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Foreword

Surgery for the treatment of primary and metastatic tumors requires consider-
able thought, planning, and a multidisciplinary approach. This book provides
a case-based approach to surgery for spinal tumors—striking a balance
between surgical atlas and informative text. The book delves into treatment
indications, regional, and tumor-specific considerations for the surgical man-
agement of spinal neoplasms.

Although metastatic spine disease outweighs primary spinal neoplasms, it
is important to recognize the operative approaches and goals of treatment for
both. Many technical descriptions of spinal surgery have focused on the sur-
gical exposure for a broad range of conditions, including degenerative, defor-
mity, and tumor. Previous spinal oncology texts illustrate oncologic principles,
predictive analytics, and management guidelines to inform multidisciplinary
treatment. However, the present text is unique in that it describes the surgical
planning and approach to spinal tumor surgery, specifically. As such, it is
meant to serve as a stepwise technical guide for surgeons treating patients
with neoplastic spine disease.

Optimal care relies upon surgeon familiarity with the various surgical
approaches to the spinal column and an understanding of established treatment
goals. The chapters are outlined by experts in the field, relative to spinal region
of pathology, and compartment (i.e., extradural, intradural extramedullary, and
intramedullary). Notably, the authors pay particular attention to patient evalu-
ation, indications for surgery, preoperative planning, surgical technique, and
complex spinal reconstruction. This text is an invaluable resource for surgeons,
encompassing the biomechanic and anatomic complexity of spine tumor sur-
gery, with detailed case descriptions and beautiful artist illustrations.

Ziya L. Gokaslan, MD, FAANS, FACS

Gus Stoll, MD Professor and Chair, Department of Neurosurgery

The Warren Alpert Medical School of Brown University
Neurosurgeon-in-Chief, Rhode Island Hospital and The Miriam Hospital
Clinical Director, Norman Prince Neurosciences Institute

President, Brown Neurosurgery Foundation

Providence, RI, USA



Preface

The operative techniques, treatment goals, biomechanical considerations, and
indications for surgery are of particular importance to surgeons in the treat-
ment of patients with spinal tumors. Unlike the operative management of
traumatic injury, deformity or degenerative conditions, surgery for spinal
tumors requires multifaceted consideration of prognosis, systemic burden,
clinical presentation, tumor etiology, and options for neoadjuvant, adjuvant,
or conservative treatment.

Surgical texts in this field have commonly grouped approaches applicable
to the broad spectrum of spinal disorders, and spinal oncology texts focus on
treatment guidelines. As such, there is limited informative material unifying
the oncologic principles and technical aspects of spinal tumor surgery. The
purpose of this book is to address this gap, serving as an educational resource
for trainees, fellows, and attending spine surgeons.

Spinal Tumor Surgery: A Cased-Based Approach contains 28 chapters,
organized by location—spanning from pathologies of the craniocervical
region to sacral and intradural pathologies. Chapters are structured to describe
the anatomy and biomechanics of a specific region, patient evaluation, essen-
tial oncologic principles, decision-making process, and technical steps of sur-
gery. A representative case illustration is provided at the end of each chapter,
exemplifying pertinent concepts described. With emphasis on surgical tech-
nique and artist illustration, this book is meant to serve as a tool for spinal
surgeons, focusing specifically on the operative management of spinal
tumors.

Baltimore, MD, USA Daniel M. Sciubba, MD
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Anterior Cranio-Cervical
Approach: Transnasal

Chikezie I. Eseonu, Gary Gallia, and Masaru Ishii

Case Presentation

A 37-year-old male presented with several
months of persistent headaches that were getting
progressively worse. The physical examination
was unremarkable. A magnetic resonance imag-
ing (MRI) of the brain showed a T2 hyperintense,
enhancing 1.2 x 2.8 x 2.5-cm lesion centered
at the mid and lower clivus with involvement
of the cranio-cervical junction (CCJ, Fig. 1.1).
The lesion extended intradurally, abutting the
vertebral arteries and medulla. An endoscopic
endonasal transclival and transcranial cervical
junction approach was planned for resection of
the clival mass.

The patient was positioned in the supine
position, with the head fixated in the neutral
position with a skull clamp. Stereotactic imag-
ing was registered, and the nasal cavities were
treated with vasoconstrictor spray and prepped

C. 1. Eseonu (D<)

Johns Hopkins Hospital, Department of
Neurosurgery, Baltimore, MD, USA
e-mail: ceseonul @jhmi.edu

G. Gallia
Johns Hopkins University, Department of
Neurosurgery, Baltimore, MD, USA

M. Ishii
Johns Hopkins University, Department of
Otolaryngology, Baltimore, MD, USA

© Springer Nature Switzerland AG 2019

with a clindamycin wash. The right middle tur-
binate was resected, and right maxillary antros-
tomy and ethmoidectomy were performed. A
nasoseptal flap (NSF) was elevated on the right
side with a monopolar electrocautery needle
tip and tucked into maxillary sinus. Posterior
septectomy and large bilateral sphenoidectomy
were performed, and the sphenoid sinus mucosa
was removed. The pharyngobasilar fascia and
superior pharyngeal constrictor muscle were
opened at the midline. The pharyngeal mucosa
incision was extended inferiorly down to CI.
The longus capitis muscles were dissected off
laterally to expose CI1 inferiorly and laterally.
The perimeter aspects of the tumor were iden-
tified along the clivus and cranio-cervical junc-
tion and resected using angled endoscopes and
instruments. The subsequent resection cavity
was reconstructed with an inlay and onlay dural
substitute button graft. Fibrin glue was placed on
the edges of the onlay graft circumferentially.
An abdominal fat graft was then harvested and
placed on top of the onlay graft to obliterate the
dead space along with absorbable gelatin com-
pressed sponges (Gelfoam, Pfizer, New York,
NY) wrapped in oxidized cellulose (Surgicel,
Ethicon, Somerville, NJ). The longus capitis
muscles and superior pharyngeal muscles were
closed over the resection cavity and covered with
a nasoseptal flap. Postoperative imaging showed
a gross total resection and the patient did well
after surgery (Fig. 1.2).

D. M. Sciubba (ed.), Spinal Tumor Surgery, https://doi.org/10.1007/978-3-319-98422-3_1
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Fig. 1.1 T2 hyperintense mildly enhancing tumor centered within the mid and lower clivus with extraosseous exten-
sion into the premedullary cistern seen on sagittal (left) CISS and (right) CT sequence

Fig. 1.2 Sagittal CISS MRI status after a transnasal
approach for resection of a mid/lower clival tumor. No
definite residual tumor is present. Fat packing was used
for the skull base reconstruction

Introduction

Anterior and anterolateral cranio-cervical
lesions present challenging operative cases given
their proximity to vital neurovascular structures.
Several pathologies can affect the cranio-cervi-
cal junction including neoplasms, rheumatologic
disease, fibroconnective tissue disease, congeni-
tal disease, infections, and traumatic and degen-
erative disorders [1]. Numerous approaches have
been employed to gain access to this region,
including the transcervical, transnasal, tran-
soral, and variations of the far-lateral approach.
Traditionally, the transoral approach had been
used to provide a direct route to the cranio-cer-
vical junction (CCJ); however, this approach can

be susceptible to contamination given the surgi-
cal exposure to the bacterial flora of the oral cav-
ity [2—4]. In addition, limited surgical range of
motion can be found in patients with a smaller
oral cavity, which may require splitting the soft
and/or hard palate that may cause damage to
the oral cavity and lead to airway edema and
extended postoperative intubation time [5, 6].
The transnasal approach for the cranio-cervi-
cal region was first shown by Kassam et al. [7]. It
provides an alternative approach that allows for
good visualization of the CCJ while limiting the
number of complications. The use of endoscopy
for the transnasal approach provides a panoramic
view that can provide improved lighting and
resolution compared to the operative microscope
[2, 3, 8, 9]. It also provides direct access to the
anterior and anterolateral CCJ without needing
to mobilize the surrounding neurovasculature.
This chapter describes the transnasal surgical
approach to the anterior cranio-cervical junction.

Preoperative Planning

Preoperative imaging is required for the assess-
ment of the CCJ pathology as well as any
anatomical variations. A thin-cut (1 mm) maxil-
lofacial computed tomography (CT) can evaluate
the bony anatomy and orientation of the nasal
sinuses. T1 magnetic resonance imaging (MRI)
with and without gadolinium and a construc-
tive interference in steady state (CISS) sequence
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are used to evaluate the relationship between
the pathology and the cranial nerves. Neuro-
navigation is also utilized intraoperatively for
these cases.

The sinonasal anatomy of the patient should
also be evaluated to determine whether there
are any deviations, perforations, or spur forma-
tions of the nasal septum. The nasal anatomy of
the middle and inferior turbinates and the nasal
septum can also limit the range of motion of the
operative instruments, and although resecting
these turbinates can resolve this problem, it may
lead to increased nasal crusting and infections of
the upper airway [2, 3, 10]. Preoperative swal-
low evaluations or laryngoscopic evaluation of
the vocal cords may be warranted in patients with
swallowing or vocal symptoms to establish a pre-
operative baseline [11].

Measurement to Evaluate
Accessibility to the Cranio-Cervical
Junction

Multiple methods can be used to evaluate whether
the transnasal approach will provide adequate
accessibility to the CCJ including the nasopalatine
line (NPL) and the naso-axial line (NAxL, Fig. 1.3).

The nasopalatine line can be used to predict
whether there would be adequate access to the
ventral cranio-cervical junction. By drawing a
line from the rhinion to the ventral spinal col-
umn that incorporates the posterior end of the
hard palate on a sagittal view, an estimate of
the inferior surgical extent that is accessible by
the endoscope can be determined [12]. Studies
related to the NPL have reported that the visual
limit of the cranio-cervical junction with the
endoscopic-assisted transnasal approach allows
for direct visualization of the odontoid and cli-
vus, while its inferior limit is around the base of
C21[3,12,13].

The naso-axial line is another method to eval-
uate CCJ accessibility that is similar to the NPL,
except it measures from the midpoint between the
rhinion and the anterior nasal spine to the ven-
tral vertebral body. This line attempts to account
for the structural limitations to the endoscope

Fig. 1.3 Methods to estimate the inferior extent of a
transnasal approach. Nasopalatine line (NPL) and naso-
axial line (NAxL)

imposed by the nares and predicts the inferior
extent of the endoscope, using a straight O-degree
scope, to around the upper half of C2 [14].

Patient Positioning

The patient is placed in the supine position with
the body at the upper right edge of the bed and
the arms tucked to the side, thereby allowing
access to the abdomen for potential harvesting
of the abdominal fat (Fig. 1.4). The endotra-
cheal tube is placed to the patient’s left side of
the mouth in addition to an orogastric tube to
prevent blood collection in the stomach as well
as reflux into the surgical field. A three-point
fixation device is used to secure the head in
the appropriate position, with transclival cases
requiring a neutral position, whereas slight flex-
ion is utilized for odontoidectomy or upper cer-
vical approaches to facilitate an easier surgical
trajectory.

Intraoperative neuromonitoring can be used
to evaluate somatosensory evoked potentials
(SSEP) and electroencephalography (EEG).
Motor evoked potentials (MEP), neural integrity
monitor electromyogram, and monitoring of the
lower cranial nerves may also be useful for par-
ticular cases [11, 15].
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Fig. 1.4 Patient
positioning for the
endoscopic transnasal
approach. The patient is
positioned supine with
exposure of the
abdomen for potential
abdominal fat
harvesting. Monitors for
neuro-navigation (¥) and
the endoscope (#) are
placed in the working
view of the surgeon

Surgical Approach
Transnasal Approach

A 0-degree endoscope is used for visualiza-
tion during the opening of the procedure. The
nasal mucosa is injected with 1% lidocaine with
1:100,000 epinephrine, and Afrin®- or cocaine-
soaked pledgets are placed within both nostrils
for 5 min. A right-sided middle turbinectomy is
performed to provide a larger corridor for the
endoscope. If surgical access is needed in the
patient’s far-left lateral corridor, then the left
turbinate is also displaced laterally. A maxillary
antrostomy is then performed on the ipsilateral
side of the patient by resecting the uncinate pro-
cess and expanding the natural os of the maxil-
lary sinus in order to prevent iatrogenic sinus
disease. A right-sided spheno-ethmoidectomy is
then performed in order to provide a corridor lat-
erally for the endoscope and instrumentation.
The choana is then identified in the nasophar-
ynx, and the sphenoid ostium is identified medial
to the superior turbinate. A nasoseptal flap can
be harvested by identifying the sphenopalatine
artery that serves as the pedicle for the flap. A
monopolar electrocautery needle tip is then used
to make an inferior cut that extends from the pos-

terior sphenopalatine foramen and moves anteri-
orly, above the choana, along the posterior part
of the vomer down to the floor of the nasal cavity
and is extended anteriorly to the head of the infe-
rior turbinate. The superior cut is made slightly
below the sphenoid sinus os and continues ante-
riorly at this level until it passes the olfactory epi-
thelium. The incision is then curved superiorly,
1 cm below the nasal roof, to incorporate the
septal body prior to joining the anterior incision
made just behind the nasal valve. The nasoseptal
flap can be elevated, on the side that most favors
the skull base reconstruction, and can be tucked
within the ethmoid or maxillary sinus for preser-
vation until needed for reconstruction, depending
on the extent of the CCJ that will need to be visu-
alized. If a nasoseptal flap is not needed, then an
inferior posterior septectomy can be done, which
spares the pedicle of the nasoseptal flap and can
be used for later harvest if needed.

An extensive sphenoidotomy is performed
based on the size of the pathology, and the pos-
terior nasal septum is detached from the rostrum
of the sphenoid bone. The face of the sphenoid
bone is drilled off to open the sphenoid sinus, and
1-2 cm of the posterior septum is also removed.
The pituitary fossa and carotid protuberances are
then identified.
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For access to the lower clival and upper cervi-
cal region, the Eustachian tubes, soft palate, and
fossa of Rosenmbller are visualized bilaterally.
A midline incision is then made in the naso-
pharyngeal mucosa and pharyngobasilar fascia.
The prevertebral fascia is then dissected, and the
surrounding muscle is elevated. Avoiding inci-
sions into the oropharynx when possible helps
in reducing long-term intubation and postopera-
tive parenteral nutritional supplement [1]. This
also avoids exposure to the saliva and oral flora
that can contaminate the surgical field [16].
The floor of the sphenoid sinus is drilled down
further to connect the sphenoid sinus with the
nasopharynx. The mucosa and the muscle on the
nasopharynx are lateralized, exposing the fascial
layer of the nasopharynx, which is also elevated
off the clivus. Additional muscle (i.e., longus
capitis, longus colli, or anterior atlanto-occipital

Jugular Foramen

Fig. 1.5 Intraoperative images following the removal of
a clival chordoma. (a) 0-degree scope. (b—e) 30°. AICA
anterior inferior cerebellar artery, BA basilar artery, CVJ
craniovertebral junction, IAM internal acoustic meatus,
LA labyrinthine artery, LC lower clivus, MC middle cli-

membrane) can be lateralized off the occipital,
C1, or odontoid bone as needed.

Transclival Approach

For tumor resection within the clival region,
an endonasal transclival approach can be used
(Fig. 1.5). Pathologies such as foramen mag-
num meningiomas and clival chordomas may be
treated by this method.

Following the endonasal opening, as men-
tioned in the transnasal approach, the clivus can
be drilled. The clival corridor is limited superiorly
by the lacerum segment of the internal carotid
artery (ICA) and inferiorly by the occipital con-
dyles. If the tumor invades lateral to the occipital
condyle, then the anterior medial portion of the
condyle can be removed to expand lateral access.

Mammilary bodies
PCA

CN Il
SCA

AICA

BA

vus, PCA posterior cerebral artery, SCA superior cerebel-
lar artery, SR sellar region, SSF sphenoid sinus floor, UC
upper clivus, Vert. A. vertebral artery. (Reproduced with
permission from Zoli et al. [17])
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This is achieved by exposing the atlanto-occipital
joint by dissection of the rectus capitis anterior and
the capsule of the atlanto-occipital joint. The occip-
ital condyle can then be drilled up to the hypoglos-
sal canal. The inferior aspect of the condyle should
be left intact, as this portion of the bone connects
with the alar ligament and can affect the stability of
the occipito-atlantal region [18, 19].

Skull Base Reconstruction

The main complication with transnasal
approaches is the postoperative cerebrospinal
fluid (CSF) leak; however, reconstruction meth-
ods with nasoseptal flaps have significantly
reduced the incidence of this complication [20,
21]. Nasoseptal flaps for the CCJ require a flap
that is large enough to reach the caudal extent
of the surgical defect. Often, in cases where a
CSF leak has been found, an inlay dural sub-
stitute or autologous free graft is used followed
by the vascularized nasoseptal onlay flap. The
NSF must be placed on the bony edges that
surround the resection cavity and have been
stripped off the mucosa. Absorbable gelatin com-
pressed sponges (Gelfoam, Pfizer, New York,
NY) wrapped in oxidized cellulose (Surgicel,
Ethicon, Somerville, NJ) are placed onto the NSF
onlay for reinforcement, and fibrin glue (Evicel,
Ethicon, Somerville, NJ) is then placed along the
edge of the NSF.

For large clival defects, an autologous fat graft
can be used to obliterate the dead space of the
resection cavity. The nasal cavity is then packed
with bioresorbable nasal packing (NasoPore,
Stryker, Kalamazoo, MI), and nasal stents may
also be used.

Postoperative Management

For patients who experience high-flow CSF leaks
following surgery, the patient is kept on bedrest
for at least 24 h with the head of the bed elevated.
Absorbable nasal packing tends to be left in the
nose to bolster the skull base reconstruction.
If a nasoseptal flap is used, then Doyle Open

Lumen Splints are left in the nares, bilaterally,
for 5-7 days, and then removed in the outpa-
tient setting. Patients are encouraged to not use
straws; to avoid bending, straining, or bearing
down; as well as to avoid sneezing and coughing
with an open mouth for 4 weeks following sur-
gery. Postoperative nasal crusting can be treated
with nasal saline spray in the short term, fol-
lowed by nasal irrigation once the reconstruction
is integrated.

Complications

Systemic literature reviews show very few com-
plications and mortalities associated with the use
of the transnasal approach, with mortality being
at 1.4-3.5%, infections at 0—1.2%, and cerebral
spinal fluid leak at 0-3.5% [1, 22].

Postoperative CSF leak following transnasal
surgery can often be addressed by using a lum-
bar drain or surgical intervention to repair the
CSF leak. Intrathecal fluorescein can be used
to identify the CSF fistula during intraoperative
re-exploration.

Carotid injury can also be a major complica-
tion with the transnasal approach. Operating in a
controlled manner by utilizing anatomical land-
marks to orient your surgical position is impor-
tant for approaching the carotid. Preoperative
imaging can also allow for the localization of
the internal carotid arteries and early identifi-
cation of the carotid arteries, intraoperatively,
using stereotactic-guided navigation, and micro-
Doppler can help in visualizing the segments of
the carotid in proximity to the tumor of interest.
If carotid injury occurs, controlling the surgical
field becomes paramount. Large-bore suctioning
(10F) should be used to suction the blood from
the surgical field, and this helps in identifying the
site of carotid injury. Oftentimes, two surgeons
are needed in this case, with one diverting blood
flow and the other attempting to get hemostasis.
Hemostasis can be achieved by compression from
packing, suture repair, or a bipolar cautery to weld
the carotid defect shut. Packing has been described
to occur with Teflon, fibrin glue, oxidized cellulose
packing thrombin-gelatin material, methyl meth-
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acrylate patch, and crushed muscle patch [23]. In
situations where the vessel injury is not enclosed
with the bone and there is adequate access to the
vessel injury, then direct closure can be attempted.
For intradural procedures, packing alone is insuf-
ficient for hemostasis since the blood can travel
into the subdural space [24]. In cases where hemo-
stasis cannot be achieved, endovascular angiogra-
phy can be used to assess the extent of injury to
the carotid and the development of a pseudoaneu-
rysm. Endovascular intervention can then be used
to occlude the vessel of interest.

Damage to the lower brainstem and cranial
nerves is also a potential risk with transnasal
surgery in the CCJ. The use of intraoperative
neuromonitoring and careful dissection of cra-
nial nerves can help reduce traction injury from
manipulation of the cranial nerves. A gross total
resection may also not be possible for tumors that
are adherent to vital neurovascular structures.

Advantages and Limitations
of the Approach

Advantages

The transnasal approach allows for preservation
of the soft palate and retropharyngeal soft tissues,
thus allowing patients to resume an oral diet as
early as postoperative day 1 [3, 25, 26]. This also
avoids excess exposure to the oral flora, which
can help reduce risks with infection [16]. The
transnasal approach also avoids retraction of vital
structures around the brainstem, which would be
required for posterior lateral approaches.

Limitations

The transnasal approach provides a minimally
invasive technique that avoids making skin inci-
sions. The nasal cavity provides some natural
anatomic barriers that limit the surgeon’s range of
motion with the instruments. The hard palate and
nasal bone in the nasal cavity can also limit the
operative range of motion inferiorly and superi-
orly, respectively [27]. Intraoperative issues with

vascular injury can be difficult to manage with
the endoscope as pooling blood in the operative
field can hinder the view of scope, thus making
it difficult to achieve hemostasis. The endoscopic
approach also requires a significant learning curve
in order to become facile with the technique while
limiting the amount of complications [11, 28].
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Contemporary Transoral Approach
for Resection of Craniocervical
Junction Tumors

Brian D. Thorp and Deb A. Bhowmick

Introduction

Tumors of the odontoid process and the second
cervical vertebra or axis present unique challenges
for adequate resection, neural element decompres-
sion, and reconstruction for the spine surgeon. As
the tumors differ in shape and location from the
subaxial spine, routine retropharyngeal approaches
to the axis are difficult and technically challeng-
ing due to the lack of significant visualization
and impedance of facial structures. The transoral
approach to the odontoid process and the axis was
invented and popularized by Crockard [1] as a more
direct and easily maintained surgical corridor for
masses in the odontoid process and retro-odontoid
space. Since its introduction, multiple improve-
ments and technical modifications to the transoral
approach have been made to improve visualization
and resection of masses involving the atlantoaxial
complex. These advances include palate- and jaw-
splitting extensions of the approach as well as the
use of innovative combined approaches to the skull
base and the subaxial spine that allow for adequate
tumor resection and reconstruction [2].
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Advantages of the transoral approach are bal-
anced by the unique complications that come with
the disruption of important airway and swallow-
ing structures, the use of a contaminated surgical
corridor, and the need for appropriate reconstruc-
tion that is resistant to atlanto-occipital motion
forces. Retropharyngeal abscess, cerebrospinal
fluid (CSF) leaks, and hardware failures are not
easily tolerated or managed in patients with tran-
soral approaches. Furthermore, routine postoper-
ative care, even for uncomplicated resections, can
still result in extended intubation or long-term
alimentary diversion [3]. Many of these com-
plications or routine postoperative issues are not
managed well by a singular spinal surgeon. Thus,
a multidisciplinary team of anesthesiologists,
otorhinolaryngologists, intensivists, as well as
speech therapists and nutritionists are needed for
intraoperative and postoperative care for nearly
all of these patients.

While there exist no absolute indications for
a transoral approach for the treatment of cra-
niocervical spine masses, reasonable guidance
would be to consider the approach for the resec-
tion of masses that cannot be easily resected or
decompressed from neural structures through a
dorsal approach only. Other candidates for tran-
soral approaches are patients that have failed or
progressive disease with dorsal resection, those
with suspected primary tumors of the vertebra,
and those with radio-insensitive tumors caus-
ing pathological fractures or deformity. Relative
contraindications to the approach would be the
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presence of significant scarring or radiation to the
posterior pharynx, inability to provide appropri-
ate dorsal fixation points for reconstruction, as
well as the presence of effective alternative non-
surgical treatment options if the patient is neuro-
logically intact.

Preoperative assessment of patients suspected
of needing transoral vertebral resections would
include appropriate imaging, functional swallow-
ing and airway assessments, and assessment of
prognosis and postoperative treatment options by
a multidisciplinary oncological team (Fig. 2.1).
Due to the significant risk of morbidity and likely
lengthy interruption of systemic treatment, a
minimal prognosis of 1 year of life expectancy is
required in most centers prior to offering operative
treatment of this nature. Exceptions, however, are
commonly made for progressive quadriparesis or

Fig. 2.1 Transoral
surgical trajectory.
(Reproduced with
permission from Pasztor
etal. [4])

impending brainstem compression from cranio-
cervical deformity or tumor. Thus, an extensive
discussion of common complications of the treat-
ment should be had with the patient and his or
her caregivers. Furthermore, innovative modifi-
cations of the traditional transoral approach can
be considered to decrease morbidity and postop-
erative complications.

At minimum, preoperative MRI and CT of the
upper cervical spine are required prior to surgery.
This delineates the margins of the tumor as well
as the extent of bony destruction. Furthermore,
the location of carotid and vertebral arteries
needs to be definitively visualized on preopera-
tive films or dedicated vascular imaging to avoid
injury during exposure or reconstruction. When
alternative or additive approaches are being uti-
lized, including transnasal and mandible splitting
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techniques, it is usually necessary to also obtain
a CT of the facial, nasal, and sinus structures.
Upright cervical X-rays are also helpful when
kyphosis or need for occipitocervical fixation is
required so that a baseline measurement of cervi-
cal parameters, including chin-brow angle, atlan-
toaxial, and subaxial sagittal vertical axis, can be
obtained prior to surgery.

Surgical Technique

The transoral approach traditionally requires
the use of multiple self-retaining retractors to
maintain the oral opening as well the posterior
pharyngeal dissection. This can be done using a
Dingman retractor with tongue and tonsil depres-
sion attachments to maintain the oral opening,

Fig.2.2 Transoral,
sublabial, and
transcervical operative
corridors. (Reproduced
with permission from
Bettegowda et al. [5])
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or if only a small pharyngeal opening is needed,
a hand-held tongue retractor with a simple den-
tal cheek retractor inset is all that is needed. For
larger exposures, especially if tumor plains must
be maintained for en bloc resection, a Crockard
pharyngeal retractor is used to retract the poste-
rior pharyngeal constrictors during surgery. The
airway is maintained orally through an armored
endotracheal tube, which may be retracted later-
ally during the surgery. Prior to incision, an oral
chlorhexidine wash is used to minimize gross
contamination from oral particulates.

Typically, a midline incision in the posterior
oral mucosa is made from just inferior to the pha-
ryngeal tubercle to the expected inferior portion
of the C2 mass within the visualized operative
field (Fig. 2.2). The size of the incision may be
guided by intraoperative fluoroscopy or image

Sphenoid sinus;
clivus

Pons, medulla
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guidance to minimize mucosal disruption. The
uvula and attached soft palate may be retracted
upward through the nasopharynx, with a suture
passed through the uvula, and then nasally to
aid in visualization. In extreme situations, the
soft palate may be split to gain greater cranial
exposure (Fig. 2.3). However, soft palate dis-
ruption should not be taken lightly, as it signifi-
cantly affects postoperative swallowing function
[3]. If the posterior oral anatomy is significantly
affected by mass effect, it is always advisable to
obtain preoperative vascular imaging and con-
sider use of an intraoperative Doppler probe to
avoid incursion into the carotid arteries.

