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        The anatomy of the thoracic spine with a narrow 
thoracic spinal canal, the sensitivity of the spinal 
cord to minimal retraction, the ribcage, and the 
proximity to the lungs, heart, great vessels, and the 
diaphragm make selection of surgical approach to 
the thoracic spine of utmost importance. Spine 
surgeons fi rst started treating patients with tho-
racic herniated discs through a posterior approach 
by laminectomy with or without discectomy. 
In 1969, Perot and Munro compiled 91 cases 
of thoracic herniated disc treated from a dorsal 
approach. Of the 91 patients, 16 became paraple-
gic and 6 died [ 1 ]. Of the patients with disc her-
niations in the central portion of the canal, the rate 
of paraplegia was 26 % and mortality was 9 %. 
The poor results highlighted the sensitivity of the 
spinal cord to retraction and the diffi culty in treat-
ing anterior thoracic spine pathology. To obtain 
a more direct visualization and minimize retrac-
tion of the spinal cord, posterolateral (including 
transpedicular and transfacet), lateral (including 
costotransversectomy and extracavitary), and 
transthoracic approaches were developed. 

 Lesions in the vertebral body or located in the 
central anterior spinal canal benefi t from a trans-
thoracic approach for direct visualization of the 
pathology and the ventral dura to avoid retraction 
on the spinal cord. The transthoracic approach 
was initially done via open thoracotomy, in most 

cases requiring a thoracic surgeon to assist with 
the approach, a chest tube postoperatively, having 
a high rate of intercostal neuralgia (reported to be 
as high as 50 %), and having the risk of damage 
to the lung, heart, and great vessels [ 2 ,  3 ]. The 
open surgical approaches had signifi cant mor-
bidity related to the approach itself. Fessler and 
Sturgill reported the transthoracic approach was 
associated with intercostal neuralgia, pneumonia, 
atelectasis, hemothorax, and chylothorax [ 4 ]. In 
an effort to reduce the morbidity of the approach 
while retaining effectiveness and safety, mini-
mally invasive alternatives to open thoracotomy 
have been developed, namely, thoracoscopic and 
mini-open transthoracic endoscopic approaches. 

 Minimally invasive alternatives to open tho-
racotomy were made possible by adoption of 
endoscopic and fi beroptic technology. The fi rst 
endoscopic device for medical use was devel-
oped in Germany in 1806 by Philipp Bozzini and 
fi rst adapted for thoracoscopy in 1910 by Hans 
Christian Jacobaeus [ 5 ,  6 ]. In the 1970s, fi beroptic 
and endoscopic video camera technology increased 
the use of thoracoscopy [ 7 – 9 ]. In 1993, Mack and 
colleagues and Rosenthal and colleagues were 
the fi rst to perform spinal surgery with thoracos-
copy [ 10 ,  11 ]. Since then, thoracoscopy has been 
applied to various spinal pathologies and shown to 
be advantageous over thoracotomy. 

 Thoracoscopic spinal surgery is performed 
with the patient in the lateral decubitus position 
with the ipsilateral arm abducted and placed on 
an armrest. The patient is intubated with a dual 
lumen tube for single-lung ventilation and 
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collapse of the ipsilateral lung. The side of 
approach is dictated by anatomy and location of 
the lesion. Above T11, the side of approach is 
dictated by the location of the lesion and the anat-
omy of the aorta, vena cava, and azygos vein. At 
T11 and T12, the liver blocks downward retrac-
tion of the diaphragm and requires a left-sided 
approach unless a right-sided approach is abso-
lutely required [ 12 ,  13 ]. C-arm fl uoroscopy is 
used to localize the target level [ 2 ,  3 ]. Typically 
three to four ports are inserted through 1.0–1.5 
cm skin incisions and blunt dissection over the 
superior aspect of the rib to avoid injury to the 
neurovascular bundle running underneath the rib 
[ 14 ]. One port is placed in the posterior axillary 
line directly lateral to the pathology, and the other 
ports are placed on the anterior axillary line [ 14 ]. 
The fi rst port is placed blindly and has the great-
est risk for injury to the lung. Risk is minimized 
by single-lung ventilation and collapse of the 
ipsilateral lung. The subsequent ports are inserted 
under endoscopic visualization from the fi rst port. 
The patient is then rolled ventrally by 15–30° to 
let the lung fall away from the operative site, and 
a fan retractor can be used to hold the lung out of 
view. The operator stands on the ventral side of 
the patient with the fi rst assistant. A second assis-
tant stands opposite the main operator. Pleural 
adhesions are taken down, and the ribs are counted 

