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Abstract

Introduction Giant herniated thoracic discs (GHTD)

remain a surgical challenge. When combined with calcifica-

tion, these discs require altered surgical strategies and have

only been infrequently described. Our objective was to

describe our surgical approaches in the management of cal-

cified GHTD.

Methods This was a retrospective cohort study of all

patients with calcified GHTD operated between 2004 and

2012. Data were collected from review of patients’ notes

and radiographs and included basic demographic and

radiological data, clinical presentation and outcome,

operative procedure and complications.

Results During the study period, there were 13 patients with

calcified GHTD, including 6 males and 7 females (mean age

55 years, range 31–83 years). The average canal encroach-

ment was 62 % (range 40–90 %); mean follow-up 37 months

(12–98). All patients were treated with anterior thoracotomy,

varying degrees of vertebral resection, removal of calcified

disc and with or without reconstruction. The average time for

surgery was 344 min (range 212–601 min) and estimated

blood loss 1,230 ml (range 350–3,000 ml). Post-operatively,

8 patients improved by 1 Frankel grade (62 %), 2 improved

by 2 grades (15 %) and 3 did not change their grade (23 %).

The complication rate was 4/13 (31 %; 3 patients with dur-

otomies (2 incidental, 1 intentional) and 1 with recurrence).

Discussion Calcified GHTD remain a surgical challenge.

Anterior decompression through a thoracotomy approach,

and varying degrees of vertebral resection with or without

reconstruction allowed us to safely remove the calcified

fragment. All patients remained the same (23 %) or

improved by at least 1 grade (77 %) neurologically, with-

out radiographic failure at final follow-up.

Keywords Giant calcified thoracic disc herniation �
Surgical strategies � Complications � Mini-open

thoracotomy � Vertebral resection

Introduction

Symptomatic herniated thoracic discs (HTDs) account for

only 0.15–1.8 % of all intervertebral disc abnormalities

treated surgically [1–3]. Hott et al. [4] defined giant her-

niated thoracic discs as those ‘‘occupying more than 40 %

of the spinal canal based on pre-operative computed

tomography (CT) myelography, magnetic resonance

imaging (MRI) or both’’. This subgroup displayed unique

clinical presentation, surgical considerations and outcome

as compared to small and medium size HTDs [4]. Until

recently, there were no articles on this complex problem

[4–6]. The surgical difficulty is greatly affected by the

large volume and calcified nature of the herniated disc.

Given that these patients tend to present with myelopathy

with an already compromised spinal cord, absolute care in

surgical planning and procedure is paramount [6].

Several approaches have been reported in the literature

to treat thoracic disc herniations. There is no gold standard

approach and each technique has unique advantages and

disadvantages [7, 8]. These approaches include transpe-

dicular, transfacet pedicle-sparing approaches, costotrans-

versectomy, transthoracic transpleural approach,

thoracoscopic approach [9–14]. Our objective was to

review the outcomes of our patients and describe our
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surgical approach and management strategy in dealing with

patients with a calcified giant thoracic herniated disc.

Materials and methods

We performed a retrospective cohort study of all patients

operated for giant calcified thoracic disc excision between

January 2004 and June 2012 in our academic tertiary

referral spinal unit. Patients were identified from our elec-

tronic operative records database. Data were collected from

review of patients’ notes and radiographs and included

basic demographic and radiological data, clinical presen-

tation and outcome, operative procedure and complications.

All patients had pre-operative MRI which was evaluated to

measure the amount of canal encroachment. The pre-oper-

ative CT scans were assessed to evaluate the calcification

which was also confirmed as intra-operative finding during

the operation (Fig. 1). The operative records were reviewed

in detail to identify the duration and type of surgery, esti-

mated blood loss, use of neurological monitoring and any

intra-operative complications.

Outcome scores

Neurology was assessed by Frankel grading system and the

Oswestry Disability Index (ODI) used to measure function.

All scores were recorded immediately pre-operatively and

post-operatively at regular intervals (with a minimum of

1 year follow-up).