Sharp dissection is then followed through the
relatively avascular pharyngeal raphe. Bleeding
points can easily be controlled with pressure and
retraction. Cautery is limited to bipolar tips to
avoid unneeded injury to the superior pharyngeal
constrictors. The buccopharyngeal fascia is often
adherent to the raphe and is commonly opened
incidentally with cautery or retraction to reveal
a thin translucent layer of retropharyngeal fascia
and the brightly white-colored anterior longitu-
dinal ligament of the spine below. Tumors of the
spine rarely traverse these fascial plains; thus,
judicious opening of the anterior longitudinal
ligament with cautery should only be undertaken
if a primary tumor of the spine is not suspected,
to allow for appropriate circumferential resec-

tion. Once the mass is entered, any number of
tools, including drills, aspirators, and sonicators,
may be utilized to resect the mass and decom-
press any neural structure. It must be pointed out
that tumors of the C2 vertebra rarely traverse the
relatively thick apical craniocervical ligaments
but are more likely to cause neural compression
asymmetrically around or through the lower pos-
terior longitudinal ligament.

Reconstruction of the transoral opening is
relatively simple, using a few interrupted sutures
to close the pharyngeal raphe and the mucosal
opening. Adjuncts to closure can be very use-
ful to avoid unnecessary long-term contamina-
tion of the operative field. Often, fat grafting,
use of fascia lata, fibrin glue, or AlloDerm™
is underlaid the muscular closure to provide an
additional sealing barrier from mouth contents.
Intraoperative antibiotics with oral flora coverage
are usually continued for 72 h in our center how-
ever, may not be needed.

The use of modifications to the traditional
open technique has largely been reported in a
few case reports and series [2, 6-9]. However,
in our center, we have found the need for tradi-
tional large-opening transoral resections to be
decreasing in numbers. This is due to the advent
of advanced visualization through transnasal
endoscopic tools and less invasive transna-
sal and transoral mucosal openings, no longer

Fig. 2.3 Transoral surgical approach with midline soft palate incision. (Reproduced with permission from Pasztor et al. [4])



2 Contemporary Transoral Approach for Resection of Craniocervical Junction Tumors 15

requiring extensive retraction. While the transoral
approach is still utilized for the inferior extent of
axis tumors and en bloc resections, it iS more
often used in conjunction with transnasal endos-
copy or advanced retropharyngeal reconstruction
techniques that obviate soft palate or mandible
splitting approaches. This has led to significant
decreases in long-term intubation and need for
gastrostomy tube placements for this approach to
the craniocervical junction.

Case Presentation

A 57-year-old male with a current history of
multiple myeloma presented in outpatient con-
sultation for a 6-month history of torticollis, neck
pain with any upright posture, and sudden pain-
ful upper extremity paresthesias whenever he
removed his hard cervical collar. He also noted
being unable to maintain an upright head posi-
tion out of his cervical collar for any length of
time without severe pain and hand numbness.
The patient had been on effective therapy for his
myeloma and was declared prior to presentation
to be in complete remission, without detectable
markers. He had previously completed a course
of focused beam radiation to lytic lesions of his
C2 and C3 vertebral bodies over 8 months ago.
At that time, he was advised to wear a rigid cer-
vical collar to maintain spinal stability without a
defined endpoint.

Recent imaging reveals largely unchanged
lytic lesions of the C2 and C3 vertebra with new
anterior C2 vertebral body cortical fractures and
reversible associated cervical kyphosis. There is
no evidence of bony regrowth into the previous
lesions. The C2 lesion continued to show as met-
abolically active on recent PET scanning, but this
was of unknown significance given the presence
of fractures. The patient was considered to have
a very good long-term life expectancy from an
oncological perspective and was chiefly affected
only by his neck pain.

On physical examination, the patient was fully
ambulatory with full motor strength in both arms
and lower extremities. He had no sensory deficits,
no coordination difficulty, and no balance issues.

The patient noted no history of swallowing diffi-
culty but showed difficulty with chewing because
of his collar and neck pain. Visually, the patient
had a slight cock-robin neck turn, which cannot
be modified without extreme pain. Removal of
the cervical collar results in pain, with gradual
head drop followed by arm paresthesias.

The patient is hesitant to consider opera-
tive options that would result in permanent loss
of head motion. He is open to the possibility of
needing gastric tube feeding if a surgery can be
done to relieve his neck pain and concerning arm
symptoms. After considering alternative nonop-
erative approaches to his condition, the patient
would like to pursue surgery to improve his head
position and neck pain symptoms.

Operative treatment was offered in the form
of a posterior C1-C4 screw fixation and fusion
with supplemental posterior sublaminar wiring
followed by anterior combined retropharyngeal
and transoral resection of tumor and expandable
cage strut grafting. Posterior instrumentation and
grafting were performed first. Surgery through
the transoral exposure was done under transna-
sal endoscopic guidance requiring a minimal
pharyngeal opening to resect tumor just inferior
the C1 anterior arch. A standard retropharyngeal
approach was undertaken to perform a C3 cor-
pectomy and C2 partial inferior resection. A tita-
nium expandable cage was then placed spanning
the C4 superior endplate to the anterior ring of
C1 under visual and mechanical guidance from
the transoral approach. The pharyngeal soft tis-
sues were approximated in two layers using inter-
rupted Vicryl and Prolene sutures. An orogastric
tube for possible short-term alimentation was
placed prior to emergence from anesthesia. He
was extubated without difficulty and transferred
to the general ward.

The patient recovered normally without neu-
rological deficits. He noticed immediate relief
of previous neck pain symptoms as well. After a
postoperative swallowing screen, he was allowed
to begin soft foods on postoperative day 2 with-
out difficulty. He was tolerating a regular diet by
postoperative day 3 and was discharged home on
the postoperative day 4 without needing home
services.
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Final pathology revealed small rests of viable
myeloma tumor cells involving the C2 verte-
bra. He was re-started on appropriate systemic
therapy within 2 weeks of surgery. The patient
followed up for 3-month and 6-month appoint-
ments with stable postoperative radiographs and
evidence of partial posterolateral bony union. He
continued to have no difficulty with swallowing
or recurrent neck pain. There was no recurrence
of lytic lesions in any adjacent location.

Discussion

In the abovementioned case, surgical resection
through a transoral approach was considered,
given the patient’s very good prognosis and func-
tional status. It was believed that he would gain
significant long-term benefit if his mechanical
pain and functional kyphosis were treated surgi-
cally with appropriate stabilization. The patient’s
perceived Lhermitte’s symptoms were consid-
ered to be ominous for future neurological deficit
if the patient’s head drop was not treated in the
long term. In this case, indications for surgery
would not be for curative resection or neurologi-
cal compression but for deformity stabilization
and fracture management while maintaining
occipitocervical motion. An alternative dorsal-
only approach could be conceived with occipi-
tocervical fusion to the subaxial spine. This may
provide adequate mechanical stability and would
be highly dependent upon bony union in the long
term as well as sacrificing head movement. In
this case, bony union was not assured, given the
previously irradiated field. A dorsal fusion to C1
without anterior strut reconstruction was not con-
sidered to be mechanically viable, given the lack
of significant vertebral body support.

The elements of this patient’s disease that
would argue against using a transoral approach
would be the presence of a previously irradi-
ated field as well as significant subaxial disease.
These factors went into designing a modified
surgical approach that involved transnasal endo-
scopic visualization of a mini-open transoral
resection in combination with a routine retropha-
ryngeal approach to reconstruction. This allowed

for proper clearance of the caudal margin of the
anterior C1 ring from devitalized bone and tumor
as well as proper guidance of the metallic graft.
Furthermore, it allowed for minimizing of trauma
to the posterior pharyngeal muscles by avoid-
ing long-term retraction and decreasing incision
size. Another advantage to this endoscopic mini-
open approach is the avoidance of saliva pooling
around the mucosal defect as the incision is made
far more cranially without need for soft palate
splitting. This allows for early resumption of diet
and minimal soft-tissue reconstruction.

Conclusion

The transoral approach is a useful and technically
expedient option for surgical resection of cranio-
cervical junction tumors. This is especially true
if dorsal surgical treatment options do not allow
for proper access to the tumor or adequate recon-
struction options. Modifications in techniques,
especially those that allow for endoscopic visu-
alization, may allow for decreased mucosal and
pharyngeal disruption and retraction. This may
decrease postoperative needs and complications.
However, surgical methods should be tailored to
the patient’s tumor size, type, and comorbid con-
ditions. The use of a team approach with oncolo-
gists, otorhinolaryngologists, and speech and
nutrition staff is absolutely required to deal with
variances in tumors types, intraoperative chal-
lenges, and postoperative complications.
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Transmandibular Approach
to Craniocervical Spine

Xun Li, Jared Fridley, Thomas Kosztowski,

and Ziya L. Gokaslan

Background

Transoral surgery can trace its origin back to Dr.
Wilfred Trotter, who in 1929 outlined a surgi-
cal approach to lesions of the epiglottis or glos-
soepiglottic fossa [1]. In 1947, Thomson and
Nagus published a case report of the drainage
of a retropharyngeal abscess by using a tran-
soral approach. Over the ensuing decades, the
indications for these approaches to the poste-
rior pharynx were expanded to the treatment of
various pathologies of the craniocervical junc-
tion (CCJ), such as tumor and trauma [2-4].
Although the approach was initially met with
difficulties stemming from limited exposure,
poor illumination, and the lack of appropriate
surgical instruments, interest in the approach
resurfaced in the 1960s, aided by the introduc-
tion of the operating microscope, customized
instruments, and technological advancement [4,
5]. In 1980, Wood et al. published a series of
two patients who underwent an expanded tran-
soral approach in which he split the lip, man-
dible, and tongue for further caudal exposure,
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termed a median labiomandibular glossotomy,
a subtype of the transmandibular approach [6].

Access to the CVJ can be obtained via ante-
rior, anterolateral, posterior, and posterolateral
surgical approaches. Anterior approaches are
comprised of transoral approaches and their vari-
ations including the transmandibular approach.
Anterolateral approaches include the high cervi-
cal retropharyngeal approach and the mandibular
swing variation of the transmandibular approach.
These anterior approaches provide access for
direct ventral decompression of the spinal cord,
although they can carry substantial morbidity.
The midline posterior approach is utilized for
posterior and lateral spinal cord decompression
as well as instrumented stabilization across the
CVI. Ventral cord decompression via a poste-
rior approach is limited due to the inability to
manipulate the spinal cord without incurring sig-
nificant neurologic morbidity and the proximity
of important neurovascular structures. The far-
lateral/extreme-lateral transcondylar approaches
provide better visualization of the ventral spinal
cord via a posterolateral corridor and can be use-
ful for tumors adjacent to the foramen magnum
and upper cervical spine.

The most common anterior approaches to the CCJ
are the transoral approach and the high cervical ret-
ropharyngeal approach. The transoral approach per-
mits access from the lower clivus down to C2, but
the exposure can be severely narrowed by physical
restrictions such as mouth-opening ability or lim-
ited neck extension. The extra-oral anterolateral
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cervical approach, as described by Drs. Smith and
Robinson, is usually limited to C3 rostrally due to the
presence of the internal branch of the superior laryn-
geal nerve. The C2—C3 interspace can be accessed
above the superior laryngeal nerve via the subman-
dibular approach, which provides a small corridor that
is in turn limited rostrally by the hypoglossal nerve;
this provides access to approximately the mid body
of C2[7].

Like the transoral approach, the transmandibu-
lar approach necessitates dissection through the
pharynx to access the CCJ. However, the transman-
dibular approach provides significantly improved
CClJ exposure, from the lower one-third of the cli-
vus down to C4. The transmandibular approach is
most commonly used for resection of CCJ tumors,
particularly primary tumors of the spine that
necessitate en bloc resection, such as chordomas.
Compared to the high cervical retropharyngeal
approach, the transmandibular approach has sev-
eral advantages: (1) access via a relatively avas-
cular plane; (2) avoidance of critical structures
such as the internal carotid arteries, lower cranial
nerves, muscles of mastication, temporomandibu-
lar joints, and vestibulocochlear apparatus; and
(3) improved visualization of ventral/ventrolateral
CCJ pathology, particularly tumors, by allowing
an off-midline pharyngeal incision to provide a
more oblique angle to the lesion [8]. There are
two variations of the transmandibular approach:
(1) transmandibular circumglossal (also termed as
the mandibular swing technique) and (2) median
labiomandibular glossotomy [8].

Risks

Although the transmandibular approach is a
very effective way of accessing pathology ven-
tral to the spinal cord, it is a potentially morbid
procedure with many inherent risks includ-
ing dysphagia, airway compromise, infection,
pharyngeal dehiscence, and jaw malocclusion.
Dysphagia is commonly seen after undergoing a
transmandibular approach. This is likely from a
combination of the circumglossal incision, ret-
ropharyngeal dissection, and sectioning of the
tensor and levator veli palatini muscles [9]. The
risk is increased with prolonged overall length

of surgery and the duration of retraction of the
pharynx and tongue [10].

Infection is a significant risk of the transman-
dibular approach due to bacterial colonization of
the oral cavity. Precautions are taken when prep-
ping the operative field, including sterilization of
the mouth and even nose to decrease the bacterial
load. Reported rates of infection in the literature
with a transmandibular approach vary from 6% up
to 50% [11]. Infection types include parapharyn-
geal abscesses, soft tissue infection, and menin-
gitis. Parapharyngeal space abscess or a chronic
nonhealing pharyngeal dehiscence can potentially
lead to orocutaneous fistula [10]. Bacterial men-
ingitis, particularly with gram-negative bacteria,
can be difficult to treat and is best avoided by not
lacerating the dura, and if a durotomy is necessary,
the dura is closed in a watertight fashion.

Tongue swelling is frequently encountered in
the postoperative period, which can cause poten-
tially life-threatening airway obstruction. For
this reason, a tracheostomy is often placed prior
to surgery [9]. Malocclusion of the teeth results
from incorrectly aligning both halves of the
mandible during mandible reconstruction. This
can result in difficulty with chewing food and
present a cosmetic defect. This can be avoided
by predrilling screw holes in the mandible prior
to performing the mandibulotomy. Injury to the
lower cranial nerves, particularly the hypoglos-
sal nerve, can occur during dissection beneath the
mandible. Vertebral artery injury can occur dur-
ing dissection lateral to the cervical spine while
the vertebral artery travels within the transverse
foramen. Tumors of the CCJ can cause distortion
of the adjacent neurovascular structures, thereby
increasing the potential for injury, particularly if
encasing these structures [12]. Other less com-
mon risks that have been reported include serous
otitis media from sectioning of the Eustachian
tube as well as conductive hearing loss [9, 10].

Alternative Surgical Approaches
Standard Transoral Approach

The standard transoral approach, also known as the
transoral transpharyngeal approach, provides the
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most direct access to a ventral spinal lesion from the
lower one-third of the clivus rostrally to the body of
C2 caudally. For tumors, rheumatoid arthritis pan-
nus, or other C2 dens lesions, the transoral approach
is an effective means of decompressing the ven-
tral spinal cord. One of the significant downsides
of the transoral approach is the narrow operative
field through the oral cavity. This is primarily due
to the front teeth rostrally and the mandible/tongue
caudally. To increase exposure, the uvula can be
retracted with a suture, and the soft palate can be
retracted with a soft rubber tubing through the nose
and under the palate. Specialized oral retractors can
be utilized to retract the tongue out of the way. The
overall working area can be limited if the patient’s
mouth opening is <2.5 cm or if the patient has
restricted neck extension [3, 4, 13].

Transmaxillary Approaches

Transmaxillary exposures can expand the rostral
limit of the CCJ by exposing the upper clivus.
Most commonly, this is done via a Le Fort I oste-
otomy through the maxilla. The downside of this
approach is the limited caudal exposure due to the
down-fractured maxilla and hard palate complex
obstructing the view of C2 [14]. To circumvent
the caudal limit of exposure experienced in the
Le Fort I approach, the transmaxillary palatal split
approach creates a midline opening of the max-
illa and hard palate complex, thereby allowing
access from the upper clivus to C2. However, this
approach poses the risk of velopharyngeal insuf-
ficiency consisting of dysphagia, nasal regurgita-
tion, and hypernasal voice [14]. It is also associated
with a higher risk of wound infection, swallowing
dysfunction, and difficulty. Performing a unilateral
Le Fort I osteotomy can aid in preservation of the
soft palate and the other maxilla and thus result in
more rapid recovery of oropalatal function.

Endoscopic Approaches

Advances in neuroendoscopy technology and tech-
niques for the treatment of head and neck pathology
over the past decade have been adopted by some
spine surgeons for the treatment of CCJ pathol-

ogy. The visualization afforded by endoscopes is
not limited by the borders of the mouth and palate,
making even those patients with limited mouth-
opening ability or restricted neck range of motion
candidates for an endoscopic CCJ approach. There
are two different routes for an endoscopic approach
to the CClJ: transoral or transnasal.

The transoral endoscopic approach allows
access from the lower third of the clivus down to
approximately the level of the C2—-C3 disc space.
It has the advantage of eliminating the need to
split the soft palate, particularly because of the
availability of angled endoscopes. By avoiding
soft palate dissection, the risk of velopharyngeal
insufficiency is reduced. The transnasal endo-
scopic approach allows access from the anterior
skull base down to the odontoid process. Both
routes can be combined for access to pathol-
ogy that extends from the skull base down to the
upper cervical spine. There are disadvantages to
endoscopic CCJ approaches, including techni-
cal difficulty with pharyngeal wall closure and a
steep learning curve to become facile with this
technique. Closure of the posterior pharyngeal
wall can be particularly difficult caudally in the
region of the lower clivus, C1, and C2, where the
prevertebral muscles insert [15].

Preoperative Assessment

The assessment of patients who may be candidates
for a transmandibular approach necessitates care-
ful clinical evaluation and interpretation of relevant
imaging. A full neurological examination includ-
ing cranial nerve and sensorimotor evaluation is
necessary for each patient. In addition, assessment
of cervical spine range of motion and an oral cav-
ity examination should be performed. Preexisting
jaw or dentition abnormalities should be noted.
Imaging, including computed tomography (CT)
and magnetic resonance imaging (MRI), of the head
and neck should be performed for each patient.

Imaging

Conventional radiographs and CT of the cervical
spine are helpful for examining relevant cervical
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spine bone anatomy, as it relates to the underlying
pathology as well as planning for possible instru-
mented spinal stabilization. Attention should be
paid to C1 and C2 anatomy, as this region tends
to have more anatomic variations than the sub-
axial cervical spine. Flexion—extension cervical
spine radiographs may be helpful if there is sus-
picion of dynamic instability, although in most
cases instability is introduced iatrogenically by
the surgery itself and therefore may ultimately be
of limited utility [13].

MRI of the cervical spine with and without
contrast is necessary to understand the relation-
ship of the underlying pathology to the sur-
rounding soft tissue and neural elements. In
the case of primary tumors of the upper cervi-
cal spine, surgical planning is based on what
part(s) of the spine is involved, what soft tissues
are involved, and whether any neural element
compression is present. If an en bloc resec-
tion is being considered, surgical planning may
encompas multiple approaches based on the
involved bony elements and paraspinal tissues,
as well as the location of neural element com-
pression if present.

If there is concern for involvement by tumor
of vascular structures, such as the vertebral
arteries, either conventional angiography or
CT angiography of the neck can be helpful in
delineating the relationship between relevant
vasculature and the lesion of interest [13].
Conventional angiography should be performed
if preoperative embolization of a hypervascu-
lar tumor is indicated or sacrifice of a vertebral
artery is being contemplated. Prior to vertebral
artery sacrifice, a balloon test occlusion is per-
formed to determine if collateral vasculature is
sufficient to supply blood flow to the brain and
brain stem.

Tracheostomy/PEG

A tracheostomy and a percutaneous endoscopic
gastrostomy (PEG) are often performed preop-
eratively or in the operating room immediately
prior to a transmandibular approach, given the
significant risk of postoperative dysphagia and

airway obstruction. Tracheostomy has a number
of advantages compared to the placement of an
oral or nasal endotracheal tube: (1) improves
intraoperative airway security by avoiding
endotracheal tube manipulation, (2) allows an
unobstructed surgical view of the oropharynx,
(3) prevents mechanical pressure from being
exerted by an endotracheal tube on the pharynx,
possibly decreasing the potential for wound
dehiscence, and (4) improves the ability to
perform routine mouth care and improves the
clearance of saliva, thereby decreasing risk of
infection.

PEG tube placement prior to surgery offers
many advantages and mitigates potential
approach-related morbidity. Early postoperative
nutrition is essential for wound healing, and PEG
access allows enteral feeding to begin soon after
surgery. Unlike nasal or oral enteral tubes that
run adjacent to pharyngeal tissues, PEG tubes
avoid the risk of mechanical pressure on the pha-
ryngeal incision site after surgery and the risk of
injuring the same tissues during tube placement.
Barring any permanent dysphagia post surgery,
the PEG tube is removed as soon as the pharyn-
geal wound is healed and after a formal swallow-
ing evaluation.

Multidisciplinary Care

It is important for the spine surgeon to involve
other surgical subspecialties that will be involved
in performing the transmandibular approach
itself and assist in caring for the patient post-
operatively. Plastic surgery, oromaxillofacial
surgery, and an otolaryngology are subspecial-
ties that each play a key role in the management
of patients undergoing this surgical approach.
Otolaryngology helps perform the dissection of
the oropharynx and can perform a tracheostomy
preoperatively as well. The oromaxillofacial
and plastic surgery teams are often involved in
performing the mandibulotomy and reconstruc-
tion of the mandible, as well as wound closure.
Postoperative services such as speech therapy,
physical therapy, and nursing teams are critical to
reduce the risk of perioperative morbidity.
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Surgical Technique
Positioning

Patients are positioned supine on a standard oper-
ating table. If needed, Gardner-Wells tongs are
applied to attempt reduction of any CCJ malalign-
ment for patients, such as those with basilar invag-
ination. The oropharynx, mouth, perioral region,
jaw, and neck are thoroughly prepped with beta-
dine wash. The nasopharynx is also prepped, as
it is in communication with the oropharynx. The
area from below the eyes down to the bottom of
the neck is toweled off and draped.

Surgical Technique

The oromaxillofacial surgeon and otolaryngolo-
gist perform much of the initial exposure until
the spine is encountered. Incision is made from
the lower lip at the midline and carried caudally

Fig. 3.1 Incision is marked from the lower lip down,
rounding the chin, to the hyoid bone and curving up over
the sternocleidomastoid muscle to the mastoid tip

to the hyoid. The incision then is continued out
laterally to the border of the sternocleidomas-
toid muscle and then curved up to the mastoid
process (Fig. 3.1). Subperiosteal dissection
along the mandible is performed starting at the
midline, dissecting medial to lateral, to approxi-
mately 2 cm from midline. Care should be taken
to avoid dissection too lateral, which risks injury
to the mental nerve exiting from the mental fora-
men (Fig. 3.2). The mandibular osteotomy is
sometimes marked in a zigzag or step-like pat-
tern to allow easier reapproximation. Holes are
predrilled on either side of the planned man-
dibulotomy site, and titanium mini-plates prefit-
ted for later placement. Prefitting of plates and
drilling of holes is important prior to performing
osteotomies because it ensures that the mandi-
ble will be reapproximated perfectly later. Poor
alignment of the jaw may not only result in poor
cosmesis but also risk malocclusion. A tooth may
need to be removed if it obstructs the path of the
mandibulotomy.

Fig. 3.2 Mandibular osteotomy is marked in a step-like
fashion to prevent postoperative mandible slippage and
malocclusion
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If significant lateral exposure of the CCJ
lesion is needed, the tissues below the neck can
be dissected prior to performing the mandibu-
lotomy. Subplatysmal dissection is performed,
and dissection continues deep into the subman-
dibular gland. The sternocleidomastoid muscle
is retracted posteriorly, and the carotid sheath is
identified and exposed. To facilitate the exposure
below the level of the mandible, the digastric
muscle is split. This is followed by dissecting
the mylohyoid from the hyoid and dissecting the
geniohyoid from the mandible.

The mandibulotomy is then performed, and
the mandible is swung out laterally to open the
mandibulopharyngeal space (Fig. 3.3). To mobi-
lize the tongue, an incision is performed starting
underneath the tongue at the midline where the
osteotomy was made. This incision is extended
around the tongue, terminating at the tonsillar
pillar. As the mandible is opened laterally with
the cervical myocutaneous flap, the tongue is
retracted medially away from the operative field
(Figs. 3.4 and 3.5). This space is further enlarged
through the transection of the facial artery and the

Fig. 3.3 The mandible is swung laterally to open the
mandibulopharyngeal space

inner pterygoid muscle from the lateral pterygoid
plate. To increase exposure, the muscles attached
to the styloid process are detached: the stylohy-
oid, stylopharyngeal, and styloglossus muscles.
The cranial nerve IX is identified to ensure that it
is spared. If it is obstructive to the approach, the
external carotid artery may need to be transected
at the level of the facial artery or the occipital
artery, thereby allowing entry into the retrostyloid
space. This is done only when the vessels cannot
be mobilized. Other maneuvers that increase the
operative field include splitting the digastric mus-
cle between the anterior and posterior bellies. The
tensor veli palatini muscles, soft palate, and the
Eustachian tube can also be divided to increase
the exposure, but oftentimes, this is avoided as
these maneuvers increase the potential morbidity
of the procedure. In the exposure, the lower cra-
nial nerves, primarily the hypoglossal nerve, need
to be carefully identified and protected.

To expose the spine through the mouth, the pos-
terior pharyngeal wall is divided. The clivus and
upper cervical spine should now only be covered
by the longus capitis muscles, which are detached.
The prevertebral fascia is opened sharply, and the
longus colli are undermined and dissected from
medial to lateral. At this point, the anterior arch of
C1 can be palpated. If the lesion is centered on the
vertebral body and dens of C2, the anterior arch of
C1 may need to be opened. The anterior longitudi-
nal ligament is identified, and the anterior arch of
C1 is drilled and rongeured until the odontoid pro-
cess is visualized. If the surgical plan necessitates
resection of the dens, the transverse ligament lat-
eral attachments adjacent to the C1-C2 articular
process need to be released. Alar and apical liga-
ments should be transected prior to bony removal
of the dens to prevent upward retraction of the
dens toward the clivus, which could then impinge
into the spinal cord. If an en bloc resection for pri-
mary spinal tumor is planned, the posterior lon-
gitudinal ligament is exposed and cut rostral and
caudal to the limits of the lesion.

If the lesion wraps around the thecal sac dor-
sally, further bony resection of the C2 ring can be
done while being mindful of the ipsilateral verte-
bral artery. The upper cervical nerve roots can be
sacrificed to gain access to the dorsal aspect of
the thecal sac (Fig. 3.6). C1-C2 nerve root sacri-
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fice typically causes no significant clinical deficit
other than dermatomal numbness. If the root is
cut distal to the dorsal root ganglion, neuralgia
may result. Sacrifice of the C3—C5 nerve roots
can lead to diaphragmatic paresis/paralysis, and
sacrificing C5-T1 nerve roots will result in sen-
sorimotor deficits in the upper extremities.

