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Abstract

Introduction Surgical intervention is the treatment of choice in patients with thoracic disc herniation with refractory symp-
toms and progressive myelopathy. Due to high occurrence of complications from open surgery, minimally invasive approaches
are desirable. Nowadays, endoscopic techniques have become increasingly popular and full-endoscopic surgery can be
performed in the thoracic spine with low complication rates.

Methods Cochrane Central, PubMed, and Embase databases were systematically searched for studies that evaluated patients
who underwent full-endoscopic spine thoracic surgery. The outcomes of interest were dural tear, myelopathy, epidural
hematoma, recurrent disc herniation, and dysesthesia. In the absence of comparative studies, a single-arm meta-analysis
was performed.

Results We included 13 studies with a total of 285 patients. Follow-up ranged from 6 to 89 months, age from 17 to 82 years,
with 56.5% male. The procedure was performed under local anesthesia with sedation in 222 patients (77.9%). A transfo-
raminal approach was used in 88.1% of the cases. There were no cases of infection or death reported. The data showed a
pooled incidence of outcomes as follows, with their respective 95% confidence intervals (CI)—dural tear (1.3%; 95% CI
0-2.6%); dysesthesia (4.7%; 95% CI 2.0-7.3%); recurrent disc herniation (2.9%; 95% CI 0.6-5.2%); myelopathy (2.1%; 95%
CI 0.4-3.8%); epidural hematoma (1.1%; 95% CI 0.2-2.5%); and reoperation (1.7%; 95% CI 0.1-3.4%).

Conclusion Full-endoscopic discectomy has a low incidence of adverse outcomes in patients with thoracic disc herniations.
Controlled studies, ideally randomized, are warranted to establish the comparative efficacy and safety of the endoscopic
approach relative to open surgery.
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Introduction

Minimally invasive techniques require significantly less
tissue manipulation and, therefore, cause less collateral
tissue damage during the surgery. This has been shown to
minimize local and systemic inflammation and iatrogenic
muscle injury [1-3]. Since the introduction of working-
channel endoscopic spine surgery in 1980s for the treat-
ment of lumbar disc herniations, its indications have rap-
idly expanded [4]. They have been used in the treatment
of cervical foraminal stenosis, cervical disc herniations,
and thoracic disc herniations [5-9].

Disc herniations in the cervical and lumbar spine are
common conditions, whereas disc herniations in the tho-
racic spine are thought to be relatively rare. The annual
incidence of symptomatic thoracic disc herniations (TDH)
is reported to range from 0.0001 to 0.1% of the general
population with a peak incidence occurring in the fourth
decade [10, 11]. Emerging evidence suggests that TDH
may be more common than previously thought [12]. TDH
tends to occur more frequently in males, and T8-9 is the
most affected level. TDHs occur centrally in most cases
(66%), whereas the remaining are paramedian. Most cases
are asymptomatic, and surgical management is indicated
infrequently [13].

Traditional surgery for TDH includes laminectomy
or discectomy, performed through many different access
options, such as transpedicular or costotransversectomy.
Although effective, these techniques are susceptible to
complications, such as risk of injury to the magna radic-
ular artery and spinal cord infarction, resulting in para-
plegia [14]. Overall, complications from open surgery in
TDH are reported to occur in over 25% of patients [15].
Recently, endoscopic surgery has emerged as a potential
alternative for selective patients with TDH.

Given the increasing number of endoscopic surgeries
for thoracic spine pathologies and the relatively low num-
ber of patients in individual reports, we aimed to perform a
meta-analysis to pool outcomes of patients who underwent
surgery for TDH through a full-endoscopic approach.

Material and methods
Eligibility criteria and data extraction

We performed a systematic review and meta-analysis of
studies that reported outcomes in patients undergoing sur-
gery for thoracic disc herniation (TDH) through a full-
endoscopic approach. We restricted inclusion to studies
published in English. We excluded case reports and small

case series (<3 patients). There were no other restrictions
based on study design or time of publication. Patients with
cervical or lumbar disc herniations were excluded, as were
cases with endoscopic-assisted procedures without a full-
endoscopic approach, as defined below. Two reviewers
independently screened titles, abstracts, and the full text
of selected articles for data extraction following predefined
search criteria. Disagreements were solved by consensus.

