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Typical solitary posterior mediastinal neurogenic 
tumors (PMNTs) are paravertebral masses aris-
ing from thoracic nerve roots, sympathetic trunks, 

or intercostal nerves. The majority of PMNTs (95%) are 
schwannomas, which are benign tumors of the nerve 
sheath, composed exclusively of Schwann cells.7,12,23 The 
most frequently reported location for spinal schwannomas 
in the current literature is the cervical region, followed by 
the thoracic and lumbar segments.8,11,18 Schwannomas can 
cause pain, paresthesias, or motor weakness, but the di-
agnosis is sometimes an incidental finding of an asymp-
tomatic mass on radiological imaging such as radiography, 
ultrasonography, CT, or MRI.20 The prognosis of schwan-
noma is favorable as the tumor is usually well encapsu-
lated and thus lends itself to complete resection, although 
this is not always feasible.3,6

Spinal schwannomas can be classified according to 
their anatomical location as intradural or extradural or 
as dumbbell-shaped tumors with both intradural and ex-
tradural components. Resection of spinal schwannoma is 

achieved by a transthoracic anterior approach via postero-
lateral thoracotomy, by a posterior approach via laminec-
tomy with or without facetectomy, or by a combination of 
both approaches. Additional spinal instrumentation and 
fixation may be required if the spine is destabilized.1,15

Minimally invasive video-assisted thoracoscopic sur-
gery (VATS) and, more recently, robot-assisted VATS (da 
Vinci Surgical System, Intuitive Surgical Inc.) for various 
intrathoracic procedures, particularly pulmonary lobecto-
my for lung malignancy, have been unequivocally shown 
to be superior to open thoracotomy with a significant re-
duction in postoperative morbidity, mortality, and length 
of stay, translating into increased cost-effectiveness with 
similar oncological outcomes.26 Robotic endoscopic sur-
gery has been widely and successfully adopted by many 
subspecialties. By virtue of the multiple operating angles 
of its 4 dexterous robotic arms, 10× optical magnification, 
and 3D high-resolution imaging, the da Vinci Surgical 
System allows the surgeon to perform precise dissections 
from extreme angles, even for a deep target or within a 
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Solitary paravertebral schwannomas in the thoracic spine and lacking an intraspinal component are uncommon. These 
benign nerve sheath tumors are typically treated using complete resection with an excellent outcome. Resection of these 
tumors is achieved by an anterior approach via open thoracotomy or minimally invasive thoracoscopy, by a posterior ap-
proach via laminectomy, or by a combination of both approaches. These tumors most commonly occur in the midthoracic 
region, for which surgical removal is usually straightforward. The authors of this report describe 2 cases of paravertebral 
schwannoma at extreme locations of the posterior mediastinum, one at the superior sulcus and the other at the inferior 
sulcus of the thoracic cavity, for which the usual surgical approaches for safe resection can be challenging. The tumors 
were completely resected with robot-assisted thoracoscopic surgery. This report suggests that single-stage anterior sur-
gery for this type of tumor in extreme locations is safe and effective with this novel minimally invasive technique.
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narrow space. Such characteristics make this technology, 
as compared with VATS, extremely attractive for intratho-
racic procedures such as lung lobectomy or resection of 
mediastinal tumors. The da Vinci robot has recently been 
used to treat posterior mediastinal schwannomas in a sin-
gle-stage operation with excellent surgical outcomes.4,5,19 
However, most existing reports on robotic schwannoma 
resection have involved the midthoracic region. Here, we 
present 2 illustrative cases of thoracoscopic schwannoma 
resection at the cranial and the caudal extremes of the 
chest cavity using the da Vinci robotic system. An accom-
panying video demonstrates the nuances of the technique 
(Video 1).

VIDEO 1. Paravertebral schwannoma resection at extremes of the 
thoracic cavity using the da Vinci robotic system. The video dem-
onstrates nuances of the technique. Copyright University of Miami 

Miller School of Medicine. Published with permission. Click here to 
view.