If a durotomy is planned, or caused iatrogeni-
cally, primary repair of the dura is preferred to
reduce the chance of a clinically significant cere-
brospinal fluid (CSF) leak. Dural sealants, syn-
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thetic dural products, and fat/muscle/fascia grafts
are useful adjuncts, particularly if primary repair
is tenuous or unable to be directly performed. A
Valsalva maneuver is performed to ensure there
is a watertight closure. A lumbar drain should
be placed if there is concern that dural closure
is tenuous or a CSF leak occurs postoperatively.
If instability is introduced following resection
of CCJ pathology, anterior reconstruction is per-
formed (Fig. 3.7). A Harms cage or a similar con-
struct is appropriately fitted to span the area of

Basilar a.

Uvula

Posterior wall
of pharynx

Sublingual
gland

Inferior alveolar n.
N

Orbicularis oris m.,

depressor labii

inferioris m.,

depressor anguli

oris m., mentalis m.

Mylohyoid m. (cut)
Hyoid bone
Submandibular gland

Thyrohyoid membrane

Superior laryngeal vein,
artery, and nerve

~ Thyroid gland

Fig. 3.7 Artist illustration demonstrating anterior column reconstruction following en bloc tumor resection.

(Reproduced with permission from Rhines et al. [16])
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the spine defect, ensuring that neither the rostral
nor caudal ends impinge dorsally on the spinal
cord. This is most important on the rostral end
as the vertebral body cross-sectional area will be
smaller than the caudal end. Sometimes, cages
can be tailored such that the ends are flared out
to provide a tab for the cage to be fixated to the
vertebral bodies anteriorly. If this is not feasible,
a plate can also be used.

For closure, plastic surgery has proven to be
an invaluable service in addition to the presence
of otolaryngology and maxillofacial surgery. The
pharyngeal structures as well as the mylohyoid
and digastric muscles are reattached. The split
mandible is reapproximated with fixed plates
with screws in the predrilled holes. This is fol-
lowed by closure of the oral mucosa. Care must
be taken to realign the vermillion border when
suturing the lip. Likewise, the neck tissues and
platysma are reapproximated in anatomic layers,
with attention paid to not strangulate the tissue.

Postoperative Care

Postoperative transfer of the patient to an inten-
sive care unit is essential following surgery. It is
extremely important to frequently monitor these
patients clinically as the neck soft tissues may
become significantly edematous postoperatively.
The tongue is likely to also swell significantly in
the postoperative period, which may compromise
both airway and swallowing. Topical corticoste-
roid application to the tongue immediately after
surgical closure can reduce postoperative edema.
Most of these patients will have had a trache-
ostomy placed prior to surgery, which, pending
decreased edema and ventilator weaning, will
ultimately be removed.

Prophylactic, targeted antibiotic coverage
based on cultures taken preoperatively should
be continued for 5 days postoperatively. The
patient needs to be carefully monitored postop-
eratively for signs of infection. There should be a
low threshold for imaging, as there are multiple
sources of possible infection, including an injury
to the pharyngeal tissues or esophagus.

The patient should have nothing by mouth
initially until tongue and neck swelling subside.
Nutritional support provided by a PEG tube in
the interim is extremely important for nutri-
tion and wound healing. Laryngoscopy and
esophagoscopy usually are required in those
undergoing a dysphagia workup, although some
surgeons perform these routinely on postopera-
tive day 7 [13].

Lumbar drain can be weaned when no cere-
brospinal fluid leakage is observed in the drains.
If there is any suspicion of there being a planned
or unintentional durotomy during the surgery,
care should be taken not to wean the lumbar drain
too quickly. CSF diversion is important while the
dura is healing and creating a watertight seal.
Furthermore, if there is suspicion of CSF leakage
into the wound, there should be a low threshold
for wound re-exploration since the risk of menin-
gitis is very high with this procedure.

Other commonly cited complications includ-
ing localized infection in the acute to subacute
period may need targeted intravenous antibiot-
ics as guided by infectious disease specialists
and, additionally, surgical drainage by otolar-
yngologists. Vigilance must be maintained for
velopharyngeal insufficiency, as it usually pre-
sented 3—6 months postoperatively, especially in
approaches that required a palatal incision [15].

Conclusion

The CCJ is a challenging area to approach surgi-
cally due to the complex bony anatomy and adjacent
neurovascular structures. The median labioman-
dibular glossotomy represents an expanded tran-
soral approach that provides direct access to the
midline structures from the clivus to mid-cervical
spine. This approach provides exceptional surgical
freedom and visualization but carries significant
risk for morbidity and mortality, both intraopera-
tively and postoperatively. As always, less inva-
sive approaches should be employed whenever
possible, but in patients with primary neoplasms
requiring en bloc resection, this approach affords
a relatively safe and effective avenue to resect,
reduce, and stabilize pathology of the CCJ.
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Craniocervical Approach:

Transcervical

Wataru Ishida, Kyle L. McCormick,

and Sheng-fu Larry Lo

Overview

The ventral craniovertebral junction (CVJ]) is
difficult to safely access surgically due to its
deep, anatomically complex location that can be
affected by diverse pathologies, including basilar
invagination, congenital skull base malformations,
lower clival chordomas and chondrosarcomas,
metastatic diseases, rheumatoid pannus, and the
intradural pathologies of meningiomas and vascu-
lar malformations [1]. The most direct and widely
used approach to reach the ventral CVJ has been
the ventral transoral route, introduced by Fang and
Ong in 1962 [2]. The approach has been success-
ful in its ability to directly reach the region, offer-
ing the widest view of the anatomy and the options
to combine it with transfacial and/or high cervical
retropharyngeal approaches to improve the narrow
and deep working channel [3—-11].

Currently, the standard direct approach is
a transoral-transpharyngeal approach with the
option to add a transmandibular route [10, 12-16]
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or Le Fort osteotomy [3, 17-19] for increased
visualization of lesions as well as the surgical bed.
However, this approach comes with significant
morbidities, including postoperative bacterial
meningitis, especially in the setting of intraopera-
tive dural tears, the need for tracheostomy, dys-
phasia, changes in phonation, airway impairment,
pharyngeal wound dehiscence, and suboptimal
esthetic outcomes [20]. In addition, the opera-
tive microscope, while allowing for direct illu-
mination of the operative field, is not well suited
to this type of approach, which requires a wide
range of movement and visualization beyond a
narrow cone of direct light [21]. Fortunately, the
endoscope has been a major advancement for this
type of surgery, as it offers direct illumination
and a wider panoramic view of the field [22-24].
Because its illumination is at the end of a long
rod, it allows light to penetrate deeper and closer
to the surgical target. In addition, it offers a field of
view of approximately 80° [21, 24], providing the
surgeon with a panoramic perspective. In effect,
the eyes of the surgeon are brought directly into
the surgical field. Its shape can be used to gently
retract structures, preventing retraction-associated
morbidities [1, 20]. In addition, both the endo-
scope and its related technology are widely avail-
able in hospitals and operating rooms.

In 2002, Frempong-Boadu and Fessler used
the endoscope for an endoscopically assisted
transoral approach [2], followed in 2005 by
Kassam at the University of Pittsburgh with the
first fully transnasal endoscopic resection of the
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odontoid [23]. Finally, it was Wolinsky et al.
who completed the first endoscopic transcer-
vical odontoidectomy for basilar invagination
[21]. Tt is our hope that this chapter may provide
neurosurgeons with an additional method of an
approach to the CVJ when indicated to increase
safety and improve patient outcomes.

Indications, Contraindications,
and Advantages

The principal indication for a transcervical
approach to the cervical spine is basilar invagina-
tion of C2, with no need for clival resection [3,
22]. The use of the endoscope limits the degree
of morbidities associated with retraction [20]
and has been effective in all three approaches to
the CV] [1-4, 10, 22, 24-30]. The transcervical
approach also offers the benefit of familiarity—
the anatomy of the exposure is familiar to neu-
rosurgeons, which, given the narrowness of the
approaches to the CVJ, leads to a significant sur-
gical advantage. This approach also adds a new
trajectory (Fig. 4.1), allowing for the resection
of more caudal vertebral bodies below the odon-
toid and for the decompression of deeper basilar

Fig. 4.1 Comparing the (A) transnasal and (B) transoral
approaches to the CVJ with the (C) endoscopic transcervi-
cal approach

invagination [3]. This allows surgeons to treat
a wider range of pathologies than with just the
transoral or transnasal approach [3, 31].

Another advantage of this approach is the pres-
ervation of a sterile surgical field to reduce the
risk of postoperative complications [1, 3, 10, 20—
22, 25]. The transoral and transnasal approaches
violate the oropharyngeal and nasopharyngeal
mucosa, respectively. This increases the chances
of infection or wound dehiscence of the poste-
rior pharyngeal wall secondary to the invasion of
bacterial flora native to these regions [3, 6, 20,
30, 31]. The transoral approach also may require
palate splitting and tongue retraction, which may
require postoperative intubation for extended
periods [2, 5, 6, 8, 14, 15, 20, 21, 31-36]. The
transnasal approach, as mentioned, also requires
crossing a cavity with bacteria, increasing the
chance of postoperative meningitis in the setting
of a cerebrospinal fluid (CSF) leak [20-22, 30,
31, 34, 37]. In addition, the anatomy encountered
in the transoral and transnasal approaches may
be less familiar to neurosurgeons and places the
vidian nerves and Eustachian tubes at risk [20,
38]. The transcervical approach involves anat-
omy more familiar to neurosurgeons and does
not violate the unsterile mucosal membranes,
thereby decreasing the chance of postoperative
meningitis in the case of an inadvertent or inten-
tional breach of dura mater and subsequent CSF
contamination [1, 3, 10, 20-22, 25].

In addition, patients treated with endoscopic-
assisted transcervical approach were found able
to ingest food orally after removal of the endo-
tracheal tube, with a decreased need for trache-
ostomy and tube feeding [10, 22]. This approach
also decreases the risk of postoperative phona-
tion difficulty potentially present in the transoral
approach because the soft palate is neither split
nor retracted [3, 10, 20-22]. There is also no need
to split the mandible or maxilla, thereby minimiz-
ing the risk of complications such as difficulty
in mastication or suboptimal aesthetic outcomes
[1-3, 10-12, 14, 20, 21, 25]. Although the risk of
injury to the recurrent laryngeal nerve exists, it
is not increased when compared with an anterior
cervical approach [10].

Not all patients, however, are candidates
for this approach. This trajectory may not be
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achieved in patients who are obese, barrel-
chested, or severely kyphotic [1, 3, 10, 21]. Based
on its trajectory, this approach should not be used
to access the clivus and related pathologies, as
accessing the lower clivus for resection requires
undue retraction and is restricted by constraints
of the chest on the angle of attack [3].

Clinical Materials and Methods
Surgical Preparation and Positioning

The surgical positioning for a transcervical ante-
rior Craniocervical approach is similar to that
of the anterior cervical discectomy and fusion
(ACDF) but with nasotracheal intubation using
a soft armored endotracheal tube rather than

Fig. 4.2 (a) The head is
fixed to the table using a
halo ring attached to a
Mayfield halo adaptor.
(b) Final setup

orotracheal intubation [1, 3, 10, 22]. The patient
is positioned supine on a flat Jackson table with
a shoulder roll placed behind the neck for gentle
neck extension. The level of neck extension the
patient can tolerate should be determined preop-
eratively [1]. Somatosensory evoked responses
and motor evoked responses are monitored
throughout the procedure. The head is fixed to the
table via a halo ring attached to a Mayfield halo
adaptor (Fig. 4.2a).

Two table-mounted arms are attached to the
table contralateral to the surgeon: one to fix the
retractor to the table and the other to hold the
endoscope. They are both attached to the table
caudal to the cervical spine such that they do not
interfere with lateral fluoroscopy. The endos-
copy monitor is contralateral to the surgeon, with
the frameless stereotactic display just rostral to

. §'i!:' =i
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Fig. 4.3 Registration
for neuronavigation
using O-arm

the monitor and the fluoroscopy monitor cau-
dal to the endoscopy monitor. Reference array
for the frameless stereotactic navigation sys-
tem is fixed to the patient via the halo ring
(Fig. 4.2b). The patient is registered intraopera-
tively using the Medtronic O-arm intraopera-
tive CT (Medtronic, Minneapolis, MN, USA)
and Medtronic StealthStation S7 System for
navigation (Medtronic, Minneapolis, MN, USA)
(Fig. 4.3) [10, 22, 26]. The neck is then prepped
and draped in a sterile fashion as for an ACDF
[1, 3, 10, 22]. The side of approach is determined
by the handedness of the surgeon: the approach
is made from the right side of the patient for a
right-handed surgeon and left for a left-handed
surgeon [1]. Image guidance use is flexible:
because the head is fixed in place, imaging guid-
ance selection may be based on surgeons’ prefer-
ence [1, 3, 10, 22].

Surgical Techniques

The standard Smith-Robinson approach to the
cervical spine is used for incision and initial
exposure. A transverse incision is made near the
C4-C5 level starting immediately off the mid-
line and extending approximately 4 cm later-
ally. Bovie cautery (Bovie Medical Corporation,
Purchase, New York, USA) is used to incise
underlying cutaneous and platysma muscles.

To access the cervical spine, dissection is done
medial to the sternocleidomastoid muscle and
carotid sheath and lateral to the strap muscles.
Blunt dissection aimed superiorly between plane
tissues is performed with the esophagus and
trachea swept medially and sternocleidomas-
toid muscles swept laterally, allowing access
to the anterior tubercle of CI1. Retraction of the
esophagus may be maintained using a handheld
Cloward retractor. Kitner dissectors are used to
sweep open loose areolar tissue anterior to the
spine, exposing the spine rostrally to the level
of the C1 tubercle. A beveled, tubular retractor
(Fig. 4.4a, b) is positioned flat against the spine
with its most rostral tip at the anterior tuber-
cle of Cl1. The position of the retractor is then
confirmed using the navigation system. A soft
armored endotracheal tube is utilized to allow
the retractor to push the trachea to the contralat-
eral side with minimal resistance from the tube;
the armor simultaneously prevents distortion or
occlusion of the endotracheal tube.

The longus colli muscles are dissected through
the retractor and moved laterally off the spine
to expose the ventral aspect of C2.! A Misonix

"Wertebral Arteries. Following the dissection of the longus
colli muscles through the retractor, the ventral aspect of
C2 will become exposed. The vertebral arteries lie ventral
to C2, especially just rostral to the C2—C3 disc space [38].
Great care should be taken to avoid injury to the vertebral
arteries during this portion of the procedure.
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Fig. 4.4 (a, b) Beveled, tubular retractor and Medtronic
Sofamor Danek METRx tubular retractor system. The
retractor is modified such that the base of the tubular
retractor is cut at a customizable angle, which allows the
retractor to be directly attached to the spine in a stable
fashion, providing an optimal view and trajectory for

Fig. 4.5 Neuro-
endoscope. An
endoscope may be used
free-hand or put into a
holding system to let the
surgeon use both hands
during the procedure. A
30° 4-mm endoscope is
described here, but 0,
30°-upviewing and
30-downviewing
endoscopes are also
available; the greater
angle endoscopes may
provide adequate
visualization without
corresponding ability to
perform manual
dissection [3]

BoneScalpel M.LS. (Misonix,

Farmingdale,
New York, USA) is then calibrated and used in
conjunction with the neuronavigation system,
with the BoneScalpel recalibrating for each dif-
ferent drill bit and drill attachment. A 30° 4-mm
neuro-endoscope is attached to the endoscope

inserting the transodontoid screw through the base of C2
and the odontoid, while minimizing tissue retraction and
offering 360° protection of the soft tissue surrounding the
surgical area. In addition, if it is fixed to the table, it
removes the need for an assistant to perform the
retraction

arm, where it will stay for the remainder of the
operation to provide visualization down the
retractor (Fig. 4.5). In order to capture a view
of C2 from above, the neuro-endoscope is posi-
tioned within the retractor such that it lies flat
against the retractor superior surface.
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Resection begins between the posterior aspect
of the anterior ring of C-1 and the odontoid.
Drilling then proceeds rostrally until the tip
of the odontoid is encountered. Progression of
resection is continuously monitored via direct
visualization through the endoscope as well as
via the stereotactic neuronavigation. Once the
tip of the odontoid is visualized, resection should
proceed in a “top-down” fashion throughout the
length of the odontoid until all bony structures
are removed. A 3-mm diamond burr is then used
to completely resect the remaining bone. Once
the osseous resection is complete, the resection
of the ligaments (transverse, alar, and apical)
and any pannus, if present, should be performed,
exposing the underlying dura.? Since the dens is
completely mobile, it can be disconnected at its
base and delivered in an en bloc fashion using a
combination of pituitary rongeurs, curettes, and
microdissectors.

Once the resection of the odontoid and the api-
cal and transverse ligaments is complete, the cer-
vical spine is unstable [10, 32, 33, 39, 40]. Great
care is required for further transport or reposition-
ing in the setting of a combined anterior-posterior
approach. For the majority of patients, instability
exists from the occiput through C2, although, in
certain instances, especially those in which Cl
has been assimilated into the occiput, the insta-
bility is between C1 and C2. For those patients
with localized C1-C2 instability, an anterior
arthrodesis is achieved using the same approach
with bilateral anterior lateral mass/pedicle/trans-
articular screw instrumentation and fusion across
the C1-C2 joints [10, 22, 41]. However, if it is
not feasible due to anatomical considerations or
if the instability is present more extensively, a
second-stage occiput-cervical fusion is required.
For further safety, a 1/8-inch Hemovac drain may
be tunneled deep into the osteotomy to prevent
a post-operative hematoma compressing the ven-
tral brainstem.

The next steps depend on the nature of the
procedure. The C1 ring can be left intact if only

2Apical and transverse ligaments. These ligaments should
not be resected during the odontoid resection, as they pro-
vide a protective barrier between the osseous resection
and the dura mater.

the odontoid was to be removed. However, in
order to gain access to the lower clivus, the C1
ring must be removed, requiring the retractor to
be angled more anteriorly to gain access to the
lower clivus. Realistically, however, the angle of
attack, depth of surgical field, and position of the
retractor relative to the chest make this portion of
the dissection difficult or impossible to achieve
[3, 10, 21, 22, 34].

Surgical Anatomy

Access Granted by Procedure
and Surgical Corridors

The entry point is the midline of the skin at the
C4-C5 cervical disc level [1, 3, 10, 22]. The
approach theoretically permits access to the ante-
rior tubercle of C1 superiorly and the lower cervi-
cal spine inferiorly [3]. Within the surgical field,
the most superior access is the point in the mid-
dle at 1 cm above basion, and the most inferior
access is the inferoposterior aspect of the body
of C2, based on access using surgical trajectory
through the retractor. However, this approach can
technically access the cervical spine from C5 to
the basion [3]. As noted by Syre and Lee, there
is theoretically no lower limit because a wide
cervical incision can expose the entire cervical
spines through to the cervicothoracic junction
(Figs. 4.6, 4.7, and 4.8) [1].

Cadaveric and image-based studies have com-
pared the surgical corridors of the transcervical,
transoral, and transnasal approaches. The actual
distances to the surgical targets, however, were
found to be 94 mm for the extended endonasal
approach, 102 mm for the transoral approach,
and 100 mm for the transcervical approach [3-11,
25]. The transcervical approach has the narrow-
est angle of attack, at 15°, compared to 30° for
the transoral approach and 28° for the extended
endonasal approach [3—11, 25]. Finally, the tran-
soral approach offers the widest working area at
1402 mm?, followed by the extended transnasal
approach at 1305 mm?, and the transcervical
approach at 743 mm? [3-11, 25]. These findings
are summarized in Table 4.1.
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Fig. 4.6 Lateral
rotation and head
hyperextension for
transcervical exposure.
(Reproduced with
permission from
Stevenson et al. [49])

Fig. 4.7 Retraction and
exposure of upper
cervical spine.
(Reproduced with
permission from
Stevenson et al. [49])

Submaxillary
gland

External
carotid a.

Internal Hyoid bone

carotid a.

Superior
thyroid a.

Jugular v. Omohyoid

Common

carotid a. . .
Thyroid cartilage

Sternocleido-
mastoid

Thyroid gland

Deep bladed retractor

Ligated sup

thyroid a. Superior pharyngeal

constrictor m.

Longus
capitus m.

Ant. tubercle of atlas

Ant. tubercle
of atlas

Transverse
atlantal lig.

Foramen
transversarium
Sup. articular
surface-atlas
Bone of ant. arch
to be removed

Adontoid
process
C-2 spinous
process

Post. tubercle
of atlas



36

W. Ishida et al.

Fig. 4.8 Deep-blade
retraction for
visualization of the
clival area with the
transcervical approach.
(Reproduced with
permission from
Stevenson et al. [49])

Portions of clivus,
odontoid process and
ventral arch of atlas
to be removed

Table 4.1 Comparison of the features of the transcervi-
cal, transoral, and transnasal approaches to the CVJ

Transcervical —Transoral Transnasal
approach approach  approach
Distance to 100 102 94
surgical
target (mm)
Angle of 15 30 28
attack (°)
Working 743 1406 1305
area (mm?)

Understanding the Anatomy
of the Craniocervical Junction

One of the key advantages of this approach is its
surgical anatomy: it mirrors that of the anterior
approach to the lower cervical spine, and thus,
the majority of spine surgeons are familiar with
it. However, a thorough understanding of the
anatomy of the CVJ adds an additional level of
safety to the procedure. There are several consid-
erations based on the anatomy of the CVJ, which
will be discussed as follows:

Zeiss microscope

Deep-bladed
retractor

Arteries

As mentioned in footnote 1, special attention
should be paid to the vertebral arteries during this
approach. The ventral aspect of C2 will become
visible following the dissection of the longus
colli muscles [1, 10, 42]. The vertebral arteries
lie ventral to C2, especially just rostral to the
C2-C3 disc space [1, 10, 38, 42]. The vertebral
arteries that lie caudal to C3 lie in the transverse
foramen of the cervical spine [1, 10, 22, 38, 42].
Eventually, these arteries enter the transverse
process of C2, at which point the anatomy can
be variable. The vertebral artery in this region
may swing ventral to C2 prior to coursing later-
ally [10, 42]. This, in conjunction with possible
craniocervical bone abnormalities of the region,
may put the vertebral arteries at risk. Risk can
be minimized with careful preoperative analysis
using a 3D CT reconstruction in conjunction with
MR imaging [10].

C1andC2
The C1-C2 junction is intrinsically very mobile
and has the potential to move even while the head
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is immobilized using the halo ring [10, 38]. This
creates a unique challenge for both registration
and accurate navigation of the three-dimensional
relationship between intraoperative CT scan
images and the actual surgical anatomy [3, 10,
21, 34, 38]. The patient’s head should be secured
to the table using the halo ring and Mayfield
adaptor prior to image acquisition in order for us
to minimize movement and thereby registration
inaccuracy [10].

Ligaments

There are many anatomical layers between the
osseous odontoid and the dura mater as well as
between the dura mater and the brainstem. These
include multiple ligaments providing protection
to the brainstem and spinal cord; these ligaments
create a boundary through which one should
not drill [10, 22, 38, 43]. Immediately posterior
to the dens, the transverse ligament inserts into
the tubercles on the medial aspects of the lateral
masses of C1 and surrounds the odontoid [10,
38]. The apical ligament lies rostrally, inserting
into the tip of the dens and base of the clivus. The
apical ligament is often associated with patho-
logical conditions of the region, usually resulting
in laxity (rather than destruction) of the ligaments
[10]. During the approach, the apical and trans-
verse ligaments should be resected only after
completion of the odontoid resection to provide a
protective barrier for the dura mater [10, 22, 43].
Finally, posterior to the apical and transverse lig-
aments are the vertical and horizontal ligaments
and tectorial membrane; these exist as the final
barrier before encountering the dura mater [10,
38]. In the case of an advanced disease, the liga-
ments stabilizing the dens can be thin or almost
nonexistent [1, 10, 38].

Other Anatomical Structures

One of the caveats of this approach is the nar-
row workspace provided. Retraction, while inte-
gral to the procedure, can create potential risks
[1, 3, 10, 20-22, 29]. The tubular retractor can
help minimize overly aggressive retraction [10].
This may be especially useful in preventing trac-
tion injury to the digastric muscles and hypogas-
tric nerves due to their proximity to the point of

retraction [1, 38]. This, used in conjunction with
a 30° endoscope placed at the superior portion
of the tubular retraction, can look down on the
anatomy, thus providing a familiar perspective
of the head-on view of the ventral cervical spine
[1, 10]. Notably, the tubular retractor does limit
visualization of the surgical field through a nar-
row rigid corridor. Should more visualization be
required, both the tubular retractor and endo-
scope must be repositioned [1, 3, 10, 22]. This
removes the ability to visualize anatomic rela-
tionships of neighboring structures, obligating
a fundamental knowledge of anatomy essential
for successful surgery. As stated earlier, it is also
advisable to use intraoperative frameless stereo-
tactic navigation adjunctively to allow an appre-
ciation of surface anatomy not seen through the
endoscope and to provide feedback on the loca-
tion of neural structures as they relate to the bone
being resected [1, 10].

Complications

Dasenbrock et al. [22] described the outcomes of
15 patients who underwent endoscopic image-
guided transcervical odontoidectomies. Of the 15
patients, 6 presented with postoperative compli-
cations, including upper airway swelling (n = 2),
urinary tract infection (n = 2), dysphasia (n = 2),
an asymptomatic pseudomeningocele (n = 1), and
gastrostomy tube placement (n = 1). One patient
required intubation for more than 48 h postopera-
tively. However, no patients presented with late
neurological deterioration, bacterial meningitis,
venous thromboembolic event, or need for tra-
cheostomy. Meanwhile, McGirt et al. described
the outcomes of four patients who also under-
went surgery using an endoscopic transcervical
approach and reported that one patient experi-
enced subluxation in the halo vest [21, 43]. In a
retrospective analysis of three patients, Wolinksy
et al. found that one patient had the complication
of an intraoperative CSF leak [10, 21]. Due to the
limited number of clinical studies reported in the
literature, further multicenter, prospective studies
are warranted to better understand the benefits of
this novel approach.
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Discussion

When approaching the anterior cervical spine
to reach the CVIJ, there is no standardized
approach; the transoral, transnasal, and transcer-
vical approaches all have their own advantages
and disadvantages. The transoral approach has
several advantages: when combined with other
approaches (e.g., Le Fort osteotomy or transman-
dibular-circumglossal approach), it provides a
wide working area and allows for top-down drill-
ing [2-19]. However, one of the greatest disad-
vantages is a contaminated surgical field, making
CSF leak management significantly more diffi-
cult [21, 35, 36, 44-46]. Furthermore, it requires
tongue retraction and palate splitting, which can
cause several severe complications and the need
for extensive postoperative intubation as elabo-
rated earlier [2, 5, 6, 8, 14, 15, 20, 21, 31-36].
Finally, the anatomy is also less familiar to neu-
rosurgeons in general and may require the exper-
tise of an otolaryngologist.

The transnasal approach was developed in
response to these disadvantages and also has its
own set of advantages and disadvantages. It allows
for top-down drilling, causes fewer retraction com-
plications, and provides a wide working area [23,
30, 31, 37, 45, 47, 48]. However, it requires cross-
ing a cavity with natural bacterial flora, increasing
the risk of postoperative meningitis in the event
of a CSF leak [20-22, 30, 31, 34, 37]. Both the
transoral and transnasal approaches also place the
vidian nerves and Eustachian tubes at risk, should
exposure be made too wide [20, 38].