Surgical procedure

A left or right sided approach for thoracotomy was used

based on the location of the disc herniation, disc level and

surgeon choice. Generally, the left sided approach avoids

the risk of injury to the thoracic duct, inferior vena cava,

and obstruction by the liver. Single lung ventilation was

used only in patients with adequate pulmonary function

and more cephalad disc levels. Intra-operative localisation

of thoracic spine levels can be difficult due to anatomical

constraints, such as scapular shadow, patient’s size and

poor bone quality. However, it can be facilitated by per-

cutaneous insertion of a ‘K’ wire into a pedicle as a marker

in prone position [15]. This is our preferred method for

identification of the correct thoracic level (Fig. 2).

After positioning the patient in a true lateral position

(we employ bean bags and side supports with straps), skin

markings were made by confirming the level under fluo-

roscopy and based on the previously positioned K wire. An

approximate 10 cm incision was made (2/3 anterior to the

centre point of the disc space and 1/3 posterior) extending

as far back as the angle of the rib.

Fig. 1 a T2-weighted sagittal MRI scan showing a giant thoracic disc

and b CT scan confirming calcification

Fig. 2 Insertion of pedicle K wire marker in prone position before

the surgery
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The latissimus dorsi and serratus anterior muscles were

split and periosteum was dissected off the rib with mono-

polar diathermy, taking care to preserve the neurovascular

bundle. The rib was dissected free from the pleura and the

rib resected. A trans or retropleural approach can be

adopted to the spine. With transpleural (which we more

commonly use), the parietal pleura was split and the rib

cage retracted with a Finochetto retractor placed in ceph-

alo-caudad direction. The spine is now exposed and the

pleura was split longitudinally over the targeted disc and

adjacent vertebrae, and a marker placed into the disc. After

radiographic confirmation of the level, a malleable retrac-

tor was placed between the pleura and anterior border of

the vertebral bodies adjacent to the target disc.

If necessary, the segmental vessels were ligated care-

fully and the corresponding rib head excised to identify the

lateral wall of the pedicle. A high speed burr was then used

under a surgical microscope to excise a 5–6 mm groove

through the vertebral end plates on either side of the

involved disc (Fig. 3). This groove was extended up to the

vertebral cortex on the opposite side and until the posterior

wall of the vertebral body was sufficiently thinned out.

Curettes and Kerrison rongeurs were then used to remove

this posterior wall. The calcified disc is usually found

adhered to the dura and needs to be mobilised gently into

the working corridor created by burring the endplates

(Fig. 4). Failing this a transdural approach for resection of

the intradural fragment needs to be performed. Once ade-

quate decompression was completed, haemostasis was

ensured using bone wax, diathermy or Floseal (Baxter

Deerfiled, IL, USA).

In our experience (and knowledge from spinal onco-

logical resections), if more than 50 % of the vertebral body

is removed, it is necessary to support the anterior column

with cage/instrumentation [16]. The pleura was sutured

with vicryl, the tissue layers closed in sequence with the

lung slowly reinflated during closure. A chest drain was

used with underwater seal. The opinion with regards to use

of intra-operative monitoring was largely surgeon depen-

dent. A post-operative MRI scan was performed in all

patients to confirm adequate decompression (Fig. 5).

Results

Between 2004 and 2012, a total number of 13 patients with

calcified giant thoracic discs were treated (mean age

Fig. 3 Planned resection of the end plates to provide a working

corridor for resection of the calcified disc away from the dura

Fig. 4 a, b Intra-operative pictures showing resection of the calcified

disc into the working corridor and decompressed dura

Fig. 5 Post-operative MRI scan to confirm complete resection
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55 years, range 31–83 years). There were 6 male and 7

female patients. As described by Hott et al. [4], only discs

occupying more than 40 % of the canal diameter were

considered as giant and calcified and were included in this

study. The average canal encroachment was 62 % (range

40–90 %). Clinical and radiological signs of myelopathy

were seen in 12/13 (92 %) patients.