Search strategy

A systematic search of PubMed, Embase, and Cochrane
Central Register of Controlled Trials was performed for
studies that met inclusion criteria published until June 2022.
To maximize sensitivity of our search, we elected to use a
broad search strategy, as follows: (endoscopic OR endos-
copy) AND ("disc herniation" OR "disc herniations").

Endpoints and definitions

We extracted the following outcomes from individual studies
that met inclusion criteria: dural tear, myelopathy, epidural
hematoma, dysesthesia, need for reoperation, and recurrent
thoracic disc herniation.

As defined by AOSpine Consensus Paper on Nomencla-
ture for Working-Channel Endoscopic Spinal Procedures,
“full endoscopic” should be applied to describe procedures
performed with a working-channel endoscope [16]. This
distinguishes full-endoscopic procedures from “endoscope-
assisted” operations, where tools are passed through trajec-
tories separate from the endoscope. Only studies with a full-
endoscopic approach were considered in this meta-analysis.

Statistical analyses

Meta-analysis was performed according to the recommen-
dations of the Cochrane Collaboration and in line with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis statement [17]. It was performed with Open Meta,
an open-source platform for advanced meta-analysis. Pooled
estimates and 95% confidence intervals (CI) were computed
with random effects model [18].

Risk of bias assessment

Given the single-arm nature of this study, without a com-
parison group, we utilized the Joanna Briggs Institute Criti-
cal Appraisal Checklist for Case Series to perform risk of
bias assessment [19]. The Joanna Briggs Institute (JBI) is
an international, membership-based research and develop-
ment organization within the Faculty of Health Sciences at
the University of Adelaide. The purpose of this appraisal
is to assess the methodological quality of a study and to
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determine the extent to which a study has addressed the
possibility of bias in its design, conduct, and analysis. The
checklist consists of ten questions ranging from criteria for
inclusion, selections of participants, reported about demo-
graphic, clinical and follow-up information, and statistical
analysis. The answers can be yes, no, unclear, or not appli-
cable. A response of “no” to any of the questions negatively
impacts the quality of the study.

Results

There were 3,299 studies that met search criteria, of which
2,429 were not related to the study question based on title/
abstract review. There were 822 duplicate reports in the data-
bases. Forty-eight studies were fully screened and assessed
for potential inclusion. Of these, 13 articles were included
in the meta-analysis after full review of the manuscript for
inclusion and exclusion criteria (Fig. 1). There were 285
patients included, with age ranging from 17 to 82 years, and
56.2% were male (Table 1). The time of follow-up varied
between 6 and 89 months. Axial pain was present in 131
(45.9%) patients, and 92 (32.2%) had sings of myelopathy.
Full-endoscopic surgery for TDH was performed through
a transforaminal approach in 251 cases (88.1%), interlami-
nar in 25 (8.8%), and transthoracic extrapleural in 9 (3.1%).
Local anesthesia was applied in 222 patients (77.9%).
Operative time ranged from 35 to 255 min and was heavily
dependent on the number of levels involved, aspect of disc

| PubMed search:1092 results |

| Embase: 2059 results |

|
| Cochrane search: 148 results |
I
Number screened: 3,299
results

—| Duplicate reports (n=822)

1 Excluded by title/abstract (n =
2,429)

Full-text reviewed: 48 studies

Different technique (n = 13)

— Review (n =6)

— Lumbar herniation (n = 4)

|| Overlapping population (n = 3)

— Studies of cases excluded (n =9)

13 included studies

Fig. 1 PRISMA flow diagram of study screening and selection
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herniation, and the presence of associated pathology, such
as ligament flavum ossification or cyst (Table 1).