internally to localize the target level again in addi-
tion to use of fl uoroscopy. At this point the spinal 
column is exposed for the operation. The camera 
can then be fi xed to a table mounting system if 
desired. Subsequent spinal dissection is specifi c 
to the pathology addressed such as herniated disc, 
infection, scoliosis, tumor, or interbody fusion 
[ 14 – 17 ]. The critical concepts common to these 
surgeries are that the rib head articulates with 
superior aspect of the same numbered vertebral 
body, just below or at the level of the disc space. 
Dissection and drilling is done for adequate visu-
alization of normal dura above and below the 
lesion and creation of defect into which pathol-
ogy can be delivered away from the spinal cord to 
prevent any retraction on the spinal cord. Once 
the pathology is addressed, a chest tube is placed 
and the chest incisions closed. The chest tube is 
kept until output is less than 100 mL/day [ 3 ]. If a 
dural defect is encountered, the chest tube is kept 
on water seal only and a lumbar drain is placed. 

 An example of these key surgical concepts is 
the procedure for removing a centrally located 
herniated disc as seen here in preoperative MRI 
(Fig   .  23.1 ) and CT fi lms (Fig.  23.2 ) of a patient 
treated with mini-open transthoracic endoscopic 
technique. The pleura over the target disc space 
is incised and the segmental vessels ligated and 
clipped. The proximal 2 cm of rib is then drilled 

a b

  Fig. 23.1    Thoracic herniated disc on MRI. ( a ) A T8-9 herniated disc on sagittal MRI. ( b ) Axial MRI showing a left 
sided paracentral disc at T8-9 deforming the spinal cord without signifi cant cord signal abnormality       
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and removed, saving the bone for autograft if 
needed. The superior half of the inferior pedicle 
is drilled down to defi ne the lateral aspect of the 
spinal canal. Then the disc is incised and disc 
material removed, leaving the posterior aspect 
of the disc to be removed later. A wedge-shaped 
cavity is then drilled by removing the  posterior 
aspects of the superior and inferior vertebral bod-
ies until normal dura is seen above and below 

the herniated disc fragment. For a large herni-
ated disc, this may require partial or full verte-
brectomies above and below the disc interspace. 
After the cavity is formed, the herniated disc is 
carefully delivered into the cavity without manip-
ulating the spinal cord. This bony defect can be 
seen in the postoperative CT scan in Fig.  23.3 . 
If a dural erosion is found after  herniated disc 
removal, the dura can be primarily repaired 

a b

  Fig. 23.2    Thoracic herniated disc on CT. ( a ) A T8-9 herniated disc on sagittal CT. ( b ) Axial CT showing calcifi cation 
in the T8-9 disc herniation       

a b

  Fig. 23.3    Anterior transthoracic approach for discectomy. 
( a ) The disc is removed and a wedge shaped cavity is drilled 
into the posterior aspect of the vertebral bodies above and 

below the disc space. This provides a cavity to safely deliver 
the calcifi ed disc away from the dura, avoiding any manipu-
lation or retraction the spinal cord. ( b ) Postoperative CT scan        
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or a dural graft with fi brin glue can be placed. 
Placement of an interbody graft is not necessary 
for small bony defects, as few patients require 
reoperation for loss of stability [ 2 ,  3 ]. However, if 
a large defect is created, a rib graft can be placed. 
Some authors advocate standard placement of an 
interbody graft after discectomy to minimize risk 
of delayed postoperative kyphosis and axial pain 
[ 18 – 21 ].