Illustrative Cases
Case 1
Clinical History

This 64-year-old man was initially evaluated elsewhere 
following a motor vehicle accident. During the diagnostic 
workup, CT revealed a paraspinal left-sided thoracic mass 
in the superior posterior sulcus adjacent to the aortic arch 
and the subclavian vessel (Fig. 1). The appearance of the 
mass on MRI was consistent with a PMNT. It was deter-
mined that the mass would be best resected via a trans-
thoracic anterior approach with left-sided robot-assisted 
thoracoscopy. Alternatively, a transaxillary thoracotomy 
would be needed to gain access for the resection since 
standard VATS would be very challenging with a high risk 
of conversion to open thoracotomy because of its inherent 
technical limitations. Informed consent was obtained to 
perform robotic thoracoscopic resection of the left supe-
rior sulcus schwannoma.

Operative Intervention
Standard anesthesia preparation was made for a left-

sided thoracoscopy (Video 1). Lung isolation was achieved 
with an endobronchial balloon (Rusch EZ-Blocker, Teleflex 
Inc.). The patient was placed in the right lateral decubitus 
position, and the operative field was established as usual. 
The seventh intercostal space was identified, and multiple 
skin incisions for port access were made at predetermined 
sites along the space. The camera port was made first, 
and CO2 insufflation was used to completely deflate the 
left lung and gently displace the mediastinum to the con-
tralateral side; the remaining port placements were made 
under direct vision. The da Vinci Xi robot was docked to 
the patient. The lung was retracted from the posterior su-
perior mediastinum. The posterior thoracic compartment 
was visualized (Fig. 2 right). The tumor was located in the 
left superior sulcus, away from the aortic arch and poste-
rior to the intrathoracic portion of the subclavian artery, 
abutting the sympathetic chain, the lateral aspect of the 
second vertebral body, and the inner arch of the first rib. 

FIG. 1. Representative coronal (A) and sagittal (B) CT scans as well as 
axial MR images (C and D) demonstrate a left paravertebral schwanno-
ma in the superior sulcus location. The tumor closely abuts the esopha-
gus, vertebral body, and intrathoracic subclavian artery (black and white 
arrows in A–C). Axial MR image shows the origin of this neurogenic 
tumor arising from a nerve root (white arrow, D).

FIG. 2. Operative photographs of the left superior sulcus paravertebral schwannoma obtained before (right) and after (left) resec-
tion, showing the tumor close to the intrathoracic subclavian artery, sympathetic chain, and origins of the first and second ribs. 
Insufflation of CO2 displaced the mediastinum and separated the tumor from the arch of the aorta.
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The mediastinal pleura lying over the tumor was divided. 
The mass was dissected away from surrounding structures 
with bipolar cautery and removed in toto with an intact 
capsule. There was no injury to any nearby nerve or vessel. 
Meticulous hemostasis was achieved and verified (Fig. 2 
left). Total intraoperative blood loss was 20 ml. The robot 
was de-docked from the patient. A chest tube was inserted, 
and the patient’s lung was reinflated under direct vision. 
The operative time was 105 minutes (15 minutes for dock-
ing of the robot and 75 minutes of robotic operating time).

Postoperative Course
The patient’s postoperative course was uneventful. 

He had no Horner’s syndrome upon discharge or at the 
follow-up visit on postoperative Day 12. The chest tube 
was removed a few hours after surgery, and the chest ra-
diograph was normal after removal of the chest tube. The 
patient was discharged on postoperative Day 1. The final 
pathology of this lesion was benign schwannoma, com-
pletely resected with an intact capsule.

Case 2
Clinical History

This 57-year-old man had a long (many years) history of 
kidney stones. Four years earlier, while undergoing inves-
tigation for kidney stones at an outside institution, he was 
found to have a right lower thoracic paravertebral “cyst” 

on abdominal CT containing images of the lower chest. 
Approximately 6 months ago, follow-up abdominal CT re-
vealed enlargement of this cyst. He was referred to our in-
stitution for further evaluation. His physical examination 
was totally unremarkable. Chest CT demonstrated a right, 
lower thoracic, paravertebral 5.0 × 4.4–cm mass with a 
smooth border. It spanned 3 vertebral bodies from T-9 to 
T-11 with its epicenter at T-10. Thoracic MRI showed an 
enhancing, well-defined, 5.2 × 4 × 4.5–cm paraspinal solid 
mass (Fig. 3). Preoperative core needle biopsy confirmed 
that this lesion was a schwannoma. We determined that an 
anterior transthoracic approach would be the most optimal 
for safe resection. Robot-assisted thoracoscopy instead of 
VATS was selected to exploit its superior 3D imaging, an-
gulated operative arms, and intrapleural CO2 insufflation 
to achieve caudal displacement of the diaphragm for wide 
exposure of the tumor in the inferior sulcus of the thoracic 
cavity.