Thoracotomy was performed in all 13 patients (7 left

and 6 right sided approaches). Intra-operative spinal cord

monitoring utilised in six patients while the remaining

seven did not have any spinal cord monitoring during the

procedure. The average time for surgery was 344 min

(range 212–601 min) and the estimated blood loss was

1,230 ml (range 350–3,000 ml). The post-operative length

of stay was 11 days (range 5–28 days). Operative details

are summarised in Table 1. Pre-operatively, the Frankel

grades were C (n = 3) and D (n = 10). Post-operatively,

eight patients improved by 1 grade (62 %), 2 improved by

2 grades (15 %) and three did not change their Frankel

grades (23 %). There were no cases of neurological

worsening. The mean follow-up was 37 months (12–98).

There was 1 patient with post-operative transient inter-

costal neuralgia and no cases of pulmonary embolism or

chest infection. At the final follow-up there were no cases

of kyphosis or collapse at the discectomy site, clinically or

radiologically.

Complications were seen in 4 (31 %) patients—1 patient

developed recurrence of disc herniation at the same level

after initial resolution of the symptoms necessitating revi-

sion surgery from the opposite side; incidental durotomy

occurred in 2 patients—one of these patients developed

sudden worsening of headache and vision after a few days

and was found to have a large but contained intra-pleural

CSF hygroma. Another patient had a planned (intentional)

durotomy for excision of the intradural disc fragment and

this was repaired with Tachosil� and confirmed with a

negative valsalva test intraoperatively. He represented to

the unit after 2 weeks of discharge with headache and

visual problems following an episode of severe coughing.

Radiological investigations revealed a large intra-pleural

CSF hygroma. The patient underwent a surgical repair of

the dural defect. Both these patients with intra-pleural CSF

hygromas developed an Abducens nerve palsy resulting in

the visual symptoms suffered by the patients and have been

reported by us previously [17].

Discussion

Giant calcified herniated thoracic discs remain a surgical

challenge. Anterior decompression through a thoracotomy

approach, and varying degrees of vertebral resection with

or without reconstruction allowed us to safely remove the

calcified fragment. All patients remained the same (23 %)

or improved by at least one grade (77 %) neurologically,

without radiographic failure at final follow-up.

Surgery for thoracic disc herniation can be challenging,

more so if the disc is giant and calcified. Better clinical

awareness and radiological advances have resulted in an

increased diagnostic incidence of thoracic disc disease,

which is commonly seen between 3rd and 6th decades [4,

18, 19]. The natural history of HTD suggests that it may

remain asymptomatic for a long time [19], during which

time it may enlarge but it rarely presents as acute mye-

lopathy [19].

The thoracic spine and spinal cord have several unique

features that make them vulnerable to anterior compression

[20]. The thoracic spine is normally kyphotic and the spinal

cord runs close to the posterior elements of the vertebral

bodies [21]. In addition to its close proximity to anterior

pathology, tethering of the spinal roots by the dentate lig-

aments also limits the mobility of the spinal cord to drift

away from anterior impingement [22]. The spinal cord

diameter to canal diameter ratio is higher in the thoracic

spine than in the cervical or lumbar regions, leaving less

room for the spinal cord in case of stenosis [20]. Finally,

the thoracic spinal cord is vulnerable to ischemic injury due

to the presence of an anatomic area of poor blood supply

called the ‘‘watershed zone’’ [23]. In contrast with cervical

and lumbar disc herniations, thoracic disc herniations are

more frequently centrally located and known to calcify

more often [24]. They may be adherent to and even erode

through the dural sac over time. The development of

clinical symptoms is attributed to local vascular compro-

mise leading to spinal cord dysfunction [21]. Interestingly,

in an animal study, Fujimaki et al. [25] reported that they

had to interrupt at least five consecutive bilateral segmental

arteries to show any spinal ischaemia. These unique char-

acteristics of the thoracic spine and spinal cord are

important in understanding the pathophysiology and the

treatment approaches for symptomatic thoracic disc disease

[21].

