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ABSTRACT
Background: Various approaches are used for decompressive surgeries in the thoracic spine depending on the 

location and consistency of the pathology, always avoiding manipulation of the thoracic spinal cord. Recently, there has 
been an effort to achieve adequate results and reduce morbidity with minimally invasive surgeries. Good outcomes and 
the advantages of full endoscopic spine surgery (FESS) have been proven for surgerical correction of herniated discs and 
stenoses in the lumbar and cervical spine. Similar evidence has recently been described for the thoracic spine, but it has not 
previously been reported in Brazil. Although the transforaminal approach is already established for the thoracic spine, the 
newly described interlaminar approach is equally efficient, and both techniques must be considered when treating thoracic 
spine diseases. The objective of the present article was to present the full endoscopic interlaminar and transforaminal 
techniques in patients with symptomatic disc herniation of the thoracic spine, discuss the rationality for implementing FESS 
in thoracic spine, and discuss the rationality in choosing between both approaches.

Methods: Two patients were submitted to thoracic FESS. A transforaminal approach was chosen for a T10- T11 
foraminal disc herniation; an interlaminar approach was selected for a paramedian T7- T8 disc extrusion. Data regarding 
operating time, intraoperative images, hospital stay, visual analog scales before and after FESS, course of recovery, and 
surgery satisfaction were evaluated.

Results: The patients had eventless surgeries, improved from preoperative pain without morbidity. Both were satisfied 
and recovered well. Hospital stay was less than 6 hours after surgery.

Conclusions: Transforaminal and interlaminar FESS for thoracic disc herniation are safe, efficient, and minimally 
invasive alternatives.

Clinical Relevance: Despite being an innovative technique with evident advantages, it should be carefully 
considered along with conventional technique for the treatment of thoracic spine diseases, since its clinical relevance is yet 
to be determined.

Level of Evidence: 4.

Endoscopic Minimally Invasive Surgery

Keywords: Intervertebral disc displacement, percutaneous discectomy, endoscopic surgical procedures, thoracic vertebrae

INTRODUCTION

Surgery for thoracic disc herniations is compar-
atively rare, but often challenging. Various surgi-
cal techniques such as laminectomy, transpedicular 
approach, costotransversectomy, axillary, transtho-
racic, thoracoscopic, or transternal approach have 
been described.1–5 Morbidity associated with some 
of these approaches may discourage surgical treat-
ment, as the approach may cause more harm than 
the disease itself.6 Depending on the location and 
severity of symptoms, such as intolerable and/or 
persistent pain and/or neurological deficits, surgery 
is necessary. Knowledge of different techniques and 

approaches is required for individual planning.4,6–8 
Besides the location and consistency of the pathology, 
avoiding manipulation of the thoracic spinal cord is of 
primary concern in choosing the best approach. There 
are no clear standards, but recent minimally invasive 
surgical attempts have achieved adequate results and 
reduced morbidity.1,4,6,7 Good outcomes and advan-
tages of full endoscopic spine surgery (FESS) have 
been described for surgeries of herniated discs and 
stenoses in the lumbar and cervical spine.7,9–14 For the 
thoracic spine, although the full endoscopic transfo-
raminal approach has been described since 2006,6 the 
interlaminar approach to treat disc herniation of the 
thoracic spine has only been recently published,7,15,16 
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both approaches must be considered when treating 
thoracic spinal diseases.

In this study, we present the full endoscopic interla-
minar and transforaminal techniques in patients with 
symptomatic disc herniation of the thoracic spine and 
discuss the rationality for implementing FESS in the 
thoracic spine and choosing between both approaches.

METHODS

Literature Search

The following searches of the literature from 1980 
to February 2021 were conducted to retrieve case series 
and case reports of interlaminar FESS of the thoracic 
spine:

1. A core search by computer- aided searching 
of PubMed and Google Scholar databases. 
“Thoracic” and “endoscopic” and “interlaminar” 
were identified as key search terms from an initial 
recent literature screen and were secondarily used 
in combination with “disc” and “discectomy.”

2. A standard search including citation tracking 
from all papers identified by the above strategy 
and from review articles.

Titles and abstracts meeting the inclusion criteria 
were screened. Articles considering the interlaminar 
approach only for ossification of the flavum liga-
ment were excluded. Three studies were identified, 
and patient characteristics, level(s) of disc herniation, 
surgery details, and postoperative course were extracted 
from each article (Table 1).

