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Abstract
Thoracic disc herniations are a relatively rare occurrence compared to disc herniations in the cervical or lumbar spine.
Surgical management of these thoracic herniations can be technically difficult with a wide array of reported complica-
tions. In this study, we aim to describe the most common complications that can occur during or after surgical man-
agement of thoracic disc herniations. Furthermore, we describe tips and tricks for avoidance and, if necessary, manage-
ment of surgical complications. Common complications addressed in this review include vertebral column instability,
neurologic injury, cerebrospinal fluid leak/pleural fistula, thoracic viscera injury, wrong level surgery, incomplete disk
resection, and intercostal neuralgia.
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Background

Thoracic disc herniations represent only a small percentage of
symptomatic intervertebral pathology [1]. Although cadaveric
studies show higher incidence rates post-mortem, the currently
accepted rate of cl inical ly symptomatic thoracic
disc herniations is between 1 in 1000 and 1 in 1000,000
patient-years [1, 2]. One potential difficulty in diagnosing these
herniations is the wide spectrum of presenting symptoms [3].
The traditional method for surgical management of thoracic
disc herniations was a standard posterior thoracic laminectomy,
with early reported results demonstrating alarmingly high rates
neurologic injury [4, 5]. In an effort to decrease the complica-
tions associated with management of these herniations, a wide

array of surgical approaches have been described over a 40-year
period in themid to late twentieth century [6–12]. Currently, the
accepted surgical approaches for access to thoracic disc herni-
ations include transpedicular, costotransversectomy, pedicle-
sparing transfacet, lateral extracavitary, and transthoracic ap-
proaches including video-assisted thorascopic discectomy
[6–9, 11, 13–17]. With these advancements in surgical tech-
niques, complication rates have decreased. However, complica-
tions including destabilization of the vertebral column, neuro-
logic injury, incomplete resection, wrong level surgery, cerebro-
spinal fluid (CSF) leak, thoracic viscera injury, infection, inter-
costal neuralgia, and death can still occur [9–11, 18]. The pur-
pose of this review is to highlight the most common complica-
tions associated with the surgical management of thoracic disc
herniations as well as strategies to both avoid and manage these
complications should they arise.

Vertebral column instability

In the available literature, most reports of vertebral column
instability occur following transthoracic approaches to disc
herniations [6, 10, 11, 19]. This is biomechanically counterin-
tuitive as the anterior and posterior columns of the spine should
be unaltered [1]. This led to the hypothesis that patients with
previous decompressive surgery may be at an increased risk of
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vertebral instability following iatrogenic damage to the middle
column support structures [6, 15, 16, 19–21]. Several studies
have investigated the role of aggressive resection and subse-
quent instability [22, 23]. Animal models show that resection
of the rib head and concomitant removal of the intervertebral
disc leads to increases in lateral bending, axial rotation, and
anterior–posterior translation of the thoracic spine [23, 24].
Another factor to keep in mind when treating patients for tho-
racic disc herniations is preexisting disorders portending spinal
column instability preoperatively [1, 10, 20, 25]. As stated
above, previous surgery compromising the posterior structures,
in conjunction with a costotransversectomy approach to a disc
herniation, would result in loss of the rib support and middle
and posterior columns [21, 22, 24]. Similarly, patients with
osteopenia or osteoporosis may be at higher risk for thoracic
vertebral compression fractures following decompression sur-
gery which could lead to progressive thoracic kyphosis [10,
19]. Pre-operative assessment of the patient’s thoracic sagittal
balance is important to take into consideration. Resection of
the stabilizing structures of the thoracic spine has been proven
to increase the mobility in all planes [20, 23]. A pre-existing
kyphosis could be acutely worsened if the limited support
structures are damaged or removed intra-operatively. As an
example, Currier et al. reported a patient that developed pro-
gressive focal kyphosis following a transthoracic discectomy
with interbody fusion and found that a previous multilevel
laminectomy had been performed [6].

The management of vertebral column instability following
resection of a herniated thoracic disc focuses on realignment
and restoration of physiologic anatomy. A common dilemma
following thoracic disc resection focuses on which patients
need arthrodesis to prevent instability. In simple terms, if an
articular facet is violated during selected surgical approach to
disk resection, fusion is often necessary [26]. Several addi-
tional indications have been described for post-discectomy
arthrodesis. Several studies have described the necessity of
instrumented arthrodesis following disk resection in the low
thoracic region or thoracolumbar junction, as well as in pa-
tients with Scheuermann’s kyphosis [10, 27]. Similarly, in the
case of giant or calcified disc herniations where partial
corpectomy is performed to avoid excessive cord manipula-
tion, arthrodesis is utilized to prevent instability, especially if
more than 50% of the vertebral body is resected (Fig. 1) [28].
Finally, if the patient with a herniated thoracic disc has pre-
operative axial back pain with evidence of facet arthropathy,
arthrodesis can be utilized to immobilize that arthritic segment
and improve a potential pain generator [26, 28]. In contrast, a
lateral approach that does not disrupt the integrity of the lateral
aspect of the pedicle does not necessarily require arthrodesis.
Furthermore, when utilizing anterior based approaches, it has
been proven that unilateral disruption of the rib head and ped-
icle, does not necessarily cause instability and does not require
fusion [29]. The authors recommend use of posterior spinal