While these approaches remain ideal for treat-
ing tumors or rheumatoid disease involving the
clivus through C2, the transcervical approach
presents a new and potentially advantageous
approach in the case of basilar invagination of
C2 without clival resection [3, 22]. It proceeds
through a sterile surgical field, presents familiar
anatomy to spine surgeons, causes fewer retrac-
tion complications, and may decrease postopera-
tive complications [1, 3, 10, 20-22, 25].

Howeyver, there are several drawbacks related
to this technique, which includes its narrow
working angles (15° compared to 30° in the
transoral approach and 28° in the extended

endonasal approach), long working distances
(approximately 100 mm), and pharyngeal retrac-
tion, all while requiring the maintenance of a
midline dissection trajectory [3—-11, 21, 22, 25,
34]. It may also increase the likelihood of durot-
omy due to the need to pull the odontoid tip [22,
43]. However, the consequences of a CSF leak
may be potentially neutralized by the sterile sur-
gical field provided by the approach. The bony
resection of the odontoid is more difficult than in
the other approaches which allow the odontoid
process to remain attached at the base to C2 ear-
lier in the surgical dissection [3].

The endoscope provides surgeons with a
technically feasible way to treat a wider array of
pathology in the region with more flexibility and
less morbidities [1, 20-24]. However, like the
microscope, the endoscope only provides a two-
dimensional image. This can be overcome by
moving the scope and using manual palpation to
provide secondary depth perception clues [1, 3,
10, 21, 22, 25, 29, 34]. Resolution of the endo-
scope is only as good as its attached camera and
screen (in comparison to the microscope, which
uses direct visualization by the human retina, with
resolving power greater than the best high-defini-
tion video) [1, 3, 10, 21, 22, 24, 25, 29, 34]. Rapid
improvements in video technology and the current
phasing-in of three-dimensional endoscopes will
hopefully solve this problem in the future.

Multiple approaches provide spine surgeons
the opportunity to personalize their surgical
approach in order to optimize the effectiveness of
surgery and maximize patient safety. The appro-
priate surgical exposure varies and is based on the
surgical pathology, operative objective, medical
history, and the surgeon’s experience. We hope
to have provided insight into a new approach that
may allow for easier, more sterile access to the
ventral CV] when pathology and its localization
support it.

Conclusion

The endoscopic transcervical approach to the
ventral CVJ can be a useful tool to safely decom-
press the brainstem and spinal cord while add-
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field. It also offers the benefit of decreased recov- gL. EndOSSOP‘C ‘magf'gmfied (_)dOT_ItOlde.Ctomy‘ for
. o ) ; ecompression of basilar invagination via a stan-
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Anterior Subaxial Cervical

Approach

George N. Rymarczuk, Courtney Pendleton,

and James S. Harrop

Part I: General Considerations
of the Anterior Cervical Approach

History of the Anterior Cervical
Exposure

Detailed descriptions of anterior exposure of the
subaxial cervical spine for treatment of ventral
spinal pathology first appeared with descriptions
written by Smith-Robinson [1], followed closely
by Cloward [2] in the mid-twentieth century.
Improvements in the comprehension of anatomy
and biomechanical principles, advancements in
the design of self-retaining retractor systems and
intraoperative lighting, and widespread micro-
scope availability have made the anterior approach
to the cervical spine a common and safe technique.

General Considerations
of the Anterior Cervical Approach
Versus Posterior Approach

Although posterior decompressive laminectomy
has been a mainstay of treatment, use of ante-
rior (also referred to as “ventral”) approaches for
direct decompression in the setting of subaxial
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cervical spine tumors has become increasingly
popular as techniques for spine stabilization and
reconstruction have evolved.

Posterior laminectomy with or without
instrumented fusion may potentially afford the
opportunity for decreased operative time while
simultaneously addressing compressive symp-
toms from tumors lying either dorsal or ventral to
the spinal cord. It additionally provides a means
for decompressing nerve roots at the level of the
foramen, and complete access to tumors lying
dorsal to the thecal sac. However, posterior-only
approaches, even in the face of instrumentation,
may carry a risk of progressive kyphotic deformity
[3, 4], and furthermore may be ill-suited for obtain-
ing oncologic control of ventrally-located tumors.

Anterior cervical approaches provide a route for
direct decompression of neural elements as well
as resection of ventral subaxial tumors, and allow
for immediate reconstruction and stabilization
of the spinal column. They offer the opportunity
for tissue diagnosis, oncologic control, and carry
lower risks of infection, lengthy hospital course,
and pseudoarthrosis than the posterior approach
alone. Patients with kyphosis, particularly those
with fixed kyphotic deformities, may experience
better correction of alignment through inclusion
of an anterior or combined approach [5]. Anterior-
alone approaches do, however, have limited util-
ity in addressing tumors dorsal to the spinal cord,
may have a longer operative time, and carry risks
of dysphagia and injury to the recurrent laryn-
geal nerve [6, 7], carotid sheath, and mediastinal
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structures. Anterior approaches requiring partial
or complete corpectomies carry additional risk of
injury to the vertebral artery as it passes through
the transverse foramina, particularly if the tumor
distorts the anatomy.

Pertinent Neural Anatomy

Symptoms from subaxial cervical spine tumors
include intractable pain, which may be mechani-
cal or radicular in nature, as well as myelopathic
symptoms from compression of the spinal cord.
The median cervical spinal cord diameter is
10 mm, and the median cervical canal diam-
eter is 17 mm; symptoms may be more likely
to develop when canal diameter is reduced to
10 mm or less [8, 9].

Pathology

The majority of tumors found in the subaxial
cervical spine include primary mesenchymal
neoplasms, meningothelial tumors, nerve sheath
tumors, hematopoietic lesions, and metastases.

The cervical spine is also subject to spondy-
lotic change, which when superimposed upon the
neoplastic disease, must be taken into consider-
ation when formulating a management algorithm.
Changes such as degenerative disc disease, hyper-
trophy or ossification of the posterior longitudinal
ligament (OPLL), facet arthropathy, and osteo-
phyte formation may occur in isolation or as part
of a syndromic constellation (diffuse idiopathic
skeletal hyperostosis, ankylosing spondylitis,
etc.). Reducible, non-ankylosed deformity may
be corrected utilizing lordotic grafts, position-
ing techniques including extension and traction,
convergent Caspar pin placement, and instru-
mentation. Non-reducible deformity requires
more surgical techniques such as osteotomies,
and may necessitate combined anterior/posterior
approaches for adequate reduction of listhesis and
correction of kyphosis [5]. Plans to correct align-
ment in the setting of oncologic burden should
weigh the risk of morbidity associated with
extensive deformity correction with the patient’s
oncologic prognosis, degree of systemic disease
control, and medical comorbidity.

Anterior Cervical Exposure and Local
Anatomy

Some literature supports a left-sided approach to the
spine, as the recurrent laryngeal nerve (RLN) lies
protected between the trachea and esophagus during
exposure, compared to the relatively more vulnera-
ble course of the right recurrent laryngeal nerve [6].
Subsequent studies have shown that surgeon hand-
edness and preference, revision surgery, and tumor
configuration may dictate a right-sided approach,
which can be performed with no increased rate of
transient of permanent dysphonia [7]. In patients
with prior anterior cervical spine exposures or
potential lower cranial nerve involvement by the
neoplastic process, evaluation by otolaryngology
is recommended to assess vocal cord function. In
the presence of preexisting injury, surgical approach
should be planned for the ipsilateral side to avoid a
devastating bilateral RLN injury. Further, the ana-
tomic location of the tumors should be evaluated
and considered since its involvement with the neu-
ral or vascular structures may alter approach strate-
gies. The surgeon should feel comfortable with both
approaches (right versus left) such that they choose
the approach with the least potential morbidity.

A horizontal incision within a skin crease is
commonly used for short segment and degenera-
tive fusions. However, when performing multi-
level procedures or when approaching a ventral
spine tumor, a wide exposure is often beneficial.
This can be accomplished with a carotid-type
incision to provide adequate exposure while min-
imizing retraction on soft tissue structures.

The operative exposure traverses a predict-
able anatomic course. After opening the initial
skin incision, the platysma is divided either trans-
versely or in parallel with the direction of its
fibers. With adequate dissection of the pre- and
postplatysmal planes, four or even five levels may
be readily accessed through a single transverse
incision. Passing medially to the SCM, the omo-
hyoid is identified and circumferentially dissected,;
it may be divided without significant consequence,
but often it is easily simply retracted out of the
surgical corridor. An avascular plane is devel-
oped medial to the carotid sheath and lateral to
the esophagus/trachea. The spine is palpated and
the anatomic levels are identified and confirmed
with radiography. The longus colli muscles, an
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important landmark identifying the midline, are
reflected laterally with subperiosteal dissection
and may serve as an anchor point for the self-
retaining retractor system. Discectomy with or
without corpectomy and tumor resection may be
carried out. Spinal tumors typically do not invade
the disc spaces, which should be preserved ini-
tially such that discectomies can be done above
and below the tumor, leaving the en bloc removal
of the lesion as the final portion of the procedure.
If the tumor is vascular in nature, consideration
of preoperative embolization is often beneficial.
Once the surgeon enters the tumor, bleeding will
decrease significantly once the lesion is circumfer-
entially dissected and vascular supply is removed.
It is our practice to remove the posterior longitu-
dinal ligament, as we have found that it is often
infiltrated with tumor cells.

Reconstruction and Stabilization:
Options and Challenges

Unfortunately, with oncologic patients there is
always the concern for pseudoarthrosis, particu-

larly those with a history of tobacco or chronic
steroid use, or patients who will require aggres-
sive postoperative chemotherapy or radiation.
In these patients, autologous bone such as iliac
crest or even vascularized free-flap grafts should
be strongly considered as the graft material.
The patient should be positioned, prepped, and
draped in a way that facilitates graft harvesting.
The use of vascularized free grafts from long
bones requires coordination between the surgi-
cal teams and should be planned well in advance.
Additional alternatives to autograft include
cadaveric tricortical graft as well as synthetic
materials (i.e., PEEK, titanium, etc.). These mini-
mize the donor site morbidity and allow for ease
of sizing and choice of lordosis but may have an
increased risk of nonunion. Various plating sys-
tems exist, and choice is dependent on surgeon
preference, as well as institutional vendor avail-
ability. Placement of screws should be divergent
in the sagittal plane and convergent in the axial
plane to minimize the risk of pull-out. If there is
concern for the bone purchase and/or construct
stability, posterior augmentation should be con-
sidered (Figs. 5.1 and 5.2).

Fig. 5.1 Posterior stabilization for cervical spondylectomy to achieve oncologic margins for cervical osteogenic sar-

coma. (Reprinted with permission from Cohen et al. [10])
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Fig. 5.2 Anterior subaxial cervical spondylectomy for osteogenic sarcoma. (Reprinted with permission from Cohen
etal. [10])

Complications and Avoidance

The anterior cervical approach carries a risk of
injury to the RLN, esophagus, thyroid, trachea, as
well as the carotid or vertebral arteries, the vagus
nerve, and the sympathetic chain. Knowledge of
the relevant operative anatomy is paramount in
avoiding such injuries, and the ability to recog-
nize aberrant anatomy on preoperative imaging,
or early in the operative exposure, will mini-
mize intraoperative damage to these structures.
Normal anatomical landmarks may be obscured
by previous surgery or previous radiation, thus
enlistment of a head-and-neck team for expo-
sure should be considered. Although anterior
cervical approaches generally carry a low risk
of durotomy, in patients with underlying tumors,
there may be calcification of the PLL or inva-
sion/erosion of the dura, which make dural tear
inevitable. In the event of a CSF leak, direct visu-
alization and primary repair is recommended,
although dural substitute or fibrin sealants, as
well as lumbar subarachnoid drainage postop-
eratively, may be considered. Direct injury to the
cord and nerve roots remains a risk and may be
increased by tumor configuration, consistency,

and invasion of neural structures. Long-term
complications include the risk of pseudoarthro-
sis, graft displacement or migration, and instru-
mentation failure.

Part Il: Oncologic Considerations
of Anterior Cervical Surgery

Primary Versus Metastatic Lesions

Tumors of a wide variety of histologies may
affect the subaxial cervical spine [11-18]. Tumor
histology is one of the primary considerations
that dictate treatment in a specific individual
and can be broadly organized into two catego-
ries: primary spinal tumors and metastases. Both
primary and metastatic lesions exhibit varying
degrees of radiosensitivity. With the advent of
image-guided radiation therapy techniques such
as stereotactic radiosurgery (SRS), it is now
possible to treat tumors that were traditionally
considered radioresistant to conventional exter-
nal beam radiotherapy [19, 20], as image-guided
techniques have the capability to limit dosage
received by the spinal cord and other critical



5 Anterior Subaxial Cervical Approach

47

nearby structures [21]. In light of this, nonsurgi-
cal options may have similar outcome in some
instances of spinal metastasis [17, 18, 20, 22].
Conversely, many authors would advocate neu-
rosurgical consultation for all primary tumors of
the spine, as en bloc resection may be curative
[19]. Therefore, surgeons should have an under-
standing of the histology, as it may alter the
surgical approach and treatment. In isolated or
unusual lesions, a biopsy should be considered
in order to establish the diagnosis. For example,
a cure can be effected in the case of a primary
tumor treated with an en bloc resection, whereas
an intra-lesional approach most likely will lead
to recurrence. The potential morbidities of the
more aggressive en bloc resection must be dis-
cussed with the patient so as to understand their
goals and aims in terms of quality of life.

Primary Spinal Tumors

Primary spinal tumors are extradural lesions
that are significantly less common than their
metastatic counterparts. Primary lesions span
the full spectrum of histological aggression.
Furthermore, ultrastructurally benign lesions
such as chordoma typically behave in a more
locally destructive manner than their histology
might belie. Primary neoplasms are most typi-
cally mesenchymal in origin and include benign
lesions (chondroma, osteoma, hemangioma) as
well as malignant tumors (sarcomas).

Primary tumors are often considered sepa-
rately, as complete resection has the potential to
be curative. With the ever-expanding role that
SRS has been shown to occupy with metastatic
disease, there is more leeway with the extent of
resection that is necessary for metastatic lesions,
and in many instances, a smaller and potentially
less morbid procedure is indicated.

Metastatic Lesions

The great majority of extradural spinal cord
tumors represent metastases. Among the most
common primary spine tumors are breast, pros-
tate, gastrointestinal, and lung cancers, as well
as lymphoma and melanoma [19]. Metastases by

definition are histologically aggressive; however,
some lesions behave more indolently than oth-
ers, and susceptibility to radiation therapy varies
markedly. All of these attributes factor into the
surgical decision-making process.

The NOMS Framework [19] is a multidis-
ciplinary algorithm that has been developed at
Memorial Sloan-Kettering Cancer Center to
facilitate the decision-making process regarding
metastatic disease of the spine. The algorithm
assesses four aspects of the patient’s clinical pre-
sentation: the patient’s neurologic status (“N”),
the oncologic behavior of the tumor (“O”), the
mechanical stability of the spine (“M”), and the
patient’s systemic disease burden and degree of
medical comorbidity (“S) [19].

For the assessment of the degree of spinal sta-
bility, the NOMS Framework draws on previous
work done by the Spine Oncology Study Group.
The Spine Oncology Study Group’s Spinal
Instability Neoplastic Score (SINS) is itself a tool
that assigns a continuum of points based on seven
of the patient’s radiographic and clinical features
[23]. According to the criteria set forth by the
SINS algorithm, and with specific regard to the
subaxial cervical spine, instability is more likely
when junctional levels (occiput—C2, C7-T2) are
involved as opposed to the relatively “mobile”
subaxial region, if the patient experiences
mechanical pain, if lesions appear lytic, if there
is radiographic deformity present, if translation
or subluxation is apparent on dynamic imaging,
if vertebral body collapse is present, or if there
is involvement of the posterior elements. These
criteria are summarized in Table 5.1, which is
adapted from Fisher et al. [23]. Overt instability
is an indication for fixation that is independent of
other features of the patient’s presentation.

The neurologic assessment according to the
NOMS Framework is predicated upon the degree
of radiographic epidural involvement of the epi-
dural space [19, 24]. The scale ranges from O to
3, with a score of 1 being further subdivided into
la, 1b, and lc. In general, a lower score would
direct care toward radiation therapy. Radiation
may still be the optimum therapy in light of more
significant compression if a tumor were to be par-
ticularly radiosensitive. The scale for neurologic
assessment is summarized in Figs. 5.1 and 5.2,
which has been reprinted from Bilsky et al. [24].
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The patient’s oncological assessment is pri-
marily concerned with the tumor’s anticipated
response to radiation therapy [19]. Gerszten [18]
and Laufer [19] have provided excellent sum-

Table 5.1 Ceriteria of the Spine Oncology Study Group’s
Spinal Instability Neoplastic Scale (SINS)*

Location
Junctional (occiput—C2, C7-T2, T11-L1, 3
L5-S1)

Mobile spine (C3-C6, L2-14) 2
Semirigid (T3-T10) 1
Rigid (S2-S5) 0
Pain

Yes 3
Occasional pain but not mechanical 1
Pain-free lesion 0
Bone lesion

Lytic 2
Mixed (lytic/blastic) 1
Blastic 0
Radiographic spinal alignment
Subluxation/translation present 4
De novo deformity (kyphosis/scoliosis) 2
Normal alignment 0
Vertebral body collapse

>50% collapse 3
“50% collapse 2
No collapse with >50% body involved 1
None of the above 0
Posterolateral involvement of spinal

elements

Bilateral 3
Unilateral 1
None of the above 0
Total score

Stable 0-6
Indeterminate 7-12
Unstable 13-18

*Adapted from Fisher et al. [23]

marizations of the findings of multiple authors
regarding the relative radiosensitivity of various
metastatic malignancies to SRS. Hematologic
and germinomatous malignancies are generally
considered radiosensitive [18, 19], whereas other
tumor histologies vary widely with regard to their
sensitivity [11-17]. According to Laufer [19],
who drew on earlier work from Gerszten [18],
relatively radiosensitive solid tumors include
breast and prostate tumors, whereas tumors that
typically exhibit radioresistance include such his-
tologies as sarcoma, melanoma, renal cell malig-
nancy, and non-small-cell lung carcinoma.
Finally, the patient’s systemic disease burden
and overall degree of medical comorbidity, suit-
ability for surgery, and life expectancy must be
assessed [19]. A thorough oncologic staging can
have profound implications regarding the poten-
tial for prolonged palliation and therefore under-
scores the rationale for aggressive intervention.
The major points of the NOMS Framework for
the management of metastatic spinal disease are
summarized in Fig. 5.3. However, tumor sensi-
tivity and response to treatment are changing
rapidly with the use of new chemotherapy agents
and additional radiosurgery techniques such that
surgeons need to coordinate care with the radia-
tion oncology and medical oncology colleagues.

Diagnostic and Therapeutic Adjuncts
to Surgery

Positron emission tomography (“PET scan”) can
be a useful adjunct to standard CT and MRI for
evaluation of newly discovered spinal lesions. In

I S N N

Neurologic No significant compression/deficit

Epidural compression + neurologic deficit X X

Oncologic Radio-sensitive

Radio-resistant

Fig.5.3 Summary of the NOMS Framework. (Adapted from Laufer et al. [19])
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instances where the diagnosis is still unclear and
tumor histology may influence the choice of sur-
gical procedure, CT-guided needle biopsy can be
invaluable. Considerations such as needle inser-
tion point and trajectory must be kept in mind for
locally aggressive or frankly malignant lesions,
as this may risk seeding surrounding unaffected
tissues, and histology may ultimately dictate that
the biopsy tract itself should be resected.

Endovascular therapy is a relatively recent
adjunct that has the potential to facilitate safe
and complete resection in many instances. Some
lesions affecting the cervical spine have the pro-
pensity to recruit a particularly robust vascular
supply. Other lesions, such as metastatic renal
cell carcinoma and hemangioma, are notorious
for their vascular channels that may bleed pro-
fusely when dissected. Lesions of a vascular
nature such as these may be embolized preopera-
tively in an effort to limit the bleeding that may
be encountered intraoperatively.

In addition, locally aggressive lesions such as
chordoma may grow to engulf or even invade the
adventitia of the critical vascular structures of the
neck. In these instances, a preoperative angiogram
may be indicated for several reasons. Irregularities
of the lumen of a critical vessel noted on angiog-
raphy may indicate vessel invasion by the tumor,
and based on this finding, a contingency plan may
be formulated preoperatively, including ensur-
ing that vascular clamps and blood products are
readily available in the event of hemorrhage. In
addition, assessment of collateral flow and even
test balloon occlusion (TBO) can be performed
during the preoperative evaluation of the newly
diagnosed lesion, providing valuable informa-
tion regarding possible downstream sequelae
from vessel injury or sacrifice. Finally, endovas-
cular techniques may facilitate vessel sacrifice
peroperatively.

Goals of Surgery

The traditional goals of spinal surgery are (1) neu-
ral decompression, (2) restoration of alignment,
(3) stabilization, and (4) arthrodesis. The decom-
pression of neural elements serves ultimately to
preserve existing function. In instances of neuro-

logic deficit in the face of epidural compression,
multiple studies have demonstrated that timely
surgical decompression affords the best oppor-
tunity to preserve or regain ambulatory function
and maintain control of bowel and bladder.

Additional concerns that are specific to spinal
oncology also include obtaining a tissue diagno-
sis, and the possibility of a surgical cure must be
entertained in appropriate situations of primary
neoplasms. For this to be achieved, a complete en
bloc resection with margins must be performed. In
instances where en bloc resection is not possible
or is ill-advised due to the potential for morbid-
ity or mortality, a spectrum of debulking exists,
which ranges from gross total resection to separa-
tion surgery only, depending on the tumor histol-
ogy. For all procedures, adjuvant therapies such as
radiation therapy or chemotherapy form an inte-
gral part of the patient’s treatment algorithm. For
metastatic disease, the goal is palliation care and
maximization of the patient’s quality of life.

With regard to the treatment of spinal metas-
tases, recent data seem to indicate that the con-
cept of “separation surgery” combined with
postoperative image-guided radiation therapy
may provide local control, which is as effective
as a more complete resection, however, without
the morbidity of the more involved surgical pro-
cedure [16, 20, 22]. In this technique, the sur-
geon approaches and decompresses the neural
elements such that there is a minimum critical
distance between the residual tumor and the spi-
nal cord, and radiation can be employed postop-
eratively. The patient therefore does not undergo
an aggressive resection of the tumor, which will
limit the operative time, blood loss, and potential
need for reconstruction.

Other Concerns

After tumor resection, wound-healing concerns
must be addressed. Perioperative radiation
therapy as well as systemic chemotherapy may
increase the risk of wound breakdown, wound
infection, and poor healing. Plastic surgery con-
sultation may be warranted for consideration of
flap rotation, particularly in instances of revision
surgery.
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Part lll: Case Illustrations
Hemangioma of C4

A 70-year-old female patient presented with the
onset of axial neck pain and features of early
myelopathy. Intake magnetic resonance imaging
revealed a pathologic fracture of the C4 vertebral
body, with retropulsed material effacing the ven-
tral aspect of her cervical cord, and abnormal T2
signal apparent within the cord parenchyma. On
CT, the lesion was noted to be osteolytic in nature,

Fig.5.4

(a) Preoperative
imaging of a 70-year-
old female with
pathologic compression
fracture of C4. Sagittal
T2-weighted MRI. (b)
Preoperative imaging
of a 70-year-old female
with pathologic
compression fracture of
C4. Sagittal
T1-contrasted MRI. (c)
Preoperative imaging
of a 70-year-old female
with pathologic
compression fracture of
C4. Sagittal CT

with significant loss of height and anterior wedging
of the vertebral body. This imaging can be seen in
Fig. 5.4. The patient had no history of malignancy
and underwent CT-guided biopsy of the lesion,
which was consistent with vertebral hemangioma.

Given the propensity for vertebral heman-
gioma to hemorrhage, the patient was taken
for angiography. Feeding tributaries from the
left thyrocervical trunk were found to provide
the dominant source of irrigation of the lesion.
Microcatheter runs can be seen in Fig. 5.5.
Figure 5.5a represents the early arterial phase
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Fig.5.5 (a) Angiography, early arterial phase, lateral projection, demonstrating arterial feeders from the thyrocervical
trunk. (b) Angiography, late arterial and capillary phase, oblique working projection prior to embolization

on a lateral projection, whereas Fig. 5.5b repre-
sents a late arterial and capillary phase depicted
on a more oblique working projection for pend-
ing embolization. Note the significant vascular
blush of the tumor. The feeders were successfully
embolized with Onyx® liquid embolic agent.
The cast of embolic material can be seen on the
lateral projection depicted in Fig. 5.6.

After angiography, the patient underwent a
circumferential decompression and fusion, con-
sisting of corpectomy of the C4 vertebral body
followed by posterior arthrodesis from C3 to
C5. Postoperative radiography is apparent in
Fig. 5.7.

Ventral Meningioma at C4-C5

A 55-year-old female initially presented with
axial neck pain as well as radiculopathy of the
right upper extremity. Imaging was notable for
a calcified mass eccentric to the right side of
the canal, dorsal to the C4 vertebral body, and
spanning the C4-C5 disc space. A sagittal and
axial computed tomography image is shown in
Fig. 5.8. Given the ventral location of the lesion,
the patient underwent a C4 corpectomy for expo-
sure of the lesion. Intraoperatively, it was noted
to be a partially calcified, dural-based mass. The

Fig. 5.6 Postembolization. Cast of the embolic material
is apparent in the feeding artery, which originated from
the thyrocervical trunk

lesion was resected along with its dural attach-
ment. A patch duraplasty was performed, fol-
lowed by insertion of an expandable corpectomy
cage and anterior arthrodesis from C3 to CS5.
Finally, a lumbar drain was inserted. Final pathol-
ogy was consistent with WHO grade I menin-
gioma, psammomatous subtype. Postoperative
lateral plain radiography is apparent in Fig. 5.9.
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Fig.5.7 The patient underwent C4 corpectomy with pos-  Fig- 5.9 The Patient gnderwent C4 corpectomy; pathol-
terior augmentation. Pathology was consistent with verte- ~ 98Y .wals consistent with WHO grade 1 psammomatous
bral hemangioma meningioma

Fig. 5.8 (a) Sagittal CT demonstrating calcified mass dorsal to the C4 vertebral body. (b) Axial CT demonstrating
calcified mass dorsal to the C4 vertebral body, eccentric to the right side
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Cervical Chordoma

A 21-year-old female patient presented with pro-
gressive complaints of axial neck pain and right-
hand clumsiness. Magnetic resonance imaging
revealed a homogeneously enhancing, T2 intense
epidural mass at the level of C3 through C5, exert-

t & o r .
A" SRR

Fig. 5.10 (a) Anterior cervical epidural mass presenting
in a 21-year-old female. Sagittal T2-weighted MRI. (b)
Anterior cervical epidural mass presenting in a 21-year-

ing mass effect on the cervical spinal cord at these
levels and extending out the right-sided neural
foramina and into the anterior triangle of the neck.
The lesion encased the right-sided vertebral artery.
Figure 5.10 depicts the sagittal T2, sagittal T1
contrast-enhanced, and axial T1 contrast-enhanced
MRI.

old female. Sagittal T1-contrasted MRI. (¢) Anterior cer-
vical epidural mass presenting in a 21-year-old female.
Axial T1-contrasted MRI
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Computer tomography-guided biopsy was per-
formed, and pathology returned consistent with
chordoma. Given the encasement of her vertebral
artery, the patient was taken for angiography and
assessment of the collateral flow of her posterior
cerebral circulation, along with test balloon occlu-
sion of the right vertebral artery. She was found to
have acceptable collateral flow, and the right ver-
tebral artery was endovascularly sacrificed with
Onyx® embolic material in order to facilitate en
bloc resection of the chordoma. The postembo-
lization Towne’s projection of the left vertebral
artery injection is shown in Fig. 5.11, which dem-
onstrates the Onyx® cast within the right verte-
bral artery and appropriate collateral irrigation
of the posterior circulation by the remaining left
vertebral artery.

