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Objective: Spinal cord stimulation (SCS) has become a successful treatment option for managing chronic pain
syndromes. Conventional methods for placing SCS leads include percutaneous insertion or open laminectomy in
cases requiring better visualization. However, achieving accurate placement of paddle leads while minimizing
surgical invasiveness remains a challenge in cases with anatomic constraints such as dural scarring.

Methods: We present a novel surgical technique for the placement of SCS paddle leads in the thoracic spine using
en bloc laminoplasty, which is currently employed at our institution for patients with chronic pain syndromes.
Conclusions: This technique can provide accurate placement of paddle leads in patients with anatomic constraints

or dural scarring that impede percutaneous implantation. Additionally, it offers potential structural advantages
over laminectomy by reconstituting posterior stabilization and protection of the paddle leads.

1. Introduction

Spinal cord stimulation (SCS) has become a popular treatment mo-
dality for chronic pain syndromes since it was first introduced in
1967."? It has been shown to be an efficacious and cost-effective option
for many neuropathic and radicular pain syndromes,®” in addition to
several other accepted indications.” Despite its established clinical
benefits, complication rates may be as high as 30-40 %,%” around 75 %
of which are hardware-related complications.® Perhaps the most com-
mon hardware-related complication is lead migration, which has been
documented at a rate of 8.5-22.6 %.>° Despite over 50 years of research
and development, hardware-related complications still remain a major
cause of morbidity and a financial burden to our healthcare system.”

SCS leads may be inserted percutaneously or in a surgically open
technique utilizing a laminectomy, which involves removal of the
vertebral lamina to place the electrode leads directly over the dorsal
column of the spinal cord.” For chronic pain conditions, conventional
spinal levels for lead placement are between T8 and T10. Percutaneous

implantation has gained popularity due to the reduced risk of surgical
complications and shorter hospital stay,'” yet it may result in a higher
incidence of implant migration and reduced efficacy compared to lam-
inectomy.H This is due in part to the less extensive surgical exposure
and the use of more remote anchoring techniques.” Additionally, certain
anatomic constraints such as fibrous scar tissue attached to the dura pose
challenges during the placement of percutaneous electrodes.'?

Various techniques and anchoring materials have been described for
open placement of SCS leads,” but the fundamental procedure of lam-
inectomy has remained largely unchanged over time. En bloc lam-
inoplasty is an alternative technique that preserves the vertebral lamina,
which may provide stability and a protective barrier to the paddle leads.
While a laminoplasty technique has been described in cervical SCS
cases,”® no such literature has documented laminoplasty for SCS im-
plantation in the thoracic spine. For this reason, we present an en bloc
laminoplasty technique currently employed at our institution, with a
discussion regarding its potential benefits and shortcomings.
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Fig. 1. Intraoperative image showing adequate exposure with the use of two
Weitlaner retractors.

2. Technique

Patients referred to a neurosurgery clinic for chronic pain that have
failed to respond to conservative therapy are evaluated for surgical
candidacy. Preoperative patient evaluation begins with a SCS trial and
imaging prior to operative implantation. For patients with radicular pain
symptoms, magnetic resonance imaging (MRI) is performed to rule out
more compressive pathology or other contraindications to operate.
Appropriate surgical candidates first undergo a percutaneous SCS trial,
where leads are placed subcutaneously into the extradural space to
identify the spinal cord levels at which an adequate response to pain is
achieved. Trials proceed for a minimum of 5-7 days and are considered
successful if the patient experiences at least a 50 % reduction of pain. At
our institution, these patients are then referred to a neurosurgeon for
implantation of permanent electrodes utilizing paddle leads based on
surgeon preference and experience. This is performed around 6 weeks
after the trial procedure. The paddle leads are typically placed between
T7-T9, which are the levels that will be referenced in this technique.

Surgery is performed under general anesthesia with neurophysio-
logic monitoring. The patient is positioned prone on a Jackson table with
all pressure points padded and the arms placed on arm boards. The
midline is marked by referencing the spinous processes and a flank
incision site is also marked for implantation of the implantable pulse
generator (IPG). Following sterile prepping, draping, and a formal
timeout, fluoroscopy is used to mark the inferior lamina of the T9
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vertebrae, which will be removed to guide dissection.