fusion with or without the use of an interbody device depend-
ing on necessity of sagittal plane correction needed if postop-
erative instability is a concern.

Neurologic injury

Classically, neurologic injury represented the most common
complication in the management of thoracic herniated discs
with some series reporting as high as 75% rate of incidence [5,
30]. Over the decades following these initial reports, the tra-
ditional posterior laminectomy approach to these herniations
was largely replaced with safer approaches and the incidence
of neurologic injury dropped significantly [7]. One factor
leading to increased risk of intra-operative nerve damage is
whether the herniated disc is calcified [31–33]. Quint et al.
looked at the their experience with surgical management of
168 symptomatic thoracic disc herniations and found a 42%
rate of calcification or ossification of resected disc material
[33]. While intradural invasion of disc material is exceedingly
rare in soft herniations, it is reported that upwards of 70% of
giant calcified herniations have some extent of intradural in-
volvement [32]. Thus, the most common pre-operative pre-
sentation associated with increased risk of intra-operative neu-
rologic injury is the presence of a giant (> 40% of spinal canal)
calcified disc with radicular or myelopathy symptoms [26].
Recent studies report neurologic injury between 2 and 5%
with no significantly increased risk with any one approach
technique [34, 35].

Avoidance and management of neurologic injury is largely
dependent on pre-operative imaging assessment and formula-
tion of surgical plan. For large herniations with intradural ex-
tension, surgical approach and laterality can be helpful at find-
ing the safest access plane to the dural tube. The authors rec-
ommend use of an extensile approach for this subset of

Fig. 1 T2-weighted sagittal MRI of large thoracic disc herniation with
cord compression

818 International Orthopaedics (SICOT) (2019) 43:817–823



herniations, including a transthoracic or costotransversectomy.
Utilizing an extensile approach, as opposed to transfacet or
transpedicular, has been shown to reduce risk of iatrogenic
neurologic injury [9, 31]. Vascular underperfusion following
cord manipulation can lead to neurologic deterioration and
thus, interdisciplinary planning with the anaesthesia providers
regarding controlled hypertension can help prevent down-
stream sequelae [3, 13, 32, 36]. At the time of dural manipu-
lation, a mean arterial pressure (MAP) of 80 mmHg can ensure
adequate perfusion following necessary dural manipulation for
disc resection. Additionally, some authors report the use of
high dose systemic corticosteroids to mitigate the risk of in-
flammatory neurologic deterioration [36].

From an intra-operative perspective, the authors recom-
mend routine use of neurologic monitoring for the duration
of the case including somatosensory evoked potentials (SSEP)
and motor evoked potentials (MEP). The use of intra-
operative neuromonitoring has been well validated in the
available literature to avoid neurologic injury and assess pre-
operative surgical risk [3, 37].

Finally, from a technical standpoint, the authors utilize a
partial vertebrectomy technique to safely resect large calcified
herniations. Once the appropriate level is localized and the ver-
tebral body is identified, a cavity is created in order to directly
visualize not only the disc material but native dura above and
below the herniation. It is critically important to create a cir-
cumferential cavity around the entirety of the disc both ventrally
and laterally to ensure no untoward manipulation of spinal cord
when performing the discectomy [7, 29, 31, 32].

Cerebrospinal fluid leak/pleural fistula

The rate of dural tears in the surgical management of thoracic
herniated discs is higher than that of the lumbar spine [26, 38,
39]. Based on recent literature, the rate of dural tears during
thoracic disc excision is approximately 10–15% compared to
that in the lumbar spine which is closer to 5% [38, 39]. The
risk of dural breach is increased exponentially if the disc ma-
terial in question is calcified/ossified and adhered to the ante-
rior dura. Given that the majority of these herniations are
central in the neurologic canal, some form of anterior or an-
terolateral exposure is recommended to avoid over handling
of the dura. Thorascopy leads to significantly less morbidity to
the chest well compared to an open approach and should be
utilized if possible [40]. Gille et al. reported a 39% rate of
dural tears following transthoracic endoscopic management
of herniated discs. They anecdotally reported that after
adopting the technique of leaving a shell of calcified
disc adhered to the anterior surface of the dura, no CSF leaks
occurred [34].

