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Objective. To describe the technique and analysis of early results of thoracoscopic microdiscectomy for disc herniation in the thoracic spine.
Material and Methods. A retrospective single-center study included 19 patients (15 women and 4 men) who underwent thoracoscopic mi-
crodiscectomy in 2018—2020. The median age of patients was 45 years (range 21—75 years); the median time from the onset of symptoms
to the first visit to a neurosurgeon was 12 months (range 1—152 months). Before admission to the hospital, all patients complained of pain
of varying intensity in the thoracic spine and/or along the lateral surface of the chest. Nine (47 %) patients had sensorimotor neurologi-
cal deficit in the legs. The outcomes of operations were assessed using the modified MacNub scale, and postoperative complications were
classified according to the Clavien — Dindo scale. Early results of treatment were evaluated at the first follow-up examination (on average,
2 months after the intervention). Data analysis was performed using the SPSS statistical program (IBM SPSS Statistics, version 27).
Results. The immediate postoperative period was mostly uneventful in 15 (79 %) patients. Four (21 %) Clavien — Dindo grade 1 compli-
cations were registered: 1 (5 %) case of purulent discitis, 1 (5 %) pneumonia, 1 (5 %) worsening of sensory disturbances in the leg, and
1 (5 %) deep vein thrombosis of the leg. The average length of hospital stay was three days. Favorable results (excellent, improvement or
satisfactory) according to the modified MacNub scale were registered in 16 (84 %) patients in two months after surgery. In three (16 %)
cases, the symptoms remained unchanged (unsatisfactory according to the MacNub scale). No deterioration was recorded in any of the
cases. Statistical analysis of the data (Fischer’s method, Mann — Whitney U-test) showed that the only prognostic factor affecting the
outcome of the operation was the localization of the hernia in the lower thoracic region between the T8 and T12 vertebrae (p = 0.007).
Thus, all nine patients with a hernia in the midthoracic region (T4—T8) had a favorable outcome of the operation, in 6 (67 %) of them
there were no complaints. In three (30 %) out of 10 patients with a hernia in the lower thoracic region, there was no complete cure. All
other factors (gender, age, hernia size, etc.) did not have a statistically significant correlation with the outcome.

Conclusion. Thoracoscopic microdiscectomy can be used in the surgical treatment of herniations of the thoracic spine. Additional studies
are needed to confirm the effectiveness and safety of the technique in the long term.
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Thoracic disc herniation (TDH) is tra-
ditionally referred to as a rare manifes-
tation of degenerative spinal patholo-
gy. Their prevalence is about 3 % of all
spinal discs herniation [1]. Neverthe-
less, due to the wide spread and avail-
ability of MRI, the number of cases of
TDH has grown substantially [2—4]. Most
often, they are treated as asymptomatic.
The typical localization of the TDH is
the lower thoracic spine (between T8
and T12) that is most likely due to the
greater anatomical mobility of this

segment and the weakening of the
posterior longitudinal ligament in the
caudal direction [5-7]. Common clinical
manifestation of TDH is local back pain
or radicular pain on the lateral surface
of the thoracic cage. Pain may be a
symptom of spinal cord compression,
varying from almost painless impaired
sensation to rapidly progressing lower
paraparesis and urinary sphincter
dysfunction [2, 4]. The feature of TDH
that distinguishes it from herniations of
other localizations is the onset of such
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abnormal manifestations as abdominal
pain as well as cardialgia-like sensations
behind the sternum [8-11]. Difficulties
to diagnose TDH, often cause long delays
in establishing the correct diagnosis.
According to their morphological
characteristics, TDHs are prone to
ossification, occurring in up to 70 % of
cases. This also differs them from hernias
in other locations [12, 13]. Most often,
the TDHs are located centrally. In this
regard, surgery through the posterior
approach is associated with increased
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risks of injuring spinal cord, in front of
which the hernia is located.