     A comparison of thoracoscopy and open 
thoracotomy was performed by Rosenthal 
and Dickman. They reported on 55 patients 
that underwent thoracoscopic herniated disc 
removal and 18 patients that underwent open 
thoracotomy [ 3 ]. They found that mean opera-
tive time for thoracoscopic disc removal was 3 h 
and 25 min, 1 h less operative time than thora-
cotomy. In addition, when compared to thora-
cotomy, thoracoscopy resulted in one-half the 
blood loss (327 vs. 683 mL), one-half the dura-
tion of chest tube drainage, and less than one-
half of the length of hospital stay (6.5 vs. 16.2 
days). Complications included hemothorax from 
intercostal vessel and segmental vessel bleeding, 
transient intercostal neuralgia, and two patients 
with retained fragments of disc material. Only 
16 % of patients experienced intercostal neural-
gia as opposed to 50 % of the patients who had a 
thoracotomy due to decreased intercostal retrac-
tion. Contraindications to thoracoscopy include 
patients unable to undergo single-lung ventilation 
or patients with signifi cant pleural adhesions. The 
development of thoracoscopy alleviates much of 
the morbidity of the open thoracotomy approach 
while maintaining effectiveness in treating the 
pathology. 

 Despite showing clear benefi ts in reducing 
approach-related morbidity, thoracoscopy has 
been slow to be adopted by spine surgeons for a 
number of reasons: lack of 3D visualization, min-
imal tactile feedback, steep learning curve requir-
ing specialized training in the lab prior to clinical 
use, and expensive equipment and instrumenta-
tion [ 22 – 25 ]. The mini-open transthoracic endo-
scopic approach was fi rst described by Isaacs and 
colleagues to accomplish the same goals of 
reducing approach-related morbidity, but with 
tools and techniques more familiar to and readily 

adaptable by the minimally invasive spine sur-
geon [ 26 ]. Our study showed the feasibility and 
safety of using instrumentation developed for the 
eXtreme Lateral Interbody Fusion (XLIF) 
approach to treat a variety of pathologies includ-
ing thoracic disc herniation, pathologic fractures 
from tumor, degenerative scoliosis, discitis, and 
adjacent level disease from prior fusions. The 
patient is positioned in the same way as for the 
thoracoscopic approach. The patient is then intu-
bated with a single-lumen tube as the ipsilateral 
lung does not need to be collapsed for the proce-
dure, allowing for both lungs to be ventilated 
throughout the procedure. A single 4 cm incision 
is made directly lateral to the level of interest, 
and the spine can be approached via either an 
extrapleural approach or transpleural approach. 
In the transpleural approach, the lung is defl ated 
digitally and a dilator is slid down the posterior 
ribcage until it is safely docked on the spine. 
Sequential dilators are placed until a three-blade 
MaXcess XLIF-T system is inserted and docked 
on the spine with the help of fl uoroscopy. An 
intraoperative photo of the mini-open transtho-
racic endoscopic setup is seen in Fig.  23.4 . The 
view through the endoscope in the same setup is 
seen in Fig.  23.5 . Limitations occur with tube 
technology as one proceeds more cephalad in the 
thoracic spine. Floating ribs do not provide a sig-
nifi cant obstacle to distraction, but only limited 
intercostal distraction is possible as one moves 
higher into the thoracic spine. Some authors sug-
gest using thoracoscopy to take down adhesions 
and directly visualize placement of the tubular 
retractor to avoid injury to the lungs [ 27 ]. Once 
the system is docked, a microscope can be used 
with bayonetted instruments to provide three- 
dimensional visualization of the anatomy, or a 
30° endoscope can be inserted for visualization. 
A chest tube is inserted if the approach is 
transpleural. If the approach is extrapleural, 
a chest tube is not needed. If a chest tube is 
placed, it can be removed in the postoperative 
recovery room if a portable fi lm shows no resid-
ual pneumothorax.