A sequelae of dural breach in the setting of thoracic spine
surgery is the development of a subarachnoid-pleural fistula

(SPF) (Fig. 2). The rate of SPF is approximately 1.5% but
occurs more commonly in anterior exposures to the thoracic
spine compared to posterior exposures [41]. The pathophysi-
ology of this complication hinges on the pressure differences
between the subarachnoid space and the thoracic cavity. The
thorax experiences as routine drop in pressure during the in-
spiratory phase of respiration leading to a strong draw of CSF
into the chest in the setting of a SPF. The continuous inflow of
CSF into the thoracic cavity keeps the fistula open and leads to
recurrent pleural effusions [42, 43]. Occasionally, dural tears
are not recognized intra-operatively and a SPF is not high on
the differential diagnosis post-operatively. Hentschel et al. rec-
ommend keeping a high clinical suspicion for SPF in any
patient following thoracic surgery with high chest tube output,
recurrent pleural effusions, or intracranial hypotension [41].
Once a SPF is clinically suspected, a radionuclide
cisternography or a CT myelogram should be obtained to
investigate [44].

If a dural tear is identified at the time of surgery, the authors
recommend direct repair if possible. Given that a common
approach to these herniations is anterolateral transthoracic
thoracoscopic, direct suture repair may be technically difficult
or impossible. If this is the case, diligent use of spinal sealant
or barrier matrix should be utilized. If possible, augmenting
this barrier repair with an interposition fat or fascia graft is also
recommended. In the post-operative setting, patients should
be kept flat supine in bed for 24–48 hours with gentle head-of-
bed elevation with careful attention to positional headaches. In
the case of post-operative headaches following a dural tear,
titratable CSF siphoning through a thoracic drain or a tempo-
rary lumbar shunt can be utilized. In the case of a SPF follow-
ing thoracic spine surgery, there are few non-operative treat-
ment options. The rate of spontaneous resolution of SPF with-
out operative management is approximately 20% [45]. There
have been case reports using positive pressure ventilation to

Fig. 2 T2-weighted axial MRI showing subarachnoid-pleural fistula
(SPF) at T6–7
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decrease the gradient between the chest cavity and the sub-
arachnoid space to encourage closure of the fistula. Prolonged
use of chest tube has also been described to facilitate fistula
closure. With the direct conduit between thoracic cavity and
neural tube, prophylactic IVantibiotics should utilized to pre-
vent meningitis [8, 32, 41, 42, 45]. If non-operative measures
fail, a salvage surgical option for recalcitrant SPF is a
vascularized omental flap, which can be performed with the
assistance of a plastic surgeon and has been described with
positive results [46].

Thoracic complications

Recent literature has a paucity of information regarding iatro-
genic thoracic viscera as this is exceedingly rare; however,
even reports from decades ago report a low risk of occurrence.
In the 1980’s, Maiman et al. reported a 9% risk of pneumonia
or post-operative atelectasis following a lateral extracavitary
approach to the thoracic spine [8]. Several years later, this
incidence was reported as less than 5% in larger series [26,
45, 47]. Pulmonary embolism has been reported as a compli-
cation in several series but no specific causality has ever been
associated [6]. In reviewing the recent literature, there have
been no reports of pulmonary complications from posterior
based approaches. All reported complications come from an-
terior or anterolateral approaches as disruption of normal tho-
racic anatomy is required to gain access to the herniated disk
material. Several studies report the incidence of pleural tears
as a complication of thoracic disk surgery; however, anterior
access requires disruption of the pleura for both surgeon ac-
cess and post-operative chest tube placement.

The authors’ recommend standard post-operative prophy-
lactic antibiotics, in conjunction with early mobilization and
aggressive pulmonary hygiene, to mitigate the risk of pneu-
monia and atelectasis. Furthermore, a comprehensive analysis
of the patient’s medical comorbidities should be performed to
judge their risk of thromboembolic events with prophylactic
anticoagulation being strategically administered accordingly.
If the surgeon has a high clinical suspicion for unintended
pleural tissue injury following thoracic disk excision, a tech-
nique of filling the operative field with saline and looking for
air bubbles has been described and can dictate the need for a
post-operative chest tube [1].