The data showed a pooled incidence of outcomes as fol-
lows: dural tear (1.3%; 95% CI 0-2.6%; Fig. 2); dysesthesia
(4.7%; 95% CI 2.0-7.3%; Fig. 3); recurrent disc herniation
(2.9%; 95% CI 0.6-5.2%; Fig. 4); myelopathy (2.1%; 95%
CI 0.4-3.8%; Fig. 5); epidural hematoma (1.1%; 95% CI
0.2-2.5%; Fig. 6); and reoperation (1.7%; 95% CI 0.1-3.4%;
Fig. 7). Blood loss ranged from 20 to 90 mL, and no blood
transfusion was necessary in any patient. Hospital length of
stay ranged from 0.25 to 8 days. No cases of infections or
mortality were related.

Quality assessment of individual studies is reported in
Table 2. All studies had a clear outline of the inclusion cri-
teria for patient selection. The last question of the JBI tool
inquires whether the correct statistical method was applied.
More than two-thirds of studies had an “unclear” answer to
this question, which is justified by the single-arm nature of
most included studies.

Discussion

In this meta-analysis of 13 studies with 285 patients
who underwent surgery for TDH with a full-endoscopic
approach, the incidence of surgical complications was low.
Dysesthesia was the most common complication, observed
in 4.7% of cases in the pooled patient data. The occurrence
of recurrent disc herniation and reoperation were only 2.9%
and 1.7%, respectively, in a range of follow-up from 6 to
89 months. Overall, these rates compare favorably with
another minimally invasive technique. A meta-analysis of
545 patients who underwent minimally invasive thoraco-
scopic discectomy found an overall complication rate of
24%, including 6% of intercostal neuralgia; 22 patients (4%)
required reoperation [20].

Full-endoscopic spine surgery is performed through a
working-channel endoscope, either with a transforaminal or
interlaminar approach, similar to the approach for lumbar
spine [21-23]. Full-endoscopic spine surgery provides high-
resolution, off-axis visualization of the surgical field and is
associated with a low rate of perioperative and postopera-
tive complications compared with minimally invasive spine
surgery or traditional spine surgery [24].

Incidental durotomy in patients undergoing laminec-
tomy has been associated with increased blood loss, opera-
tive time, and length of stay, albeit with no impact differ-
ences in the incidence of nerve root injury, mortality, or
need for additional surgeries in long-term follow-up. [25]
In our meta-analysis, there was a pooled incidence of dural
tear in 1.3% of patients undergoing surgery for TDH with
a full-endoscopic approach, with a 95% CI ranging from
0 to 2.6%. In two of the five cases in this series, the TDHs
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Studies Estimate (95% C.I.) Dural Tear/Surgeries :
Bae 2019 0.005 (0.000, 0.020) 0/92 -
Ruetten 2018 0.039 (0.000, 0.092) 2/51 :
Xiaobing 2018 0.143 (0.000, 0.326) 2/14 :
Choi 2010 0.033 (0.000, 0.124) 0/14 —n
Cheng 2020 0.083 (0.000, 0.240) 1/12 §
Nie 2013 0.036 (0.000, 0.133) 0/13 e
Houra 2021 0.029 (0.000, 0.110) 0/16 =
Zhang 2019 0.042 (0.000, 0.155) 0/11 ; .
Lin 2021 0.045 (0.000, 0.169) 0/10 :
Zhenzhou 2020 0.029 (0.000, 0.110) 0/16 —=
Yuefei 2020 0.036 (0.000, 0.133) 0/13 —
Shen 2020 0.056 (0.000, 0.205) 0/8 ; =
Overall (1"2=0 % , P=0.845) 0.013 (-0.000, 0.026) 5/270 <
T T T T T 1
0 0.05 0.1 0.15 0.2 0.25 03
Proportion

Fig.2 The weighted pooled incidence of dural tear in full endoscopic surgery for TDH

Studies Estimate (95% C.I.) Dysesthesia/Surgeries i

Bae 2019 0.033 (0.000, 0.069) 3/92 oo,

Ruetten 2018 0.078 (0.005, 0.152) 4/51 ]

Choi 2010 0.033 (0.000, 0.124) 0/14 m—

Nie 2013 0.036 (0.000, 0.133) 0/13 —

Houra 2021 0.062 (0.000, 0.181) 1/16 —.