Subperiosteal dissection of the paraspinal muscles is performed to
the level of the medial facet, with a Weitlaner retractor positioned to
expose the width of the vertebrae (Fig. 1). Dissection is continued
laterally to ensure adequate visualization while preserving the facet
capsules. The inferior lamina of T9 is confirmed again with fluoroscopy,
which is then removed using standard laminectomy technique (Fig. 2).
At this point, attempts should be made to place the paddle beneath the
T8 lamina prior to laminoplasty with the goal of being midline and at the
correct caudal level. Using a Woodson to clear the epidural space can
help facilitate this process. If the lead cannot be passed due to a tactile
obstruction, partial window laminotomies may be performed depending
on the location of obstruction. For instance, if the lead continues to pass
laterally, a lateral window laminotomy can enable clearance of local
dural scarring in that area.

If correct positioning cannot be attained using these measures,
laminoplasty is carried out. Using an ultrasonic bone scalpel (Misonix,
Farmingdale, NY), bilateral cuts are made in the T8 lamina medial to the
facet line. En block removal of the T8 lamina is performed using an
upgoing curette and rongeur (Fig. 3). The T8 lamina is then preserved in
normal saline. Additionally, the inferior lamina of T7 can be undercut to
provide more space for paddle lead placement. Any residual scarring
tracts visualized on the exposed dura can be gently peeled off using
microsurgical technique with pickups and a small upgoing curette.

A 16-channel paddle electrode (Penta™, St. Jude Medical, Plano, TX)
is then placed directly on the dura at the T8 level (Fig. 4). Correct
positioning is confirmed once again with fluoroscopy (Fig. 5) before
anchoring the lead wire at the base of the paddle to the dura using 6-
0 prolene suture, which should be anchored using with a partial thick-
ness bite to avoid the risk of dural tear and cerebrospinal fluid leak. This
suture is a provisional step to maintain paddle electrode positioning
during the process of repositioning the removed lamina.

At this point, attention is turned to reattaching the removed lamina.
Craniotomy-type titanium plates and screws (Stryker Craniomax-
illofacial, Portage, MI) are secured to the disconnected lamina (Fig. 5).
This piece is placed back in its anatomic position and secured with two
more screws laterally (Figs. 6 and 7). The wire is further secured to fascia
to provide additional stability. Lastly, a subcutaneous pocket is made in
the patient’s flank to fit the IPG and a subcutaneous tunneling device is
used to pass the wire from the IPG to the paddle leads. IPG impedances
are tested prior to closure. Motor and sensory evoked potentials are
monitored throughout the procedure.

3. Discussion

Achieving proper epidural placement of SCS paddle leads can be
challenging in patients with anatomic constraints, such as dural scarring
from a previous SCS trial. This study outlines a technique for thoracic en
bloc laminoplasty that is currently performed at our institution with
dependable accuracy. This technique provides a viable alternative to the
traditional laminectomy approach and, in our opinion, offers a similar
safety profile while providing several advantages.

This “recapping laminoplasty” technique involves en bloc removal of
the lamina and reattachment with craniotomy-type plates and screws
after placement of paddle leads. Several laminoplasty variations have
been described, which we believe could be similarly effective as long as
they don’t compromise the visualization or accuracy of paddle lead
placement. Our technique utilizes an ultrasonic bone scalpel, which may
help mitigate the laminar bone loss associated with cutting, ideally to
expedite union of the affected lamina.'*

Compared to laminectomy, en bloc laminoplasty preserves the pos-
terior vertebral lamina instead of discarding it. This provides a potential
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Fig. 2. Posterior view of the operative field following T9 laminectomy.
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Fig. 3. Posterior view showing the exposed dura mater over the T8-T9 vertebral levels.
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Fig. 4. Intraoperative image of the paddle lead placed on the dura after the T8 and T9 laminae have been removed.
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Fig. 5. Anteroposterior and lateral fluoroscopic images showing a paddle lead at the T8-T9 level, with appropriate midline positioning.

advantage of maintaining lead positioning, as the posterior vertebral
lamina can help stabilize the paddle lead in the epidural space by acting
as a posterior buttress and protective barrier. Laminoplasty has also
been shown to create less dural scarring than laminotomy,'® which is
clinically important because scar tissue after laminotomy has been
associated with decreased IPG efficacy and early lead migration.'®'” We
have noticed instances of dural scarring that seem to be caused by the
SCS trial, given that the scar tissue has appeared along the original di-
rection of the percutaneous trial electrodes. We recommend gently
resecting this scar tissue, as neglecting to remove it may interfere with
paddle lead placement or cause increased impedance. It remains un-
certain why this develops in certain patients and whether patient factors
are associated with an increased incidence. Furthermore, there is un-
certainty on whether dural scarring prior to laminoplasty affects sub-
sequent lead migration or IPG efficacy to a similar degree as what has
been described with laminectomy.

