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INTRODUCTION

Symptomatic thoracic disc herniations are a relatively rare
entity in that they represent less than 1% of all disc herniations,
however, literature from autopsy and magnetic resonance im-
aging (MRI) studies has reported an incidence of up to 15.2%
of thoracic disc herniations in the general population.'” Alth-
ough many maybe asymptomatic, clinical presentation of tho-
racic disc herniations can be quite significant and include my-
elopathy, thoracic radiculopathy, axial back pain, gait instability
and bowel and/or bladder dysfunction.®

The operative treatment of thoracic disc herniations is chal-
lenging due to the presence of ribs, narrow spinal canal dimen-
sions and vascular anatomy of the spinal cord. Initial approach-
es utilizing a central decompressive laminectomy were fraught
with iatrogenic complications due to the manipulation of the
spinal cord, which paved the way for other approaches includ-
ing transpedicular and costotransversectomy.>® However, the
limited working window of the aforementioned approaches led
to the widespread adoption of the anterior transthoracic approach

which utilizes a thoracotomy to perform the discectomy, fol-
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lowed by potential fusion based on the amount of bony resec-
tion.>®

Despite providing excellent access, the associated morbidity
of a thoracotomy including postthoracotomy pain led to an in-
creased interest in minimally invasive techniques for approach-
ing thoracic disc herniations such as mini-open approach, tho-
racoscopic approach and the transforaminal endoscopic appro-
ach.”® The transforaminal approach was first reported by Kam-
bin who described the safe transforaminal triangle for a percu-
taneous discectomy in 1973."° After instrumentation and tech-
nique improvements and popularization of its use in the lumbar
spine, the past decade witnessed an increased use of the trans-
foraminal endoscopic approach in the thoracic spine.'**?

We herein describe the technical points of performing a trans-
foraminal endoscopic thoracic discectomy (TETD) and sum-
marize the outcomes in the literature.

SURGICAL TECHNIQUES

1. Indications
Any thoracic disc herniations at any level, except T1/2 could
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be a candidate of TETD. T1/2 foraminal or paracentral disc her-
niations can be accessed with a posterior interlaminar approach
like a posterior cervical endoscopic foraminotomy and discec-
tomy, given the risk of functioning T1 nerve root damage and
narrow intercostal space.

Paracentral soft disc herniation with myelopathy with/with-
out thoracic radiculopathy will be the ideal indication of TETD
(Fig. 1). Since not a small number of thoracic disc herniations
show calcification, partially calcified thoracic disc herniations
would also be an indication of TETD, unless it is an extensive
ossification of the posterior longitudinal ligament. If the calci-
fied disc herniation has a dural adhesion, a ‘floating” technique;
involving the removal of the disc and leaving the calcific shell if
the calcified disc is all detached from the disc and the posterior
longitudinal ligament, may provide significant improvement
(Fig. 2). Combined ossification of the yellow ligament (ossifica-
tion of ligamentum flavum) may not be effective with TETD,
but cases combined with central/paracentral disc herniation
could have favorable outcomes as enucleation through TETD can

Fig. 1. A 72-year-old female with thoracic myelopathy. (A, B)
Preoperative magnetic resonance imaging show right para-
central disc extrusion with spinal cord compression (the circle
and arrow) with intramedullary signal changes. (C, D) Post-
operative images show improved spinal cord signal and space.
The patient had significant improvement of myelopathy after

surgery.
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provide some central decompression after shrinkage of the disc
material.

Central disc herniations can be more difficult to access than
paracentral disc herniations. The central disc fragment can be
removed successfully with TETD approach if it is a loose soft
nucleus fragment, through a more shallow access angle after
the transforaminal approach. But effective central decompres-
sion may not be easy when the central disc is calcified or has a
thickened annulus component. In those cases, central enucle-
ation could cause shrinkage of the central fragment with the
healing process, but this is not always possible.

2. Positioning and Operating Room Set-up

The patient is positioned prone over a radiolucent operative
table. Intraoperative neuromonitoring including somatosensory
evoked potential and motor evoked potential are optional if the
procedure is under general anesthesia. The authors recommend

neuro-monitoring when spinal cord compression is severe or

Fig. 2. A 36-year-old female with thoracic myelopathy. The
preoperative magnetic resonance imaging (MRI) (A) and com-
puted tomography (B) show severe spinal cord compression
and intramedullary signal changes at T8/9 with calcific disc
herniation. Because of the adhesion between the dura, the cal-
cified disc was floated without total removal (C) as seen on
the MRI performed a few days postoperatively, but the patient
had significant improvement after surgery and did not require
additional surgery (D). SEP, superior end plate; LEP, lower
end plate.
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when the patient has underlying significant neurological defi-
cits. At the authors’ institution, neuromonitoring is routinely
performed for surgery involving any spinal cord level because
of possible medicolegal issues if it is not contraindicated.