The patient next underwent a staged circum-
ferential decompression, en bloc resection, and
fusion procedure. The operation consisted of C3
through C5 corpectomy with anterior arthrodesis
using a vascularized fibular free flap harvested
and anastomosed in conjunction with plastic sur-
gery, coupled with C3 through C7 laminectomy
with right-sided C3 to C5 facetectomies, and C2
to T1 posterior arthrodesis. Postoperative CT is
shown in Fig. 5.12. Figure 5.12a is a mid-sagittal

Fig. 5.11 Postembolization Towne’s projection, left ver-
tebral artery injection, demonstrating the Onyx® cast
within the right vertebral artery and appropriate collateral
irrigation of the posterior circulation by the remaining left
vertebral artery

Fig.5.12 (a) The patient underwent C3 through C5 cor-
pectomy with anterior arthrodesis using a vascularized
fibular free flap, coupled with C3 through C7 laminec-
tomy with right-sided C3 to C5 facetectomies and C2 to
T1 posterior arthrodesis. Sagittal postoperative CT. (b)
The patient underwent C3 through C5 corpectomy with
anterior arthrodesis using a vascularized fibular free-flap,
coupled with C3 through C7 laminectomy with right-
sided C3 to C5 facetectomies, and C2 to T1 posterior
arthrodesis. Parasagittal postoperative CT
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image demonstrating the position of the fibular
graft. Figure 5.12b is a parasagittal image depict-
ing the multi-level complete facetectomy. The
patient tolerated the procedure well.

References

10.

12.

. Smith GW, Robinson RA. The treatment of certain

cervical-spine disorders by anterior removal of the
intervertebral disc and interbody fusion. J Bone Joint
Surg Am. 1958;40-A(3):607-24.

. Cloward RB. The anterior approach for removal of rup-

tured cervical disks. J Neurosurg. 1958;15(6):602—17.

. de Jonge T, Slullitel H, Dubousset J, Miladi L, Wicart

P, Illés T. Late-onset spinal deformities in children
treated by laminectomy and radiation therapy for
malignant tumours. Eur Spine J. 2005;14(8):765-71.

. Lonstein JE. Post-laminectomy kyphosis. Clin Orthop

Relat Res. 1977;128:93-100.

. O'Shaughnessy BA, Liu JC, Hsieh PC, Koski

TR, Ganju A, Ondra SL. Surgical treatment of
fixed cervical kyphosis with myelopathy. Spine.
2008;33(7):771-8.

. Kriskovich MD, Apfelbaum RI, Haller JR. Vocal

fold paralysis after anterior cervical spine surgery:
incidence, mechanism, and prevention of injury.
Laryngoscope. 2000;110(9):1467-73.

. Shriver MF, Lewis DJ, Kshettry VR, Rosenbaum BP,

Benzel EC, Mroz TE. Dysphagia rates after anterior
cervical Diskectomy and fusion: a systematic review
and meta-analysis. Global Spine J. 2017;7(1):95-103.

. Pavlov H, Torg JS, Robie B, Jahre C. Cervical spi-

nal stenosis: determination with vertebral body ratio
method. Radiology. 1987;164(3):771-5.

. Lim J-K, Wong H-K. Variation of the cervical spi-

nal Torg ratio with gender and ethnicity. Spine J.
2004;4(4):396-401.

Cohen ZR, Fourney DR, Marco RA, Rhines LD,
Gokaslan ZL. Total cervical spondylectomy for pri-
mary osteogenic sarcoma: case report and description
of operative technique. JNS Spine. 2002;97:386-92.

. Rades D, Fehlauver F, Stalpers LJA, Wildfang I,

Zschenker O, Schild SE, et al. A prospective evalu-
ation of two radiotherapy schedules with 10 versus
20 fractions for the treatment of metastatic spinal
cord compression: final results of a multicenter study.
Cancer. 2004;101(11):2687-92.

Rades D, Fehlauer F, Schulte R, Veninga T, Stalpers
LJA, Basic H, et al. Prognostic factors for local
control and survival after radiotherapy of meta-
static spinal cord compression. J Clin Oncol.
2006;24(21):3388-93.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

24.

Rades D, Karstens JH, Alberti W. Role of radiother-
apy in the treatment of motor dysfunction due to met-
astatic spinal cord compression: comparison of three
different fractionation schedules. Int J Radiat Oncol
Biol Phys. 2002;54(4):1160—4.

Gilbert RW, Kim JH, Posner JB. Epidural spinal cord
compression from metastatic tumor: diagnosis and
treatment. Ann Neurol. 1978;3(1):40-51.

Maranzano E, Latini P, Perrucci E, Beneventi S,
Lupattelli M, Corgna E. Short-course radiotherapy
(8 Gy x 2) in metastatic spinal cord compression: an
effective and feasible treatment. Int J Radiat Oncol
Biol Phys. 1997;38(5):1037—44.

Maranzano E, Bellavita R, Rossi R, De Angelis V,
Frattegiani A, Bagnoli R, et al. Short-course versus
split-course radiotherapy in metastatic spinal cord
compression: results of a phase III, randomized, mul-
ticenter trial. J Clin Oncol. 2005;23(15):3358-65.
Katagiri H, Takahashi M, Inagaki J, Kobayashi H,
Sugiura H, Yamamura S, et al. Clinical results of non-
surgical treatment for spinal metastases. Int J Radiat
Oncol Biol Phys. 1998;42(5):1127-32.

Gerszten PC, Mendel E, Yamada Y. Radiotherapy
and radiosurgery for metastatic spine disease: what
are the options, indications, and outcomes? Spine.
2009;34(22 Suppl):S78-92.

Laufer I, Rubin DG, Lis E, Cox BW, Stubblefield MD,
Yamada Y, et al. The NOMS framework: approach to
the treatment of spinal metastatic tumors. Oncologist.
2013;18(6):744-51.

Laufer I, Iorgulescu JB, Chapman T, Lis E, Shi W,
Zhang Z, et al. Local disease control for spinal metas-
tases following “separation surgery” and adjuvant
hypofractionated or high-dose single-fraction stereo-
tactic radiosurgery: outcome analysis in 186 patients.
J Neurosurg Spine. 2013;18(3):207-14.

Lovelock DM, Zhang Z, Jackson A, Keam J,
Bekelman J, Bilsky M, et al. Correlation of local
failure with measures of dose insufficiency in the
high-dose single-fraction treatment of bony metasta-
ses. Int J Radiat Oncol Biol Phys. 2010;77(4):1282-7.

. Bilsky MH, Laufer I, Burch S. Shifting paradigms

in the treatment of metastatic spine disease. Spine.
2009;34(22 Suppl):S101-7.

Fisher CG, DiPaola CP, Ryken TC, Bilsky MH,
Shaffrey CI, Berven SH, et al. A novel classification
system for spinal instability in neoplastic disease:
an evidence-based approach and expert consen-
sus from the Spine Oncology Study Group. Spine.
2010;35(22):E1221-9.

Bilsky MH, Laufer I, Fourney DR, Groff M, Schmidt
MH, Varga PP, et al. Reliability analysis of the epi-
dural spinal cord compression scale. J Neurosurg
Spine. 2010;13(3):324-8.



®

Check for
updates

Cervicothoracic Approach:
Manubriotomy and Sternotomy

Katherine Miller, Shanda H. Blackmon,

and Rex A. W. Marco

Introduction

The anterior approach to the cervicothoracic
junction (CTJ) is technically demanding, with
exposure limited by the sternum, clavicle, and
ribs, as well as neurovascular structures including
the carotid sheath, trachea, esophagus, recurrent
laryngeal nerves, great vessels, and sympathetic
trunk. Recent experience at major spine centers
suggests a trend toward posterior-only approaches
to the cervicothoracic spine. Despite this trend,
large extraosseous masses, primary malignant
bone tumors, infections, unstable fractures, and
tumors involving the chest wall or major vascular
structures may necessitate the use of an anterior
approach [1].

Tumors of the upper thoracic vertebrae (T1-
T4) make up 15% of all spinal tumors and 10% of
metastatic disease to the spine [2]. These lesions
most commonly involve the anterior vertebral
body with extension into the posterior elements.
The CTJ, extending from C7 to T4, demonstrates
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unique biomechanics as the rigid, kyphotic tho-
racic spine transitions to a mobile, lordotic cer-
vical spine. This in combination with a relatively
small spinal canal makes neurologic involvement
common in this region. Destruction of the verte-
bral body with progressive instability often leads
to kyphosis and ventral spinal cord compression
[3]. In this setting, disruption of the posterior ele-
ments through a posterior approach could further
destabilize the area and an anterior approach may
be preferable, thereby allowing direct decom-
pression and sparing of the posterior elements.
Extended constructs or circumferential fixation
may also be required to provide adequate stability.

The appropriate anterior approach to the cervi-
cothoracic spine is selected based on the level of
the lesion, and selection requires careful review
of preoperative imaging to determine accessibil-
ity of the level of interest. Imaging studies sug-
gest that in approximately two-thirds of patients,
a line drawn from the sternal notch to the tho-
racic spine intersects T3 or above. This suggests
that a purely cervical approach without a sternal
split may provide sufficient access to these lev-
els in some patients [4, 5]. However, retraction
of vital soft tissue structures often adds to bony
constraints, limiting instrument maneuverability,
especially in the setting of anterior stabilization
and reconstruction of these upper thoracic seg-
ments [6]. Special attention should be given to
the great vessels on review of preoperative imag-
ing, as anatomic variation can result in their
extension cranial to the sternal notch.
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Anterior approaches to the cervicothoracic
junction include the following: (1) low ante-
rior cervical approach, (2) modified anterior
approach with medial claviculectomy, and (3)
partial or complete sternotomy [2]. Low ante-
rior approaches allow for access down to T2
(with limited applicability in patients with short
necks), and modified anterior approaches allow
for access as low as T4. If further exposure is
necessary, a sternal splitting approach is usually
required and allows for access from C3 to T5.
The sternum comprises the manubrium, sternal
body, and xiphoid process, which fuse during
development, leaving a synostosis between the
manubrium and the sternal body. This synostosis
can be used to the surgeon’s advantage in some
sternal splitting approaches [7].

Approach Overview

The cervicothoracic junction falls between areas
that can be approached without violating the ster-
num via a high lateral thoracotomy (T2-T5) or a
purely cervical approach that allows access as far
as T2. If exposure across this area is necessary, a
sternal splitting approach may facilitate access to
the CT]J. Traditional procedures designed provide
this access while avoiding median sternotomy-
involved disruption of the sternoclavicular joint.
However, this was often found to result in unac-
ceptable complication rates related to chronic
pain and immobility of the upper extremity [1].
Median sternotomy in combination with a
supraclavicular approach to the cervicothoracic
junction was initially described by Cauchoix and
Binet in 1957 [8]. Later, reports of high morbid-
ity and mortality by Hodgson et al. led authors
to recommend against this approach [9]. In the
1980s, Sundaresan et al. described a procedure
that removed a rectangular portion of the manu-
brium along with one-third of the medial clavicle,
repopularizing the trans-sternal approach [10].
Resection of the medial clavicle significantly
improves exposure, and the resected clavicle can
be used as a strut graft to reconstruct the ante-
rior column [11]. Partial sternotomy has been

described by several authors and involves a mid-
line split of the manubrium with lateral division
of the sternum, creating a reverse T- or Y-shaped
osteotomy [3, 4, 12]. Alternatively, the lateral
division can proceed through the synostosis
between the manubrium and the body of the ster-
num as described by Darling et al. [7]. The manu-
brium can then be wired together so that neither
the clavicle nor the manubrium is resected.

Authors advocating for a midline sternotomy
believe this procedure has less morbidity associ-
ated with it compared to procedures involving
resection of the medial clavicle or manubrium
[9, 10, 13]. In most cases, a partial sternotomy
is sufficient to allow access to upper thoracic
vertebrae. Several authors report that partial ster-
notomy results in less blood loss and postopera-
tive pain while providing the same exposure as
complete sternotomy where the heart and great
vessels impede more distal access [3, 4, 7, 12].
To facilitate resection of tumors with significant
intrathoracic extension, Kraus et al. described a
modification to the trans-sternal approach where
the incision is continued laterally through the rib
cage, resulting in a trapdoor, or clamshell, of the
chest wall [14].

Surgical Technique
Patient Positioning

The patient is positioned supine on the table, with
a bump placed transversely under the scapulae to
allow for neck extension, to minimize thoracic
kyphosis, and to allow the shoulders to fall away
from the operative field. Usually, due to the more
predictable course of the left recurrent laryngeal
nerve running proximally in the tracheoesopha-
geal groove, a left-sided cervical approach is pref-
erable. Therefore, the neck is extended and tilted
slightly to the right in a low anterior approach
and hyperextended and turned 60 degrees to the
right in modified anterior approaches and sternal
splitting approaches. A nasogastric tube can be
placed to facilitate palpation and identification of
the esophagus intraoperatively [2, 15].



6 Cervicothoracic Approach: Manubriotomy and Sternotomy 59

Low Anterior Approach

The low anterior approach, also known as the
Smith-Robinson approach, is essentially the
inferior extension of an ordinary anterior cervi-
cal approach and can be combined with a trans-
sternal approach to provide extensile exposure to
the anterior cervical spine. Used in isolation, a
paramedian transverse skin incision can be uti-
lized. For extensile exposure used in combination
with a sternal splitting approach, a longitudinal
skin incision medial to the sternocleidomastoid
(SCM) muscle is employed. This incision can be
extended caudally down the midline of the ster-
num toward the xiphoid process. Cauterization of
the longus colli muscles allows for access as low
as the T1-T2 disc space in some patients.

Modified Anterior Approach

A wider exposure at the cervicothoracic junc-
tion can be obtained via the modified anterior
approach, which involves excision of the medial
portion of the clavicle. Some argue that the wide
anterolateral exposure afforded by medial cla-
vicular excision is optimal for decompression but
may be inadequate for tumor resection, recon-
struction, and instrumentation due to limited
cranial-caudal exposure, particularly in regard to
the cranial angulation required for correct screw
placement at caudal levels [4, 6]. Additionally,
this resection is associated with complications
related to disruption of the sternoclavicular joint
and interclavicular ligament [11].

Kurz et al. describe a purely transclavicular
approach in which a transverse skin incision is
first made from the lateral border of the left SCM
muscle to the midline, 1-2 c¢cm above the left
clavicle [13]. The medial end of the initial skin
incision is then extended caudally to the junction
of the sternum and the manubrium. The platysma
and deep cervical fascia are incised. To expose
the clavicle, sternal and clavicular heads of the
SCM muscle and the inferior strap muscles must
be elevated and retracted. Next, the medial third
of the left clavicle is resected and disarticulated

from the sternoclavicular joint with special atten-
tion to the subclavian vein, which lies posterior
and inferior. By establishing a plane between the
carotid sheath and the trachea and esophagus, the
brachiocephalic vessels can be identified, which
are then retracted caudally. These maneuvers
allow for exposure from C4 to T4. This approach
can be combined with manubriotomy in which
a rectangular portion of manubrium is removed
to facilitate caudal exposure as described by
Sundaresan et al. [10]. Alternatively, the sterno-
clavicular joint can be kept intact, reflecting the
manubrium and medial clavicle with the sternal
head of the SCM.

Sternal Splitting Approach

The skin incision begins 4-8 cm cranial to the
sternal notch at the anterior border of the ster-
nocleidomastoid muscle. An oblique, longitu-
dinal cut follows the medial border of the SCM
to the sternal notch and continues midline over
the sternum toward the xiphoid process. The pla-
tysma muscle and superficial cervical fascia are
incised sharply, revealing the underlying strap
muscles and SCM. Superficial branches of the
cervical plexus supplying the skin of the anterior
neck may cross the operative field at this time as
well as the anterior jugular vein, which may be
mobilized or sectioned. The investing layer of the
deep cervical fascia can be seen encompassing
the SCM; this is incised along with the pretra-
cheal layer of deep cervical fascia which encom-
passes the strap muscles. This allows for blunt
dissection, which mobilizes the SCM and creates
a plane between the carotid sheath laterally and
the trachea and esophagus medially.

The sternum is exposed subperiosteally, and
retrosternal fat and residual thymus tissue are
removed via digital dissection. A sternal saw is
used to create the sternotomy according to sur-
geon preference. As discussed in the approach
overview, several sternal splitting techniques can
be used, including midline manubriotomy with
unilateral or bilateral sectioning through the syn-
ostosis or partial sternotomy extending caudal to
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the synostosis with an inverted Y or T configura-
tion. For improved access to intrathoracic struc-
tures, complete sternotomy or trapdoor approach
with extension through the lateral thoracic wall
can be used.

After completion of the sternotomy, hemosta-
sis is achieved and bone wax is used to control
bleeding from the sternum. A thoracic retractor
is used to gently spread the rib cage. The ster-
nohyoid and sternothyroid muscles connecting
to the posterior aspect of the manubrium can be
sectioned and retracted superiorly. Through the
plane previously developed between the carotid
sheath, trachea, and esophagus, the cauteriza-
tion of the longus colli muscles allows access to
the lower cervical levels. Deep to the underside
of the manubrium, the left brachiocephalic vein
can be identified. Blunt dissection can be used to
follow the internal jugular vein as it enters the
thorax beneath the SCM and joins the subclavian
to form the brachiocephalic vein. Once identi-
fied, the left brachiocephalic vein can be gently
retracted caudally. The inferior thyroid vein feeds
into the brachiocephalic superiorly and can be
ligated if necessary. Deep retractors are placed
to protect the trachea and esophagus medially
and the carotid sheath and left subclavian vessels
laterally, creating a window to access the upper
thoracic levels to T4 (Fig. 6.1).

Alternative Vascular Corridors

Access to the upper thoracic levels is achievable
through gentle mobilization of vascular struc-
tures to create working windows. Traditionally,
these windows are created superior to the
left brachiocephalic vein. With this structure
retracted caudally, windows medial and lat-
eral to the brachiocephalic artery (BCA) can
be utilized as described by Sattarov et al. [16].
A window medial to the BCA typically allows
sufficient access to T3, which corresponds to the
level of the left brachiocephalic vein. The lateral
border of this window consists of the left com-
mon carotid artery, left internal jugular vein, and
left vagus nerve. Alternatively, a window can be
made lateral to the BCA allowing access to T4,
which corresponds to the superior border of the
confluence between the left and right brachioce-
phalic veins. The roof of this window is created
by the right common carotid artery [16].

An interaortocaval subinnominate window
has also been described by Cohen et al. and can
provide access down to TS [6]. In this approach,
the left brachiocephalic vein is mobilized along
its length to the superior vena cava (SVC).
Mobilization of the proximal BCA is facili-
tated by incising the upper portion of the peri-
cardial reflection covering the ascending aorta.

Fig. 6.1 Operative drawing of manubriotomy. (Reprinted with permission from Sundaresan et al. [10])
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Fig.6.2 Sternotomy to access the upper thoracic spine through the interaortocaval subinnominate window. (Reprinted
with permission from Cohen et al. [6])

Retraction of the ascending aorta to the patient’s
left and the SVC, trachea, and esophagus to the
patient’s right then opens up a window inferior to
the left brachiocephalic vein (Fig. 6.2).

Complications

Complications of anterior approaches to the cer-
vicothoracic junction include risk of injury to
the recurrent laryngeal nerve, the esophagus, the
thoracic duct, the cervical sympathetic trunk, and
the phrenic nerve. When a clavicle osteotomy is
added, the possibility of vascular injury (subcla-
vian vessels and brachiocephalic vessels) as well
as nonunion of the clavicle is of importance.

Dangers

The Vagus and Recurrent Laryngeal
Nerves

The vagus nerve descends within the carotid
sheath between the common carotid artery medi-
ally and the internal jugular vein laterally. The
left vagus nerve travels between the subclavian
and common carotid arteries, traveling posterior
to the left brachiocephalic vein to enter the tho-

rax, descending on the left side of the aortic arch.
The right vagus nerve crosses anterior to the right
subclavian artery, traveling in the fat posterior to
the brachiocephalic veins before coursing down
the right side of the trachea.

The recurrent laryngeal nerve (RLN) is a
branch of the vagus nerve supplying the laryn-
geal muscles; the course differs on the left and
right, with the left considered to have less ana-
tomic variation. The left recurrent laryngeal
nerve descends within the carotid sheath and
branches from the vagus at the level of the aortic
arch, looping posterior to the arch distal to the
ligamentum arteriosus. It courses proximally in
the tracheoesophageal groove, its low origin giv-
ing it a more consistent and predictable course
within the operative window for the anterior
approach to the cervicothoracic spine. The right
recurrent laryngeal nerve again descends within
the carotid sheath, branching from the vagus as it
crosses the right subclavian artery, usually occur-
ring at the level of T3. It loops posterior to the
subclavian artery and travels medially at an angle
until reaching and ascending in the tracheoesoph-
ageal groove.

Damage to the recurrent laryngeal nerve leads
to vocal cord paralysis and can result from vig-
orous retraction of the carotid sheath or trachea
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and esophagus. Dissection superficial to the lon-
gus colli puts the RLN and the esophagus at risk.
Reduction of endotracheal cuff pressure after
retractor placement can decrease the incidence of
RLN palsy [17].

Thoracic Duct
The thoracic duct is the body’s largest lymphatic
vessel, providing drainage to the bilateral lower
extremities, abdomen, left hemithorax and left
upper limb, face, and neck. Crossing to the left
of midline at around the level of T35, it ascends
posterior to the aortic arch between the esopha-
gus and left pleura to the left side of the thoracic
inlet. At the base of the neck, the thoracic duct
lies posterior to the left common carotid artery,
vagus nerve, and internal jugular vein and is
bordered by the esophagus medially, omohyoid
muscle laterally, and vertebral bodies posteriorly.
It rises 3—4 cm superior to the clavicle, passing
anterior to the subclavian artery and forming an
arch at C7 before draining into the angle created
by the left subclavian and internal jugular veins.
Damage to the thoracic duct is an infrequent
complication, with a recent retrospective review
reporting an incidence of 0.02% for a total of
9591 patients undergoing an anterior approach
to the cervical spine [18]. However, prolonged
hospitalization and serious complications such
as chylothorax, cervical chylous fistula, electro-
lyte disturbance, malnutrition, immunosuppres-
sion, and wound infection can result. If damage
to the thoracic duct is suspected intraoperatively,
a high-fat solution can be administered via naso-
gastric tube. In the presence of a chyle leak, milky
fluid will appear at the operative site shortly after
administration. Leaks identified intraoperatively
should be repaired immediately. Conservative
treatment for leaks identified postoperatively
generally involves transition to a low-fat diet and
management of fluid and electrolyte balance [19].

Cervical Sympathetic Trunk

The cervical sympathetic trunk (CST) courses
posteriomedial to the carotid sheath, running on
the anterior surface of the longus colli muscles
(LCM). An anterior approach to the cervicotho-

racic spine puts this structure at risk for injury
resulting in Horner’s syndrome at the C6 level,
the CST can be found approximately 1 cm lateral
to the medial border of the LCM. To avoid risk to
the CST, extensive anterolateral dissection over
the lower cervical levels should proceed with
caution, blunt retractors should be placed gently
beneath the LCM, and transverse cut of the LCM
should be avoided. In some patients, the CST
can run within the posterior wall of the carotid
sheath, therefore vigorous lateral retraction of
this structure should also be avoided [20].

Case Report
History

A 60-year-old woman with a left-sided pancoast
tumor measuring 8 x 8 x 6 cm arising from the
upper lobe of the left lung and invading the T2 and
T3 vertebral bodies presented with complaints of
upper back pain as well as Horner’s syndrome.
She was a former smoker with a 20-pack-year
smoking history. Of note, the patient originally
presented to an outside facility with neck and arm
pain that was thought to originate from a herni-
ated disc at C5—C6. She was treated with an ante-
rior decompression and fusion (ACDF) of C5-C6
6 weeks prior to referral to our center.

Examination and Imaging

On physical examination, the patient did not
demonstrate any neurologic deficits or patho-
logic reflexes. The tumor was a solitary lesion,
and outpatient workup for systemic disease was
negative. Magnetic resonance imaging (MRI)
revealed a large soft tissue mass involving the T2
and T3 vertebral bodies as well as multiple ribs.
The mass appeared to extend into the foramen
at T3 without evidence of spinal cord compres-
sion. The infiltrating tumor was found to partially
encase the left subclavian artery and extend into
the thoracic inlet with probable involvement of
the brachial plexus (Fig. 6.3).
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Fig. 6.3 Preoperative sagittal MRI postcontrast (upper  strating a lesion in the left upper lobe. Preoperative axial
left) showing involvement of the upper thoracic vertebrae. ~ CT (lower panel) demonstrating tumor extension into the
Preoperative AP chest radiograph (upper right) demon- T3 vertebra
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Procedure

A staged procedure was decided upon, given the
size and complexity of the tumor and intimate
association with adjacent vital structures. In the
first stage, bilateral posterior spinal instrumenta-
tion and fusion from C2 to T6 was carried out
through a standard posterior midline approach,
with the patient in the prone position (Fig. 6.4).
The second stage of the procedure consisted of
an anterior corpectomy of T2 and T3 with removal
of the tumor from the aorta, a wedge resection of
the left upper lung lobe, and anterior spinal col-
umn reconstruction from T1 to T4. The patient

Fig. 6.4 Stage 1, standard posterior midline approach
with spinal instrumentation and fusion C2-T6. Muscle-
sparing high thoracotomy approach to remove the remain-
ing tumor on the posterolateral aspect of the T1, T2, and
T3 vertebra was performed during the third stage

Fig. 6.5 Stage 2,
cervicothoracic

approach with trapdoor
extension. Right atrium

(A). Superior vena cava

(B). Right innominate d
vein (C). Left

innominate vein (D).

Left common carotid

artery (E). Inferior

thyroid veins (F). Left
subclavian artery (G).