Both anterior and posterior surgical techniques have

been described for the surgical management of thoracic

disc herniations [4, 6, 26–28, 31]. The anterior approach

provides good visualisation and surgical access but carries

potential morbidity associated with thoracotomy. Tho-

racoscopic discectomy is associated with a steep learning

curve and is best indicated for small lateral and uncalcified

disc herniations only [32]. Posterior laminectomy for tho-

racic discectomy has been associated with unsatisfactory

results since first reported by Logue [33]; however, Borm

et al. [29] argue in a recent article that a tailored posterior

approach based on the anatomic location and nature of the

disc along with general health of the patient can yield

satisfactory results.
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Cho et al. [34] recently described a minimally invasive

oblique paraspinal approach using 3-D navigation and

tubular retractors with the aid of robotic holder. However,

they do not recommend this approach for a sequestrated,

calcified or hard disc herniation. Similarly, posterior

transdural approach may offer an alternative surgical

option for selected patients with thoracic paracentral soft

discs [35]. This approach may also be deemed unsuitable

for giant calcified herniated thoracic discs which may

require extensive manipulation [35, 36].

Debnath et al. [30] have previously described a tho-

racotomy and hemivertebrectomy giving a better exposure

and direct visualisation for decompression for thoracic

disc herniations. This helps to develop a normal plane

cephalad and caudad to the herniated disc and enables one

to deal with two consecutive levels of herniated discs by

one level vertebrectomy [30]. Hott et al. [4] recommend

that an ideal procedure for a giant thoracic herniated disc

is a two-level corpectomy and instrumented stabilisation

through an open thoracotomy. They stated that the size

and location of the disc is of paramount importance for

the choice of the best surgical approach to minimise the

morbidity. These reports however, are in our opinion,

quite extensive procedures for excision of these calcified

discs.

From our unit, Russo et al. [26, 37] reviewed our results

with a mini thoracotomy approach for giant thoracic disc

herniations—advantages of performing the procedure

under direct vision and less potential peri-operative and

post-operative morbidity were discussed. There was one

post-operative pleural effusion in this small series of seven

patients. Moran et al. [6] described a series of 17 patients

with calcified giant thoracic disc herniations who under-

went a mini-open thoracotomy and retropleural resection

without the need for corpectomy or instrumentation. They

had one post-operative PE and one patient with several co-

morbidities who developed pneumonia (and later died).

Others have reported thoracic access complications of up to

15 % with endoscopic [38] or Video-Assisted Thoraco-

scopic Surgery (VATS) [39]. We only had 1 patient who

developed a thoracotomy related complication in our study

of 13 patients—that of a post-operative intercostal neural-

gia (transient). We accept that this small approach related

complication rate may simply be due to the few number of

patients in our study (rather than the use of a mini-open

approach per se). However, it is worth noting that Uribe

and colleagues [40] reviewed the literature on open (357

patients) versus minimally invasive approaches (466

patients) for thoracic disc herniations (not solely giant

calcified) finding a complication rate of 36.7 % (0–182 %)

and 28.4 % (0–92.3 %), respectively.

Even though the disc is large and well calcified on a pre-

operative CT scan, it can be difficult to identify intra-

operatively on fluoroscopic views and wrong level surgery

for a calcified disc has previously been reported [5]. Pre-

operative marking using a pedicle K wire remains our

preferred method for level identification as described by

Thambiraj and Quraishi [15]. Our surgical technique

revolves around creating a working corridor by resection of

the two contiguous endplates and a window for gentle

excision of the calcified giant disc away from the spinal

cord without any undue manipulation of the cord. This

approach allows us to observe the fundamental principles

of starting the decompression from normal tissue and

ending with the abnormal calcified lesion.