Operative Report
The standard anesthesia preparation was made for a 

right-sided thoracoscopy. Lung isolation was achieved 
with an endobronchial balloon (Rusch EZ-Blocker). The 
patient was placed in the left lateral decubitus position, 
and the operative field was established as usual. The sev-
enth intercostal space was identified, and multiple skin in-
cisions for port access were made at predetermined sites 
along this space. The camera port was made first, and 
CO2 insufflation was used to completely deflate the right 
lung and gently displace the visceral compartment of the 
mediastinum to the contralateral side and the diaphragm 
was displaced downward; the remaining port placements 
were made under direct vision. The da Vinci Xi robot was 
docked to the patient. The lung was retracted from the 
posterior inferior mediastinum to expose the large para-
spinal mass. The tumor and adjacent organs (diaphragm, 
thoracic spine, aorta, and azygos vein) were visualized. 
The tumor was noted to be hypervascular (Fig. 4 right). 
The surrounding mediastinal pleura was divided to allow 
extrapleural dissection and detachment of the mass with 
its intact capsule from the underlying periosteum and seg-
mental intercostal vein and artery. There was no injury 
to any nearby nerve or vessel. Meticulous hemostasis was 
achieved and verified (Fig. 4 left). Total blood loss was 80 

FIG. 3. Representative axial (left) and coronal (right) MR images of a 
right inferior sulcus paravertebral schwannoma, showing tumor abutting 
the T-9, T-10, and T-11 vertebral bodies as well as the diaphragm.

FIG. 4. Operative photographs of the right inferior sulcus paravertebral tumor obtained before (right) and after (left) resection, 
showing tumor covered by a hypervascular parietal pleura, adjacent to an azygos vein and descending aorta, and abutting the 
T-10 vertebral body. The diaphragm was displaced downward and away from the tumor with intrapleural insufflation of CO2.
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ml. The robot was de-docked from the patient. A chest 
tube was inserted, and the patient’s lung was reinflated 
under direct vision. The total operating time was 110 min-
utes (13 minutes of robot docking time and 90 minutes of 
robotic operating time).

Postoperative Course
The patient’s postoperative course was uneventful. The 

chest tube was removed a few hours after completion of 
the operation. The patient was discharged home on post-
operative Day 1. He was perfectly fine when seen on a 
routine outpatient visit on postoperative Day 7. The final 
pathology of this lesion was benign schwannoma, com-
pletely resected with an intact capsule.

Discussion
Most spinal and paraspinal neurogenic tumors are 

benign nerve sheath tumors. They are predominantly 
schwannomas and, less frequently, neurofibromas. Most 
nerve sheath tumors contain both intraspinal and extraspi-
nal portions and are often identified as spinal dumbbell 
tumors.15 Several different classifications for spinal dumb-
bell tumors have been proposed in the literature, based on 
the size, location, and anatomical distribution of intraspi-
nal (including intra- and extradural parts) and extraspinal 
components.1,15,22 The surgical approach to spinal dumbbell 
tumors is usually tailor-made for different tumor types. 
Techniques include posterior laminectomy only, posterior 
laminectomy with facetectomy and instrumentation, and 
a combined posterior/anterior approach. As most dumb-
bell tumors consist of both intra- and extraspinal parts, 
thoracic surgeons and neurosurgeons commonly cooper-
ate on spinal dumbbell tumors in thoracic segments. Only 
5%–10% of dumbbell tumors are solely extraspinal, and 
these are often classified as foraminal and paravertebral.15