Tumor (H). Aorta (I) c

was positioned supine on the table as previously
described. The caudal extent of the tumor extended
well below the sternal notch, with significant intra-
thoracic involvement necessitating a trans-sternal
approach with extension through the rib cage to
create a clamshell or trapdoor. A left trapdoor inci-
sion was created following the anterior border of
the sternocleidomastoid muscle to the sternal notch,
proceeding distally to bone in the midline of the
sternum and continuing toward the left third inter-
costal space. This incision opened up a window to
the sternum without division of the clavicle. The
pectoral muscle was divided, and a small area of
bleeding was noted in the soft tissue upon entry into
the chest, which was subsequently found to lead
directly to the internal mammary artery. The artery
was ligated without complication. Median sternot-
omy was created with a sternal saw and extended
laterally to the third intercostal space to allow for
creation of the trapdoor. The left anterior chest wall
was opened and held in place with a chest retractor.
The left brachiocephalic vein and the left subclavian
artery were identified via blunt dissection. After
these structures were mobilized, dissection con-
tinued on the underside of the left first and second
ribs to allow opening of the chest wall and create a
plane anterior to the tumor. The tumor was noted to
extend circumferentially around the left subclavian
artery and superior to the aorta (Fig. 6.5).
Extensive dissection in this area was performed,
specifically dissecting and identifying the phrenic

f h
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nerve, vagus nerve, left recurrent laryngeal nerve,
left subclavian artery, left common carotid artery,
brachial plexus, thyrocervical trunk, and vertebral
artery. After these structures were identified and
tagged with vessel loops, the anterior and middle
scalene muscles were divided to better expose the
subclavian artery and brachial plexus. The tumor
was mobilized from the adjacent soft tissue and
peeled away from its medial attachment to the
esophagus. The esophagus was air tested and noted
to be intact. The aorta was noted to be directly
adherent, and a small amount of tumor was left
unresectable. Circumferential involvement of the
left subclavian artery required a left carotid to sub-
clavian bypass that was carried out by the thoracic
surgeon. With the bulk of the tumor removed, cor-
pectomy proceeded using Kerrison, Leksell, and
pituitary rongeurs to excise all visible tumor from
within the vertebral bodies of T2 and T3 (Fig. 6.6).

Anterior spinal column reconstruction pro-
ceeded using a mesh cage packed with calcium
phosphate that was tamped into position. An

Fig. 6.6 Stage 2, d
posttumor resection.

Right atrium (A).

Superior vena cava (B). c
C. Left innominate vein

(C). Left common

carotid artery (D).

Carotid artery to

subclavian artery bypass

graft (E). Left b
subclavian artery (F).

Aorta (G)

anterior plate was placed at T1 through T4 and
secured with screws. The sternum was reapproxi-
mated with sternal wires.

The third stage of the procedure involved a
muscle-sparing, high thoracotomy with partial
resection of the first, second, and third rib through
which the tumor directly opposed to the postero-
lateral aspect of the spine was removed. The left
T3 nerve root was ligated to facilitate removal of
residual tumor.

Postoperative Course

The patient remained in the intensive care unit
(ICU) between stages and was transferred to the
surgical ICU postoperatively. Her estimated com-
bined blood loss for the three procedures was 4
liters. Her hospital course was complicated by
postoperative pneumonia, and she was discharged
16 days after the final procedure. Final pathol-
ogy revealed positive margins, and the tumor
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was identified as undifferentiated carcinoma with
sarcomatoid features. The patient received adju-
vant chemotherapy and radiation and recovered
well with surgery apart from two subsequent
admissions for reactive bronchitis. A postopera-
tive MRI at 2 years demonstrated no evidence
of tumor recurrence, and she is currently living

independently 9 years postoperatively (Fig. 6.7).
Computed tomography (CT) at 4 and 8 years post-
operatively revealed intact instrumentation with-
out evidence of pseudarthrosis (Fig. 6.8). Plain
films at her most recent follow-up demonstrated
well-maintained alignment, without evidence of
instrumentation failure or loosening (Fig. 6.9).

Fig. 6.7 Sagittal MRI 2 years postoperatively (left). Surgical scar following extended anterior cervical approach with

median sternotomy and trapdoor extension (right)

Fig. 6.8 Sagittal CT 4 years postoperatively (left) and 8 years postoperatively (right)
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Fig. 6.9 AP (left) and lateral (right) radiographs 9 years postoperatively

References

1. Ames CP, Boriani S, Jandial R. Spine and spinal cord
tumors: advanced management and operative tech-
niques. Taylor and Francis Group, LLC: St. Louis;
2014.

2. Lam FC, Groff MW. An anterior approach to spi-
nal pathology of the upper thoracic spine through
a partial manubriotomy. J Neurosurg Spine.
2001;15(5):467-71.

3. Liu YL, Hao YJ, Li T, Song YM, Wang LM. Trans-
upper-sternal approach to the cerivcothoracic junc-
tion. Clin Orthop Relat Res. 2009;467(8):2018-24.

4. Teng H, Hsiang J, Wu C, Wang M, Wei H, Yang
X, Xiao J. Surgery in the cervicothoracic junc-
tion with an anterior low suprasternal approach
alone or combined with manubriotomy and ster-
notomy: an approach selection method based on
the cervicothoracic angle. J Neurosurg Spine.
2009;10:531-42.

5. Lakshmanan P, Lyons K, Davies PR, Howes JP, Ahuja
S. Radiographic assessment of sternal notch level

10.

11.

and its significance in approaching the upper thoracic
spine. Am J Orthop. 2009;38(4):E71-4.

. Cohen ZR, Fourney DR, Gokaslan AL, Walsh GW,

Rhines L. Anterior stabilization of the upper thoracic
spine via an interaortocaval subinnominate window:
case report and description of operative technique. J
Spinal Disord Tech. 2004;17:543-8.

. Darling GE, McBroom R, Perrin R. Modified anterior

approach to the cerivcothoracic junction. Spine (Phila
Pa 1976). 1995;20(13):1519-21.

. Cauchoix J, Binet JP. Anterior surgical approaches to

the spine. Ann R Coll Surg Engl. 1957;21:234-43.

. Hodgson AR, Stock FE, Fang HY, Ong GB. Anterior

spinal fusion. The operative approach and pathologi-
cal findings in 412 patients with Pott’s disease of the
spine. Br J Surg. 1960;48:172-8.

Sundaresan N, Shah J, Foley K, Rosen G. An anterior
surgical approach to the upper thoracic vertebrae. J
Neurosurg. 1984;61:686-90.

Sar C, Hamzaoglu A, Talu U, Domanic U. An ante-
rior approach to the cerivcothoracic junction of the
spine (modified osteotomy of manubrium sterni and
clavicle). J Spinal Disord. 1999;12(2):102-6.



68

K. Miller et al.

12.

13.

14.

15.

16.

Shin D, Chae K, Shin D, Kim H. Modified manubri-
osternal approach to the cerivcothoracic junction. Kor
J Spine. 2005;2(1):88-91.

Kurz LT, Pursel SE, Herkowitz HN. Modified ante-
rior approach to the cerivcothoracic junction. Spine.
1991;16(10):542-7.

Kraus DH, Hua J, Burt M. Surgical access to
tumors of the cerivcothoracic junction. Head Neck.
1995;17(2):131-6.

Schuchert MJ, McCormick KN, Abbas G, Pennathur
A, Landreneau JP, Landreneau JR, et al. Anterior
thoracic surgical approaches in the treatment of spi-
nal infections and neoplasms. Ann Thorac Surg.
2014;97:1750-7.

Sattarov KV, Fard SA, Patel AS, Alkadhim M, Avila
MlJ, Walter CM, et al. Peribrachiocephalic approaches
to the anterior cervicothoracic spine. J Clin Neurosci.
2015;22(11):1822-6.

17.

18.

19.

20.

Jung A, Schramm J. How to reduce recurrent laryn-
geal nerve palsy in anterior cervical spine surgery:
a prospective observational study. Neruosurgery.
2010;67(1):10-5.

Derakhshan A, Lubelski D, Steinmetz MP, Corriveau
M, Lee S, Pace JR, et al. Thoracic duct injury follow-
ing cervical spine surgery: a multicenter retrospective
review. Global Spine J. 2017;7(1):115S5-9S.

Delaney SW, Shi H, Shokrani A, Sinha
UK. Management of chyle leak after head and neck
surgery: review of current treatment strategies. Int
J  Otolaryngol. 2017;2017:8362874. https://doi.
org/10.1155/2017/8362874.

Civelek E, Karasu A, Cansever T, Hepgul T, Hepgul
K, Sabanci A, et al. Surgical anatomy of the cervical
sympathetic trunk during anterolateral approach to
cervical spine. Eur Spine J. 2008;17(8):991-5.


https://doi.org/10.1155/2017/8362874
https://doi.org/10.1155/2017/8362874

®

Check for
updates

Posterolateral Thoracotomy

Corinna C. Zygourakis and Dean Chou

Posterolateral thoracotomy is an excellent way
to approach tumors in the ventral thoracic spine.
It was first reported in the treatment of Pott’s
disease [1], but is now used not only for infec-
tions but also for conditions such as trauma,
thoracic disc herniations, and spinal tumors.
It provides a more direct visualization of the
vertebral body and ventral dura than posterior
approaches, and it may therefore be more effec-
tive for anterior pathology. It avoids damage
to the posterior ligamentous complex, paraspi-
nal muscles, and the majority of the posterior
elements. The anterior approach also allows
for minimal removal of uninvolved bone, effi-
cient tumor removal, and effective reconstruc-
tion of the anterior weight-bearing column [2].
Thoracic surgeons often assist in order to per-
form this exposure because of the opening of the
chest cavity, but it is nonetheless important for
all spine surgeons to understand the anatomic
nuances, limitations, complications, and conse-
quences of this approach.
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Anatomy

First, we review the anatomy of the rib cage,
which is formed by the 12 thoracic vertebrae,
sternum, costal cartilages, and usually 12 ribs
on each side. One must be careful when local-
izing and assuming that every patient has 12
ribs; there are instances in which patients have
13 or 11 ribs, or the L1 transverse process can
appear to be a rib when it really is an elongated
transverse process. The intercostal muscles
lie in the space between the ribs and are orga-
nized into three layers: the external intercos-
tals (that run infero-anteriorly), the internal
intercostals (that run infero-posteriorly), and
the innermost intercostals. The neurovascular
bundle runs along the inferior aspect of each
rib, and includes, from top to bottom, the inter-
costal vein, artery, and nerve. Each rib head
contains a superior facet that articulates with
the vertebral body above and an inferior facet
that articulates with the vertebra of the same
number. The transverse process of each ver-
tebra also articulates with the rib head of the
same number.

For tumors that are located in the upper tho-
racic spine (T1-T4), a partial manubriotomy
[3] or sternotomy may need to be performed in
order to access the spine anteriorly, but this will
be discussed further in another chapter. Here,
we focus on the posterolateral thoracotomy
approach.
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Positioning

The patient is positioned in the lateral decubitus
position with the back and legs gently bent to
avoid tension on the peripheral nerves, similar to
routine positioning for lateral spine approaches.
Generally, for lesions in the upper thoracic spine,
we approach from the patient’s right side (i.e.,
left lateral decubitus) due to the obstruction of
the spine on the left side by the aorta. In contrast,
in the lower thoracic spine (T10-T12), a left-
sided approach is preferred to avoid liver retrac-
tion, especially in patients with hepatomegaly.
We are careful to pad the patient’s knees and
heels with gel bolsters and pillows. The depen-
dent arm is outstretched on an arm-board, and
the superior arm is placed at a right angle on a
thoracotomy-specific arm holder. The arms are
well-padded to prevent brachial plexus or shoul-
der injuries. Strips of tape are placed around the
hips and the upper chest to secure the patient to
the bed. Extreme care must be taken so as not
to tape the patient too tightly to the bed in order
to avoid nerve compression. Also, it is impor-
tant to put tape on the skin itself since putting
foam between the tape and the skin will allow the
patient to rotate during the operation. We perform
nearly all such cases with intraoperative neuro-
monitoring, including both motor and somato-
sensory evoked potentials (MEPs and SSEPs).
We also request anesthesiologists to use a special
endotracheal tube (with either a dual lumen tube
or a bronchial blocker) so that they can perform
single lung ventilation when necessary.

Procedure
Exposure

We begin with a curvilinear incision at the level
of the anterior axillary line that runs posteriorly
at the appropriate intercostal space. Because the
ribs run in an inferior-anterior direction, we must
typically enter an intercostal space two levels
above the vertebral level we are trying to reach.
For example, to perform a T7 vertebrectomy, we
would place our incision at the fifth intercostal
space. The latissimus dorsi muscle is opened

by electrocautery. For the upper thoracic spine,
we mobilize the scapula by dividing the trape-
zius and rhomboid muscles posteriorly. We try
to spare the serratus anterior muscles, although
these too may be divided if necessary. We are
careful to avoid injury to the long thoracic nerve,
which results in denervation of the serratus ante-
rior muscle and a “winged scapula,” by mak-
ing our incision at least 6-7 cm anterior to the
scapular tip [4]. Similarly, we avoid injury to the
thoracodorsal nerve, which supplies the latissi-
mus dorsi muscle. Even with such precautions,
patients should be warned of possible postopera-
tive shoulder dysfunction, which is an expected
outcome from this thoracotomy.

We then open the intercostal space by taking
the rib, although it is not necessary to take the rib
if adequate visualization can be achieved through
the intercostal space. We first perform a subperi-
osteal dissection of the rib (Fig. 7.1a), careful
not to injure the neurovascular bundle that runs
along its inferior surface. We use the rib cutter
to divide the rib posteriorly (Fig. 7.1b) and ante-
riorly (Fig. 7.1c), and then remove it (Fig. 7.1d).
We then ask the anesthesiologists to deflate the
lung and switch to single lung ventilation. We
place a large Finochietto-type retractor system
to retract the ribs and scapula and keep the inci-
sion open (Fig. 7.2a). If necessary, large sponges
are used to displace and pack the lung out of the
field (Fig. 7.2b). On the right side, the azygos
vein with its tributaries, the esophagus, and the
thoracic duct should be noted in order to avoid
injury. Generally, however, with standard lateral
spine approaches, these structures are far enough
away so that mobilization is not necessary.

Localization

At this point, we place a marker on the vertebral
body of interest and obtain intraoperative AP
X-rays in order to confirm that we are at the cor-
rect level. We usually count from rostral to cau-
dal, using the typical broad and flat appearance
to identify the first rib (T1) and the C7 vertebral
body, which should not have a rib. Lateral X-rays
are generally obscured in the upper thoracic spine
because of the shoulders, so AP X-rays tend to be
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Fig. 7.1 Resection of the rib in thoracotomy procedure. (a) The periosteal dissection of the rib. (b) The posterior cut.
(¢) The anterior cut in the rib, which allows for rib removal (d)

Fig.7.2 Placement of the large Finochietto-type retractor system to retract the ribs and keep the thoracotomy open (a).
Large sponges are often used to displace and pack the lung out of the field (b)

more useful. Correlation needs to be done with a  we identify the intercostal artery and vein (also
preoperative X-ray to ensure that the patient has  known as the segmental artery and vein) running
12 ribs and does not have an anomalous cervical along the vertebral body and use either a bipo-
C7 rib. Once we have identified the correct level, lar cautery or surgical clips to ligate the vessel.



72

C. C. Zygourakis and D. Chou

If we are operating on the left side between T8
and T12, where the artery of Adamkiewicz usu-
ally arises, we will clip the segmental vessel
first and wait 10 min to ensure that there are no
changes in motor evoked potentials before ligat-
ing and sacrificing the vessel.

Corpectomy

We next turn our attention to the corpectomy
and stabilization. We first identify and remove
the rib head attached to the vertebral body of
interest (Fig. 7.3a). We identify the pedicle and
drill down the pedicle in order to identify the
dura and spinal cord. We use a high-speed drill
to perform the corpectomy (Fig. 7.3b) and then
employ a combination of curettes and pituitary
rongeurs to remove the discs above and below the
vertebra of interest. After the vertebral body has

been removed and the cord is adequately decom-
pressed, we place a corpectomy cage (Fig. 7.3c)
and lateral plate with screws (Fig. 7.3d) to
achieve our spinal fixation. We may also consider
additional posterior fixation (i.e., pedicle screws)
if needed for long-segment spinal stabilization.

Closure

Prior to closure, we place a chest tube in the
pleural space if the parietal pleura has been vio-
lated. The chest tube comes out through a small
skin incision inferior to the surgical incision and
aims toward the apex for a pneumothorax or to
the dependent portion of the lung to assist with
sucking up blood. Anesthesia re-inflates the lung
under direct visualization. If there is any suspi-
cion of air leak from the thoracotomy, large quan-
tities of fibrin glue are applied over the lung and

Fig. 7.3 The thoracic spine from the lateral view, before (a) and after (b) corpectomy is performed. (¢) Corpectomy

cage placement. (d) Lateral plate for stabilization
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the area of suspected air leak. Larger air leaks
will require thoracic surgery closure.

We bring together the ribs with a large figure
of eight #2 Vicryl suture. We then use large Vicryl
sutures to bring together first the serratus anterior
muscle and then the latissimus dorsi muscle in
two separate layers. The subcutaneous layer and
the skin layer are then closed in succession. An
air-tight closure is essential.

Postoperative Care

All patients have routine postoperative spinal
care, including X-rays to evaluate implant place-
ment, pain management, and physical therapy.
The chest tube is initially placed to 20-mm H,O
suction, but is usually changed to water seal very
quickly. We obtain daily chest X-rays to evaluate
for pneumothorax or pleural effusion and remove
the chest tube when the output is less than 250 cc
for 24 h.

Complications

The most common complications of this proce-
dure include chest wall pain, also known as post-
thoracotomy pain syndrome, which may be seen
in up to 50% of thoracotomy patients [5]. This
phenomenon is not well understood but likely
arises from compression of the intercostal nerve
when spreading the thoracotomy with the retrac-
tor [5]. Aggressive multimodal pain regimens are
an essential part of preventing and managing this
pain.

Respiratory complications, such as atelectasis,
pneumonia, and pneumothorax, may also occur
in up to half of patients undergoing thoracoto-
mies [6]. Preoperative pulmonary function test-
ing should be considered in high-risk patients
(such as those who smoke tobacco or have preex-
isting lung disease), and incentive spirometry and

early mobilization are important in the immedi-
ate postoperative period. Ironically, many times
atelectasis is seen in the contralateral (nonoper-
ated) lung because of the dependent position dur-
ing surgery. Other less common complications
include wound infection, chylothorax, and shoul-
der girdle dysfunction, which result in decreased
range of motion and pain in the shoulder joint [7].
Mortality rates are very low (<1%) [8, 9].

Taken together, these studies suggest that pos-
terolateral thoracotomy is a safe and effective
procedure for accessing ventral spinal tumors.
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Introduction

Anterior approaches to the thoracic spine and the
thoracolumbar junction have been progressively
developing from traditional, open approaches to
minimally invasive techniques. The use of endo-
scopic spine surgery has significantly expanded
since its first description in the literature in the
1990s. Thoracoscopic surgeries have become
safe and time efficient with comparable and bet-
ter complication rates and outcomes than open
approaches [1]. Common applications of thora-
coscopy in spine surgery are anterior release for
scoliosis, thoracic disc herniation, and corpec-
tomy for traumatic fracture reconstruction. In
this chapter, we discuss the role of thoracoscopic
surgery in the management of metastatic spine
disease.

Equipment for Thoracoscopic
Surgery

Video Imaging System
One of the most important aspects for successful

endoscopic surgery is to have high-quality images
of the surgical field. The new high-definition
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video technology that is currently available has
revolutionized image quality. A high-intensity
xenon light source is typically connected to a
30-degree, 10-mm endoscope. This image is
transmitted via a high-definition camera to two or
three flat-screen monitors.

Endoscopic Tools

Tools for thoracoscopic surgery typically need
to be long enough to allow for a three-point
anchoring surgical technique. In addition, the
tools should have depth markings and need to
fit through 10-mm ports. Each port has a flexible
black, threaded trocar with an inner diameter of
11 mm. It is important that the trocars are black
to minimize light reflection from the camera.
Similarly, all thoracoscopic tools should have
nonreflective surfaces.

The harmonic scalpel is another invaluable
tool for endoscopic surgery, although it is not
commonly used in other spine surgeries. The har-
monic scalpel cuts and coagulates by transferring
mechanical energy to tissues. It therefore mini-
mizes thermal injury and smoke that can interfere
with visualization via an endoscope.

Endoscopic diaphragmatic retraction becomes
necessary the closer one operates to the thora-
columbar junction. The diaphragm on the left
side typically inserts along the lateral surface
of the spine at the T12/L1 disc space. To create
the working space, one must carefully retract
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the diaphragm, thereby expanding the costo-
diaphragmatic recess for surgery. Incising the
diaphragm to expose the retroperitoneal space is
necessary for placement of screws into the upper
third of L1 or for L1 corpectomy with placement
of screws into the top of L2.

For the corpectomy, it is recommended that
one uses osteotomes with depth markings.
Osteotomes allow for efficient vertebrectomies
with minimal splattering of irrigation and blood,
which can interfere with the optics on the endo-
scope. We do occasionally use an endoscopic
drill (Midas Rex) to drill off the rib head or even
out the endplates.

Endoscopic Spinal Reconstruction

Typically, either of two spinal implants can be
placed for thoracoscopic spine surgery for meta-
static disease: a vertebral body replacement
(expandable cage) or an anterior lateral plating
system. Expandable cages have become the pre-
ferred implant after corpectomy for metastasis.
They are usually made from titanium alloy to
minimize any postoperative imaging artifact. They
can be placed via a small opening and expanded
between the two endplates. Anterior lateral plates
are commercially available from several compa-
nies. The MACS TL plate (Aesculap, Germany) is
preferred for thoracoscopic surgery because it was
designed for that purpose and has several features
that make endoscopic implantation more efficient.

Preoperative Considerations

Patients are evaluated with standard spine imaging,
including computed tomography (CT) and mag-
netic resonance imaging (MRI), and with anterior/
posterior and lateral radiographs of the chest to
evaluate for pleural effusion, fibrinous membranes,
or dense adhesions in the pleural space.

Intravenous high-dose steroids are used in
patients with symptomatic spinal cord compres-
sion or myelopathy. In addition, we routinely ask
for endovascular embolization for most vascular
metastasis.

Single-Lung Ventilation

Good single-lung ventilation is crucial for thora-
coscopic spine surgery. It is best achieved with
a double-lumen endotracheal tube. In smaller
patients, an endobronchial blocker can be used.
It is important to note that thoracoscopic spine
surgery typically requires a longer time in the
operating room than most other procedures per-
formed with single-lung ventilation.

Indications and Contraindications

Indications for the thoracoscopic approach for
metastatic spine disease are as follows:

e Pathological fractures
e Spinal cord compression

e Anterior column support after posterior
surgery
Contraindications for the thoracoscopic

approach are most commonly related to patient
comorbidities that make single-lung ventila-
tion difficult, such as cardiopulmonary disease,
chronic obstructive pulmonary disease, exten-
sive lung metastasis, and prior thoracic surgeries
that create lung adhesions. In addition, patients
should have acceptable bone quality and normal
coagulation studies.

Patient Education and Informed
Consent

The patient should be advised of the potential
complications associated with anesthesia and
surgery and give consent for the surgery. Risks
associated with anterior thoracic spine surgery
include the following:

e Spinal cord injury and nerve and sympathetic
trunk injury

e Injury to the greater vessels

e Thoracic duct injury

e Injuries to the spleen, liver, and kidney

¢ Diaphragmatic hernia
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Patients who agree to a thoracoscopic
approach should also be advised of the possibil-
ity and give consent for possible conversion to a
mini-open or open thoracotomy.

Operative Technique

The operative steps are illustrated in Fig. 8.1,
which illustrates a patient treated with the tho-
racoscopic insertion of an expandable cage [2].

Patient Positioning

The approach side is selected based on the loca-
tion of the great vessels (i.e., aorta and inferior
vena cava) in relation to the spine. Most com-
monly, a left-sided approach is used to access the
thoracolumbar junction (T11-L2). For the upper

and mid-thoracic spine (T3-T10), a right-sided
approach is preferred.

In the operating room, the patient is placed
in the lateral decubitus position on a radiolucent
table. We use three to four supports (sacrum,
pubic bone, scapula, sternum) and a U-shaped
cushion between the patient’s legs to place the
patient perpendicular to the floor. An axillary roll
is placed, and the suspended arm is supported
using a Krause armrest. Intraoperative fluoros-
copy is used to verify patient’s spine position,
alignment, and level of pathology.

Thoracoscopic Access and Exposure

We use fluoroscopy to design our spine access.
The skin surface is marked with the anatomical
structures of interest—the vertebral bodies, the
associated disc spaces, the anterior and posterior

Fig. 8.1 Thoracoscopic decompression and fixation. (Reproduced from Ragel et al. [2], by permission of Oxford
University Press)
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spinal lines—as well as the surgical access sites
(i.e., ports). For most thoracoscopic cases, a four-
portal technique is sufficient for a corpectomy. In
large patients, sometimes a fifth port is needed so
that the targeted vertebra(e) can be reached more
easily.

1. A working portal is placed directly over the
vertebral body that is to be resected. It is typi-
cally larger than the other ports. This allows
for access via two adjacent intercostal rib
spaces and also allows for easier placement of
an expandable cage through one incision.

2. An endoscope portal is placed two to three
vertebral bodies above the working portal in
line with the spine. For cases at the thoraco-
lumbar junction, the endoscope is placed in a
cranial direction relative to the working port.
For upper thoracic cases, it is placed caudal to
the working port.

3. The retraction portal is placed anterior to the
working portal for safe retraction of the dia-
phragm and the lung.

4. A suction irrigation portal is placed between
the retraction and the endoscope portals.

This configuration allows for all instruments
to converge on the target vertebrae and avoids
“fencing” of the endoscopic tools. After the por-
tal locations are identified, we initiate single-
lung ventilation to give the lung time to deflate
(Fig. 8.2). The chest wall is then disinfected, and
the area is sterilely draped to allow for possible
conversion to an open technique if necessary.

Fig. 8.2 Thoracoscopic patient positioning and working
ports. (Reproduced with permission from Amini et al. [3])

To avoid iatrogenic injury to the underlying
solid organs, the first port is placed at the location
furthest away from the diaphragm. This incision
is similar to the technique used to place a chest
tube. After the skin incision, the rib is exposed.
The thoracic cavity is entered carefully under
direct vision with a blunt Kelly clamp. Once
the pleural space is opened, manual palpation is
performed to locate any pleural adhesions. Once
it is determined that the pleural space is clear,
the initial trocar is inserted and the 30-degree
endoscope is introduced into the thoracic cavity.
After a 360-degree survey has been performed,
the remaining three trocar sites are placed under
endoscopic visualization. Thus, no trocar is
inserted “blindly.” At this point, the key anatomi-
cal structures including the spine, diaphragm,
aorta, and azygos vein, are identified. For orien-
tation, we rotate the image on the monitor so that
the spine is parallel to the lower edge of the video
monitor.

Thoracolumbar Junction Access

The diaphragm typically inserts to the spine at
the level of T12-L1 disc space. To gain access to
the retroperitoneal portion of the upper lumbar
spine, the diaphragm needs to be opened. This
can be done endoscopically at the thinnest por-
tion of the diaphragm with a harmonic scalpel.
This allows for access to the L1-L2 levels. Once
the diaphragm has been split, the retroperitoneal
fat and peritoneum are bluntly dissected away
from the fascia of the psoas muscle to expose the
vertebral bodies.