Removal of TDHs of the central
localization is one of the technically most
difficult spinal surgeries due to the reason
mentioned above [14]. Anterior and
anterolateral transthoracic approaches
to TDHs often result in complications
and slow recovery after surgery. This
was the reason for the development
of minimally invasive thoracoscopic
microdiscectomy. In 1993, Mack et al.
described video-assisted thoracoscopic
surgery (VATS) [15-17]. Nevertheless,
despite the advantages of the minimally
invasive procedure, this technique has
not been widely used, primarily due to
the long learning curve and the risk of
injury to the thoracic organs [15, 18].

The objective of this study is to
describe the technique and to analyze
the early outcomes of thoracoscopic
treatment of TDH.

Material and Methods

Design: a single-center retrospective
study. The analysis included patients with
TDH who underwent thoracoscopic sut-
gery in 2018-2020. The indication for
surgical treatment was the development
of sensorimotor neurologic deficit as well
as ineffective conservative treatment of
severe pain syndrome. In one case,
the patient suffered from acute lower
paraparesis and sphincter dysfunction
indicating the urgent surgery.

Surgical steps

Marking the spinal disc level. Intra-
operative localization of the thoracic
spine disc using C-arm, especially at
the T4-T8 level, is not always reliable
since the patient is in park bench posi-
tion and the air in the lungs downgrades
the quality of the images. Therefore, all
patients underwent preoperative mark-
ing with the placement of a metal mark-
er thread under CT guidance using the
technique described by Cornips et al.
[15]. The pleural cavity was punctured
under local anesthesia in the CT unit
before transportation of the patient
to the surgery unit. The puncture was
performed through the paraspinal
musculature 13-15 ¢cm from the midline

on the side of the planned approach. A
puncture needle was inserted over the
upper edge of the rib, the number of
which corresponded to the number
of the lower vertebra in the index
intervertebral disc. For example, if TDH
was at the T7-T8 level, the puncture
needle was placed above the upper
edge of the 8th rib. The exact level was
defined on CT scans. After verification
of the ordinal number of the rib, a metal
guide marker with a harpoon head was
inserted through the puncture needle
and administered into the lung tissue
by 1-2 cm. This maneuver reduced
the risk of migration of the marker
from the pleural cavity during patient
movements. During thoracoscopy, the
surgeon followed along the edge of the
rib marked with a marker in the medial
direction towards the proximal head that
is anatomically located in the projection
of the index level. The exception is T11
and T12 levels, where the head of the rib
is located caudally to the disc [15].

Placement of thoracoscopic ports.

After the marker was placed, the patients
were transported to the surgery unit. A
double-lumen intubation was performed
under general anesthesia to provide
one-lung ventilation. Then the patients
were positioned in park bench position
(Fig. 1). The approach side was identified
by hernia lateralization. A rigid video
thoracoscope with a 0° viewing angle and
a two-dimensional image was used in the
first two cases in the series. Starting from
the third case, a video thoracoscope with
an adjustable camera angle on a flexible
tip and a three-dimensional image was
utilized.

After the surgical site skin preparation
three short skin incisions were made on
the approach side, and ports for the
thoracoscope and instruments were
placed into the pleural cavity using a
trocar. The anesthesiologist preliminarily
performed the lung deflation on the
approach side, then switched the
ventilator to one-lung ventilation
mode. The first port was placed in the
intercostal space in the projection of the
outer part of the marker thread along the
posterior axillary line. After placing the
thoracoscope into the pleural cavity, the
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intracavitary part of the marker thread
was visualized to identify the rib leading
to the index disc in the medial direction.
The degree of lung collapse was also
defined in order to have an unhindered
approach to the anterolateral surface of
the vertebrae. Then two ports for surgical
instruments were placed at a distance of
5-7 ¢cm from each other (Fig 1).