Wrong level surgery

Dickman et al. reported on their cohort of patients undergoing
re-operation for symptomatic thoracic disc herniation and re-
ported that 13 of 15 patients had either wrong level surgery or
the primary surgeon was unable to visualize the disk material
at the index operation [48]. The most common reason for

incomplete visualization of the herniated disk material is sub-
optimal surgical approach. Most herniated thoracic
discs (especially giant calcified type) are centrally located
and thus adequate visualization of the ventral spinal cord is
required [25, 31, 34, 48]. Wrong level surgery occurs most
commonly due to inadequate pre-operative planning or inac-
curate level marking prior to deep dissection [26, 38, 48]. The
authors’ recommend avoiding wrong level surgery by careful
pre-operative planning with particular attention paid to
costovertebral anatomy and diligent counting of lumbar and
thoracic type vertebrae. Furthermore, in the case of revision
surgery or patients with a complex surgical history resulting in
severely altered anatomy, pre-operative placement of a radi-
opaque marker (i.e., gold seed) at the level in question can be
utilized in order to quickly and easily find the correct level at
the time of surgery. In patients with truncal obesity or compli-
cated anatomy, the authors also recommend utilizing intra-
operative CT navigation. Despite the paucity of long-term
studies examining efficacy in large cohorts, intra-operative
navigation has an immediate role for improved safety and
confidence in adequate disc or bone resection [49].

Incomplete disk resection

With respect to avoiding subtotal resection of disc material,
choice of surgical approach is paramount. Careful attention to
pre-operative MRI or myelogram can allow the surgeon to
understand the necessary exposure required to remove herni-
ated disc. Extruded fragments located in the paracentral or far
lateral regions of the vertebral canal can be accessed with a
unilateral oblique exposure from a lateral or posterolateral
plane (transpedicular, costotransversectomy) [2, 3, 7, 9, 34].
Conversely, centrally located herniations should be
approached through a ventral, transthoracic approach to
completely visualize the entire face of the spinal cord and
ensure adequate resection of disc material [1, 48].
Additionally, the surgeon should have a low threshold to per-
form a complete or partial corpectomy including the posterior
longitudinal ligament to visualize the entire herniation in the
case of large calcified discs [48]. Post-decompression fusions
should be used in these cases to avoid post-operative vertebral
column instability as mentioned above. In a patient with a
history of thoracic disc resection and recurrent symptoms,
the authors recommend thorough clinical evaluation including
determining pre-operative symptoms, previous operative re-
ports with approach and other intra-operative details, and
post-operative course for information on temporary symptom
relief. Few reports have examined revision decompression of
thoracic disc herniations but available literature describes the
average time to recurrent symptoms of approximately
five months with myelopathy or thoracic myeloradiculopathy
as the most common complaints [38, 48]. Repeat advanced
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imaging, including MRI and CT scan, should be performed
with careful attention paid to altered anatomy, location of re-
current or neglected disc material, and integrity of spinal lig-
aments (anterior and posterior longitudinal ligaments)
amongst other considerations [48].

Intercostal neuralgia

Intercostal neuralgia is relatively common complication fol-
lowing surgical approaches disrupting the anatomy of the rib
[6, 34, 36]. Series reporting on patients undergoing open tho-
racotomy for exposure to the thoracic spine cite a three-fold
increase in post-operative intercostal neuralgia when com-
pared to patients undergoing thoracoscopy [6, 18, 33]. In a
recent study by Strom et al., they reported a 100% incidence
of intercostal neuralgia in patients undergoing an anterior ap-
proach; however, only 5% had symptoms lasting longer than
three months. Furthermore, they reported a 0% rate of persis-
tent intercostal neuralgia in those with standalone thorascopy
or posterior based approaches [36].

The spectrum of intercostal neuralgia is broad but fortu-
nately fleeting in most large series. For those that experience
persistent neuralgia, non-operative treatments can start with a
trial of neuropathic pain medications. For persistent neuralgia
recalcitrant to medication, selective nerve blocks, radiofre-
quency ablations, or dorsal root ganglion excisions have been
described in small numbers [36, 38]. Avoidance of this com-
plication is worthwhile by utilizing thorascopy if possible or
careful dissection along the inferior border of the rib around
the neurovascular bundle with strategic retractor placement in
the case of open thoracotomy.

Conclusion

Compared to managing disc herniations of the cervical or
lumbar spines, the thoracic spine presents unique challenges.
There exists a host of literature regarding novel surgical ap-
proaches and tips to access these elusive herniations; however,
there exists very little data regarding specific surgical compli-
cations, how to avoid these, and how to manage them if they
were to occur [12, 50]. In this review, we highlighted some of
the most common complications that spine surgeons are likely
to encounter while managing thoracic disc herniations. While
the scope of pitfalls range from something as simple as inter-
costal neuralgia to severe as thoracic viscera injury or verte-
bral column destabilization, a prepared surgeon can largely
avoid these complications and, if they are inevitable, have
the armamentarium to control them effectively and efficiently.