Full Endoscopic Instruments

The endoscope used was a TESSYS HD foramino-
scope (Joimax) that has an outside diameter of 6.3 mm, 
has a working length of 208 mm, and is introduced 
through a working sheath. The view angle is 30°. For 
the uniportal technique, an intraendoscopic working 
channel with a diameter of 3.7 mm, light guide, inflow 
for continuous irrigation, and the rod lens system are 
needed. For coagulation and tissue ablation, a bipolar 
articulating probe that applies a radiofrequency current 
(Elliquence—Surgimax), which reduces the transmis-
sion of heat to adjacent tissue structures, is used. Sur-
gical site irrigation was performed using a Richard 
Wolf Fluid Control 2203 automatic pump. Initial set-
tings were 350 mL/min for flow rate and 60 mm Hg for 
maximum irrigation pressure; minor adjustments were 
made to obtain the best visual clarity for performing the 
surgery.

Transforaminal Approach

Surgery was performed using local anesthesia and 
intravenous mild sedation with patient in prone posi-
tion. Approach trajectory was planned on fluoroscopic 
lateral view by drawing an oblique line from the pos-
terior end plate of the lower vertebra passing the tip of 
superior articular process (SAP) to avoid obstruction 
of the thick transverse process and rib head at the cos-
totransverse junction. Skin entry point was located at 
about 5–6 cm from the midline. Using anteroposterior 
(AP) and lateral fluoroscopy, a 25- cm 18G needle was 
placed in the floor of the left T10–T11 neural foramen. 
The needle tip was placed at the midpedicular level at 

Table 1. Published patients series of interlaminar full endoscopic spine surgery for thoracic disc herniations.

Patient Series Pathology N (M:F) Age, y (range)
Operative Time, 

min
Length of 

Stay, d
Follow- 
Up, mo Postoperative Course Complications

Ruetten, 20187 T1- T2 (6), T4- T5 
(1), T7- T8 (2), 

T9- T10 (4), 
T10- T11 (5), 
T11- T12 (2)

20 (8:12) 53 (23–71) 95 (35–135) 3 (2–5) 18 All patients with 
radiculopathy showed 
symptom regression. 
Preoperative thoracic 
spine pain was 
reduced, but not 
significantly.

Epidural hematoma ×1 
(revision), transient 
intercostal neuralgia, 
deterioration of 
myelopathy

Hur, 201915 T10- T11 1 (1:0) 65 95 Not 
reported

1.5 Paresthesia immediately 
subsided, motor grade 
improved from G2- G3 
to G3- G4

None

Liu L, 202016 T10- T11 and 
ossification of 
ligamentum 

flavum

1 (0:1) 58 110 3 6 Motor grade improved 
from G4 to G4+ 
bilaterally. The VAS 
score improved from 
8 to 5.

None

Abbreviations: F, female; M, male; VAS, visual analog score.
All patients received general anesthesia.
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the AP view (Figure 1A) and a few millimeters behind 
the posterior intervertebral disc line due to the disc 
protrusion (Figure 1B). The needle was then advanced 
into the disc space and intraoperative discography 
(Figure 1C) was performed by injecting a mixture of 
radiopaque dye and methylene blue. A guide wire was 
inserted through the needle, the needle was extracted, 
and the dilator followed the guide wire (Figure 1D). 
The operating sheath (Figure 1E) and the endoscope are 
then inserted bluntly into the foraminal area. The pro-
cedure is full endoscopic and uniportal—that is, surgi-
cal instruments are introduced under continuous visual 
control and irrigation through the intraendoscopic 
working channel. Under endoscopic visualization, the 
blue- stained annular surface and part of the disc mate-
rial could be directly observed (Figure 2A–B) and also 
through the fluoroscopic lateral view (Figure 2F). The 
foramen was dissected and widened by resecting bone 
and disc material with a cutter and forceps, and a tre-
phine was used to open de annulus. Further disc mate-
rial was resected using the Lowe punch (Figure 2E). 
A burr was used to complete discectomy though the 
working channel (Figure 2F), and the endoscope was 
retracted to complete foraminoplasty and disc removal 
using manual reamers (Figure 2G–H). After adequate 

decompression, it is possible to notice the widened 
foramen as well as to feel free movement of the instru-
ments inside it. Skin was closed with a single subcu-
ticular suture, and sterile dressing was applied. Patient 
was discharged from the hospital 6 hours after surgery, 
after walking.

