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Bl Abstract

Background: Stimulation of the dorsal root ganglion (DRG-S)
has been shown to be an efficacious treatment option for
refractory neuropathic pain syndromes. However, placement
of the percutaneous leads for trial implantation can be
challenging in patients with prior spinal surgical interventions
resulting in anatomical changes and adhesions.

Methods: This technical report describes the transgrade
placement of DRG-S leads in 4 patients with back pain surgery
histories in whom secondary to specific anatomical patholo-
gies the traditional anterograde placement of DRG-S leads
was not feasible.

Results: We used a transgrade placement approach, enter-
ing superior and contralateral to the target level of
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placement, resulting in uncomplicated and effective place-
ment of DRG-S leads.

Conclusions: Transgrade lead placement for DRG-S may be
an efficacious alternative to traditional anterograde DRG
lead placement in cases where interlaminar access below the
level of the DRG is not available, or desirable. Further studies
are needed to clarify the safety and applicability of this
approach. H
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INTRODUCTION

Chronic pain affects over 100 million Americans, and a
relevant component of this disease burden can be
attributed to neuropathic pain.'™ Dorsal root ganglion
stimulation (DRG-S) has recently emerged as an effica-
cious treatment modality to treat certain chronic
refractory neuropathic pain conditions.*” It is thought
that by stimulating the DRG, pain perception is reduced
via reduction of action potential conduction at the
sensory neuron’s T-junction within the DRG, as well as
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through reduction of ectopic firing within the somata of
sensory neurons in the DRG.%’

The interlaminar approach for the insertion of
percutaneous DRG-S leads has been well documented
in an anterograde manner.*”>'°"'2 However, in patients
with a history of spinal surgery at a level just below the
target level for stimulation, anterograde placement of
the leads can be difficult secondary to adhesions or
epidural scaring. Importantly, a significant proportion
of the patients with chronic pain syndromes have
undergone back surgery.'®> Contralateral retrograde
DRG lead placement approaches have anecdotally been
used by different groups, most notably by Adnan Al-
Kaisy et al.'*'* who named it a “transgrade” approach,
but these approaches have never been described in the
literature in detail. The aim of this report is to detail our
approach to transgrade interlaminar insertion of DRG-S
leads in patients with specific anatomical conditions
prohibiting traditional anterograde DRG-S lead place-
ment.

We will first briefly describe the rationale for using
the transgrade approach in 4 patients in whom we used
it, before describing the transgrade approach in detail.

Written informed consent to publish this technical
note was obtained from the patients described in this
report. Consistent with local institutional review board
standards, we did not submit this project for review,
since case series consisting of <5 patients are not
considered research.

Indication Considerations

In 4 cases we encountered separate indications for DRG-
S lead placement using a transgrade approach; however,
the principles used with this technique to access the
foramen remain similar (as described below). The
transgrade approach can be considered in anticipation
of challenges accessing the epidural space, or when
facing lead placement obstacles with a traditional
anterograde approach.

In Case 1, a 66-year-old woman with chronic
sacroiliac joint pain, the technique was chosen to place
bilateral L1 leads due to a history of spinal decompres-
sion and fusion from the L2 to S1 levels, and
laminotomies performed at the 12 level. In Case 2, a
72-year-old man with chronic knee pain after a knee
replacement, there was a history of an L4-S1 fusion,
with decompression of L5 lamina and thus loss of the
L4-5 interlaminar space, necessitating a transgrade
approach to access the right L3 foramen. Case 3, a

49-year-old woman with chronic abdominal pain after a
bypass procedure, was a revision procedure of a T11
DRG-S lead secondary to migration at 3 months
postimplantation. Removing the lead required addi-
tional tension, leading us to believe that there was scar
tissue formation in the area. This was confirmed when,
after accessing the epidural space, the lead and intro-
ducer could not be passed to the foramen. The antero-
grade approach was then aborted and the transgrade
placement technique was used. Case 4, a 76-year male
with chronic back pain, had a history of L1-2 and L2-3
laminectomy and L4-5 and L5-S1 laminectomy and
fusion surgery. The L1-2 laminectomy made the tradi-
tional anterograde approach not feasible in this case to
reach the bilateral T12 target DRGs.