This study has several limitations. While some high-quality
randomized controlled trials were included in data analysis and
retrospective review, many of the studies referenced for this

review article had small sample sizes and lower levels of evi-
dence. However, in order to compose a thorough review over a
topic with relatively rare incidence, the numbers and quality of
studies will inherently decline. Secondly, this study does not
include all potential complications associatedwith surgical man-
agement of thoracic disc herniations. We chose to spend more
time elaborating on the more common or more severe compli-
cations that surgeons may encounter rather than include all re-
ported complications. Finally, this study does not at all empha-
size or elaborate on surgical approaches or the details regarding
disc resection. These topics and many others can be found in
similar studies, as this review highlights only the potential sur-
gical complications as well as how to avoid and manage them.

Surgical management of herniated thoracic disc material is a
technically difficult undertaking ripe with potential complica-
tions. Careful pre-operative analysis and characterization of the
exact location of herniated disc material are paramount to com-
plication avoidance. Selection of appropriate surgical approach
can help avoid complications and ensure adequate resection of
disc material. Lastly, an understanding of the clinical presenta-
tion of the most common postoperative complications can lead
to early intervention and improved outcomes when possible.

Compliance with ethical standards

Conflict of interest The authors declare that there is no conflict of
interest.

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

References

1. Dietze DD Jr, Fessler RG (1993) Thoracic disc herniations.
Neurosurg Clin N Am 4:75–90. https://doi.org/10.1016/S1042-
3680(18)30609-0

2. Bransford R, Zhang F, Bellabarba C, Konodi M, Chapman JR
(2010) Early experience treating thoracic disc herniations using a
modified transfacet pedicle-sparing decompression and fusion. J
Neurosurg Spine 12:221–231. https://doi.org/10.3171/2009.9.
SPINE09476

3. Cornips EM, Janssen ML, Beuls EA (2011) Thoracic disc hernia-
tion and acute myelopathy: clinical presentation, neuroimaging
findings, surgical considerations, and outcome. J Neurosurg Spine
14:520–528. https://doi.org/10.3171/2010.12.SPINE10273

4. Hulme A (1960) The surgical approach to thoracic intervertebral
disc protrusions. J Neurol Neurosurg Psychiatry 23:133–137.
https://doi.org/10.1136/jnnp.23.2.133

5. Love JG, Kiefer EJ (1950) Root pain and paraplegia due to protru-
sions of thoracic intervertebral disks. J Neurosurg 7:62–69. https://
doi.org/10.3171/jns.1950.7.1.0062

6. Currier BL, Eismont FJ, Green BA (1994) Transthoracic disc exci-
sion and fusion for herniated thoracic discs. Spine 19:323–328.
https://doi.org/10.1097/00007632-199402000-00012

7. el-Kalliny M, Tew JM Jr, van Loveren H, Dunsker S (1991)
Surgical approaches to thoracic disc herniations. Acta Neurochir
111:22–32. https://doi.org/10.1007/BF01402509

International Orthopaedics (SICOT) (2019) 43:817–823 821

https://doi.org/10.1016/S1042-3680(18)30609-0
https://doi.org/10.1016/S1042-3680(18)30609-0
https://doi.org/10.3171/2009.9.SPINE09476
https://doi.org/10.3171/2009.9.SPINE09476
https://doi.org/10.3171/2010.12.SPINE10273
https://doi.org/10.1136/jnnp.23.2.133
https://doi.org/10.3171/jns.1950.7.1.0062
https://doi.org/10.3171/jns.1950.7.1.0062
https://doi.org/10.1097/00007632-199402000-00012
https://doi.org/10.1007/BF01402509


8. Maiman DJ, Larson SJ, Luck E, El-Ghatit A (1984) Lateral
extracavitary approach to the spine for thoracic disc herniation:
report of 23 cases. Neurosurgery 14:178–182. https://doi.org/10.
1097/00006123-198402000-00010

9. Mulier S, Debois V (1998) Thoracic disc herniations: transthoracic,
lateral, or posterolateral approach? A review. Surg Neurol 49:599–
608. https://doi.org/10.1016/S0090-3019(98)00008-1

10. Stillerman CB, Chen TC, Couldwell WT, Zhang W, Weiss MH
(1998) Experience in the surgical management of 82 symptomatic
herniated thoracic discs and review of the literature. J Neurosurg 88:
623–633. https://doi.org/10.3171/jns.1998.88.4.0623

11. Stillerman CB, Chen TC, Day JD, Couldwell WT, Weiss MH
(1995) The transfacet pedicle-sparing approach for thoracic disc
removal: cadaveric morphometric analysis and preliminary clinical
experience. J Neurosurg 83:971–976. https://doi.org/10.3171/jns.
1995.83.6.0971