The use of intra-operative monitoring is interesting and

there remains no clear consensus in the literature. Those of

us who do not use cord monitoring have the view that one

is committed to decompressing the spinal cord and that

spinal cord monitoring is not going to change the surgical

objective. Those who use it, have a strategy in place should

there be a deterioration in the neurophysiological function

and this is not too dissimilar to worsening of neuromoni-

toring in scoliosis patients [41, 42]. For example, stopping

the procedure in cases of significant drops in intra-opera-

tive monitoring, performing a wake-up test or even aban-

doning the anterior approach and performing a staged

posterior decompression to allow the spinal cord to ‘float

dorsally’ are strategies that we have employed in the past.

In his review of treatment of thoracic disc, Vaccarro rec-

ommended that ‘the use intra-operative neurologic moni-

toring greatly reduces the risk of permanent neurologic

injury and allows immediate intra-operative surgical cor-

rection if necessary’ [43]. In their recent large series of 60

patients from 5 institutions, Uribe and colleagues [40] used

intra-operative neuromonitoring for all patients. However,

we accept that the use of intra-operative monitoring is an

area of debate; there is limited literature to provide guid-

ance and this issue remains a contentious topic even within

our own unit.

Myelopathy is seen in approximately 95 % of giant

thoracic disc herniations in comparison to approximate

47 % of thoracic disc herniation [4, 38]. In our series, this

was seen in 12/13 patients (92 %). Hott et al. [4] found

14/20 (70 %) of the GHTD to have an intra dural extension

which was present in 2 (15 %) patients in our series. A

lower incidence of intra dural extension of a thoracic disc

herniation, ranging from 0 to 7 % has been noted by var-

ious authors previously [5, 13, 31]. However, overall a

giant calcified herniated disc has increased chances of

incorporation of the dura or intradural extension thus

making its excision more difficult [4, 30, 32]. The calcified

disc extrusion may result in damage to the ventral dura

mater that may manifest as erosion, thinning and tearing of

the ventral dura [5]. The rate of calcification of the herni-

ated discs can vary between 26 and 90 % [4, 5, 13, 30, 31].
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Barbanera et al. [5] reviewed subset of patients with a

calcified giant thoracic herniated disc and found 71.4 %

patients to show improvement of at least one grade on ASIA

scale, 14.3 % were stabilised and 14.3 % worsened. Neu-

rological worsening was seen in patient operated with pe-

dunculo transversectomy which was performed as the disc

level was lower thoracic (T10/11) [5]. The natural history of

HTD suggests that majority occur in most caudal levels,

with the highest frequency between T8 and T11 vertebra,

located in central or centro-lateral position [18, 30, 44].

Barbanera et al. [5] recommend that even if the giant cal-

cified herniated disc is located at the low thoracic levels an

anterior approach should be considered. In the series by

Hott et al. [4] reviewing giant thoracic herniated discs,

53 % patients improved neurologically, 42 % stabilised and

5 % worsened. They contrasted the outcomes in this patient

group with better outcomes in smaller thoracic disc herni-

ations in their series and concluded that the size of the disc

herniation negatively affects the prognosis [4]. This was in

variance to the finding by Le Roux et al. [13] and Stillerman

and Weiss [31] in that there was no correlation between the

size of the disc and the surgical outcome. The degree of pre-

operative symptoms and presence of myelopathy, as usually

seen in patients with a giant thoracic herniated disc may

also affect the overall outcome [4, 5].

Conclusion

Giant calcified thoracic discs remain a surgical challenge.

Anterior decompression through a thoracotomy approach

and varying degrees of vertebral resection with or without

reconstruction allowed us to safely remove the calcified

fragment. All patients remained the same (33 %) or

improved by at least 1 grade (77 %) neurologically, with-

out radiographic failure at final follow-up. This approach

provides adequate access and exposure for calcified giant

thoracic herniated discs by creating a working corridor into

which the disc fragments can be delivered away from the

dura without any manipulation of the cord. It avoids (hemi)

corpectomy and the need for reconstruction and instru-

mentation which we use selectively in cases of over 50 %

vertebral body resection.

Conflict of interest None.
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