It is important to emphasize that the decision to perform lam-
inoplasty should be made intraoperatively only when the paddle lead
cannot be correctly positioned without removal of the lamina. For
instance, caudal hemi-laminotomy can help facilitate the initial pass of
the paddle lead, and partial window laminotomies can be utilized to
decompress a focal obstruction, if encountered. Only when optimal
positioning cannot be achieved through less invasive methods should
this recapping laminoplasty be performed. Additionally, this technique
is described for primary implantation, but it can also be useful for
revision cases where dural scarring is more likely to necessitate lamina
removal for proper positioning of paddle leads.

It should be noted that the general protocol of operative decision-
making has been effectively utilized at this institution, but other work-
flows may exist for successful placement of SCS. Therefore, this
approach was developed as methodological progression of operative
steps for complex cases, which has been effective in overcoming chal-
lenges we have encountered. We utilize two-hole craniotomy-type
miniplates for fixation of the lamina segment, but a variety of miniplate
options are available that may also yield satisfactory outcomes. The
description of this institution’s workflow is not meant to draw

comparative conclusions relative to established processes at other
institutions.

Drawbacks to this technique include increased operative time and a
more invasive procedure compared to a percutaneous approach. There
exists a risk of durotomy and cerebrospinal fluid leak by anchoring the
lead wire at the base of the paddle to the dura, which should be
respected and avoided with careful suture technique and a partial-
thickness bite in the dura. There is also a theoretical risk of instability
with manipulation of the posterior spinal column, but this is mitigated
by the rigidity of the thoracic spine and presumed union of the reat-
tached lamina. Compared to laminectomy, these risks are believed to be
marginal.

4. Conclusion

In conclusion, en bloc laminoplasty offers a reliable solution to
ensure accurate placement of SCS paddle leads in patients with anatomic
constraints or dural scarring that hinder accurate placement through
previously described methods. We believe this technique to be a safe and
efficacious alternative to laminectomy with little to no added surgical
risk. Further investigation to evaluate the clinical outcomes of this
technique is warranted and currently underway.
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Fig. 6. Intraoperative image from a sterile back table showing the removed portion of the lamina fixed with two titanium plates and screws.
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Fig. 7. Intraoperative image following laminoplasty, demonstrating the final placement of the T8 lamina over the paddle lead.

References

. Shealy CN, Mortimer JT, Reswick JB. Electrical inhibition of pain by stimulation of
the dorsal columns: preliminary clinical report. Anesth Analg. 1967;46(4):489-491.
. Cameron T. Safety and efficacy of spinal cord stimulation for the treatment of
chronic pain: a 20-year literature review. J Neurosurg. 2004;100(3 Suppl Spine):
254-267. https://doi.org/10.3171/spi.2004.100.3.0254.

. Kumar K, Taylor RS, Jacques L, et al. Spinal cord stimulation versus conventional
medical management for neuropathic pain: a multicentre randomised controlled
trial in patients with failed back surgery syndrome. Pain. 2007;132(1-2):179-188.
https://doi.org/10.1016/j.pain.2007.07.028.

. Kumar K, Malik S, Demeria D. Treatment of chronic pain with spinal cord
stimulation versus alternative therapies: cost-effectiveness analysis. Neurosurgery.
2002;51(1):106-115. https://doi.org/10.1097,/00006123-200207000-00016. ;
discussion 115-106.

. Deer TR, Mekhail N, Provenzano D, et al. The appropriate use of neurostimulation:
avoidance and treatment of complications of neurostimulation therapies for the
treatment of chronic pain. Neuromodulation Appropriateness Consensus Committee.
Neuromodulation. 2014;17(6):571-597. https://doi.org/10.1111/ner.12206. ;
discussion 597-578.

. Hayek SM, Veizi E, Hanes M. Treatment-limiting complications of percutaneous
spinal cord stimulator implants: a review of eight years of experience from an
academic center database. Neuromodulation. 2015;18(7):603-608. https://doi.org/
10.1111/ner.12312. ; discussion 608-609.

7.

10.

11.

12.

13.

14.

Kumar K, Wilson JR, Taylor RS, Gupta S. Complications of spinal cord stimulation,
suggestions to improve outcome, and financial impact. J Neurosurg Spine. 2006;5(3):
191-203. https://doi.org/10.3171/spi.2006.5.3.191.