12. He B, Yan L, Xu Z, Guo H, Liu T, Hao D (2014) Treatment strat-
egies for the surgical complications of thoracic spinal stenosis: a
retrospective analysis of two hundred and eighty three cases. Int
Orthop 38:117–122. https://doi.org/10.1007/s00264-013-2103-

13. Nayak NR, Bauman JA, Stein SC, Thawani JP, Malhotra NR
(2017) Surgical approaches for the treatment of thoracic disk her-
niation: results of a decision analysis. Clin Spine Surg 30:E901–
E908. https://doi.org/10.1097/BSD.0000000000000375

14. Ridenour TR, Haddad SF, Hitchon PW, Piper J, Traynelis VC,
VanGilder JC (1993) Herniated thoracic disks: treatment and out-
come. J Spinal Disord 6:218–224. https://doi.org/10.1097/
00002517-199306030-00006

15. Ayhan S, Nelson C, Gok B, Petteys RJ, Wolinskiy JP, Witham TF,
Bydon A, Gokaslan ZL, Sciubba DM (2010) Transthoracic surgical
treatment for centrally located thoracic disc herniations presenting
with myelopathy: a 5-year institutional experience. J Spinal Disord
Tech 23:79–88. https://doi.org/10.1097/BSD.0b013e318198cd4d

16. Vollmer DG, Simmons NE (2000) Transthoracic approaches to tho-
racic disc herniations. Neurosurg Focus 9:e8. https://doi.org/10.
3171/foc.2000.9.4.8

17. Yang X, Liu X, Zheng Y (2014) Surgical treatment of thoracic disc
herniations using a modified transfacet approach. Indian J Orthop
48:158–162. https://doi.org/10.4103/0019-5413.128756

18. Fessler RG, Sturgill M (1998) Review: complications of surgery for
thoracic disc disease. Surg Neurol 49:609–618. https://doi.org/10.
1016/S0090-3019(97)00434-5

19. Turgut M (1998) Three-level thoracic disc herniation: case report
and review of the literature (P. G. Korovessis et al., ESJ 1997, Vol.
6, p. 74-76). Eur Spine J 7:348–350. https://doi.org/10.1007/
s005860050087

20. Maiman DJ, Pintar FA (1992) Anatomy and clinical biomechanics
of the thoracic spine. Clin Neurosurg 38:296–324

21. Denis F (1983) The three column spine and its significance in the
classification of acute thoracolumbar spinal injuries. Spine 8:817–
831. https://doi.org/10.1097/00007632-198311000-00003

22. Berg EE (1993) The sternal-rib complex. A possible fourth column
in thoracic spine fractures. Spine 18:1916–1919. https://doi.org/10.
1097/00007632-199310000-00033

23. Takeuchi T, Abumi K, Shono Y, Oda I, Kaneda K (1999)
Biomechanical role of the intervertebral disc and costovertebral
joint in stability of the thoracic spine. A canine model study.
Spine 24:1414–1420. https://doi.org/10.1097/00007632-
199907150-00005

24. Liebsch C, Graf N, Appelt K, Wilke HJ (2017) The rib cage stabi-
lizes the human thoracic spine: an in vitro study using stepwise
reduction of rib cage structures. PLoS One 12:e0178733. https://
doi.org/10.1371/journal.pone.0178733

25. Arce CA, Dohrmann GJ (1985) Herniated thoracic disks. Neurol
Clin 3:383–392. https://doi.org/10.1016/S0733-8619(18)31043-0

26. Court C, Mansour E, Bouthors C (2018) Thoracic disc herniation:
surgical treatment. Orthop Traumatol Surg Res 104:S31–S40.
https://doi.org/10.1016/j.otsr.2017.04.022

27. Vanichkachorn JS, Vaccaro AR (2000) Thoracic disk disease: diag-
nosis and treatment. J Am Acad Orthop Surg 8:159–169. https://
doi.org/10.5435/00124635-200005000-00003

28. Krauss WE, Edwards DA, Cohen-Gadol AA (2005) Transthoracic
discectomy without interbody fusion. Surg Neurol 63:403–409.
https://doi.org/10.1016/j.surneu.2004.06.026

29. Quraishi NA, Khurana A, Tsegaye MM, Boszczyk BM, Mehdian
SM (2014) Calcified giant thoracic disc herniations: considerations
and treatment strategies. Eur Spine J 23(Suppl 1):S76–S83. https://
doi.org/10.1007/s00586-014-3210-5

30. Logue V (1952) Thoracic intervertebral disc prolapse with spinal
cord compression. J Neurol Neurosurg Psychiatry 15:227–241.
https://doi.org/10.1136/jnnp.15.4.227