The arms are positioned on side arm boards and the leg posi-
tion can be in mild flexion of hip and knee joints without any
pressure points. The thoracic spine area is prepped and draped

in a sterile fashion and a C-arm is positioned so that true an-

Fig. 3. Axial magnetic resonance image demonstrates the lo-
cation of portal (the entry of a discography needle) and access
angle. The entry is located at around 5-8 cm from the mid-
line, and the access angle is around 45° because of the rib cage.

teroposterior (AP), lateral and oblique views are available. Irri-
gation pump pressure is set at 35 mmHg with room tempera-
ture saline.

3. Portal and Access Angle

The portal for TETD would be variable depending on the
pathology; paracentral versus central disc herniation. A central
disc herniation may need a portal with more lateral location.
Also, the soft tissue thickness of the patient at the level of access
is another factor to consider. The distance from the midline var-
ies from 5 cm to 9 cm. The easiest way for localization is draw-
ing a line from the target point to the skin and measuring the
distance between the midline and the skin entry on a computed
tomography or MRI gantry axial image (Fig. 3).

Generally, the access trajectory targets the lateral aspect of
the facet for additional lateral facetectomy and foraminal ex-
pansion (foraminoplasty). Usually, the access angle is steeper
(smaller angle from the midline) than conventional lumbar trans-
foraminal discectomy, around 45°, because of the convexity of
the rib cage and pleural cavity. But an operator may lower their
hand to increase the approach angle (increase the angle from
midline) with the same portal after decompression of the para-
central area, to gain better access to the central spinal canal.

Under fluoroscopic guidance, an 8-inch discography needle
is placed targeting the posterolateral corner of the disc. The end
of needle should be located at the center to the lateral half of the
lower pedicle on an AP view and posterior aspect of the disc on
a lateral view for a good starting point (Fig. 4). Then the needle

Fig. 4. The initial discography needle and guide wide should touch the posterolateral corner of the intervertebral disc (A, B) on
fluoroscopic images. (C, D) The obturator and working cannula is touching lateral aspect of the facet joint.
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can be advanced toward the center of the disc to inject diluted
methylene blue to stain the disc material as needed. Sequential
soft tissue dilators and obturator are inserted before the place-
ment of the working sleeve (Fig. 4).

4. Exposure, Lateral Facetectomy, Foraminotomy
Intervertebral foramen of the upper to mid thoracic spine,

from T2 to T10, have different anatomical characteristics com-
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Fig. 5. Computed tomography (CT) images demonstrate ana-
tomical characteristics of the thoracic spine. (A) T10/11, T11/12
disc space is not covered by the corresponding rib heads (red
arrows), but at the levels above T'10, the disc space is partially
covered by the rib heads (arrow head), drilling of the superior
aspect of the rib head maybe needed to access the disc space,
especially toward the central located disc fragment. Since ped-
icles of thoracic spine have a caudad angle, the upper part of
the pedicle usually blocks access to the disc space (the dotted
lines). Drilling of the upper pedicle-superior end plate junc-
tion provides easier access to the disc space. (B) Oblique view
of a 3-dimensional CT images of the foramen. To expose the
intervertebral foramen of thoracic spine, lateral facetectomy
will be necessary, drilling of up to 50% of the joint surface, su-
perior pediculectomy to the superior end plate, and superior
aspect of the rib head as needed (red area). (C) An axial CT
images shows lateral facetectomy and the superior end plate
resection with an endoscopic burr (the red circle).
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pared to the lower thoracic spine from T10-12.

The intervertebral foramina have smaller dimensions, the
disc spaces are partially covered by the corresponding rib head
at T9/10 and above. Lateral facetectomy and rib head resection
are required to access the epidural space at the upper and mid
thoracic spine. Transforaminal approach to T10/11, T11/12 and
T12/L1 disc space will be similar to the upper lumbar spine,
because their intervertebral foramina are wider, and the disc
spaces are not covered by the rib heads (Fig. 5).

Another unique point of the transforaminal approach is that
the pedicles of thoracic spine are caudally angled compared to
the disc space, as such the superior aspect of the lower pedicle
is partially blocking the access of the disc space plane (Fig. 5).