Interlaminar Approach

Surgery was performed using general anesthesia 
with patient in prone position. Using AP fluoroscopic 
view, skin entry point was planned at about 1–2 cm 
from the midline, orthogonally directed to the interla-
minar window. After an 8- mm skin and fascia incision, 
the dilator was introduced until bone contact.

Then the operating sheath and endoscope were intro-
duced bluntly. The procedure was full endoscopic and 
uniportal—that is, all surgical instruments were intro-
duced under continuous visual control and irrigation 
through the intraendoscopic working channel. The 
laminae, the vertebral joint, and the ligamentum flavum 
were dissected (Figure 3A). The cutter was used to start 
bone resection at the medial edge of the inferior articular 
process and at the bottom of the spinous process. Resec-
tion was carried out at the SAP and the caudal lamina 

Figure 1. Fluoroscopic views of the transforaminal approach of patient 1. (A) Insertion of the needle at T10- T11 level at anteroposterior (AP) view until needle tip 
reaches the midpedicular line. (B) After reaching the disc at the AP view, the C- arm is turned to lateral position, the needle tip is observed a few millimeters behind 
the posterior intervertebral disc line due to the disc protrusion. (C) The needle is now observed inside the disc space, and intraoperative discography is performed 
by injecting a mixture of radiopaque dye and methylene blue. (D) A guide wire is inserted through the needle and the dilator followed over the guide wire, note the 
tip of the dilator at the same point where the needle tip had touched the disc extrusion. (E) The guide wire is removed and the operating sheath is inserted over 
the dilator. (F) Through the endoscope, a dissector touches the disc herniation. (G and H) Progressive reamers are inserted inside the disc to assure nucleotomy.
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(Figure 3B–C). The ligamentum flavum remained 
closed as long as possible, but after drilling the SAP, it 
was possible to identify the opening of the spinal canal. 
The remaining ligamentum flavum was resected until 
there was enough visualization of the dura and the disc 
material (Figure 3D), which was resected using forceps 
and punches (Figure 3E). The access to the disc level 
and medially to the pedicle with the forceps are respec-
tively shown in Figure 4D and H. The operating sheath 
was maintained outside of the spinal canal throughout 
the entire surgery to avoid any manipulation of the dura. 
Free- floating dura mater in the irrigation fluid was a 
sign of sufficient decompression (Figure 3F).

RESULTS

Using the primary search terms in combination with 
each of the secondary terms on PubMed yielded 18 
unique results. Searching Google Scholar for article 
titles containing the same terms in combination and 
published over the same period (1980–2021) yielded 10 
unique results. When combined, the literature searches 
of these 2 databases revealed a total of 24 full articles 
for review. Two other articles were cited by a review. 
Articles considering only transforaminal approach to 

the thoracic spine were excluded, as well as articles 
considering the interlaminar approach only for ossifi-
cation of ligamentum flavum. Only 3 articles remained 
and were included (Table 1).

On arrival, patient 1 (Table 2) had already been com-
plaining of T10 radicular pain for 5 years with pro-
gressive worsening (visual analog score [VAS] 10/10). 
Besides more than 3 years of physical therapy, she had 
used analgesic, nonsteroidal anti- inflammatory drugs, 
duloxetine, and pregabalin and never had significant 
improvement of the pain. Magnetic resonance imaging 
(MRI) showed T10- T11 foraminal disc herniation 
(Figure 5A–B). She had been submitted to left T10 
radicular block and had transitory improvement. She 
was then selected for transforaminal FESS, which was 
performed with local anesthesia and sedation as pre-
viously described. She had good improvement imme-
diately after the surgery and was discharged from the 
hospital 6 hours after the procedure. One week later she 
reported total improvement (VAS 0/10) and remained 
so until last evaluation 2 years after surgery.