31. Al-Mahfoudh R,Mitchell PS,WilbyM, Crooks D, Barrett C, Pillay
R, Pigott T (2016)Management of giant calcified thoracic disks and
description of the trench vertebrectomy technique. Global Spine J 6:
584–591. https://doi.org/10.1055/s-0035-1570087

32. Hott JS, Feiz-Erfan I, Kenny K, Dickman CA (2005) Surgical man-
agement of giant herniated thoracic discs: analysis of 20 cases. J
Neurosurg Spine 3:191–197. https://doi.org/10.3171/spi.2005.3.3.
0191

33. Quint U, Bordon G, Preissl I, Sanner C, Rosenthal D (2012)
Thoracoscopic treatment for single level symptomatic thoracic disc
herniation: a prospective followed cohort study in a group of 167
consecutive cases. Eur Spine J 21:637–645. https://doi.org/10.
1007/s00586-011-2103-0

34. Gille O, Soderlund C, Razafimahandri JH, Mangione P, Vital JM
(2006) Analysis of hard thoracic herniated discs: review of 18 cases
operated by thoracoscopy. Eur Spine J 15:537–542. https://doi.org/
10.1007/s00586-005-1014-3

35. Roelz R, Scholz C, Klingler JH, Scheiwe C, Sircar R, Hubbe U
(2016) Giant central thoracic disc herniations: surgical outcome in
17 consecutive patients treated by mini-thoracotomy. Eur Spine J
25:1443–1451. https://doi.org/10.1007/s00586-016-4380-0

36. Strom RG, Mathur V, Givans H, Kondziolka DS, Perin NI (2015)
Technical modifications and decision-making to reduce morbidity
in thoracic disc surgery: an institutional experience and treatment
algorithm. Clin Neurol Neurosurg 133:75–82. https://doi.org/10.
1016/j.clineuro.2015.03.014

37. Moon SJ, Lee JK, Jang JW, Hur H, Lee JH, Sim SH (2010) The
transdural approach for thoracic disc herniations: a technical note.
Eur Spine J 19:1206–1211. https://doi.org/10.1007/s00586-010-
1294-0

38. McCormick WE, Will SF, Benzel EC (2012) Surgery for thoracic
disc disease. Complication avoidance: overview and management.
Neurosurg Focus 9:e13. https://doi.org/10.3171/foc.2000.9.4.13

39. Yoshihara H, Honeoka D (2014) Incidental dural tear in spine sur-
gery: analysis of a nationwide database. Eur Spine J 23:389–394.
https://doi.org/10.1007/s00586-013-3091-z

40. Rosenthal D, Rosenthal R, de Simone A (1994) Removal of a
protruded thoracic disc using microsurgical endoscopy. A new
technique. Spine 19:10887–11991. https://doi.org/10.1097/
00007632-199405000-00018

41. Hentschel SJ, Rhines LD,Wong FC, Gokaslan ZL, McCutcheon IE
(2004) Subarachnoid-pleural fistula after resection of thoracic tu-
mors. J Neurosurg 100(4 Suppl Spine):332–326

42. Kurata Y, Yoshimoto M, Takebayashi T, Kawaguchi S, Yamashita
T (2010) Subarachnoid-pleural fistula treated with noninvasive pos-
itive pressure ventilation: a two-case report and literature review.
Spine 35:E908–E911. h t tps : / /do i .o rg /10 .1097/BRS.
0b013e3181dc57c1

43. Shamji MF, Sundaresan S, Da Silva V, Seely J, Shamji FM (2011,
2011) Subarachnoid-pleural fistula: applied anatomy of the thoracic

