TPED for LDH on the background of lumbar scoliosis has been recently attempted[25,26].

Spondylolysis-spondylolisthesis 

Spondylolysis is a unilateral or bilateral stress fracture of the pars interarticularis and is usually combined with spondylolisthesis. In spondylolistheses, alteration of the normal anatomy of the lumbar intervertebral foramen and its dimensions resulting in foraminal narrowing and disc bulging is observed[27]. The measurement of spondylolisthesis is based on the widely recognized method proposed by Meyerding[28] in 1932 (Figure 5). Meyerding defined the slippage on plain X-ray imaging in accordance to the vertebra below. The caudal vertebra is divided into four parts. Grade Ⅰ means a translation of the cranial vertebra of up to 25%, Grade Ⅱ of up to 50%, Grade Ⅲ of up to 75%, and Grade Ⅳ up to 100%[28]. Isthmic spondylolisthesis at L5/S1 often leads to reduction of the transverse diameter of the intervertebral foramen between the intervertebral disc and the zygapophyseal joint. The normal shape of the intervertebral foramen is altered, while spinal nerves and roots, sinuvertebral nerves, spinal arteries, and intervertebral veins are compressed between transforaminal and extraforaminal ligaments[29]. The radicular symptoms are usually caused by compression of the exiting L5 nerve root and its adjacent vessels in the L5-S1 foramen. In these cases the only surgical options have been lumbar laminectomy and lumbar fusion, however TPED with foraminoplasty appears as an effective upcoming treatment[30,31]. We believe that beginners should avoid TPED when dealing with spondylolistheses of 2nd grade and greater[32]. Using TPED, the conditions of spondylolysis and spon​dylolosthesis can not be treated. 

Obese patients

In obese patients, a beginner spine surgeon will have to deal with technical considerations due to increased fat tissue, such as bad fluoroscopic verification and difficult transforaminal approach. TPED for LDH in obese patients has shown satisfactory early results, however more studies are needed to confirm its efficacy[33,34] (Figure 6). 

Muoskeletal malformations

Several variations of the lumbar spine can be an obstacle for the realization of TPED with Bertolotti’s syndrome being a common etiology of low back pain, especially for young people[35]. Lumbosacral transitional vertebrae are increasingly recognized as a common anatomical variant associated with altered patterns of degenerative spine changes. Bertolotti’s syndrome refers to the association between lumbosacral transitional vertebrae and low back pain[36] (Figure 7). On the co-existence with LDH, Bertolotti’s syndrome makes difficult the transforaminal passage through the Kambin’s triangle during TPED[27]. 

High LDH levels in conjunction with abnormal location/variations of adjacent anatomic formations 

Kidneys are important retroperitoneal organs adjacent to the lumbar spine. They are normally located between the transverse processes of T12-L3 vertebrae, with the left kidney typically more superior in position than the right[14] (Figure 8). Treating high level LDHs, especially T12-L1, L1-L2 and L2-L3, using TPED in accordance with abnormal location and possible variations of adjacent organs such as kidneys may result in their traumatization during the passage of the reamers and the cannula. 

SURGICAL PROCEDURE

TPED using the efficacy of TESSYS technique is per​formed under local anesthesia and mild sedation[1,3]. Patients are initially placed at the lateral decubitus position, lying down on the opposite side (Figure 9). Lesion is thus confronted upwards. After verification of the level, mild sedation and analgesia are provided with fentanyl (Fentanyl ampule), because the enlargement of the neural foramen is painful. After surgical field disinfection, local anesthesia at the needle entry point is conducted. This point is anatomically about 11 cm away from midline defined. Transforaminal promotion of the needle through the anatomic triangle of Kambin (safe zone) is subsequently performed[4] (Figures 10 and 11). Sequential transforaminal passage of three different size reamers (5.5, 6.5, 7.5 mm, joimax GmbH) con​stitute the next step (Figure 12). The cannula and endoscope are afterwards carefully inserted, in order to ensure nerve root preservation (Figure 13). Removal of herniated disc material is finally accomplished with graspers (Figure 14). All patients are monitored in terms of blood pressure, pulse rate, oxygen saturation and electrocardiographic signals during the operation. Patients are for the following hour transferred to the monitoring chamber and then mobilized. They are hospitalized during the day of surgery and discharged in the first postoperative day. Possible complications could be: Nerve root damage, postoperative dyse​sthesia, dural tears, post-operative hematoma, wood infection and visceral injury[5,37,38]. Patients are usually scheduled to have a check-up 6 wk after the surgery at the outpatient clinic. Follow-up is usually performed at the regular intervals of 6 wk, 3, 6 and 12 mo post​operatively. The indications, contraindications, advantages and disadvantages of the procedure are summarized in Table 1.