Patient 2 (Table 2) had been complaining of thoracic 
pain (VAS 9/10) for 3 years with progressive worsen-
ing. The pain didn’t improve with physical therapy, 

Figure 2. (A and B) After insertion of the transforaminal endoscope, it is possible to identify the superior articular process (SAP) and the disc herniation (*). The 
radiofrequency probe is used to palpate and clean the SAP. (C) A trephine is used to open de annulus. (D and E) Further disc material is resected using the Lowe 
punch. (F) A burr is used to complete discectomy. (G and H) At the end of the surgery, it is possible to notice the widened foramen (green area).
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various analgesic drugs, nor with duloxetin or pregab-
alin. He was then submitted to T7 radicular block and 
had transitory improvement. MRI showed T7- T8 para-
median disc herniation with caudal migration medial 
to the inferior pedicle (Figure 4A–C). He was then 
selected for interlaminar FESS, which was performed 
with general anesthesia as previously described. He had 
good improvement immediately after the surgery and 
was discharged from hospital 3 hours after the proce-
dure. One week later he reported significant improve-
ment (VAS 2/10) and remained so until last evaluation 2 
months after surgery. Postoperative MRI showed good 
resection of the disc herniation (Figure 4E–G).

DISCUSSION

In thoracic decompression, surgical manipulation 
of the spinal cord must be avoided. Therefore, depend-
ing on the location and consistency of the pathology, 
various approaches were described to cover the entire 
area around the spinal cord.1–5,7 The most direct access 
route to the disc herniation is required. The larger, 

more medial, or more calcified is a disc herniation, the 
more likely it is that a lateral (transthoracic) or an ante-
rior approach should be considered.5,7 The posterior 
approaches may involve difficult or inadequate visu-
alization or handling of the area anterior to the spinal 
cord, with an increased risk of neurological injury 
and approach- related damage of the posterior struc-
tures.7,17 Nevertheless, many disc herniations may be 
accessed by minimally invasive posterior or postero-
lateral approaches such as the reported cases in litera-
ture1,4,6,7,9,15,16,18–21 and those of this study.

There is a growing movement among surgeons to 
achieve adequate results and fewer complications with 
minimally invasive alternatives for all spine proce-
dures. In addition to the superiority of FESS for lumbar 
discectomies,10 similar results have been increasingly 
described with FESS for cervical disc herniations and 
spinal canal stenosis in the cervical and lumbar spine,10–

13,22 and were naturally expected for the thoracic spine. 
The FESS has proven technical advantages such as skin 
incision of only approximately 8 mm, an enlarged visual 

Figure 3. Endoscopic view of the interlaminar approach. (A) After preparing the operating field it is possible to identify the inferior articular process (IAP), the 
superior articular process (SAP), and the interlaminar window with the flavum ligament (*). (B) After drilling the IAP and enlarging the interlaminar window, the SAP 
is ready to be drilled. (C) It is possible to see the burr drilling the inferior laminae and the SAP, lateral to the flavum ligament (*) it is possible to identify the opening 
of the spinal canal. (D) Above the pedicle (P), it is possible to identify the extruded disc herniation (arrow) and the partially compressed dural sac (circle). (E) Lowe 
punch resecting the disc herniation. (F) Dural sac free at the end of the surgery.
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field due to the 30° view angle, excellent illumination 
and visualization, dissection of less tissue, reduced 
bleeding due to continuous irrigation, minimal damage 
to the paraspinal muscles, and low complication rates.7,9 
As a result, FESS can reduce the length of hospital stay 
and the cost of medical treatment and thus has good 
socioeconomic benefits10,23; it is also more favorable in 
terms of outcome, duration of surgery, and overall com-
plications when compared to open or microendoscopic 
surgery.10

FESS for the thoracic spine achieves technically 
sufficient decompression based on the clinical results, 
radiological outcomes, intraoperative findings, and 
patient satisfaction.4,6,18,24 The duration of surgery 
is also shorter than that of the methods described in 
the literature;7,24 indeed, our cases lasted only 50 and 
80 minutes. The intraoperative blood loss was so low 
that it cannot be measured due to continuous irrigation, 

although it is also not considered to be problematic in 
other techniques.17 Gibson et al, in a review of FESS 
for thoracic pathology, reported low rate of complica-
tions that consisted of 2% of dural tears, 2% of transient 
neuralgia, 1.5% of revision surgery, 0.6% of neurolog-
ical injury, and 0.6% of dural hematoma.24 Consistent 
with the literature, no surgery- related complications or 
thoracic spine pain was observed postoperatively in the 
present cases. The hospital stay was only a few hours 
long and much shorter than reported in the literature.7,24 
The shorter stay can be explained by 2 factors: (1) the 
present cases took place in a day- hospital structure and 
(2) in some countries, for socioeconomic purposes, the 
patients are not dismissed from the hospital before the 
third postoperative day.