Lin 2021 0.100 (0.000, 0.286) 1/10 ] =

Zhenzhou 2020 0.125 (0.000, 0.287) 2/16 -

Yuefei 2020 0.077 (0.000, 0.222) 1/13 : =

Shen 2020 0.056 (0.000, 0.205) 0/8 —a

Overall (1"2=0 % , P=0.941) 0.047 (0.020, 0.073) 12/233 ——
I ‘I T T T 1
0 0.05 0.1 0.15 0.2 0.25

Proportion

Fig.3 The weighted pooled incidence of dysesthesia after full endoscopic surgery for TDH

Studies Estimate (95% C.I.) Recurrent DH/Surgeries

Bae 2019 0.022 (0.000, 0.052) 2/92 ——

Ruetten 2018 0.039 (0.000, 0.092) 2/51 ]

Choi 2010 0.033 (0.000, 0.124) 0/14 -

Nie 2013 0.077 (0.000, 0.222) 1/13 ]

Lin 2021 0.045 (0.000, 0.169) 0/10 : =

Zhenzhou 2020 0.029 (0.000, 0.110) 0/16 ]

Overall (1*2=0 % , P=0.973) 0.029 (0.006, 0.052) 5/196 —
r ‘ T T 1
o 0.05 0.1 0.15

Proportion

Fig.4 Forest plot of the incidence of recurrent disc herniation after full endoscopic spine surgery for TDH

were calcified. Central calcified TDH presents a surgical ~ or mini-open thoracotomy [26, 27]. McCormick et al. found
challenge as intradural lesions are frequently encountered  a 15% rate of dural breach in patients operated with tradi-
with high rate of adhesion to the dura, leading to elevated  tional spine surgery for thoracic disc disease [28]. Wait et al.
rates of cerebrospinal fluid leaks that are difficult to manage  reported six (4.9%) breaches out of 121 thoracoscopy cases,
with minimally invasive techniques such as thoracoscopy  all treated by lumbar drainage [29].
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Studies Estimate (95% C.I.) Myelopathy/Surgeries :
Bae 2019 0.011 (0.000, 0.032) 1/92 -
Ruetten 2018 0.039 (0.000, 0.092) 2/51 3 ]
Choi 2010 0.033 (0.000, 0.124) 0/14 —.
Cheng 2020 0.083 (0.000, 0.240) 1/12 j -
Nie 2013 0.036 (0.000, 0.133) 0/13 =
Houra 2021 0.029 (0.000, 0.110) 0/16 —m
Zhang 2019 0.042 (0.000, 0.155) 0/11 + =
Lin 2021 0.045 (0.000, 0.169) 0/10 =
Gao 2021 0.042 (0.000, 0.155) 0/11 : -
Zhenzhou 2020 0.029 (0.000, 0.110) 0/16 .
Yuefei 2020 0.036 (0.000, 0.133) 0/13 —=
Shen 2020 0.056 (0.000, 0.205) 0/8 ; »
Overall (1220 % , P=0.992) 0.021 (0.004, 0.038) 4/267 ———
T : T T T 1
[ 0.05 0.1 0.15 0.2
Proportion
Fig.5 Forest plot of the incidence of myelopathy after full endoscopic spine surgery for TDH
Studies Estimate (95% C.I.) Ep. Hematoma/Surgeries
Bae 2019 0.005 (0.000, 0.020) 0/92 B
Ruetten 2018 0.039  (0.000, 0.092) 2/51 ]
Xiaobing 2018 0.033  (0.000, 0.124) 0/14 - =
Choi 2010 0.033  (0.000, 0.124) 0/14 ; =
Nei 2013 0.036 (0.000, 0.133) 0/13 -
Zhang 2019 0.042  (0.000, 0.155) 0/11 :
Gao 2021 0.042 (0.000, 0.155) 0/11
Zhenzhou 2020 0.029 (0.000, 0.110) 0/16 - -
Yuefei 2020 0.036 (0.000, 0.133) 0/13 : -
Overall (12=0 % , P=0.910) 0.011 (-0.002, 0.025) 2/235 A=
- T T T T 1
0 0.02 0.04 0.06 0.08 0.1
Proportion
Fig.6 Forest plot of the incidence of epidural hematoma after full endoscopic spine surgery for TDH
Studies Estimate (95% C.I.) Reoperation/Surgeries w
Bae 2019 0.011 (0.000, 0.032) 1/92 —
Ruetten 2018 0.020 (0.000, 0.058) 1/51 |
Choi 2010 0.033 (0.000, 0.124) 0/14 : -
Nie 2013 0.036 (0.000, 0.133) 0/13 : =
Houra 2021 0.029 (0.000, 0.110) 0/16 -
Zhang 2019 0.042 (0.000, 0.155) 0/11 : =
Zhenzhou 2020 0.029 (0.000, 0.110) 0/16 =
Yuefei 2020 0.036 (0.000, 0.133) 0/13 : -
Shen 2020 0.056 (0.000, 0.205) 0/8 : =
Overall (1*2=0 % , P=0.995) 0.017 (0.001, 0.034) 2/234 {}
T ‘I T T T T T 1
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Proportion

