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Abstract

Symptomatic degenerated spinal discs and spinal stenosis are common problems that can
often be treated conservatively but some require decompressive spinal surgery for relief.
Traditional open spinal discectomy is associated with significant tissue trauma, higher
morbidity and complication rates, longer-term of convalescence, and even destabilization
of'the spine. The trend of spinal surgery is rapidly moving towards less traumatic minimally
invasive spine surgery (MISS).!2

The problem that faces the surgeon performing endoscopic MISS is that it is done with
limited surgical exposure and visualization of the surgical field. The surgical field can only
be viewed through an endoscope to correlate the lesion/pathology in relationship to imaging
studies aided by C-arm fluoroscopy.

In response, a logical and simple Grid Positional System (GPS) was developed to provide
a precise surgical trajectory/approach for the disc lesion to undergo decompression. GPS
involves 3D geometric triangulation of 3 different planes guided by fluoroscopy for
introduction of surgical instruments along a geometric line towards the lesion without
compromising healthy anatomical structures. This system facilitates MISS, especially in
the morbidly obese.

In this chapter, we will describe the GPS system and its application to aid in facilitating
minimally invasive decompressive spine surgery for alleviating of symptoms of degenerative
spinal disease, herniated disc, and spinal stenosis, while avoiding the complications and
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risks of conventional more traumatic spinal surgery and fusion.

Introduction

Disc degeneration is a common problem affecting many middle-
aged individuals that increases in severity with age. Lack of exercise,
bad postural habits, obesity and repetitive trauma may accelerate the
process and can lead to early onset of symptoms. Depending on the
number of spinal segments involved and the degree of degeneration,
symptoms can range from mild muscular aches to severe neural
compression that can compromise movement and sensation severely
up to a point of disability. Treatment usually follows a hierarchy of
steps or algorithm ranging from rest and medical treatment to extensive
major surgery. Due to the nature of conventional spine surgery, large
incisions and extensive deep tissue dissection are mandatory to gain
access to the site of pathology.

Following open procedures, delayed recovery which maybe
incomplete is expected. Extensive muscle dissection becomes a source
of pain for those patients and recovery can take months before the
patient adapts to the pain due to surgery and until the patient’s spine
achieves fusion. Quite often, posterior fusion alone is not sufficient
to achieve a sound biomechanical fusion. Anterior inter-body fusion
may be needed which in turn poses more surgical trauma and risks
if done trans-abdominally. Patients are often reluctant to proceed
with conventional extensive surgery due to its risks. Thanks to recent
advances in imaging, endoscopic and laser systems, minimally
invasive spinal surgery '3 can be safely and effectively performed
with far fewer risks. The goal of minimally invasive spinal surgery
is to decompress nerve roots and disc bulges as well as provide more
room for the thecal sac (in cases of spinal canal stenosis) through small

access portals without destabilizing or interfering with the structure of
the spine. In cases with gross instability of the spine, patients may still
require spinal fixation. However, if the patient is high risk or refuses
open surgery, minimally invasive spinal surgery with GPS should be
the alternative surgical treatment.

We have applied the new concept of GPS (Grid Positioning
System)' to precisely localize the lesion or target preoperatively and
to aid in the localization of the foramen during surgery as well.

In this chapter we will demonstrate how GPS aids and facilitates
" minimally invasive spinal surgery*'* in effectively alleviating
the symptoms'*2? associated with degenerative disc disease and
neurological compression with fewer risks and speedier recovery.”

Surgical indications™'?

a) Intractable low back pain with radiation down the leg (radicular
pain).
b) Symptoms of spinal neurogenic claudication.

¢) Compressive and symptomatic radiculopathy with sensory and
motor impairment.

d) Disc extrusion or sequestration with predominantly back or leg
pain.

e) Non-radicular low back pain persisting despite facet joint
injection.

f) Lateral recess stenosis with dynamic compressive or non-
compressive radiculopathy.
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g) Prior failed conventional surgery with perineural scarring and
failed back syndrome and junctional disc degeneration and disc
herniation following fusion.

h) No improvement of symptoms after a minimum of 12 weeks of
conservative therapy.

i) Grade 1 spondylolisthesis.

j) Diffused multi-level disc degeneration that would otherwise
require very extensive open surgery.

Contraindications
a) Cauda Equina syndrome.
b) Tumors.

¢) Gross instability of the degenerative spine, (spondylolithesis
Grade 2 and 3) — In those cases, minimally invasive spinal
surgery (MISS) may not be the complete answer to the problem
due to the biomechanical problem, however it may be the only
alternative to an extensive surgery if the patient’s general
condition does not allow surgery.

d) Post traumatic unstable spinal fractures.
Anesthesia and positioning’™'?