Vertebral Body Exposure

Exposing the thoracic vertebral bodies and discs
requires elevation of a pleural flap using the har-
monic scalpel and identification of the segmental
vessels, which lie transversely across the mid-
portion of the vertebral body deep to the parietal
pleura. These vessels are then ligated and divided,
thus completing the exposure to the lateral verte-
bral body and discs.
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Placement of Screws
and Instrumentation

We use the MACS TL endoscopic anterolateral
plate for anterior fixation in all cases. The sys-
tem includes two clamps and four screws (two
anterior stabilization screws and two posterior
polyaxial vertebral body screws). One clamp
and two screws are used at each vertebral body
adjacent to the diseased vertebra. Using a short
K-wire placed under fluoroscopic guidance as
a guide, a cannulated awl is used to decorticate
each screw entry point. The polyaxial screw
clamp is assembled and inserted, and the K-wire
is removed after the screw has engaged the corti-
cal surface. To avoid the course of the segmental
arteries along the midline of the vertebral bodies,
the posterior polyaxial screw is inserted 10 mm
anterior to the spinal canal in the upper or lower
third of the vertebral body (for the screw above
the diseased level and the screw below the dis-
eased level, respectively). After the polyaxial
posterior screws have been placed above and
below the diseased body, the clamps are oriented
perpendicular to the anterior aspect of the verte-
bral body with careful consideration to the sur-
rounding great vessels.

Corpectomy and Spinal Canal
Decompression

Discectomy and corpectomy are performed in a
similar manner to an open procedure. The discs
are incised using an elongated endoscopic scal-
pel and removed with rongeurs. The vertebral
body in question is removed using a median cor-
pectomy with straight and curved osteotomes.
The ipsilateral rib head is traced to the ipsilateral
pedicle and neural foramen located at its base so
that the pedicle can be removed using a high-
speed drill and endoscopic Kerrison punches.
Free bone fragments and epidural tumor are
maneuvered to the central corpectomy cavity
and removed to avoid excessive manipulation
of the spinal cord. These procedures allow for
direct decompression and visualization of the
anterior spinal cord.

Interbody Reconstruction
and Endoscopic Stabilization

The thoracolumbar junction is reconstructed with
an expandable cage inserted under direct fluoro-
scopic visualization after complete corpectomy.
Once placed, the cage is expanded and distracted,
and allograft is packed around the cage itself. The
anterolateral plate is placed over the posterior
polyaxial screws, the posterior screws are tight-
ened, and the anterior stabilization screws are
placed at each level. The screw plate construct
is then locked and torqued. A final anterior/pos-
terior and lateral fluoroscopic image is obtained
prior to closure to verify hardware positioning.

Placement of Chest Tube and Closure

The diaphragm is sutured closed, and the opera-
tive field and the entire thoracic cavity are irri-
gated. A 24-Fr chest tube is placed through the
inferolateral port or the lateral suction port under
direct or thoracoscopic visualization, and the
lung is reinflated. Before closure, the operative
field is viewed to ensure proper lung reinflation
and no bleeding from the surface. Port sites are
closed in layers and the chest tube is secured in
place.

Results

In a recent publication, we reviewed our expe-
rience in 12 patients who underwent a thoraco-
scopic spine surgery for metastatic disease [4].
The mean age of patients was 59 years, and the
mean estimated blood loss was 613 ml. The mean
duration of the operation was 234 minutes. The
median length of stay in the hospital was 7.5 days
(range 5-21 days). All 12 patients had improve-
ment in their postoperative pain scores in com-
parison with their preoperative pain scores, and
no patients suffered from worsening neurological
function after surgery. Of the 7 patients who pre-
sented with neurological dysfunction, 6 (86%)
had an improvement in their Frankel grade after
surgery. No patients experienced delayed hard-
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ware failure requiring reoperation over a mean
follow-up of 10 months (range 1-45 months).

Conclusion

Over the past two decades, endoscopic surgery
has become a viable option for patients with met-
astatic spine disease. The retroperitoneal part of
the thoracolumbar junction can be accessed with
a small diaphragmatic incision. The results and
outcomes of the thoracoscopic approach compare
well with standard open surgery.
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Anatomic and Biomechanical
Considerations

The thoracolumbar region (T11-L2) serves as an
anatomic transition zone between the thorax and
abdomen, a structural transition zone between the
kyphotic thoracic and lordotic lumbar spine, and
a dynamic transition zone between the semi-rigid
thoracic and mobile lumbar spine.

The thoracolumbar spine, from T11 to L2, has
unique structural and biomechanical challenges.
Held in place by the ribs, the semirigid thoracic
spine does not significantly contribute to mobil-
ity. This is in contrast to caudal lumbar segments
which impart the majority of torso flexion and
extension, particularly from L2 to L4.

Twelve paired ribs correspond to 12 thoracic
vertebrae, containing superior and inferior cos-
tal facets for the articulation of the rib head, and
an articular facet joint for articulation with the
tubercle of the rib. The first seven paired ribs
comprise the “true ribs,” and the subsequent
five comprise the “false ribs”—the latter two of
which are known as “floating ribs” and lack cos-
tal articulation with the sternum.
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With the exception of the Tl nerve root,
responsible for finger abduction, the majority of
thoracic motor nerves do not innervate critical
muscles required for mobility or function, unlike
in the cervical and lumbar spine. The anterior rami
from T1 to T11 provide the intercostal nerves,
which travel along the caudal aspect of the rib in
the neurovascular bundle, located in between the
internal intercostal muscle and innermost inter-
costal muscle, innervating skin and muscle of the
chest and abdomen. Dermatomal innervation of
the areola, umbilicus, and lower abdominal wall
correspond to nerve roots from T4, T10, and T12
(subcostal), respectively. Hip flexion is mostly
performed by the iliopsoas muscle, supplied in
large part by the L2 nerve root. The upper lum-
bar segments from L1 to L3 innervate the psoas
major muscle, via the lumbar plexus. Iliacus is
innervated by the femoral nerve from L2 to L4.

The costal pleura, bordering the inner sur-
face of the ribs, and parietal pleura represent
the superficial boundary of the pleural space—
bordered deeply by the visceral pleura. The dia-
phragmatic portion of the parietal pleura overlies
the diaphragm, innervated by the phrenic nerve
(C3-C5) and crucial for breathing function.
Separating the thorax from the abdomen, the
diaphragm is a sheet of muscle with two main
components: the peripheral muscle and the cen-
tral tendon. Including the opening for the inferior
vena cava (~T8), the central tendon aponeurosis
is an insertion point for respiratory muscles and
essential to reduce pressure in the pleural space
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during inspiration. The peripheral muscles may
be subdivided into the sternal, costal, and lum-
bar portions. The esophageal and aortic hiatus
are formed by the peripheral muscle, at ~T10 and
~T12, respectively. The aortic hiatus allows for
the passage of the aorta, azygos vein, hemiazygos
vein, and thoracic duct. The psoas and quadratus
lumborum muscles form the posterolateral bor-
der of the diaphragm, abutting the median and
lateral arcuate ligaments. The paired tendinous
crus of the diaphragm are tethered to the anterior
longitudinal ligament of the lumbar vertebrae:
the right (longer) crus attaches from L1 to L3 and
the left attaches from L1 to L2 [1-7].

Operative Technique
Choosing Surgical Approach

The location of pathology and required expo-
sure are critical to determine the best surgical
approach. Anterior access to the thoracic spine,
from T5 to T10, may be accomplished with a tho-
racotomy. For lesions of TS or T6, the similarly
numbered rib is removed (n). At T7 and T8, how-
ever, the rib of the suprajacent level is removed
(n — 1). Removal of the rib two levels cranial
to the lesion is required for exposure of T9 and
T10 (n — 2). In the upper lumbar spine, however,
anterior access may be performed via a retroperi-
toneal approach. As such, the thoracoabdominal
approach is a combined thoracotomy and retro-
peritoneal exposure, with possible diaphragmatic
detachment, for ventral access of the thoraco-
lumbar junction, when either approach is not
sufficient alone. The thoracoabdominal approach
may be supplemented with a staged posterior
approach for larger primary neoplasms requiring
en bloc resection [8—11].

Patient Positioning

The patient is placed in the left lateral decubitus
position. A left-sided thoracolumbar approach is
favored due to large size and limited mobility of
the liver on the right, compared with the contra-
lateral spleen. Vascular injury to the left-sided

thick-walled aorta is also considered to be easier
to repair, compared to the right-sided vena cava;
the former may be easier to mobilize, especially
in the setting of radiation-induced retroperitoneal
fibrosis [9].

Thoracoabdominal Exposure

An oblique flank skin incision is made from the
10th rib to the abdominal wall. Posterior retrac-
tion of the latissimus dorsi may be performed
during muscle dissection. The rib is identified
and subperiosteally dissected from its subcutane-
ous and muscular attachments (i.e., serratus ante-
rior, latissimus dorsi, and intercostal muscles)
on its superior border, thereby avoiding the neu-
rovascular bundle. The rib may be resected for
improved operative exposure, and the healthy
bone is utilized for bone grafting. The rib is fol-
lowed around to the costal margin, with careful
dissection of the external and internal oblique
muscles. Excessive dissection can result in
abdominal flank bulging, pain, and weakness [8].
Division of the transversalis fascia, deep into the
costal margin, exposes the peritoneum.

The peritoneum is dissected free from the
bordering psoas, quadratus lumborum, and dia-
phragm to enter the retroperitoneal space. Ventral
retraction of the peritoneum, posterior reflec-
tion of the psoas muscle, and detachment of the
posterolateral diaphragm aid in exposure to the
anterior spinal column. The diaphragm may be
entered at its attachments with the median/lateral
arcuate ligaments or crus. One must be mindful
to preserve the distal muscular component of the
diaphragm for repair and the central portion con-
taining the phrenic nerve.

Detachment of the diaphragm, with gentle cra-
nial retraction of the lung, exposes the diaphrag-
matic portion of the parietal pleura. Access to the
lower thoracic spine and thoracolumbar junction
may be accomplished by sharply incising the pari-
etal pleura. Dissection of the segmental vessels
allows for exposure of the anterior disk spaces
and vertebral bodies but should be carefully per-
formed due to the risk of hemorrhage. A preopera-
tive angiogram of the artery of Adamkiewicz may
be warranted if a large amount of lower thoracic
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segmental vessels will be sacrificed. In order to
preserve collateral circulation nerve and/or spinal
cord (i.e., radicular artery, anterior spinal artery),
ligation of the segmental vessels should occur at
the anterior vertebral body. Retroperitoneal lym-
phatics (i.e., thoracic duct, cisterna chyli) should
also be approached with caution in order to avoid
the development of postoperative lymphoceles.
Bipolar electrocautery, cottonoids, and hemo-
static agents are useful to maintain hemostasis
throughout the case [9-11].

Decompression

With the anterior spinal column exposed, the annu-
lus of the intervertebral disk spaces may be sharply
incised in preparation for discectomy. During this
process, the great vessels should be mobilized
anteriorly to prevent vascular injury. A high-speed
burr, Leksell rongeurs, and Kerrison punch are use-
ful to remove the disks above and below the dis-
eased level. Disk fragments are taken piecemeal
with pituitary rongeurs, and the posterior longitu-
dinal ligament is removed with a Kerrison punch.
Corpectomy is performed by first removing the rib
head and proximal pedicle. Removal of the proxi-
mal pedicle exposes the dura [9—11].

Reconstruction and Instrumentation

Anterior column support is accomplished with
the placement of an expandable cage in the ver-
tebral defect and may be packed with healthy
autologous (i.e., resected rib) bone, or allograft.
A lateral screw-rod system, or plate, stabilizes
the segment above and below. Posterior trans-
pedicular screw and rod instrumentation may be
appropriate to obtain added stability following
extensive resection [9-11].

Closure
Closure is initiated in a watertight fashion. If

the diaphragm was taken down during the expo-
sure, a large-bore chest tube is placed, and pri-

mary repair of the diaphragm is performed with
non-absorbable sutures. The parietal pleura
may be sutured, and rib-approximating sutures
close the thoracic cavity. The intercostal mus-
cles, abdominal wall, serratus anterior, and
latissimus dorsi muscles are closed, in a lay-
ered fashion, with nonabsorbable sutures. The
fascia is reapproximated with O Vicryl, with
reapproximation of the subcutaneous layer.
The subcuticular layer may be closed with 3-0
Vicryl sutures [9, 10].

Case Presentation

This 63-year-old female presented with a 3-year
history of an enlarging mass in the left side of her
back, accompanied by progressive ipsilateral tho-
racolumbar pain and abdominal numbness. She
previously underwent a thoracotomy for a T10
paraspinal fibroma, 6.5 years prior. On examina-
tion, the patient endorsed tenderness to palpation
of the left-sided thoracolumbar mass but was oth-
erwise neurologically intact.

Imaging

CT revealed an irregularly shaped soft-tissue
mass (61.0 x 47.7 x 77.4 mm, hyperdensity
38.4 HU) immediately left to the spine at T9—
T11 (Fig. 9.1f). CT with contrast demonstrated
heterogeneous enhancement, and areas of
hypodense necrosis were identified. Lytic inva-
sion of the left posterolateral T10 and T11 verte-
bral bodies was identified, with extension into the
pedicles (Fig. 9.1g). The left paraspinal muscles
from T9 to L2 were noted to be wider than the
contralateral side. MRI similarly revealed a large
soft-tissue mass (112.7 x 104.3 x 62.6 mm) with
irregular margins from T9 to T11 (Fig. 9.1a). The
lesion was T1 hypo-intense, T2 hyper-intense,
and DWI hyper-intense. Soft-tissue infiltra-
tion was noted through the left T10/T11 neural
foramen, resulting in epidural spinal cord com-
pression. At the levels of T9-L2, an irregularly
shaped, multi-lobular soft-tissue mass was found
in the left paraspinal muscles (Fig. 9.1b, c).
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Fig.9.1 Images of the patient on initial presentation, includ-
ing magnetic resonance (a—e) computed tomography of the
thoracic spine. (a) Image of magnetic resonance in the coro-
nal plane shows the tumor on the left side of the vertebral
body of T9 — T11. (b) Image of magnetic resonance in the
coronal plane shows the tumor in the iliocostalis thoracis
which reaches the level of L1 — L2. (¢) Image of magnetic
resonance in the sagittal plane shows the tumor in the iliocos-
talis thoracis, which reaches the level of L1 — L2. (d) Image
of magnetic resonance in the axial plane of T9. (e) Image of

magnetic resonance in the axial plane of T10 — T11. (f)
Image of computed tomography in the axial plane of T9. (g)
Image of computed tomography in the axial plane of
T10 — T11. The black arrow shows the position of the dia-
phragm. (h) Image of computed tomography in the coronal
plane shows the tumor on the left side of the vertebral body
of T9 — T11. The white arrow shows the position of the dia-
phragm. (i) Image of computed tomography in the sagittal
plane. The white arrow shows the position of the diaphragm,
which reveals that the tumor is above the diaphragm
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Fig.9.1 (continued)



86

A. Karim Ahmed et al.

Pathologic Diagnosis

Pathology slides from the previous surgical resec-
tion were not available for review. A CT-guided
biopsy was therefore performed, which revealed
a spindle-cell mesenchymal tumor with profuse
stromal vascularity, determined by the numer-
ous branching vessels. There was no significant
pleomorphism, and the extracellular matrix was
collagenous. These characteristics suggested the
diagnosis of a solitary fibroma. Even though the
tumor cells were not highly mitotic (low Ki-67),
large (>10 cm) extrapleural solitary fibromas are
generally considered aggressive, and an intracap-
sular surgical resection with positive margins is

associated with a sub-optimal prognosis. These
tumors were called hemangiopericytomas because
of their profuse stromal angiogenesis, and an intra-
capsular resection will likely lead to significant
intraoperative blood loss. A plan for extracapsu-
lar en bloc resection was therefore determined as
appropriate in order to reduce blood loss, prevent
recurrence, and prolong tumor-free survival.

Tumor Staging and Surgical Planning
The tumor was Enneking S3 and WBB 1-6, A-D

(Figs. 9.1d, e and 9.2a). In accordance with the
WBB guidelines for resection of thoracolumbar

Fig. 9.2 Illustration of the tumor and stages of the sur-
gery. (a) The illustration shows the tumor involving the
wide areas of the lateral side of the vertebral body, appen-
dix, and the intervertebral foramen. (b) Stage 1 operation

involving left-sided thoracotomy and tumor released from
the lung, aorta, diaphragm, and vertebral body. (¢) Stage 2
operation involving the sagittal en bloc resection via pos-
terior approach
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tumors, a detailed surgical plan was adopted.
In the first stage, an anterolateral approach was
taken to separate the tumor from adjacent normal
structures including the left lung, diaphragm, and
aorta (Fig. 9.2b). In the second posterior stage,
a plane was developed between the superficial
and deep paraspinal muscles, advanced antero-
laterally until the tumor was circumferentially
released. The right posterior elements that were
not involved by the tumor were removed in a
piecemeal fashion to reveal the neural structures.
The involved levels were separated from the nor-
mal spine by proximal and distal discectomies,
and a sagittal osteotomy was performed diago-
nally from the right posterior to the left anterior
in the involved vertebrae (Fig. 9.2¢). The tumor
mass was taken out en bloc from the posterior
approach.

Preoperative Optimization

Feeding arteries to the tumor were selectively
embolized by an interventional radiologist one
day prior to the first stage. Angiography demon-
strated a large tumor with proficient blood supply
from the T9-T11 intercostal arteries, which were
embolized using N-butyl cyanoacrylate (300—
500 pm in size) and coils (Fig. 9.3).

Operative Technique

First stage: The patient was placed on right lat-
eral decubitus and under general anesthesia with
double-lumen endotracheal intubation. The T10
vertebra (where tumor diameter was the largest)
was found to correspond to the level of the 8th
rib on the mid-axillary line. A 15-cm incision
through the skin, subcutaneous fascia, and the
latissimus dorsi was made along the left 8th rib,
centering on the mid-axillary line. The 8th rib was
exposed and excised by about 12 cm. Following
deflation of the left lung, the parietal pleura was
opened to enter the thoracic cavity (Fig. 9.4).
Electrocautery was used to dissect the adhesions
between the tumor and the left lung. Manual pal-
pation was utilized to identify the lower margin

of the tumor, between the caudal aspect of the
tumor and diaphragm. Because the aorta was dor-
sal to the tumor and not under direct visualization,
blunt finger dissection helped separate the tumor

Fig. 9.3 Embolization of the segmental arteries of the
left side

Fig.9.4 Operative photograph of left-sided thoracotomy.
© diaphragm; @ tumor; and ® lung
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from the aorta and spine. Due to the preoperative
embolization, only limited venous bleeding was
encountered during the first-stage procedure. The
parietal pleura and intercostal muscles were dis-
sected, using electrocautery, with a 1-cm margin
proximally and laterally. The 9th, 10th, and the
11th ribs were partially resected, with rib-cutting
forceps. Proximally, the T9/T10 intervertebral
disc was identified by fluoroscopy, and a lateral
partial discectomy was performed. The left half
of the anterior longitudinal ligament was also
resected. The space formed between the aorta
and the involved vertebrae was packed with large
amounts of Gelfoam for both hemostasis and to
prevent adhesions during the second stage. The
wound was closed in a layered fashion, and a
chest tube was placed.

Second stage: Seven days following the first
surgery, the patient was placed prone on the table
under general anesthesia with double-lumen
endotracheal intubation. A mid-line incision was
made from T7 to L2, followed by subperiosteal
dissection. With fluoroscopic assistance, right-
sided pedicles were placed from T7 to L1. The
right-sided screws from T9 to T11 were removed
temporarily to allow subsequent osteotomy. A left
transverse incision down to the latissimus dorsi,
perpendicular to the mid-line, was extended later-
ally into the previous incision. The thoracolumbar
fascia was exposed by reflecting the latissimus
dorsi and serratus muscles cranially. The rib cut
ends from the first-stage procedure could be pal-
pated. The thoracolumbar fascia was incised lat-
eral to the longissimus thoracis, from T7 to L2.
The uninvolved, more superficial longissimus
thoracis was divided from the deeper iliocostalis
thoracis. The tumor was palpable deep into the
iliocostalis thoracis from T9 to T12. The iliocosta-
lis thoracis was transected proximally and distally
with 1-cm margins to the tumor. The left T7-T8
laminae were exposed, and two pedicles screws
were inserted. The distal cut end of the iliocosta-
lis thoracis was cranially reflected, with the tumor
exposing the left facet joints of T11-L1. Pedicle
screws were inserted at T12 and L1.

The cut ends of the 9th to 11th ribs from the
first stage were palpated, and the lateral 3 cm of
the cut ends was resected further to allow access

to the left thoracic cavity. Once the left lung was
deflated, blunt dissection was utilized to free the
tumor anteriorly, releasing the loose connective
tissues between the tumor and the adjacent lung,
diaphragm, aorta, and spine. Gauze was placed
temporarily between the tumor mass and adjacent
structures. The intercostal muscles were tran-
sected along the upper edge of the 9th rib and the
lower edge of the 11th rib down to the level of the
facet joints of T8/T9 and T11/T12, respectively.
The involved intercostal vessels and nerves were
sacrificed. The tumor mass was now completely
freed from adjacent organs, anteriorly, and unin-
volved back muscles, posteriorly.

Subsequently, the spinous process, lower half
laminae, inferior articular processes of T8, and
superior articular processes of T9 were resected
using an ultrasonic blade. The T11/T12 inter-
vertebral level was similarly released. Right
hemilaminectomies and facetectomies were per-
formed from T9 to T11. The right T9-T11 nerve
roots were ligated, and the dural sac was released
from the posterior longitudinal ligament using a
Penfield elevator. The proximal (T8/T9) and dis-
tal (T11/T12) intervertebral discs and posterior
longitudinal ligament at the corresponding levels
were resected. The proximal release was easier
since part of the T8/T9 disc and the anterior lon-
gitudinal ligament was resected in the first stage.
The T11/T12 disc was not accessible during the
first stage, and the anterior longitudinal liga-
ment at that level was resected from the posterior
approach. In order to prevent injury to the aorta,
an abdominal spatula was inserted along the cut
ends of the ribs and placed between the aorta and
the spine, before the anterior annulus fibrosus
and longitudinal ligament were transected with
an osteotome. The left half of T9-T11 vertebrae
and their posterior elements were now ready
to be removed en bloc with sagittal resection.
According to CT-based preoperative planning, an
osteotomy line from the medial wall of the pedi-
cles to the left anterior part of the vertebral body
with a 30° angle from the vertical axis of the
patient body would allow sufficient distance from
the tumor margin. An ultrasonic blade was used
to perform osteotomies of the T9-T11 vertebral
bodies, while the dura and aorta were protected
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with a nerve elevator and an abdominal spatula,
respectively. Partial discectomies of T9/T10 and
T10/T11 were performed using a No. 15 blade
scalpel and a pituitary rongeur. The entire tumor
mass, including the left half of T9-T11 vertebrae,
posterior elements, and proximal ends of the cor-
responding ribs, was mobilized.

A ball-tip probe was used to palpate the medial
wall of the right pedicle screw tracts within the
bodies of T9 and T11. Both were intact and the
two screws were re-inserted. A precontoured
connecting rod was placed and locked in on the
right side. The tumor mass was gently pushed lat-
erally until the left margin of the thecal sac and
left T9-T11 nerve roots were visible. The nerve
roots were ligated. After carefully releasing the
adhesion with the dura, near the T10/T11 neural
foramen, the tumor mass was taken out en bloc
(Figs. 9.5 and 9.6).

The inferior endplate of T8 and the supe-
rior endplate of T12 were decorticated using a
curette, and a 15-mm titanium cage with allo-
grafted bone was placed between T8 and T12.
The left connecting rod was placed and locked
in, with compression between T8 and T12. Two
cross-links were used to brace the construct.
In order to repair the defect in the left thoracic
wall from the 10-cm resection on the 9th, 10th,
and 11th ribs, two titanium rods mimicking the
contour of ribs were connected to the left rod
using dominos (Fig. 9.7). A hernia repair film
was sutured to the rib rods and a chest tube was
placed (Fig. 9.8). Our plastic surgeon colleagues
used a retrograde latissimus dorsi musculocu-
taneous flap to repair the large paraspinal soft-
tissue defect (Fig. 9.9). One Jackson-Pratt drain
was placed underneath the surgical wound and
one under the donor site.

Clinical Outcome

The patient was neurologically intact follow-
ing the surgery. Within the first week, the

Fig. 9.5 Photographs of the removed specimen. (a)
Sagittal view. The star (*) shows the tumor in T10 — T11
intervertebral foramen. (b) Lateral view. The double star
(**) shows the iliocostalis thoracis embracing the tumor
inside

chest tube and drains were discontinued and
the patient began to ambulate. Postoperative
X-ray and CT confirmed implant position
(Fig. 9.10), and pathology review of the mar-
gins was negative for invasion of the tumor
capsule. The patient was doing well 8 months
postoperatively, with no signs of tumor recur-
rence or complication.
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Fig. 9.6 Magnetic
resonance of the
removed specimen (the
above two images) and
computed tomography
of the specimen (the
below two images)

Fig.9.7 The X-ray film of the final construct
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Fig. 9.8 Operative photograph of the surgery of the pos-
terior approach

Fig. 9.9 Operative photograph of retrograde latissimus
dorsi myocutaneous flap

Fig.9.10 The computed tomography of the final construct. (a) Coronal view. (b) Axial view of T9 level. (¢) Axial view
of T10 level. (d) Axial view of T11 level
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Conclusion

Large thoracolumbar tumors involving at least
three levels could be removed according to
the WBB guidelines as staged procedures. An
anterolateral trans-thoracic release could be per-
formed first, followed by a posterior en bloc sag-
ittal resection.
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to the Lumbar Spine: A Case-Based
Approach for Primary Tumor

Etienne Bourassa-Moreau, Joel Gagnon,

and Charles G. Fisher

Introduction

Primary spinal tumors are rare, require precise
oncological margins, and are associated with diffi-
cult anatomy, thus placing their surgical manage-
ment at the highest level of complexity. Several
validated classifications have been developed to
help guide the spine surgeon in the management
of these challenging tumors. The Enneking clas-
sification [1] uses histological grade, local extent,
and the presence of distant metastasis to guide
in selecting the appropriate oncological margin
to be achieved. Applying Enneking’s principles
has shown the best outcomes with regard to local
recurrence and survival [2]. Once the appropriate
oncological margin is determined, the Weinstein-
Boriani-Biagini (WBB) [1] classification is used
to plan the technical aspect and feasibility of the
surgical resection (Fig. 10.1).

Surgical planning for a primary lumbar
spine tumor frequently requires anterior access.
Therefore, the surgical team must have a deep
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understanding of the anatomy, surgical techniques,
and pitfalls of the anterior retroperitoneal approach.

Planning Principles

A precise common terminology for oncologic
resection is key for appropriate surgical planning
and communication among a multidisciplinary
team. The resection strategy is based on the mar-
gins to be achieved as dictated by the Enneking
classification. The potential margins are intra-
lesional, marginal, and wide, with the latter
two being the standard for aggressive benign or
malignant primary spine tumors.

Intralesional resection means the tumor is
removed within its margins. This resection strategy
can be achieved by various techniques including
curettage, piecemeal resection, gross total resection,
or debulking. With intralesional resection, micro-
scopic and possibly macroscopic tumors are left
behind, and any chance of tumor-free margin is lost.