After placement of the working sleeve, the soft tissue consist-
ing of muscles and ligaments should be cleaned using a flexible
radiofrequency tip to expose the lateral aspect of the facet and
rib head. Using an endoscopic drill (usually 3.5-mm diameter

diamond burr), the lateral aspect of the facet joint is burred to

Fig. 6. Intraoperative pictures of sequential steps showing ex-
posure of a right side T9/10 intervertebral foramen and inter-
vertebral disc space. (A) After soft tissue removal, lateral as-
pect of the inferior articular process (IAP) of the cranial ver-
tebra was drilled. (B) After the IAP resection, the superior ar-
ticular process (SAP) of the inferior vertebra was drilled to
open the foramen. (C) Superior aspect of the lower pedicle
was drilled to expose the disc space. (D) After lateral facetec-
tomy and drilling of the superior pedicle, the upper (arrow
heads) and lower end plate (arrows), the disc space was ex-
posed.
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access the disc space (up to 50 % of the joint) (Fig. 6). The su-
peromedial aspect of the rib head may require resection as need-
ed to expose the disc space or advance the working cannula to-
wards the midline. The rib head can be resected using an endo-
scopic burr. Superior pediculectomy is required if adequate vi-
sualization of the disc is not enough with lateral facetectomy
alone (Fig. 6). Once the foramen has been enlarged with lateral
facetectomy and the rib head resection, the next steps are simi-
lar to the endoscopic lumbar discectomy.

5. Discectomy

After docking the beveled end of working cannula on the pos-
terolateral corner of the disc, endoscopic scalpel, cutting punch-
es or variable sized endoscopic pituitary rongeurs can be uti-
lized for the annulotomy and disc fragment removal (Fig. 7).
Injecting 2-3 mL of diluted methylene blue in the disc space
with an 8-inch discography needle will be helpful to locate the
ruptured disc fragments.

Thoracic intervertebral disc spaces are usually not high enough
to advance a 7-mm diameter working cannula. To access the
more central side, both upper and lower end plates can be par-
tially removed using a small diameter (2.5 or 3.5 mm) endoscop-

Ventral dura

Fig. 7. Intraoperative pictures of the decompression. (A) After
posterolateral discectomy, the lateral border of dura was ex-
posed. (B) A radiofrequency probe or a dissector can be placed
between the ventral dura and posterior annulus to confirm
the plane and check for any adhesion. (C, D) After central dis-
cectomy, the pulsating ventral dura and epidural fat are visible
without any compression.
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ic drill. Calcified annulus can be drilled also (Fig. 7). When the
ventral epidural space with epidural fat and pulsating dural sac
are visible under endoscopic vision, the decompression would
be sufficient (Fig. 7).

6. Wound Closure and Postoperative Care

The authors prefer placing an 1/8 inch diameter silicon drain
through the portal to avoid possible epidural hematoma. Appli-
cation of skin glue or steri-strips over 1 or 2 subcutaneous su-
tures will be sufficient for wound closure.

DISCUSSION

Traditionally, thoracic disc herniations are accessed through
open approaches such as transpedicular, costotransversectomy
or anterior transthoracic. More recently, less invasive options
including mini-open, thoracoscopic and endoscopic approach-
es have become popular.

There have been a few case series in the literature describing
TETD and its outcomes (Table 1). In 2010, Choi et al.* initially
reported on 14 patients who underwent TETD for soft thoracic
disc herniations under local anesthesia with sedation and showed
improvements in patient visual analogue scale (VAS) for back
and leg pain and Oswestry-Disability Index (ODI) scores. Their
mean operative time was 61 minutes and there were no surgical
related complications reported.

Bae et al.’ reported their case series of 92 consecutive patients
with symptomatic thoracic soft disc herniations who underwent
TETD under local anesthesia with sedation. At a mean follow-
up time of 38.4 months there was significant improvement in
both VAS pain and ODI scores. Their complications included
one patient with transient motor weakness, 3 patients with low-
er extremity parasthesias, and 2 patients with symptomatic re-
current herniation with 1 requiring reoperation and the other
improving nonoperatively.

For patients with lower thoracic spinal stenosis, Guo et al.””
reported on 6 consecutive patients who underwent transforam-
inal endoscopic thoracic decompression and discectomy and
demonstrated significant improvement in the Japanese Ortho-
paedic Association scale from a mean of 4.4 preoperatively to
6.6 at 1-year follow-up, and improvement in Frankel grade of
all patients from incomplete motor loss (grade D) to normal
(grade E) by the 3-month follow-up mark with no reported tho-
racic, vascular, infectious or permanent neurologic complica-
tions.