Unlike conventional surgery, minimally invasive spine surgery can
be effectively done under local anesthesia and IV conscious sedation.
We have modified our technique so that the patient is positioned in the
lateral decubitus with the painful leg up and both hips and knees in
90 degrees of flexion for positioning and to reduce the traction on the
nerve roots. Compared to prone position, the lateral position reduces
intra-abdominal pressure, venous pressure, pelvic congestion and risk
of DVT as well as pulmonary complications. The patient is positioned
on one side first and then the other to perform a bilateral procedure
in one sitting.

Continuous intra-operative monitoring®'2

Sterile needle electrodes are placed for continuous intraoperative
neurophysiological electromyographic (EMG) monitoring. EMG
monitoring is absolutely needed to avoid the risk of nerve root injury
during MISS procedures. In addition EEG surface monitoring is
utilized to optimize anesthesia and reduce anesthetic requirements.
Full monitoring of the patient’s vitals is also recommended even if
procedure is done under local anesthesia.

Localization by using GPS'

The Grid Positioning System (GPS) is an anatomical grid system
utilized to accurately determine the exact position of the protruded
or extruded disc fragment in a 24 zone grid. Understanding of the
map of 24 zone of grid position in the lumbar vertebrae in relation
to other anatomical landmarks such as the pedicle, lamina and thecal
sac is critical and important to guide the surgical approach and to
perform precise endoscopic MISS. Depending on the position of the
protruded disc, different transforaminal trajectories (either ipsilateral
or contralateral to the lesion) can be used to create a portal of entry
and gain access to the pathology. Central lesions can also be accessed
through interlaminar approach. Accurate preoperative localization of
the lesion is important in order to precisely reach the lesion and avoid
undue trauma to the nerves, vessels, dorsal root ganglia, dura and even
the spinal cord (Figure 1).
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Figure | Grid Positional System (GPS) with various zones.

The location of the lesion or target can be precisely localized
within the grid of the GPS System (Figure 1). Twenty four different
zones (A, B, C, D and 1, 2, 3) of the lumbar spine are located in the
grid at these zones.

The four vertical zones of the lumbar vertebrae are:

A. ExtraForaminal

B. Foraminal

C. Subarticular

D. Para-central — (Right and left)

The three horizontal levels of the lumbar vertebrae are:
i. Atthe level of the disc.

ii. Between the disc and the pedicle, at the level of the
neuroforamen.

iii. At the level of the pedicle.

Surgical equipment, instruments (Figure 2) and
preparation’™ '

The following surgical instruments are necessary to perform
endoscopic laser, and/or lumbar foraminoplasty, or both:

a. Digital fluoroscopic equipment (C-arm) and monitor.
b. Radiolucent C-arm/fluoroscopic carbon-fiber surgical table.
c. Endoscopic tower equipped with digital video monitor.

d. Wide-angle percutaneous posterolateral —foraminoscope
6-degree, operating sheath 6-mm OD, 3-mm working channel.

e. Set of serial/progressive dilators, and cannula in graduated
sizes (3.5-5.8 mm); a set of progressive cannula with duck
bill extensions (with various lengths 5-10 mm on one side),
to retract and to protect neural structures from neural trauma
intraoperatively.

f. Aggressive toothed trephine set in graduated sizes.
g. 9.9-mm tubular retractor system with a gradual dilator set.

h. Wide angle endoscopes, 0-degree and 30-degree, 4-mm OD
(Karl Storz).

i. Trephine, curette, grasper and spoon forceps, 2-mm rotating
bone punch (rongeurs), rasp, and burr.
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j- Lumbar discectomy sets (2.5, 3.5, 4.7 mm).

k. Endoscopic grasping and cutting forceps, probe, knife, scissors,
discectomy rongeurs, and curette (see Figure 1).
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. Holmium: yttrium aluminum garnet (YAG) laser generator.

m. Holmium 550-pm laser bare fiber with flat tip and right angle
(side-firing) probes with and without irrigating system of
various sizes, and 2-mm side-firing irrigating laser probe.
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Figure 2 Different microdiscectomy instruments: duck bill tubular retractor with dilator, endoscopic grasper, rasps, curettes, discectomes, cutter and grasper

forceps and trephine.

Surgical procedure

Intra operative determination of portal of entry by
GPS'

C-arm fluoroscopy is used to identify the lumbar levels requiring
surgery. The midline of the spine (by connecting the lumbar spinal
processes under fluoroscopy) and foraminal line of the spine (by
connecting the neuro-foramen under fluoroscopy) are first identified
by using a flexible stylette under fluoroscopy. A transverse disc
space-line (representing the horizontal disc plane), is drawn under
fluoroscopy, starting at the foramen line by using a flexible stylette
and intersecting with the midline of the spine. The portal of entry for
lumbar spinal surgery is marked on the transverse disc space-line with
a marking pen. The distance of the point of the portal of entry from
the midline varies with the height and weight of the patient. In an
average-sized patient it is approximately 12 cm at the affected disc
level. The more obese the patient, the greater the distance of the
portal of entry point is from the midline in order to accommodate for
excess subcutaneous fat.