Surgical technigue

of thoracoscopic microdiscectomy

After installing and fixing the
thoracoscope in a stand and identifying
the level of disc herniation, intrapleural
intercostal block was performed with
a long-acting anesthetic drug on the
approach side (Fig. 2). After that the
parietal pleura covering the anterolateral
surface of the index disc, the surfaces
of the bodies of adjacent vertebrae
within 5-7 mm and the rib head were
coagulated. Dissection of the rib head
was often followed by sympathicotomy.
If the intercostal artery and vein were
close to the area of bone resection, these
vessels were coagulated and cut. After the
dissection of the surgical site the next
stage of the procedure was performed
in all cases by a neurosurgeon. Using the
bimanual technique, the rib head, disc
and adjacent vertebral endplates were
partially resected at the level of surgery.
While using the drill, only diamond
heads were used to reduce the risk of
damaging the surrounding structures.
In the left-sided approach the surgical
area was in close proximity to the aorta;
hence, while using the drill, resection was
performed only towards the middle line.
After the formation of the bone canal,
the posterior longitudinal ligament was
identified. It was perforated with a blunt
hook to visualize a herniated disc and
dura mater. The hernia was excised
until the anterior surface of the dura
was completely decompressed and the
premedullary space was relieved. At this
stage the discectomy was completed. A
drain was placed in the pleural cavity
and externalized through one of the
working ports. The wounds were sutured
in two layers according to the standard
procedure.

The surgery outcomes were assessed
according to the modified MacNub
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scale [19], postoperative complications
were assessed according to the Clavien —
Dindo scale [20]. Statistical analysis was
performed using the SPSS software
(IBM SPSS Statistics, version 27).
Clinical features were shown in the
form of fractions and percentages for
categorical variables and in the form of
medians indicating the range of values
for continuous variables. The Fisher’s
method and the Mann — Whitney U-test
were used to analyze the data. The value
of statistical significance was p < 0.05.

Results

From 2018 to 2020, 19 patients under-
went thoracoscopic microdiscecto-
my. There were 15 (79 %) women and
4 (21 %) men among them. The medi-
an age of patients was 45 years (aged
21-75 years). TDHs were located in the
lower thoracic spine (T8-T12) in 10
(53 %) cases and in the middle thoracic
spine (T4-T8) in 9 (47 %) cases. In the
spinal canal, 10 (53 %) TDHs had a
central location (Fig. 3), 7 (36 %) had
lateralization to the right and 2 (11 %)
had lateralization to the left. The mean
size of hernia was 5 mm (range, 2 to
14 mm) in the sagittal plane and 8§ mm
(range, 5 to 16 mm) in the axial plane.
In 2 (12 %) cases, hernias contained
calcifications. In 5 (26 %) cases, hernia
induced spinal stenosis. Eleven (58 %)
patients had multiple hernias; one of
them underwent simultaneous hernia
excision at two levels (Fig. 4). In 2 (12 %)
cases, hernias were described as giant
(Fig. 5), i.e,, occupying more than 40 %
of the cross-sectional area of the spinal
canal [21].

The median time from the onset
of symptoms to the first visit to a
neurosurgeon was 12 months (range,
1 to 152 months). Prior to the procedure,
all patients complained of thoracic
pain that could be accompanied
by radicular pain on the sides along
the thoracic cage. As a rule, the pain
intensity with a long history varied
significantly. In this regard, we decided
not to use quantitative assessment of
the pain syndrome (for example, the
visual analogue scale), reflecting pain

indicators only at a specific moment of
the examination. Accordingly, patients’
subjective assessment of trends and
changes in pain syndrome throughout
the duration of the history was
considered first of all when establishing
indications for surgery. In addition to
pain, TDHs caused sensorimotor deficit
in the legs ranging from mild numbness
to paraparesis in 9 (47 %) patients;
there was sphincter dysfunction and
an overactive bladder in 6 (32 %) cases;
and 4 (21 %) patients were followed up
with a psychiatrist for chronic depression.
In this group, the median duration of
pain history was 80 months (range, 24
to 156 months). Due to intense pain in

two patients, systematic use of opioid
medications was required. In other cases,
drug therapy included NSAIDs, muscle
relaxants and neuropathic drugs in
various combinations.