. Mekhail NA, Mathews M, Nageeb F, Guirguis M, Mekhail MN, Cheng J.

Retrospective review of 707 cases of spinal cord stimulation: indications and
complications. Pain Pract. 2011;11(2):148-153. https://doi.org/10.1111/j.1533-
2500.2010.00407.x.

. North RB, Kidd DH, Zahurak M, James CS, Long DM. Spinal cord stimulation for

chronic, intractable pain: experience over two decades. Neurosurgery. 1993;32(3):
384-394. https://doi.org/10.1227/00006123-199303000-00008. ; discussion 394-
385.

Beletsky A, Liu C, Vickery K, et al. Spinal cord stimulator (SCS) placement:
examining outcomes between the open and percutaneous approach.
Neuromodulation. 2022. https://doi.org/10.1016/j.neurom.2022.11.010.
Bendersky D, Yampolsky C. Is spinal cord stimulation safe? A review of its
complications. World Neurosurg. 2014;82(6):1359-1368. https://doi.org/10.1016/j.
wneu.2013.06.012.

Fransen P. Reversible late thoracic myelopathy and neurostimulation tolerance
caused by fibrous scar tissue formation around the spinal cord stimulation electrode.
Neuromodulation. 2015;18(8):759-761. https://doi.org/10.1111/ner.12282.

Denis DJ, Niu T, Champagne PO, Lu DC. Laminoplasty for cervical spinal cord
stimulator implantation in patients with cervical spondylosis and fusion: a technical
note. Ochsner J. 2019;19(1):38-42. https://doi.org/10.31486/t0j.18.0096.

Chen HT, Hsu CC, Lu ML, Chen SH, Chen JM, Wu RW. Effects of combined use of
ultrasonic bone scalpel and hemostatic matrix on perioperative blood loss and


http://refhub.elsevier.com/S2590-1397(24)00131-5/sref1
http://refhub.elsevier.com/S2590-1397(24)00131-5/sref1
https://doi.org/10.3171/spi.2004.100.3.0254
https://doi.org/10.1016/j.pain.2007.07.028
https://doi.org/10.1097/00006123-200207000-00016
https://doi.org/10.1111/ner.12206
https://doi.org/10.1111/ner.12312
https://doi.org/10.1111/ner.12312
https://doi.org/10.3171/spi.2006.5.3.191
https://doi.org/10.1111/j.1533-2500.2010.00407.x
https://doi.org/10.1111/j.1533-2500.2010.00407.x
https://doi.org/10.1227/00006123-199303000-00008
https://doi.org/10.1016/j.neurom.2022.11.010
https://doi.org/10.1016/j.wneu.2013.06.012
https://doi.org/10.1016/j.wneu.2013.06.012
https://doi.org/10.1111/ner.12282
https://doi.org/10.31486/toj.18.0096

S.D. Stegelmann et al.

15.

surgical duration in degenerative thoracolumbar spine surgery. BioMed Res Int. 16.

2019;2019, 6286258. https://doi.org/10.1155/2019/6286258.
Yiicesoy K, Karci A, Kilicalp A, Mertol T. The barrier effect of laminae: laminotomy

versus laminectomy. Spinal Cord. 2000;38(7):442-444. https://doi.org/10.1038/sj. 17.

5¢.3101029.

World Neurosurgery: X 24 (2024) 100400

Kim DD, Vakharyia R, Kroll HR, Shuster A. Rates of lead migration and stimulation
loss in spinal cord stimulation: a retrospective comparison of laminotomy versus
percutaneous implantation. Pain Physician. 2011;14(6):513-524.

Rosenow JM, Stanton-Hicks M, Rezai AR, Henderson JM. Failure modes of spinal
cord stimulation hardware. J Neurosurg Spine. 2006;5(3):183-190. https://doi.org/
10.3171/spi.2006.5.3.183.


https://doi.org/10.1155/2019/6286258
https://doi.org/10.1038/sj.sc.3101029
https://doi.org/10.1038/sj.sc.3101029
http://refhub.elsevier.com/S2590-1397(24)00131-5/sref16
http://refhub.elsevier.com/S2590-1397(24)00131-5/sref16
http://refhub.elsevier.com/S2590-1397(24)00131-5/sref16
https://doi.org/10.3171/spi.2006.5.3.183
https://doi.org/10.3171/spi.2006.5.3.183

	Placement of spinal cord stimulation paddle leads in the thoracic spine using en bloc laminoplasty: A technical note
	1 Introduction
	2 Technique
	3 Discussion
	4 Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	References