As reported by Uribe et al.,” open approaches for thoracic disc
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Table 1. Summary of transforaminal endoscopic thoracic discectomy clinical series reviewed

Study Indication Nc?. of Clinical outcomes* Complications (n)
patients
Choi et al.,* 2010 Soft thoracic disc hernia- 14 VAS back 6.5to0 3 Not reported
tion VAS leg 5.8 to 2.5
ODI58.1 to 24.5
Follow-up 60.2 months
Bae et al.,’ 2020 Soft thoracic disc hernia- 92 VAS 7.6 to 1.6 Transient motor weakness (1),
tion ODI68.2t013.2 parasthesias (3), symptomatic
MacNab excellent/good outcomes 90.2% recurrent herniations (2),
Follow-up time 38.4 months reoperation (1)
Guo et al.,”® 2019 Lower thoracic stenosis 6 JOA score 4.4 to 6.6 at 1 year Not reported
VAS back 7.8 yo 1.9
VASleg8.7t0 0.3
Follow-up time 12.6 months
Bae et al.,” 2022 Thoracic disc herniation 39 VAS 7.5 to 2.5 Incomplete decompression

ODI 47.6to 13.7

requiring revision (1)

MacNab excellent/good outcomes 89.7%
Follow-up time 11.2 months

Bae et al,,' 2019 Upper thoracic disc hernia- 14 VAS7.3t02.3 Not reported
tion (T2-6) ODI 53.5t0 16.9
MacNab excellent/good outcomes (86%)
Follow-up 43.4 months
Houraetal,,'®*2020 Thoracic disc herniations 16 VAS8to1 Not reported
(including 10 calcified) ODI59to 13
Follow-up 5 years
Gao etal.,° 2021 Thoracic disc herniations 11 JOA from 7.4 to 10.2 Not reported

(including 9 calcified)

VAS leg/thoracic 3 to 0.5

Follow-up time 15 months

VAS, visual analogue scale; ODI, Oswestry-Disability Index; JOA, Japanese Orthopaedic Association score.
*Values are presented as means for VAS, ODI, JOA score and follow-up time, and percentage (%) for MacNab criteria outcomes. VAS, JOA,
and ODI values are presented as mean preoperative to mean postoperative.

herniations involve a mean blood loss of 562 mL and a mean
hospital length of stay (LOS) of 8.6 days. An endoscopic approach
minimizes the invasiveness and provides access to the spinal
cord generally without the need for a facetectomy or pedicle re-
moval, which in some cases can prevent the need for fusion as
well. Moreover, apart from the improved cosmesis, reduced risk
of infection, and lower blood loss, patients who undergo endo-
scopic technique do not need a chest tube and can be done un-
der local anesthesia, resulting in a quicker recovery with a short-
er hospital LOS compared with open approaches.*’

While mini-open approaches are also becoming more popu-
lar due to their decreased invasiveness, the approach generally
remains similar to the open approach in addition to the required
bony work that still carries the risk of destabilizing facet bone.>*
Uribe reported a series of 60 patients undergoing mini-open
lateral approach for thoracic disc herniations, of which 55% were
calcified. Seventy-five percent underwent a transpleural approach
while 25% underwent a retropleural approach. They reported a

24 Www.e-neurt ospine.org

median operative time of 182 minutes, median LOS of 5 days,
and median blood loss was 290 mL. Most patients showed im-
provements in myelopathy, radiculopathy and pain, although
10% underwent posterior supplemental fixation for instability,
and 78% required a chest tube. Complications included a du-
rotomy in 7 cases (11.7%), one each of pneumonia, extrapleural
free air, new lower extremity weakness, wound infection in pos-
terior instrumentation, and mild intercostal neuralgia. There
were 3 cases (5%) requiring reoperation for re-exploration, wound
infection, and residual disc removal.?

Bae et al.” compared 38 patients who underwent a microscop-
ic posterior/posterolateral approach utilizing hemilaminecto-
my, medial facetectomy and in some cases partial pediculotomy
for thoracic disc herniations, with 39 patients who underwent a
TETD for the same indication at a single institution. They dem-
onstrated shorter operative time (70.6 minutes vs. 175.7 min-
utes), lower blood loss (3.8 mL vs. 357.4 mL), shorter hospital
LOS (7 days vs. 13 days), and greater patient satisfaction based
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on MacNab criteria (89.7% vs. 73%) between the TETD and
microscopic approaches, respectively. However, patients who
underwent the microscopic approach had a greater proportion
of concomitant ossification of ligamentum flavum than the
TETD group (34.2% vs. 2.6%).