The median time of surgery was
145 min (range, 68 to 290 min) and the
median blood loss was 50 ml (range, 7
to 950 ml). Immediately after surgery,
most of the patients complained of
intense pain in the approach area
which required the use of opioid drugs
(oxycodone chloride) at a mean dose of
30 mg per day. In 6 (32%) cases, a pump
was used for patient-controlled analgesia,
and in 5 (26 %) cases, we utilized serratus
muscle block. Due to the pain not being

Fig. 1

Positioning the patient on the operating table: a — marking for installation of ports;
b — location of the marker thread indicating the level of the operated disc
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relieved by the above-mentioned drugs,
epidural anesthesia was required in one
patient. This was the patient with the
longest history of preoperative pain in
the entire sample (156 months) who had
been using opioid drugs for many years.

The immediate postoperative
period, with the exception of pain, was
uneventful in 15 (79 %) patients. A total
of 4 (21 %) Grade I complications
on the Clavien - Dindo scale were
registered: 1 (5 %) purulent discitis,
1 (5%) pneumonia, 1 (5%) deterioration
of sensory impairments in the leg and
1 (5 %) deep leg vein thrombosis. The
mean length of hospital stay was 3 days
(range, 2 to 10 days).

During the control examination after
2 months, according to the modified
MacNub scale, favorable outcomes
(excellent, improvement or satisfactory)
were registered in 16 (84 %) patients.
In 3 (16 %) cases, the symptoms
remained unchanged (unsatisfactory
on the MacNub scale). There was no
deterioration in any of the cases.

Statistical analysis of the data
(Fischer’s method and Mann — Whitney
U-test) showed that the only predictive
factor affecting the outcome of surgery
was the localization of a hernia in the
lower thoracic spine between the T8 and
T12 vertebrae (p = 0.007). For example,
all 9 patients with hernia in the middle
thoracic region (T4-T8) had a favorable
outcome of surgery and 6 (67 %) of
them had no complaints. Nevertheless,
three out of ten patients with hernias
in the lower thoracic spine did not have
a complete recovery. All other factors
(gender, age, size of the TDH, etc.) had
no statistically significant correlation
with the outcome.

Discussion

The present article describes the advan-
tages and disadvantages of thoracoscop-
ic microdiscectomy in patients with
TDH and analyzes the early postopera-
tive outcomes. In our opinion, the effi-
ciency of the technique is indicated by
the fact that 84% of patients noted an
improved condition after 2 months
after surgery. Moreover, the symptoms

could not be relieved before surgery by
non-surgical therapy for an average of
one year. This actually eliminates the
possibility of co-existed spontaneous
improvement. Of note, complications
that developed immediately after surgery
were not severe (Grade I according to

Clavien — Dindo) and were temporary.

Onlyin 1 (5 %) case, deterioration of the
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neurological status was observed that was
directly associated with thoracoscopic
excision of a giant hernia and procedures
in the area of the compressed spinal cord.
The complication rate in our sample
fully corresponds to the literature data.
For example, in the meta-analysis of
outcomes of TDH treatment using the
thoracoscopic technique, Brotis et al. [1]

Fig. 2

the white arrow indicates the disc

Intraoperative images during thoracoscopic microdiscectomy: a — thoracoscopic
conduction anesthesia; b — preparation of the disc area, dissection of the parietal pleura,

Fig. 3

MRI of a patient with central T7-T8 disc herniation: from left to right (T2, sagittal
and axial views); top row — before surgery, bottom row — follow-up at 1.5 years after
thoracoscopic microdiscectomy; white arrow indicates the zone of resection of the end
plates when accessing the hernia
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revealed a complication rate being 24 %.
In this regard, it is essential to consider
the experience of surgeons who perform
such surgery. Wait et al. [22] registered in
their series a reduction in complications
from 28.0 % during the first six years of
performing such surgeries to 5.3 % in the
next nine years of surgical experience.

Patients admitted for thoracoscopic
microdiscectomy with already developed
chronic pain syndrome (6 months or
more) required the use of such addi-
tional measures as a pump for patient-
controlled analgesia and a serratus mus-
cle block. In one case, bacterial discitis
manifested at the level of surgery and
developed after a visit to a dentist for
treatment of purulent pulpitis 2 weeks
after microdiscectomy. Infectious chang-
es in the disc were relieved by antibiotic
therapy.