Operative technique®'

Following GPS localization, local anesthetic is injected along the
surgical trajectory the Kambin safety triangle to treat disc herniations
(Figure 3—-6, Figure 8, Figure 9). A long stylette is introduced through
the identified entry point (as explained above) (Figure 10). The
stylette is directed towards the disc through the Kambin Triangle
(Safety zone) (Figure 3). The Kambin triangle is the site of surgical
access for posterolateral endoscopic lumbar discectomy. It is defined
as a right angled triangle over the dorsolateral disc. The hypotenuse is
the exiting nerve, the base (width) is the superior border of the caudal
vertebra, and the height is the traversing nerve root and dura.

Figure 3 Kambin safety triangle.

a. Serial dilators are introduced guided by the stylette to reach the
disc space (Figure 11a).

b. Provocative discogram is done to confirm disc pathology
(Figure 11a,b).

c. Different types of graspers, trephines and curettes are utilized
to mechanically decompress the disc material guided by
fluoroscopy and endoscopy (Figure 11c—e,g, Figure 12, Figure
15d).
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d. Bony spurs can also be trimmed using rongeurs, curettes or
high power laser (Figure 13).

e. Following mechanical decompression, Holmium YAG laser is
used for thermodiskoplasty of the disc which helps to Shrink
the disc bulge, denervation of the pain fibers, seal the opening
in the annulus fibrosis and coagulate bleeding vessels in
vertebral endplates (Figure 13).

f. After laser application, discectome is used for suction irrigation
of disc debris (Figure 14).

g. Steroid and anesthetic injection intradiscally and along the
surgical tract is done as a final step to reduce postoperative pain
and inflammation (Figure 15a).

h. A single stitch is used to close the skin puncture (Figure 15b,c).

i. At times, two levels can be accessed through a single skin
puncture by changing the trajectory of the entry (Figure 8).

Postoperative care®'!

Ambulation begins immediately after recovery, and the patient
is usually discharged one hour after surgery. They may shower the
following day. Applying an ice pack is helpful. Nonsteroidal anti-
inflammatory drugs (NSAIDs) are prescribed, and mild analgesics
and muscle relaxants as needed. Patients return progressively to
usual activities in ten days to three weeks, provided heavy labor and
prolonged sitting are not involved.

o
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Case illustration

A 63-year-old patient with morbid obesity and insulin dependent
diabetes mellitus suffered from spinal canal stenosis and multiple
level disc protrusions at L2/3, L3/4, L4/5 and L5/S1. The largest
disc was at L5/S1, > 6mm as illustrated below. His weight is 280 lbs
and height 5’ 8” (Figure 4-16). The patient complained of back pain
and radicular symptoms including the anterior and surface of both
thighs and legs, and back of the foot with more severe pain on the
right side associated with some neurogenic claudication. Previously
the patient refused open surgery with fusion, because of increased
risk in morbid obese and diabetic patients and requiring a multi level
extensive open spinal fusion. After reviewing his MRI scans, (Figure
4) minimally invasive endoscopic microdecompression surgery was
recommended to the patient as a solution for his spinal condition. He
agreed to proceed with MISS surgery. It can be very time consuming
to reach the foramen in obese patients since the fat distribution gives
a false orientation of the actual location of the spine in relation to
the skin surface. By using the GPS system to triangulate the 3D
orientation of the foramen under fluoroscopy, the height, width and
depth of the soft tissue in relation to the foramen was determined
the microdecompression was successfully performed. Bilateral L2-
L5 endoscopic microdecompressive discectomy (Figure 5-16) was
performed in the lateral decubitus position on two sittings of less
than 1 hour for each side to avoid a prolonged single procedure. The
patient reported marked relief of his back symptoms and lower limb
numbness on the next post operative day with a better range of motion
and ambulation.

Figure 4 (a) Sagital T2 view MRI showing multi-level disc protrusions and canal stenosis (b, ¢, d, €) with bilateral nerve roots compression.
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@ (b) (9)

Figure 5 (a) Identifying the foraminal line on patient (b) Fluoroscopic lateral view (c) Fluoroscopic midline or lateral foraminal line (On AP View).

@ (®) @ (®)
Figure 6 (a, b) Flexible stylette is used to identify the intersection of the L4/5  Figure 7 (a, b) L5/S| disc can be accessed through the same skin puncture

disc space line with the foraminal line, on patient and under fluoroscopy. entry through a steeper angle, on patient and under fluoroscopy.

Figure 8 Completed GPS (grid positional system).