CONCLUSION

TPED is an evolving minimally invasive technique which requires training and expertise. Every condition which alters the normal architecture of the spine and makes the access to the LDH difficult tests the abilities of the spine surgeon and sets a question mark on the feasibility and limits of TPED. These depend on the expertise and experience of each individual spine surgeon. It should be kept in mind that TPED is a combination of two interventional approaches involving the percutaneous and the endoscopic aspect; both of them indicate its demanding character. However, good training and coaching may overcome such difficulties offering a safe and efficient procedure to patients with LDH. 
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FIGURE LEGENDS

Figure 1  Case of recurrent disc herniation after open discectomy.

Figure 2  T2 weighted sagittal magnetic resonance imaging demonstrating a disc herniation located at the L5/S1 level. 

Figure 3  Case of a migrated central hernia.

Figure 4  Case of high and steep iliac crests.

Figure 5  Meyerding’s grading of spondylolisthesis regarding cranial anterior vertebral slippage in accordance with the vertebra below.

Figure 6  Case of an obese patient to be treated with Transforaminal Percutaneous Endoscopic Discectomy for lumbar disc herniation.

Figure 7  Case of Bertolotti’s syndrome.

Figure 8  Posterior schematic illustration of the location of kidneys in accordance with lumbar spine levels.

Figure 9  Placement of the patient at the lateral decubitus position and disinfection of the surgical field.

Figure 10  Kambin’s triangle. The hypotenuse is parallel to the exiting nerve root, the base is according to the superior border of the transverse process of the caudal vertebra, and the height represents the trajectory of the traversing nerve root.

Figure 11  Fluoroscopic verification of the operated level and insertion of the needle.

Figure 12  Sequential transforaminal passage of different size reamers.

Figure 13  Insertion of the cannula and the endoscope afterwards.

Figure 14  Removal of herniated disc material with a grasper.
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Table 1  Summary of the indications, contraindications, advantages and disadvantages of the technique


Indications


�
Contraindications (for the beginners)


�
�
Radiculopathy


�
Surgical technique-related conditions


�
�
Positive nerve root tension sign


�
Recurrent disc herniation


�
�
Sensory or motor neurologic lesion on clinical examination


�
Scar tissue formation


�
�
Cauda equine syndrome


�
Migrated or extruded LDH


�
�
Hernia confirmed by MRI of the lumbar spine in compliance with clinical findings


�
Patient-related conditions


�
�
Failure of 12-wk conservative treatment


�
Intracanal LDH at the L5/S1 level with a high and steep iliac crest


�
�
�
Scoliosis


�
�
�
Spondylolysis-Spondylolisthesis 


�
�
�
Obese patients


�
�
�
Muoskeletal malformations


�
�
�
High LDH levels in conjunction with abnormal location/variations of adjacent anatomic formations 


�
�
Advantages


�
Disadvantages


�
�
Safe and effective technique 


�
Careful selection of patients is needed


�
�
Direct visualization of the pathology


�
Limited space for surgical maneuvering 


�
�
Less blood loss


�
Long learning curve


�
�
Less trauma and scar tissue 


�
�
�
Faster rehabilitation


�
�
�
Preservation of the spine stability and the adjacent anatomy 


�
�
�
LDH: Lumbar disc herniation; MRI: Magnetic resonance imaging.
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