There is no single agreement or intet-
national standard regarding indications

Fig. 4

MRI of a patient with multiple
hernias in the thoracic spine
(T2, sagittal view); the patient
was admitted for progressive
lower paraparesis, thoracoscopic
microdiscectomy was performed at
two levels: T8-T9 and T10-T11

for surgical intervention in TDH. The cri-
teria for selecting patients for thoraco-
scopic microdiscectomy and defining the
optimal duration of treatment are most
often subjective. In our sample, the medi-
an non-surgical treatment was one year.
Meanwhile, this period was two years
in 41 % of cases. These data are consis-
tent with the previously published papers.
For example, in the paper by Quint et al.
[23], patients underwent non-surgical
treatment for 14 to 17 months. More-
over, according to the article by Hott
et al. [21], it took mean 7 to 21 months
from the onset of symptoms to the first
contact with a neurosurgeon. According
to our findings, the severity of anatomi-
cal compression of the spinal cord does
not correlate with the severity of senso-
rimotor impairment in the legs or blad-
der dysfunction before surgery. This data
is consistent with the previously pub-
lished paper by Nakajima et al. [5]. The

authors analyzed data of 28 patients with
a pathological MRI signal of myelopa-
thy and spinal cord compression in TDH
and found no connection with either
the severity of preoperative symptoms
or surgical outcome. In rare cases, symp-
toms in central TDH develop rapidly that
is an indication for urgent surgery. It has
not yet been reliably established what
mechanisms underlie the acute deterio-
ration of symptoms.

According to the literature, large
and giant TDHs with elements of spinal
cord compression are associated with
a longer period of non-surgical treat-
ment. Yuan et al. [24] in their series of
257 cases showed that if the TDH was
large, the duration of non-surgical treat-
ment averaged 24 months, and in the
Wait et al. series [22] this number reached
32 months. These data differ significant-
ly from the guidelines for the duration
of non-surgical treatment of patients

Fig. 5

Patient with a giant calcified T9-T10 disc herniation: preoperative MRI, sagittal slice in
T2 mode (a), axial slice (b), axial CT slice (c); follow-up MRI image after surgery (d)
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with hernias in other parts of the spine.
For example, for herniated discs in the
cervical or lumbar spine manifesting
radicular pain, the recommended opti-
mal period of surgical treatment is 8-12
weeks that promotes the restoration of
working capacity in 70 % of patients [25,
20]. The remarkable thing is that in the
case of TDH, the question of the patient’s
return to work activity may correlate
with the working status before surgery.
Thus, according to the literature, up to
90% of patients returned to work after
thoracoscopic microdiscectomy, but only
17% unemployed patients were able to
begin working after the procedure [22].

In our sample all patients complained
of back pain and/or radicular pain in the
thoracic cage before surgery. Neurologi-
cal prolapses in the form of sensorimotor
paresis of varying severity were record-
ed in almost 50 % of cases, dysfunction
of the urinary sphincter was found in
every third patient. These data comply
with the previously published ones [24].
It must be noted that in our series, the
connection between the long period of
the symptomatic phase and the pres-
ence of diagnosed depressive disorders
has been revealed. Patients in this group
were admitted to treatment mean after
of 80 months from the onset of symp-
toms that is 6.5 times longer than in situ-
ations where depression was not pres-
ent. The retrospective type of the study
and a small sample do not permit us to
conclude whether the development of
depression is the result of chronic pain
syndrome or whether the case in hand is
a random combination of comorbidities
in TDH. Literature data suggest a closer
association of depressive disorders with
chronic lower back pain compared with
pain in other localizations [27]. Proceed-
ing from this assumption, we assume that
local pain in the spine when the TDH is
localized in the lower segment may have
similar features in relation to associated
depression.