Thoracoscopic and transforaminal techniques are similar in
that they are both needle-based and require the use of special-
ized endoscopes. Thoracoscopy however often requires a tho-
racic access surgeon given the lack of familiarity of working thr-
ough the thoracic cavity with an endoscope, compared to the
more posterior/posterolateral based transforaminal approach.
In addition, TETD can be performed with local anesthesia and
sedation which has increased in popularity lately in select pa-
tients to facilitate early recovery pathways.**'* Thoracoscopy on
the other hand requires the use of general anesthesia and sin-
gle-lung ventilation. However, general anesthesia has benefits
for neuromonitoring and is more comfortable for both patients
and surgeons, although the ability to check a patient’s response
under local anesthesia may obviate the need for neuromonitor-
ing.” Quint et al’ reported their prospective cohort of 167 pa-
tients who underwent single level thoracoscopic discectomy
and demonstrated improvements in VAS pain scores and the
American Spinal Injury Association motor score at 2-year fol-
low-up. Their reported complications included transient inter-
costal neuralgia (5.4%), dural tears (1.2%), respiratory complica-
tions (3.6% - including pleuritis, pneumothorax and pleural ef-
fusions), symptomatic postoperative instability (1.8%), incom-
plete decompression (1.8%), and motor deficit (1.2%).

Despite its overall advantages, TETD comes with its own limi-
tations. Similarly, to the thoracoscopic approach, the cost of in-
strumentation, the 2-dimensional visualization of a 3-dimen-
sional (3D) pathology, steep learning curve and difficulty in man-
aging intraoperative complications are real concerns.”” In addi-
tion, TETD is more difficult in the upper thoracic spine due to
the rib heads limiting foraminal access and the presence of the
scapula.” Bae et al.'* however demonstrated its feasibility in a
series of 14 consecutive patients with soft disc herniations who
underwent transforaminal endoscopic discectomy between T2
and T6 without any reported neurologic or vascular complica-
tions. Traditionally, relative contraindications for a transforami-
nal endoscopic approach are calcified or sequestered discs due
to the limited working window as a result of the constraints on
the position of the endoscope.**'” However, there have been re-
ports of successful treatment of calcific thoracic discs performed
endoscopically."*"**' Houra et al."® reported their series of 16
patients treated with TETD for thoracic disc herniations, with
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10 having partially or fully calcified discs, and demonstrating
significant VAS and ODI improvements at 5-year follow-up
and without reported surgical complications. The same author
also showed that good outcomes are obtained without compli-
cations in 2 patients with large 2-level calcified disc herniations
in the midlower thoracic spine using the endoscopic transfo-
raminal approach.” Moreover, Gao et al.’ reported their series
of 11 patients with thoracic disc herniations, 9 of which were
calcified, who TETD, without postoperative nerve injury, infec-
tion or hematoma formation.

Complications of TETD have been variably reported in the
literature. Ruetten et al.”® reported a 20% (5 of 25) rate of com-
plications including 1 dural tear during the resection of a calcif-
ic disc herniation (was covered with a synthetic dural substitute
and a fat flap), 1 epidural hematoma, 2 transient intercostal neu-
ralgias, and 1 deterioration of myelopathy from a giant disc her-
niation. No infections, pulmonary complications, or instability
were reported up to 18 months of follow-up. Other complica-
tions such as vascular injuries and incomplete decompression
are also possible especially in cases of inexperience/unfamiliari-
ty with the anatomy or instrumentation. Pulmonary complica-
tions including pneumothorax due to targeting needle punctur-
ing the pleura have also been reported, with some authors modi-
fying the technique to using dilators without a targeting needle.®
Although there has not been a study specifically addressing the
learning curve of TETD, a systematic review of complications
associated with the learning curve of minimally invasive spine
surgery in general demonstrated that operative time and com-
plications are usually overcome in 20-30 consecutive cases for
most minimally invasive techniques,” and for full endoscopic
lumbar discectomy, learning curves of 22-33 cases are reported
in the literature.”**

A unilateral endoscopic interlaminar approach has also been
described in the thoracic spine. Ruetten et al.” reported on full
endoscopic decompression of the thoracic spine including 20
cases using the interlaminar approach and 26 cases using the
transforaminal approach with favorable outcomes. They re-
ported 1 case of epidural hematoma and 1 case of transient arm
dysesthesia as the complications of interlaminar approach. Giv-
en the minimal retractability of the thoracic dura and spinal
cord, the interlaminar approach will be limited for most para-
central disc herniations. However, the interlaminar approach
would be useful in the selected cases of a disc herniation that is
extruded past the lateral border of the dura or a dorsally migrat-
ed disc herniation.
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CONCLUSION

TETD is a feasible option for patients with symptomatic her-
niated thoracic discs and compares favorably with open and oth-
er minimally invasive techniques in select patients.
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