    In a study by Uribe et al. examining the 
 experience with mini-open transthoracic app-
roach for disc herniation in 60 patients, the 
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 complication rate was 15 % compared to 28.4 % 
in previously reported minimally invasive 
approaches and 36.7 % in open approaches [ 28 ]. 
No patient in the study experienced intercostal 
neuralgia. Outcomes were consistent with previ-
ous reports in the minimally invasive literature 
with 80 % with excellent or good outcomes, 
15 % unchanged, and 5 % with poor outcomes. 
This exceeds the reported outcomes for open 
approaches of 64.4 % with excellent or good 
outcome. The mini-open transthoracic approach 
avoids the approach morbidity of open thoracot-
omy while using techniques familiar to the mini-
mally invasive spine surgeons, offering direct 

visualization of the ventral dura and achiev-
ing improved patient outcomes. Advantages of 
mini- open transthoracic endoscopic surgery over 
thoracoscopy are summarized in Fig.  23.6  and 
include surgeon familiarity with instrumenta-
tion, dual-lung ventilation, option of extrapleu-
ral dissection obviating the need for chest tube 
 placement, and the freedom to choose endoscopic 
visualization or the use of the operative micro-
scope with three-dimensional visualization. The 
disadvantages include inability to directly visu-
alize retractor system placement and inability to 
take down pleural adhesions safely.

   Both thoracoscopic and mini-open transtho-
racic endoscopic approaches have been applied 
to the treatment of idiopathic and degenerative 
thoracic spine deformity. Thoracoscopic ante-
rior release has been used to treat large (>70° 
Cobb measurements) stiff curves, hyperkypho-
sis, or lordosis traditionally treated with open 
thoracotomy [ 29 ]. Sucato et al. described a tech-
nique of performing the thoracoscopic anterior 
release with the patient in the prone position, 
allowing for dual-lung ventilation and obviating 
the need to change patient position for the poste-
rior instrumentation and fusion [ 30 ,  31 ]. The 
advantages of thoracoscopy over open thoracot-
omy for anterior release and fusion are decreased 
anterior operative time, decreased blood loss 
and chest tube drainage, and more complete disc 
excision with comparable correction of defor-
mity and similar complication rates [ 32 ]. For an 
in-depth discussion of the indications and out-
comes for treating idiopathic scoliosis with 
video-assisted thoracoscopic surgery (VATS), 
please refer to Al-Sayyad et al. retrospective 
Cincinnati series on 100 consecutive patients 
treated with VATS [ 33 ]. Degenerative, spondyli-
tis, traumatic, and metastatic thoracic deformity 
have also been treated successfully with both 
thoracoscopic and mini- open transthoracic 
endoscopic techniques [ 26 ,  34 ,  35 ]. Kai-Michael 
Scheufl er reported a series of patients treated 
with retropleural mini-open transthoracic endo-
scopic vertebral body replacement cages and 
ventrolateral plate fi xation with equivalent cor-
rection of deformity, reduced perioperative mor-
bidity and pain, expedited ambulation, no need 

  Fig. 23.4    Mini-open transthoracic endoscopic equip-
ment setup.  The surgeon stands on the ventral side of the 
patient.  At the top of the photograph is the patient’s back.  
There are three blades with fi ber-optic lighting attached to 
two blades.  The discectomy can be seen in the bottom of 
the surgical site       

  Fig. 23.5    Endoscopic view of the discectomy using a 
mini-open transthoracic endoscopic approach as seen 
with the same orientation and setup as in the photograph 
from Figure 23.4.  The rib head overlying the disc space 
has been removed and the discectomy has been started       
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for chest tube placement, and earlier hospital 
discharge as compared to conventional open sur-
gery [ 35 ]. These recent reports highlighted the 
ability to treat thoracic spinal deformity with 
minimally invasive techniques that achieve com-
parable deformity correction as compared to 
open thoracotomy with signifi cant reduction in 
approach-related morbidity. 

 The surgical treatment of thoracic spinal 
pathology has evolved rapidly over the last 20 
years. Thoracoscopic and mini-open transtho-
racic endoscopic approaches were developed 
from advances in optical and lighting technology 
to improve the safety and effi cacy of thoracic 
spine surgery. Both techniques require appropri-
ate training, practice, and continued use to main-
tain the operative skills learned. By adopting the 
thoracoscopic and/or mini-open transthoracic 
endoscopic whether with or without endoscopy 
techniques, today’s minimally invasive spine sur-
geon can safely and effectively address anterior 
thoracic spine pathology and minimize the 
approach-related morbidity associated with open 
thoracotomy.    
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