822 International Orthopaedics (SICOT) (2019) 43:817–823

https://doi.org/10.1097/00006123-198402000-00010
https://doi.org/10.1097/00006123-198402000-00010
https://doi.org/10.1016/S0090-3019(98)00008-1
https://doi.org/10.3171/jns.1998.88.4.0623
https://doi.org/10.3171/jns.1995.83.6.0971
https://doi.org/10.3171/jns.1995.83.6.0971
https://doi.org/10.1007/s00264-013-2103-
https://doi.org/10.1097/BSD.0000000000000375
https://doi.org/10.1097/00002517-199306030-00006
https://doi.org/10.1097/00002517-199306030-00006
https://doi.org/10.1097/BSD.0b013e318198cd4d
https://doi.org/10.3171/foc.2000.9.4.8
https://doi.org/10.3171/foc.2000.9.4.8
https://doi.org/10.4103/0019-5413.128756
https://doi.org/10.1016/S0090-3019(97)00434-5
https://doi.org/10.1016/S0090-3019(97)00434-5
https://doi.org/10.1007/s005860050087
https://doi.org/10.1007/s005860050087
https://doi.org/10.1097/00007632-198311000-00003
https://doi.org/10.1097/00007632-199310000-00033
https://doi.org/10.1097/00007632-199310000-00033
https://doi.org/10.1097/00007632-199907150-00005
https://doi.org/10.1097/00007632-199907150-00005
https://doi.org/10.1371/journal.pone.0178733
https://doi.org/10.1371/journal.pone.0178733
https://doi.org/10.1016/S0733-8619(18)31043-0
https://doi.org/10.1016/j.otsr.2017.04.022
https://doi.org/10.5435/00124635-200005000-00003
https://doi.org/10.5435/00124635-200005000-00003
https://doi.org/10.1016/j.surneu.2004.06.026
https://doi.org/10.1007/s00586-014-3210-5
https://doi.org/10.1007/s00586-014-3210-5
https://doi.org/10.1136/jnnp.15.4.227
https://doi.org/10.1055/s-0035-1570087
https://doi.org/10.3171/spi.2005.3.3.0191
https://doi.org/10.3171/spi.2005.3.3.0191
https://doi.org/10.1007/s00586-011-2103-0
https://doi.org/10.1007/s00586-011-2103-0
https://doi.org/10.1007/s00586-005-1014-3
https://doi.org/10.1007/s00586-005-1014-3
https://doi.org/10.1007/s00586-016-4380-0
https://doi.org/10.1016/j.clineuro.2015.03.014
https://doi.org/10.1016/j.clineuro.2015.03.014
https://doi.org/10.1007/s00586-010-1294-0
https://doi.org/10.1007/s00586-010-1294-0
https://doi.org/10.3171/foc.2000.9.4.13
https://doi.org/10.1007/s00586-013-3091-z
https://doi.org/10.1097/00007632-199405000-00018
https://doi.org/10.1097/00007632-199405000-00018
https://doi.org/10.1097/BRS.0b013e3181dc57c1
https://doi.org/10.1097/BRS.0b013e3181dc57c1


spinal nerve root. ISRN Surg:168959. https://doi.org/10.5402/
2011/168959

44. Rabassa AE, Nusynowitz ML (2005) Detection of subarachnoid
pleural fistula. Neuroradiol 33:83–84. https://doi.org/10.1007/
BF00593345

45. Nyunoya T, Gross T, Rooney C, Mendoza S, Kline J (2003)
Massive pleural transudate following a vertebral fusion in a 49-
year-old woman. Chest 123:1280–1283. https://doi.org/10.1378/
chest.123.4.1280

46. Sahota S, Nassr A, Khan MH, Marsh RW, Moran SL, Arnold PM,
Dekutoski MB (2012) Treatment of a thoracic dural-pleural fistula
with a vascularized omental flap: a case report. Spine 37:E683–
E685. https://doi.org/10.1097/BRS.0b013e31824a3f73

47. Stillerman CB, Weiss MH (1992) Management of thoracic disc
disease. Clin Neurosurg 38:325–352

48. Dickman CA, Rosenthal D, Regan JJ (1999) Reoperation for her-
niated thoracic discs. J Neurosurg 91(2 Suppl):157–162

49. Johnson JP, Drazin D, King WA, Kim TT (2014) Image-guided
navigation and video-assisted thoracoscopic spine surgery: the sec-
ond generation. Neurosurg Focus 36:E8. https://doi.org/10.3171/
2014.1.FOCUS13532

50. Bouthors C, Benzakour A, Court C (2018) Surgical treatment of
thoracic disc herniation: an overview. Int Orthop. https://doi.org/10.
1007/s00264-018-4224-0

International Orthopaedics (SICOT) (2019) 43:817–823 823

https://doi.org/10.5402/2011/168959
https://doi.org/10.5402/2011/168959
https://doi.org/10.1007/BF00593345
https://doi.org/10.1007/BF00593345
https://doi.org/10.1378/chest.123.4.1280
https://doi.org/10.1378/chest.123.4.1280
https://doi.org/10.1097/BRS.0b013e31824a3f73
https://doi.org/10.3171/2014.1.FOCUS13532
https://doi.org/10.3171/2014.1.FOCUS13532
https://doi.org/10.1007/s00264-018-4224-0
https://doi.org/10.1007/s00264-018-4224-0

	Thoracic disc herniation, avoidance, and management of the surgical complications
	Abstract
	Background
	Vertebral column instability
	Neurologic injury
	Cerebrospinal fluid leak/pleural fistula
	Thoracic complications
	Wrong level surgery
	Incomplete disk resection
	Intercostal neuralgia
	Conclusion
	References