Fig. 7 Forest plot of the incidence of reoperation after full endoscopic spine surgery for TDH

The intradural component at the thoracic spine has
many rootlets and less cerebrospinal fluid (CSF), which has
important role as a buffer. Therefore, this region is more

@ Springer

susceptible to heat injury with the use of laser [30, 31].
Direct nerve injury has also been reported with an inci-
dence of 0—1.5% in lumbar endoscopic procedures, which
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Table 2 Quality assessment of individual studies according to the JBI critical appraisal checklist

Author/year Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Overall appraisal
Bae et al. (2019) [48] Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Included
Cheng et al. (2020) [49] Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Included
Choi et al. (2010) [50] Yes Yes Yes Yes Yes Yes Yes Yes Yes Unclear Included
Gao et al. (2021) [51] Yes Yes Yes Yes Yes Yes Yes Yes Yes Unclear Included
Houra et al. (2021) [52] Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Included
Lin et al. (2021) [53] Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Included
Nie et al. (2013) [55] Yes Yes Yes Yes Yes Yes Yes Yes Yes Unclear Included
Ruetten et al. (2018) [56] Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Included
Shen et al. (2020) [57] Yes Yes Yes Unclear Yes Yes Yes Yes Yes Unclear Included
Xiaobing et al. (2018) [59] Yes Yes Yes Yes Yes Yes Yes Yes Yes Unclear Included
Yuefei et al. (2020) [60] Yes Yes Yes Yes Yes Yes Unclear Yes Yes Unclear Included
Zhang et al. (2019) [61] Yes Yes Yes Yes Yes Yes Unclear Yes Yes Unclear Included
Zhenzhou et al. (2020) [62] Yes Yes Yes Yes Yes Yes Yes Yes Yes Unclear Included

JBI: Joanna Briggs Institute; Possible answers: Yes, no, unclear, not applicable. No means high risk of bias; Q1: Were there clear criteria for
inclusion in the case series? Q2: Was the condition measured in a standard, reliable way for all participants included in the case series? Q3: Were
valid methods used for identification of the condition for all participants included in the case series? Q4: Did the case series have consecutive
inclusion of participants? Q5: Did the case series have complete inclusion of participants? Q6: Was there clear reporting of the demographics
of the participants in the study? Q7: Was there clear reporting of clinical information of the participants? Q8: Were the outcomes or follow-up
results of cases clearly reported? Q9: Was there clear reporting of the presenting site(s)/clinic(s) demographic information? Q10: Was statistical

analysis appropriate?

may happen in the thoracic region also [32-34]. Both
mechanisms, i.e., the direct injury or heat injury, can cause
dysesthesia. We found a 4.7% (95% CI 2.0-7.3%) pooled
incidence of dysesthesia after a full-endoscopic approach
for TDH. It is important to highlight that two-thirds were
transient. Intercostal neuralgia is a common complication of
traditional spine surgery, especially in approach that involves
rib resection, with a reported rate in the literature ranging
from 17 to 21% [35, 36]. In fact, under a full-endoscopic
approach, nerve injury may be monitored with the patient
awake, if local anesthesia is performed. In this meta-anal-
ysis, local anesthesia was applied in 77.9% of TDH cases
operated with a full-endoscopic approach, which is difficult
in open approaches.