Fusion is sometimes necessary for traditional tran-
spedicular and transfacet approaches, which damage 
posterior structures or result in more than half of the 

Figure 4. (A) Sagittal T2- weighted magnetic resonance imaging (MRI) showing the extruded disc herniation with caudal migration (arrow). (B and C) Axial T2- 
weighted MRI showing the paramedian disc herniation with migration medial to pedicle. (E and F) Postoperative images showing good resection of the disc 
herniation. It is possible to see the partial facetectomy (arrow head), with complete preservation of the spinal muscles. (G) Computed tomographic image showing 
partial facetectomy. (D and H) Intraoperative images showing access to the intervertebral disc and manipulation of the instrument medial to the pedicle.

Table 2. Patients’ results.

Patient Level Approach Anesthesia Total Time, min Irrigation Time, min Hospital Stay, h Complications

Patient 1: 
female, 38 y

T10–T11 Transforaminal Local and sedation 50 32 6 None

Patient 2: male, 
39 y

T7–T8 Interlaminar General 80 70 3 None
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vertebral body resection. In addition to the previously 
mentioned advantages of FESS, the provided struc-
tural preservation may avoid the need for fusion, thus 
making FESS an alternative choice for elderly patients 
with comorbidity and for whom major surgical trauma 
would be harmful.7,9,25

The individual selection of the respective FESS 
approach enables different working areas to be used and 
makes it possible to reach the target area without manip-
ulating the spinal cord.7 The extraforaminal approach is 
used for intraforaminal and extraforaminal disc hernia-
tions and also for intraspinal mediolateral or some medial 
disc herniations. The extraforaminal technique has the 
broadest range of indications for anterior pathologies and 
also for giant disc herniations.7,26,27 The transforaminal 
case presented was a typical indication for the approach, 
as it was a pure extraforaminal disc herniation. Any other 
approach would probably be more risky and less efficient.

Anterior medial pathologies that cannot be treated 
using an extraforaminal approach, may be accessed 
by minimally invasive anterior approaches, such as 
the full endoscopic transthoracic retropleural approach 
described by Ruetten et al.7

The interlaminar approach was initially described 
for posterior pathologies such as ossification of liga-
mentum flavum,9,19 but can also be used for disc herni-
ations as previously reported7,15,16 and verified with the 
present study. Although this approach is mostly known 
as interlaminar (because the interlaminar window in 
the thoracic spine is narrow), it always includes partial 

laminectomy and/or partial facetectomy. For patient 
2, the interlaminar approach was indicated because of 
the caudal migration and location of the disc herniation 
medially to the pedicle.

Overall, there are no clear standards in the literature 
with respect to the surgical technique. To minimize the 
risk of surgery- induced damage to the spinal cord as 
well as other complications, the approach must be indi-
vidually adapted to the anatomic location of the her-
niated material, the general health of the patient, and 
also the surgeon’s experience.17 The same applies to 
the full endoscopic techniques considered in this study. 
While previous publications have included the surgi-
cal treatment of herniated discs with a transforaminal 
approach,4,6,9 the interlaminar approach must also be 
considered, especially for migrated disc herniations and 
those located medially to the pedicle. It is important to 
consider the amount of facetectomy in both approaches, 
choosing the one that will give the better visualization 
with the smaller facetectomy.

Note that in patient 1, if the interlaminar approach 
was selected, almost the whole facet would have to be 
removed to reach the disc herniation (Figure 6A). In 
patient 2, if the transforaminal approach was selected, 
a greater amount of the facet and pedicle would have to 
be resected to provide good visualization of the disease 
(Figure 6B).

FESS of the thoracic spine is evolving fast, and 
both transforaminal and interlaminar approaches are 
safe, efficient, and minimally invasive alternatives. 

Figure 5. (A and B) Sagittal and axial T2- weighted magnetic resonance images of patient 1 showing a T10- T11 foraminal disc herniation.
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Nevertheless, the surgical technique must be deter-
mined for every pathology on a case- by- case basis. If 
the inclusion criteria for a full endoscopic technique 
are not met, decompression must always be performed 
using a conventional method.
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