Along with classic clinical mani-
festations, TDH can manifest as atypi-
cal symptoms [8-11]. In our sample, 2
patients complained of nonspecific epi-
gastric pain and dysphagia that were
combined with local thoracic spine pain.

Examination of the gastrointestinal tract
and cardiovascular system did not reveal
any abnormalities. We assumed the verte-
brogenic nature of the symptoms. Conse-
quently, after thoracoscopic microdiscec-
tomy, abdominal symptoms completely
disappeared in both cases.

Statistical analysis of the data showed
that the localization of a herniated disc
in the mid-thoracic spine is associ-
ated with a more favorable outcome 2
months after surgery. Almost 70 % of the
patients showed complete recovery dur-
ing the follow-up examination. Howev-
er, the TDHs located below the T8 level
had worse outcomes, and none of the
patients from this group had fully recov-
ered by the time of the follow-up exam-
ination. This correlation is most likely
explained by the different anatomical
and biomechanical features of the mid-
dle thoracic spine and lower thoracic
spine. Functionally, the entire thoracic
spine is a part of a larger bone complex
that unites the chest, sternum and scapu-
lae. Each of the components of this com-
plex contributes to the characteristics
of its mobility while maintaining the
stability of the entire locomotor chain.
There is no exact data on how greatly
the thoracic cage affects the mobility of
the thoracic spine, but its stabilizing role
in combination with the sternum is evi-
dent [5, 28]. According to cadaveric stu-
dies by Watkins et al. [28], the thoracic
cage and sternum provide 40 % stability
with flexion-extension movements, 35 %
with side bends and 31 % with rotational
movements. Anatomical articulation of
the bone and cartilaginous parts of the
ribs (symphysis) is typical for true ribs
from I to VII; articulation of the ante-
rior end of its cartilage with the lower
edge of the suprajacent cartilage (syn-
desmosis) is typical for false ribs from
VIII to X. The two lower ribs (XI and XII)
are floating since their anterior edges
are located in the soft tissues and are not
fixed. In the proximal part, the ribs from
[ to X are connected to the vertebrae by
costotransverse joints, and XI and XII
do not form true joints [29]. The scapula
is usually located at the level between
T4 and T8 of the thoracic vertebrae. In
this regard, the segment between the T4
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and T8 thoracic vertebrae, along with
the true ribs, scapula and sternum, may
be considered the most stable of the
entire thoracic bone complex [5]. In our
opinion, the anatomical stability of the
mid-thoracic spine reduces the irritative
effect of walking and breathing move-
ments on the operated disc that explains
a more favorable outcome in this area
with respect to pain. Considering that
the morphological characteristics of the
TDH (size, lateralization, calcifications)
did not correlate with the outcome, the
critical role of anatomical and biome-
chanical aspects in recovery obviously
prevails.

Limitations. Our study is limited by
the retrospective type of data analysis, a
small sample, a wide range of patients’
ages, a different period of symptomat-
ic manifestations before surgery, and a
short period of postoperative follow-up.
The article describes the surgical out-
comes performed in the same medical
institution by the same surgeon. This is
associated with the risks of biased selec-
tion of patients, the establishing of indi-
cations for surgery and the interpretation
of outcomes. A more reliable assessment
of the efficacy and safety of the thora-
coscopic microdiscectomy in the long
term implicates the analysis of long-term
outcomes in a larger number of patients.

Conclusion

Thoracoscopic microdiscectomy may be
used in the treatment of thoracic disc
herniations. Despite the potential risks
associated with the anterolateral trans-
thoracic thoracoscopic approach, we
recorded a favorable outcome 2 months
after surgery in 84 % of patients. Localiza-
tion of a herniated disc between the T4
and T8 vertebrae is associated with more
favorable outcomes than in the lower
thoracic spine. We consider that this
effect may be related to the anatomical
rigidity of the mid-thoracic spine that
is anatomically more stabilized by the
true ribs, scapulae and sternum. It is
reasonable to perform additional studies
to confirm the effectiveness and safety of
thoracoscopic microdiscectomy in the
treatment of TDH in the long term.
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