The foraminal and paravertebral types of spinal dumb-
bell tumors usually comprise a relatively large paraver-
tebral mass in the posterior mediastinum with mild and 
late-onset symptoms. The 2 schwannomas in the present 
report best correspond to this classification since they 
lacked components in the spinal canal. When a foraminal 
and paravertebral spinal dumbbell tumor is predominantly 
within the posterior mediastinum, it can also be defined 
anatomically as a posterior mediastinal tumor. Posterior 
mediastinal nerve sheath tumor resection was tradition-
ally approached anteriorly with a thoracotomy. Krätzig et 
al. have reported a nearly 100% success rate in completely 
resecting large (> 2.5 cm) foraminal and paravertebral 
schwannoma using a 1-stage anterior approach.10 Poste-
rior mediastinal nerve sheath tumors are very amenable 
to standard transthoracic approaches via either open tho-
racotomy or minimally invasive thoracoscopy. The most 
challenging locations for safe resection are the extreme 
superior and inferior sulci of the thoracic cavity by vir-
tue of the confined anatomical space severely limiting 
the ability to visualize and to identify important adjacent 
structures (e.g., subclavian vessels, inferior border of the 
brachial plexus of the superior sulcus, azygos vein, esoph-
agus, descending aorta, thoracic duct, segmental intercos-
tal vessels, and diaphragm of the deep inferior sulcus).

Our group has extensive experience with thoracic robot-
ic surgery since adopting this innovative technology more 
than 4 years ago. We have performed 500 intrathoracic 
procedures, 15% of which involved resection of medias-
tinal tumors, and have been using the third-generation da 
Vinci Xi system since 2014. Many features of robot-assist-
ed thoracoscopic surgery facilitate safe complete resection 
of PMNTs, particularly those in extreme locations of the 
thoracic sulcus such as those described in this report. The 
use of CO2 insufflation and the 3D high-definition imag-
ing of the robotic system enable complete visualization of 
the tumors as well as important adjacent anatomical struc-
tures. Seven-degree movement of the tip of the robotic 
arms, interchangeable camera ports, extreme movements 
of the robotic arms, and bipolar electrocautery allow pre-
cise dissection of tumors from important structures, even 
in very confined anatomical spaces. We have standardized 
our port placement and robotic docking techniques, and 
given our experience, nothing had to be done differently 
in the 2 illustrative cases to accommodate the difficult tu-
mor locations. We had no technical difficulty performing 
the resections, and the robotic operating time was very 
acceptable at < 100 minutes. The robotic docking time 
of 12–15 minutes is our current standard. The minimally 
invasive thoracic surgery platform allows rapid postoper-
ative recovery, with pain readily controlled by oral opioid 
analgesics, and early discharge from the hospital without 
compromising the oncological principle of complete re-
section of tumors with an intact capsule. Discharge home 
on postoperative Day 1 is feasible in more than 80% of 
our patients undergoing robot-assisted thoracoscopic re-
section of mediastinal tumors.

Robot-assisted thoracoscopic resection of posterior 
mediastinal schwannomas has been previously reported, 
generally at midthoracic levels or in the inferior mediasti-
num.4,5,19 To our knowledge, there has been no description 
in the literature regarding this approach applied to neu-
rogenic tumors at the extreme locations (the very top and 
bottom of the posterior mediastinum). Indeed, the pres-
ence of schwannomas in these regions is rare. One recent 
report did suggest a similar presentation and approach; 
however, the description of the tumor location and pathol-
ogy was unclear.25 Robot-assisted thoracoscopy has also 
been applied in combined procedures in which tumor lo-
cation or morphology has required both anterior and pos-
terior resection.16 While robotics has found growing favor 
in a variety of surgical disciplines, it has yet to find broad 
utilization in spinal neurosurgery. The few applications to 
date have been largely restricted to spinal instrumenta-
tion.2,9,17,27 The clinical, institutional, and economic ben-
efits of minimally invasive surgery have been extensively 
described in the neurosurgical literature.13,14,21,24 The 2 cas-
es featured in this report demonstrate that robot-assisted 
thoracoscopic resection is an effective therapy for certain 
paravertebral schwannomas in both the high superior and 
low inferior posterior mediastinum with excellent periop-
erative outcomes.
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