Transgrade Placement Technique

The patient should be monitored by an anesthesiologist
and the procedure should be performed under minimal
sedation with a responsive patient. After sterile prepping
and draping, 1.0% lidocaine is administered for local
anesthesia. The entry point for the Tuohy needle should
be at the vertebral level above the target foramen,
requiring optimization of the view of the interlaminar
space of the target foraminal level and the lamina of the
level above (Figure 1A). Once the interlaminar space is
visualized clearly, one must evaluate the inferior border
of the lamina forming the rostral border of the space.
This inferior laminar line will allow the interventionalist
to contact the lamina with the Tuohy needle and to walk
the needle off caudally into the ligamentum flavum
(Figure 1B). Now a trajectory needs to be made to enter
in a lateral and caudad angulation by having the Tuohy
needle contact the inferior laminar border and arriving
at the epidural space in the midline position. Midline
access of the epidural space is vital for ease of introducer
and lead placement. For this to occur, the Tuohy needle
entry point at the skin should be rostral to the target
foramen, and typically will be at the level of the pedicle/
lateral border of the vertebral body at or above the
endplate of the vertebral body above the target foramen.
This entry point may vary depending on the kyphosis/
lordosis of the vertebral level or other anatomical
variations.

Given the rigid nature of the introducer sheath,
attention should always be paid to the direction of the
curve of the sheath. At levels at which the spinal cord is
ventral to the epidural space (ie, above L1-L2), caution
must be exercised to not rotate the curve toward the
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Figure 1. Schematic representation of transgrade dorsal root ganglion (DRG) lead placement. A, Initial position of entry at the skin. B,
The needle is directed to the inferior laminar border, where contact is made with the Tuohy needle. C, After walking the needle
inferomedially and accessing the epidural space in the midline using loss of resistance to air, the lead is positioned over the contralateral

inferior DRG.

spinal cord. This statement holds true for the traditional
anterograde approach as well as with the transgrade
approach, since the curved tip of the introducer sheath
can potentially induce a blunt insult to the dorsal aspect
of the cord, potentially inducing transient postprocedu-
ral neuropathic pain.

Given the planned trajectory, with the skin entry
point at or above the lower vertebral endplate of the
level above, contacting the lower laminar border with
the Tuohy needle, and then walking the needle off into
the center of the epidural space in the midline, the Tuohy
needle should have a caudad angulation which will
allow the introducer and lead to have a relatively direct
path to the target foramen (Figure 1C).

The lead and sheath are then introduced into the
epidural space and steered towards the foramen on
the contralateral side. The lead is then advanced through
the foramen in the usual fashion, with the first electrode
extraforaminal, the second and third under the pedicle,
and the fourth contact medial to the pedicle. A superior
tension loop is created by retracting the introducer into
the Tuohy needle while keeping the lead in place, then
rotating the curved tip introducer cephalad, retracting
the stylet of the lead ~10 cm, and advancing the lead
itself to make the superior loop. The introducer is then
rotated to orientate the curve in the caudad direction.
This requires clockwise rotation when approaching
from the left side and counterclockwise rotation when
approaching from the right side. The lead is then
advanced, and the inferior portion of the strain relief
loop is created. Again, while manipulating the intro-
ducer, close attention must be paid to avoid rotating the
curve of the introducer ventrally. After lead placements
are confirmed on anteroposterior and lateral views

(Figures 2 and 3), the leads may be connected to the
adapter and tested, if deemed necessary, for concordant
paresthesia coverage. The Tuohy needle and introducer
are then removed in the usual fashion and the lead is
secured.