Incomplete decompression or residual fragment is defined
as the clinical persistence of symptoms in the 2 weeks fol-
lowing the postoperative period, without a period of relief
of symptoms and, also, with fragment findings in thoracic
imaging [37]. Dutzmann et al. [38] reported outcomes on
456 consecutive patients treated for symptomatic TDH;
21 (4.8%) had a prior history of thoracic discectomy, with
incompletely excised and symptomatic herniated thoracic
discs. In the present study, we found this complication only
in five cases among 196 surgeries (2.9%; 95% CI 0.6-5.2%),
including one who had recurrent disc herniation only eight
months after the procedure.

One significant complication of spine surgery is myelopa-
thy. Myelopathies are caused primarily by compression of
the anterolateral funiculus and can show signs of central

neurological deficits (e.g., hyperreflexia, gait disorders, pare-
sis, bladder disorders, paraplegia) [39-41]. Symptoms of
postoperative myelopathy were found in four patients after
274 surgeries (2.1%; 95% CI 0.4-3.8%). Three cases had
transient symptoms. One patient with permanent injury had
a giant TDH, described as that which displaces more than
40% of the spinal canal [42]. In a review study by Yuan et al.
[43], postoperative neurological deterioration developed in
16 of 257 patients (6.2%) who underwent open procedures
for thoracic disc disorders.

Postoperative wound hematomas also represent a serious
complication with the potential for long-term neurologic
sequelae in any spine surgery. A multicenter retrospective
review by Sen found an incidence of 0.4% of epidural hema-
toma after endoscopic spine surgery in total of 553 consecu-
tive cases [44]. Our systematic review found two cases of
epidural hematoma in 239 surgeries, with a pooled incidence
of 1.1% (95% CI 0.2-2.5%). In one case, a revision was
carried out at T1-T2 with removal of the hematoma and
subsequent resolution of pain. The other case was treated
clinically.

In this meta-analysis, we found only two cases of reopera-
tion (1.7%; 95% CI 0.1-3.4%), for the treatment of epidural
hematoma in one patient and for recurrent TDH in the other.
Uribe et al. reported three (5%) cases of reoperation among
60 patients who underwent a mini-open lateral approach for
the removal of 75 symptomatic TDHs [45]. The second endo-
scopic procedure, in reoperation cases, was satisfactory. This
suggests that endoscopic spine surgery may be safe for revision
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surgery as well. A recent study with forty-eight patients who
underwent revision full-endoscopic spine surgery (at 60 lev-
els) under local anesthesia found no significant difference in
operating time, intraoperative blood loss, or complication rates
between revision full-endoscopic spine surgery and primary
full-endoscopic spine surgery [46].

Surgical site infection (SSI) is the third most common com-
plication after spinal surgery [47—49]. In the USA, this has
resulted in direct and indirect medical expenditure amounting
from 1 to 10 billion, with 8000 deaths per year [50]. Treatment
of SSI often requires multiple readmissions, wound debride-
ment or implant removal, and prolonged antibiotic therapy
[51]. It increases hospital readmissions, worsens outcomes,
and adds additional costs [52]. In this meta-analysis, there
were no cases of SSI. In the study by Uribe et al., there was
one case (1.7%) of SSI among 60 patients operated for TDH
with a minimally invasive lateral approach [45]. Blood transfu-
sion was not necessary in any patient, and there were no deaths
reported in our report.

This meta-analysis had significant limitations. Most impor-
tantly, the single-arm nature of this meta-analysis precludes a
definitive comparison of the full-endoscopic approach with
other surgical techniques. In addition, despite the pooling of
13 studies, some studies had small patient populations. Finally,
the time of postoperative follow-up was variable between the
studies. Nevertheless, heterogeneity of statistical results was
low.

Conclusion

Minimally invasive techniques have brought a paradigm shift
in the management of cervical/lumbar spinal conditions,
and similar techniques have been extrapolated to the tho-
racic region as well. Full-endoscopic discectomy has a low
incidence of adverse outcomes in patients with thoracic disc
herniations and can be done safe and effectively. Controlled
studies, ideally randomized, are warranted to establish the
comparative efficacy and safety of the endoscopic approach
relative to open surgery.
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