Note: L4/5 disc portal of entry point can be used to access both L4/5 and
L5/SI discs by applying different angles to the trajectory of the stylette,
perpendicular (for L4/5 disc) vs. steeper angle (for L5/S| disc).

Figure 10 Stylette is introduced at an angle of approximately 45 degrees accurately toward the foramen in the GPS grid, under fluoroscopy.
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®

Figure || Microdecompressive lumbar discectomy fluoroscopic views of a. stylette and dilator, b. Discogram confirming disc degeneration, c. Grasping forceps,
d. e, f., g Using a special flexible articulating angle grasper to reach posterior protruded herniated disc not reached by a conventional grasper.

Figure 12 Performing endoscopic disc micro decompression.

Citation: Maziad AM, Chiu JC. Minimally invasive endoscopic transforaminal lumbar discectomy, a simplified technique guide. MOJ Orthop Rheumatol.
2019;11(2):91-99. DOI: 10.15406/mojor.2019.11.00479


https://doi.org/10.15406/mojor.2019.11.00479

Copyright:
Minimally invasive endoscopic transforaminal lumbar discectomy, a simplified technique guide ©2019 Maziad etal. 97

@ (b)

Figure 13 a, b, ¢, d Holmium YAG laser generator, probe, on fluoroscopic view, inverted cone shape maneuver, laser thermodiskoplasty procedure.

P

mcnes Devon® or

Figure 15 a. Steroid and anesthetic injection into the disc as final step to reduce postoperative pain and inflammation b. Excised disc material and calcified
osteophytes of the affected level c. Single stitch to close the skin puncture wound.
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Figure 16 Morbidly obese patient immediately following successful multi-level GPS microdecompressive lumbar discectomy.

Discussion

We have developed a step by step localization system (Grid
Positioning System or GPS) to facilitate the precise surgical approach
toward the lesion or target for MISS procedure. Utilizing GPS
dramatically improves accuracy, reduces the operative time and adds
an extra advantage on an improved surgical outcome particularly in
high risk medical patients. Minimally invasive endoscopic micro-
decompression for herniated lumbar discs and spinal stenosis can
effectively treat disc pathologies and spinal stenosis and alleviate
patient symptoms. However, accurately localizing the spinal foramen
and lesion can be a challenging tedious task for the inexperienced
surgeon particularly in cases with abnormal anatomy following
previous open surgery or spinal deformities such as degenerative
scoliosis. More commonly localizing the spinal foramen can be
difficult in morbidly obese patients where the topographic anatomy
related to the spine is quite different from the norm. Again, GPS
facilitates the MISS process.

MISS with GPS guidance combines different modalities for
addressing spinal pathology; aggressive mechanical decompression,
laser application, disc suctioning and pharmacological treatment of
the disc by steroids and anesthetics to reduce inflammation. It can
effectively treat spinal pathology at multiple levels without having
to worry about the potential complications of extensive exposures,
prolonged surgery, infection, implant failure, potential junctional disc
herniation often associated with conventional spinal surgeries. It also
provides significant economic savings as no hardware implants are
required, recovery is much faster, easier and fewer medications are
needed.

Furthermore, this is the only logical solution for many elderly
patients (even octogenarians and beyond) who suffer symptoms
caused by spinal stenosis and disc problems in order to avoid major
surgery. The results of this operation can be an extremely gratifying
experience for both the patient and the surgeon.

Although MISS with GPS guidance is not the answer to all spinal
problems, we believe it can address many of the problems related to
spine degeneration without destabilizing the spine or compromising
the flexibility of the motion segment if clinically appropriate, we
recommend treatment with MISS followed by several months of
recovery and re-evaluation before a patient under goes an irreversible
fusion surgery.

The MISS procedure with GPS guidance requires a knowledgeable
and competent surgeon with a thorough understanding of the surgical
anatomy of the spine. Therefore, we believe that previous surgical

experience with conventional open procedures can actually help the
surgeon better understand this type of surgery compared to surgeons
without such experience. A minimally invasive spine surgeon must
have surgical training with hands-on experience with an expert in the
field in order to go through the steep surgical learning curve.

Minimally invasive spinal surgery with GPS guidance is the
logical evolution of spine procedures. With the current fast paced
advancement in surgical technology, more applications for MISS will
emerge in the near future.!

Conclusion

Applying the concept of Grid Positional System (GPS) to minimally
invasive spinal surgery procedures can help the surgeon to facilitate
the MISS process by quickly identifying the surgical portal of entry
to the disc or target without compromising vital anatomical or neural
structures and accomplish needed spinal microdecompression. GPS is
of particular value especially in medically high risk patients including
the morbidly obese and even those with prior surgeries. With the aid
of GPS, MISS procedures can be very effective in surgical treatment
of degenerative spine; especially if proper patient selection and sound
MISS techniques are utilized.
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