DISCUSSION

Research supporting the efficacy and safety of DRG-S
for treatment of chronic pain syndromes continues to
grow. 71012131617 N fany patients with chronic pain
conditions have had prior surgical interventions on
the spine, and a substantial subset of patients may
present with postsurgical changes in anatomy. These
changes may complicate placement of DRG-S leads
via the traditional anterograde approach if the
surgical level was just below the target level for
DRG-S. Compromise of the epidural space by a
laminectomy or laminotomy at the level below the
target foramen can make the epidural space inacces-
sible. The transgrade insertion approach described in
this report may be a valuable alternative approach if
anterograde placement difficulties are encountered or
anticipated.

Upon review of the literature, we found several
reports on retrograde lead placement of conventional
spinal cord stimulation leads. Van Helmond et al.'®
presented a case in which a retrograde approach from
C7-T1 was used for the placement of conventional
spinal cord stimulator leads on the T8 level. A detailed
description of the retrograde approach for the placement
of cervical spinal cord stimulation leads has been
provided by Oosterbos et al.,'® and retrograde lead
placement for conventional spinal cord stimulation in
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Figure 2. Anterior posterior and lateral fluoroscopic views of dorsal root ganglion stimulation lead placement using the transgrade

approach at the L3 level.

Figure 3. Anterior posterior and lateral fluoroscopic views of dorsal root ganglion stimulation lead placement using the transgrade

approach at the T12 level.

the lumbar'® and sacral areas®® have also been per-
formed previously.

Since the anatomy of the thoracic spine and the
lumbar spine differs, the technique of lead placement is
different as well. In comparison, in the lumbar spine the
distance between the ligamentum flavum and the dura
mater can be up to 5 to 6 mm, whereas the distance
between the ligamentum flavum and dura mater in the
area of T12-L1 can be only 3 to 4 mm.*! The
reduction of this space requires a shallow angle in
which the needle is brought into the epidural space.
Given that the spinal cord typically ends at L1-2,
additional attention needs to be made to avoid contact
with the dorsal aspect of the spinal cord with the
introducer sheath, as it is more rigid than the lead itself.
Contact with the spinal cord with the introducer may
lead to transient postprocedural neuropathic pain.
Since we used this technique to place leads on the
DRG, it is further necessary to steer leads out of the
contralateral foramen. Overall, the described

retrograde approach may be more challenging to
perform than the conventional anterograde approach.*!

As with every neuromodulation procedure, it is
important to monitor the patient closely for adverse
events, such as lead migration, lead fracture, infection,
inflammation, or cerebrospinal fluid leak.*”*** When the
lead is placed in an anterograde position, the lead is
likely to migrate in a caudad direction if migration
occurs. In comparison, when the lead is placed in a
retrograde position, the lead might migrate in a cephalad
direction. When permanently implanting upper lumbar/
lower thoracic leads, we anchor leads to the fascia to
avoid migration.'” Furthermore, all patients should
have a psychological clearance completed prior to their
trials, which was done in each of the cases described in
this report.

The ability to have another approach for DRG-S lead
insertion may expand the realm in which we can apply
DRG-S technology. Technically, proper positioning of
the leads using the transgrade approach may be
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challenging without considerable training and experi-
ence. We suggest that variations in traditional antero-
grade lead placements should be performed only by
experienced practitioners to ensure safety. Proper strain
loop formation and anchoring is necessary to prevent
lead migration, in particular when the distance to the
generator pocket is more significant.

CONCLUSION

DRG-S has been shown to be effective in relieving pain
from a variety of neuropathic pain syndromes. Typical
lead placement via an anterograde approach can be
difficult in patients who previously underwent surgical
procedures of the spine. We demonstrated DRG-S lead
placement at the T11, T12, L1, and L3 spinal levels in a
transgrade manner in 4 cases for abdominal pain, low
back pain, sacroiliac joint pain, and post-total knee
replacement pain. In cases where interlaminar access
below the level of the DRG is not available, or desirable,
alternate access may be attained from above using the
presented transgrade approach. Further studies using
this technique are needed to investigate long-term
success, efficacy, and complication rates.
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