Wide or marginal margins are achieved
through en bloc resection. This means the tumor
is removed in one piece fully encased in a cuff
of healthy tissue (wide margin) or along the
tumor capsule (marginal margin). In the spine,
the resection is often a combination of wide and
marginal (marginal along critical structures such
as the dura). Despite the surgeon’s impression
being important, the resection margins can only
be confirmed by an experienced musculoskeletal
pathologist (Fig. 10.2).
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Fig. 10.1 Weinstein-
Boriani-Biagini
diagram. The vertebra is
divided into 12 radiating
sectors. These sectors
are numbered going
counter-clockwise from
the left side of the
spinous process (sector
1) to the right side of the
spinous process (sector
12). The tumor is further
divided into five
concentric layers in an

Transverse
Process

alphabetical order from Fact
the periphery to the
center RIGHT

Fig. 10.2 Different types of resection based on margins.
From the center to the periphery: intralesional—violates
the tumor margin; marginal—along the pseudocapsule;
wide—outside the pseudocapsule; radical—the whole
compartment is excised

In the spine, the two prerequisites for en bloc
delivery of a tumor are as follows:

1. Enough of the vertebral ring can be removed
outside the tumor margins to create a window
allowing safe delivery of the tumor without
traction on the spinal cord/cauda.

2. Any nerve root involved with the tumor can be
accessed outside the tumor margin to be tied
off at the dura and cut.

Planning for en bloc resection requires careful
analysis of three-dimensional imaging (CT and

Vertebral

A. Extr.
Body xtraosseous

Soft Tissues
B. Intraosseous

(Superficial)
C. Intraosseous

(Deep)

D. Extraosseous
(Extradural)
E. Extraosseous
(Intradural)

F. Vertebral Artery
Involvement

Pedicle

Spinous
Process

LEFT

2 prerequisites for En-Bloc excision of L4

Access to the' L4
nerve roots

Fig. 10.3 In this case, the two prerequisites for en bloc
resection of the L4 vertebra were met with the obligatory
sacrifice of the L4 left nerve root

MRI scan) (Fig. 10.3). Pathologist, oncologist,
radiologist, and surgeon together determine the
appropriate margins of resection for each specific
tumor. This decision is based on the Enneking
grade but also on the location of the tumor and
the functional consequences of the resection.

Indications for Anterior Lumbar
Retroperitoneal Approach

Expertise in both posterior and anterior
approaches to the spine is essential to treat pri-
mary spinal tumors. The most common indica-
tion for the anterior retroperitoneal approach is
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en bloc resection of a tumor growing eccentri-
cally anteriorly through the bone into the soft tis-
sues (through layer A of WBB). In that scenario,
the anterior approach is necessary to provide ade-
quate direct visual control of the surgical margins
over the sectors 5 to 8. Another indication is a
single anterior approach to enable en bloc resec-
tion of a small tumor in the vertebral body of the
lumbar spine (sectors 5 to 8).

Surgical Anatomy of the Anterior
Lumbar Retroperitoneal Approach

The patient is generally positioned supine
for the anterior retroperitoneal approach for
oncologic resections. Although a lazy lateral
positioning can be used for thoracoabdominal
exposure in other circumstances (trauma, defor-
mity, and infection), it is generally not used in
tumor because the lateral position renders the
dissection of the contralateral side technically
more demanding.

Lumbar lordosis makes approaching the upper
lumbar vertebra (LL1-1.2-L.3) easier. The amount
of lordosis can be controlled with an inflatable
bag positioned under the lumbar spine or by
breaking the table in extension.

The side of the retroperitoneal anterior approach
is dictated by the location of the tumor and the
anticipated difficulty of the dissection. Sectors 4 to
6 are best approached from the left, whereas sec-
tors 7 to 9 are best approached from the right.

The incision of the posterior sheet of the
transversalis fascia gives access to the retroperi-
toneal space. During this dissection, the rectus is
retracted medially to allow surgical access in line
with the retroperitoneal plane (Fig. 10.4).

During the retroperitoneal dissection, the sur-
geon should routinely identify important struc-
tures including the psoas, the lateral femoral
cutaneous nerve, the genitofemoral nerve (GFN),
sympathetic trunk, the ureter, and the major vas-
cular structures (aorta, inferior vena cava, iliac
vessels, the segmental vessels, and the ilio-lum-
bar vein) [3] (Fig. 10.5).

Because psoas is palpated blindly with fin-
ger dissection, it is a key landmark early in the
approach.

The lateral femoral cutaneous nerve (LFCN)
pierces out of the psoas muscle at the L3-L4
levels and generally travels on the lateral mar-
gin of the psoas. The genitofemoral nerve should
be identified on the anterior aspect of the psoas
below the L2-L3 disc level where it exits. Its
location relative to the psoas can vary, but the
GEN is commonly found close to the medial
margin of the psoas [4]. Stretching or laceration
of the GFN and LFCN can cause postoperative
numbness and anesthesia.

The sympathetic trunk can be identified at
the medial margin of the psoas or slightly more
medially over the lumbar spine (see Fig. 10.5).
It runs under the iliac vessels below the L4-L5
level. However, the sympathetic trunk can be dis-
placed further medially by osteophytes or tumor
[5]. When the surgical resection allows, the sur-
geon should preserve the sympathetic trunk to
avoid postoperative hypotension (bilateral inju-
ries) or local vasodilation and dryness of the skin
(unilateral injuries).

The ureter is a small translucent tubular struc-
ture that can easily be overlooked if not formally
identified. Most often, the ureter remains adher-
ent to the parietal peritoneum as it gets lifted away
from the psoas, but adherences could alter this
relationship. Therefore, ureter peristalsis (Kelly
sign) is very helpful for identification. Ureteral
injury is uncommon but a challenging condi-
tion to diagnose and treat [6, 7]. The absence
of a urine leak cannot be used as a reliable sign
to rule out injury. Therefore, if a ureteral injury
is suspected intraoperatively, the spine surgeon
should seek urology consultation immediately.
Once peripheral nerves and ureter are identified,
vascular structures can be mobilized.

Vascular structures should be swept away
from the spine without any tension or resistance.
Anticipating pathological and congenital anoma-
lies of vascular anatomy is critical to execute the
anterior retroperitoneal approach safely. Surgical
planning routinely includes the review of the CT
angiography. Vascular calcifications and osteo-
phytes near vascular structures increase the risk
of vascular injury during mobilization and are
both common findings in elderly patients [8].

All segmental vessels in the surgical field
should be identified in the mid-valleys of the
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Fig. 10.4 The access to
the retroperitoneal space
is obtained after the
incision of the posterior
sheet of the
transversalis. Note that
the dissection is carried
laterally to the rectus to
avoid tension on it.
(Reprinted from Brau
[3], Copyright 2002,
with permission from
Elsevier)
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Fig. 10.5 Ciritical structures of the retroperitoneal space.
Ilio-lumbar vein and segmental vessels are tied and sec-
tioned. Note that this anatomy can be modified by con-

vertebral bodies and ligated using vascular
clips. It is safe to get at least one fingerbreadth
between the veins and the vertebra all the way
in front of the vertebra and to the opposite side.

Specific Considerations by Level

The exposure of L5-S1 level requires dissection
of the iliac bifurcation and ligation of the middle
sacral artery. The iliac bifurcation lies in close
proximity with the hypogastric plexus. In males,
the hypogastric plexus should be protected to

genital anomaly, degenerative process, and by the tumor
itself. (Reprinted from Brau [3], Copyright 2002, with
permission from Elsevier)

prevent retrograde ejaculation [3]. In addition,
the spermatic cord in males should be mobilized
carefully when approaching L5-S1 in order to
prevent excessive traction that can cause throm-
bosis of artery.

Access to the L4-L5 disc involves the mobi-
lization of the common iliac vessels and the liga-
tion of ilio-lumbar vein. The ilio-lumbar vein
drains the L5 vertebrae into the inferior vena cava
(IVO). If not properly identified and ligated, the
retraction of the ilio-lumbar vein can cause tear at
the back of the IVC. Surgeons should be aware of
common anatomical variation of the ilio-lumbar
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vein, with up to 25% of patients having mul-
tiple veins [9]. The plane between the vein and
the artery needs to be dissected with great care
because this plane can be quite inflamed and
tedious.

When access to L1, L2, and L3 is necessary,
mobilization of the pancreas, superior mesenteric
arteries, and renal arteries is often required. The
surgeon should be aware of possible multiple

Fig. 10.6 Positioning
of a retractor blade
during the left
retroperitoneal approach
of a normal spine. Note
that the blade of the
retractor is re-positioned
medial to the rectus
muscle. Vascular
structure needs to be
mobilized safely to
achieve this retraction.
(Reprinted from Brau
[3], Copyright 2002,
with permission from
Elsevier)

|,

Fig. 10.7 Intraoperative images of the retroperitoneal expo-
sure to the lumbar spine with the patient’s head pointed to the
upper left of the image. A. Lateral retraction of the left com-
mon iliac artery exposes the common iliac vein. B. The L5-
S1 disc space is located between the left common iliac artery

/

(polar) renal arteries or the left retroaortic renal
artery [10]. If a polar artery needed to be ligated
for access, this would inevitably engender some
loss of renal function.

Once retroperitoneal dissection is completed,
retractors can be finally re-positioned on the
medial aspect of the rectus to release the tension
off the muscle during the other steps of the sur-
gery (Figs. 10.6 and 10.7).

Left rectus muscle

Reverse lip engaged
at rt.side of disc

Ureter
Right

Lateral iliac
vessels

and right common iliac vein. LIV: left common iliac vein;
LIA: left common iliac artery; ILV: ileolumbar vein; RIV:
right common iliac vein. (Reproduced with permission from
JAMA Surgery. 2005. 140(4): 339-343. Copyright©(2005)
American Medical Association. All rights reserved)
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Complications

Postoperative adverse events in oncologic spine
surgery are extremely common, especially for
en bloc resection [11, 12]. The surgeon perform-
ing the anterior retroperitoneal approach of the
lumbar spine should be able to screen, identify,
and manage the approach-specific postoperative
complications.

Although rare, arterial thrombosis or dis-
section can be devastating, especially if the
diagnosis is delayed [13]. During surgery, limb
perfusion can be monitored with an oxy-meter
usually secured on the great toe. Postoperative
palpation of peripheral pulses is routinely per-
formed, and any anomaly warrants immediate
arterial Doppler or angiography. Urgent vascular
surgery consultation is mandatory for possible
thrombectomy or stent angioplasty.

Significant risk of developing deep vein throm-
bosis after spine surgery for tumor implies routine
postoperative thromboprophylaxis to start once
the surgeon feels it is safe. A high level of suspi-
cion and aggressive screening are also necessary.

Rectus abdominis muscle paralysis can occur
when wide exposure from lateral dissection
occurs. This exposure could result in injury of
multiple lateral terminal branches of the inter-
costal nerve. Therefore, wide lateral exposure
of the rectus should be avoided and replaced by
an approach medial to the muscle. Postoperative
ileus tends to happen with intraperitoneal proce-
dures, but rarely with retroperitoneal approaches.
Therefore, when ileus is present, incisional her-
niation should be ruled out with a CT scan.

Case Description: History,
Examination, and Radiological
Diagnosis

A 38-year-old female sought medical attention
after a 9-month history of progressive low back
pain associated with a left L4 radiculopathy. She
denied any night pain or weight loss.

Her physical exam demonstrated some tender-
ness in the left lower lumbar region and normal
neurology.

Fig. 10.8 Axial CT scan cut centered at the L4 pedicle
level demonstrates the lytic lesion involving 50% of the
vertebral body and expanding in the epidural space with
obliteration of the left lateral recess

A CT scan showed a lytic lesion of the fourth
lumbar vertebra involving over 50% of the verte-
bral body and sparing the disc spaces. The axial
CT cut demonstrates stenosis of the left L4 lateral
recess (Fig. 10.8).

The differential diagnosis included primary
malignant or benign neoplastic lesion, lym-
phoma, multiple myeloma, and, less likely,
metastasis.

Case Description: Staging

Local staging included a magnetic resonance
imaging (MRI) that revealed a large L4 mass
expanding through to the anterior soft tissue on
the left side, left anterior epidural space, and
obliterating the left L4-L5 foramen (Fig. 10.9). It
was noted that the aorta was in close relation with
the left anterior tumor expansion (Fig. 10.10).
Systemic staging included bloodwork, bone scan,
and chest and abdo-pelvis CT scan. Pancreatic
tumor and benign intracranial and intramedul-
lary tumors were found. Lastly, a percutaneous
transpedicular CT-guided biopsy was performed
using a posterolateral trajectory to enable subse-
quent removal of the biopsy tract during tumor
resection (see Fig. 10.10).

The case was subjected to multidisciplinary
tumor board. Final pathology report confirmed
a clear cell chondrosarcoma grade 1/3. The inci-
dental findings of a pancreatic tumor and benign
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Fig. 10.9 Sagittal, coronal, and axial MRI cuts of T2
sequences centered on the lumbar spine. The left L4 nerve
root is encased in the epidural and foraminal extension of
the tumor. The axial cuts clearly demonstrate the expan-
sion of the tumor is in close relation with the dura, the left
psoas, and the aorta

Fig. 10.10 Transpedicular CT-guided biopsy tract was
planned to be excisable at the time of surgery

intracranial and intramedullary tumors were in
keeping with the diagnosis of Von Hippel-Lindau
syndrome [14]. The syndrome was considered as
unrelated to the chondrosarcoma by the genetic
and medicine teams. The case was categorized
as Enneking IIB (low-grade extracompartmental
with no local or distant metastasis). Accordingly,
the consensus of the multidisciplinary team was
for wide/marginal surgical resection of the tumor
in an en bloc fashion and postoperative proton
beam radiation (Fig. 10.11).

Case Description: Surgical Planning

The two prerequisites for en bloc resection
were met. The tumor was confined within sec-
tors 2 to 7 (layers A to D) of the L4 vertebra so
that sectors 8 to 1 are disease free, providing
an appropriate tumor-free window. The left L4
nerve root was encased in tumor at the level of
the foramen (Fig. 10.12) and therefore needed to

Fig. 10.11 Planning of the posterior approach; the dis-
section is divided into critical steps. (1) Piecemeal resec-
tion of the posterior arch sectors 11 to 1. (2) Sub-periosteal
dissection of sectors 8 to 10. (3) Dissection through the
posterior muscle of sectors 2 and 3. (4) Release of the dura
from the tumor and section of the left L4 nerve root. (5)
Sagittal osteotomy. (6) Cranial and caudal osteotomies
(not shown)
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be sacrificed. Access to tie off the L4 nerve root
in the epidural space could be achieved with-
out entering the tumor. The resection margins
were in close proximity anteriorly with the aorta
(sector 6, layer A) and medially with the dura
(zones 3 to 7, layer D). Accordingly, the surgi-
cal team was prepared to include the dura and/
or the aorta within the resection margins and, if
needed, reconstruct these structures at the time
of surgery.

The posterior approach was planned first with
the following goals to achieve (Fig. 10.13):

1. Resection of the posterior arch not involved in
the tumor (sectors 11 to 1).

2. Subperiosteal dissection of sectors 8 to 10.

3. Wide (layer a) dissection through the posterior
muscle covering the tumor (sectors 2 and 3).

4. Release of the dura from the tumor and sec-
tion of the L4 nerve root crossing the tumor.

5. Perform a sagittal osteotomy of the right
fourth of the vertebral body.

6. Define the upper and lower margins with oste-
otomies through the lower L3 endplate and
upper L5 endplate (not shown in Fig. 10.12).

Fig. 10.12 Planning of the anterior approach. (1)
Anterior retroperitoneal approach. (2) Wide margin dis-
section over the sectors 3 to 7 (through psoas, the possibil-
ity of resection of the aorta to obtain a disease-free margin
was anticipated) with surgical section of the left L4 nerve
root lateral to the tumor. (3) En bloc removal of the tumor.
(4) Reconstruction of the anterior column (not shown)

The second stage of the case included a left-
sided anterior lumbar retroperitoneal approach
with the following goals to achieve (Fig. 10.14):

1. Identification and protection of critical retro-
peritoneal structures adjacent to the spine.

2. Appropriate wide margin over the tumor
through the left psoas, possibly through the
aorta and sacrifice of L4 root lateral to tumor.

3. Removal of the tumor in an en bloc fashion.

4. Reconstruction of the anterior column.

Case Description: Procedure

The en bloc resection was planned for 2 days, with
the patient staying intubated for observation in the

Fig. 10.13 Midline posterior incision including the
resection of a pedicle of soft tissue around the biopsy tract
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recovery room overnight. The posterior approach
was carried out on day 1 and the anterior approach
on day 2. The surgical team included two onco-
logical spinal surgeons, one plastic surgeon, and
one vascular surgeon.

Case Description: Posterior
Approach

First, a tri-corticated iliac crest bone graft was
harvested through a separate incision over the
iliac crest. The graft was stored and the wound
closed. The midline incision was then planned so
that musculocutaneous tissues around the biopsy
tract could be resected (see Fig. 10.14). The

Fig. 10.14 Aurtistic representation of the extent of poste-
rior piecemeal resection, posterior dissection, identifica-
tion of nerve roots, and sagittal osteotomy. Note that the
left L4 nerve root is tied and sectioned. The L3 and L5
posterior elements are disconnected of L4, but the left L4—
L5 joint was left intact to resect the tumor’s margin.
(Figure courtesy of Charles G. Fisher, MD)

exposure was planned to give access to the ped-
icle entry points of L2-S1, and pedicle screws
were inserted at all these levels except for L4.
Importantly, posterior dissection of L4 on the left
side (sectors 2 and 3) was carried out through a
large cuff of healthy-looking multifidus and lon-
gissimus (layer A).

The right side of the L4 posterior elements
was resected in a piecemeal fashion, away from
the tumor (sectors 11 to 1). This resection also
involved L3 pars osteotomies and disconnec-
tion of the L4-L5 facet joints to fully release
L4 from the posterior elements. (see Fig. 10.14)
Following the piecemeal resection, the right side
of the L4 vertebral body (sectors 8 to 10) was
bluntly dissected using a Penfield 1 and cautery.
Gauzes were placed and left and would be recov-
ered during the anterior approach.

Careful circumferential dissection of the epi-
dural plane was done from L3 to L5. Although in
close relation to the tumor (sectors 3 to 9, layer
D), the epidural plane was easily developed out-
side the tumor margin. The L3, L4, and L5 nerve
roots were all identified and followed laterally
to the psoas, mobilized, and tagged with vessel
loops with the exception of the left L4 nerve root.
The left L4 nerve root was tied off and sectioned
proximal to entering the foramen, in the epidural
space.

Using straight osteotomes, three sagittal oste-
otomies were performed to isolate the tumor.
The first sagittal osteotomy was performed just
medial to the right pedicle through the L4 verte-
bral body (see Fig. 10.13).

Second, the L4 vertebral body was discon-
nected cranially and caudally by dissection
through the inferior endplate of the L3 disc and
the superior endplate of the L5 disc (Fig. 10.15).

Third, the posterior release of the L4 verte-
bral body from the ventral aspect of the dura was
completed. This release is often difficult with
several planes. All the Hoffman ligaments must
be released to ensure a smooth en bloc delivery
during the second anterior approach. Pedicle
screws were connected to rods, and the wound
was irrigated and closed with the help of the plas-
tic surgery team. Drains were left in place and
secured under the sterile dressing.
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Fig. 10.15 Artistic representation of the osteotomy
planes above and below the L4 vertebral compartment.
(Figure courtesy of Charles G. Fisher, MD)

Case Description: Anterior
Retroperitoneal Approach

Between the first and the second stage of the sur-
gery, the patient remained intubated and sedated
in the recovery room. The patient was positioned
supine on a radiolucent table. The operating sur-
geon stood on the left side of the patient (side of
the retroperitoneal approach), and the assisting
surgeon stood on the right side. A pulse oxymeter
was placed on the left great toe.

In this case, a left oblique incision was used
running from the midline (at the level of L5-S1)
to the lateral edge of the left rectus (at the level
of L2-L3) (Fig. 10.16). The incision was carried
down, and the rectus sheet was incised obliquely.
The rectus was mobilized from this sheet cir-
cumferentially. Dissection was performed care-
fully not to injure the epigastric vessels that run
against the posterior aspect of the rectus.

The retroperitoneal space was bluntly dissected
down to the psoas. Critical neural structures were

N

~

Typical location of incisions

Left rectus muscle mobilized circumferentially

Fig. 10.16 Landmarks for cutaneous skin incision and
circumferential mobilization of the rectus early during the
exposure allow for manipulating it. (Reprinted from Brau
[3], Copyright 2002, with permission from Elsevier)

identified. Localizing X-ray with a radio-opaque
marker in a normal vertebral body confirmed the
levels. Surgical section of L3, L4, and L5 seg-
mental vessels and the ilio-lumbar vein allowed to
analyze the plane between major vessels and the
vertebra. The surgical dissection was performed
carefully, starting from the normal tissue cranially
and caudally to the tumor (L3 and L5) and mov-
ing carefully toward L4. There was a clear plane
between the aorta, IVC, and common iliac vessels,
precluding the need for vascular resection (sectors
6 and 7, layer A). The gauzes packed during the
posterior approach were recovered under the right
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psoas. Then, careful intramuscular dissection was
carried out through the belly of the psoas (sectors
5 and 4, layer A), leaving a thick cuff of the normal
muscle over the anterior part of the tumor.

On the left side the L3, L4, and L5 nerve roots
were identified easily from the markers placed
using the posterior approach. The L4 nerve root
was cut lateral to the tumor.

Case Description: Removal
of the Diseased Vertebra

The cuts of the posterior osteotomies (sagittal,
cranial, and caudal osteotomies) were identified
and completed with sharp and blunt dissection.

The en bloc removal was performed smoothly
by pulling the vertebra toward the left side, in
line with the zone of piecemeal laminectomy
resection posteriorly (Fig. 10.17). The left L3
nerve root was mobilized to make sure it was not
injured by the remaining portion of the left trans-
verse process.

The specimen was examined for confirmation
of planned surgical margins (Fig. 10.18).

Fig. 10.17 Artistic representation of the direction of the
en bloc delivery of the L4 vertebra. Note that the left L3
nerve root was mobilized posteriorly to the left transverse
process to avoid excessive traction. The direction pull
toward the left is in line with the extralesional window to
avoid traction on the thecal sac. (Figure courtesy of
Charles G. Fisher, MD)

The anterior column support was restored with
a titanium cage filled with iliac crest bone graft
(Figs. 10.19 and 10.20). The anterior dura was
separated from the cage and bone graft by a piece
of Gelfoam. Anteroposterior (AP) and lateral

Fig. 10.18 Picture of the axial cut of the pathology spec-
imen showing grayish-white, lobulated mass with focal
calcification and necrosis of a chondrosarcoma. Note that
the dissection in the left soft tissues (sectors 3 to 7) and the
shape of the specimen correspond with the surgical plan-
ning in Fig. 10.8

Fig. 10.19 Aurtistic representation of void created after the
resection of the L4 vertebra. Note the left L4 nerve root tied
proximally. (Figure courtesy of Charles G. Fisher, MD)
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Fig. 10.20 Artistic representation of the reconstruction
of the anterior column with a cage filled with bone graft
and posterior pedicle instrumentation. (Figure courtesy of
Charles G. Fisher, MD)

Fig. 10.21 Standing AP and lateral lumbar X-ray at the
8-year follow-up. The surgical instrumentation and poste-
rior fusion were revised once because of nonunion. She

X-rays were obtained to confirm the appropriate
position of the cage (Fig. 10.21). The wound was
irrigated with free water and betadine before it
was closed in layers.

Currently, an expandable PEEK cage would
be used to facilitate placement and reduce imag-
ing artifact.

Case Description: Postoperative
Course

Postoperatively, the patient surprisingly had a
right L4 neuropathy with an incomplete foot drop
that fully recovered after 3 months. The patient
had no significant impairment as a result of her
left L4 nerve root sacrifice. The patient returned
to all activities after 6 months.

The patient had a Whipple’s procedure for her
pancreatic tumor, without complication. The patient
had 6-month imaging surveillance for 3 years and
then yearly out to 10 years. There was no evidence
of local recurrence or systemic disease.

otherwise had no local or systemic recurrence of her dis-
ease at the 8-year follow-up
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Approach: Transperitoneal

Cecilia L. Dalle Ore, Darryl Lau,
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Case Presentation

A 57-year-old male presented with progressive
low back pain resistant to nonsteroidal anti-
inflammatory medications. Computed tomog-
raphy (CT) and magnetic resonance imaging
(MRI) demonstrated an expansile lesion involv-
ing the L2 vertebral body, epidural space, and
the psoas muscle that was causing severe spi-
nal canal stenosis (Figs. 11.1 and 11.2). On CT
angiography, it was evident that the lesion was
impinging upon the inferior vena cava as well. A
CT-guided biopsy was performed, which showed
the lesion to be a leiomyosarcoma. At this point,
it was decided that a two-stage procedure was
required for en bloc tumor resection. In addition,
the patient would undergo phosphorus-32 (P-32)
intraoperative implantation for radiation.

In the first stage, a posterior approach was
used. Pedicle screws were placed from T12 to
L4 (skipping L2), and osteotomies of the L1-
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L2 and L2-L3 facets were performed to allow
for en bloc resection of the posterior elements
of L2 (en bloc laminectomy and pediculec-
tomy) and laminectomy of L1 and L3. The L1
and L2 nerve roots were resected proximal to
the dorsal root ganglion, and a plane between
the dura and the epidural tumor was developed
in preparation for the second-stage anterior
approach. Discectomies and resection of the
posterior longitudinal ligament were carried
out at the L1-L2 and L2-L3 levels. Rods were
then contoured and secured to the pedicle
screws, with additional satellite rods placed and
locked to screws with locking caps.
Posterolateral fusion from TI2 to L4 was
accomplished by decortication and placement
of allograft, and the wound was closed.

The patient was then returned to the operating
room for the planned second-stage anterior trans-
peritoneal approach 2 days later. A vascular co-
surgeon was involved for assistance in gaining
anterior exposure to the lumbar spine. The abdo-
men was entered via a bilateral subcostal inci-
sion, and the retroperitoneum was exposed via a
right visceral rotation, mobilizing the right colon,
hepatic flexure, transverse colon, and duodenum
superior to the left of the midline. The retroperi-
toneum was entered and the right kidney was
mobilized posteriorly. The inferior vena cava
(IVC) was isolated from the infrahepatic portion
distal to nearly the caval bifurcation (Video 11.1),
along with the left and right venal veins. The
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Fig. 11.1 Preoperative computed tomography of the
lumbar spine demonstrating a destructive lesion of the L.2
vertebral body. Axial lumbar CT demonstrating a destruc-

vena cava was separated from the tumor and
mobilized away from the tumor. The lumbar
arteries and the draining veins of the tumor were
divided. The right renal artery and the aorta were
then isolated to allow for complete exposure of
the tumor (Video 11.2).

Localizing images were obtained to ensure we
were in fact at the L2 vertebra. The anterior lon-
gitudinal ligament was resected, and the discec-
tomy and osteotomy were completed at L1-1.2
and L2-L3 levels. The right psoas muscle was
divided in a transverse fashion to allow for clean
distal and proximal margins. Following complete
release, the L2 vertebral body and the tumor mass
were carefully rolled out from underneath the
inferior vena cava (Videos 11.3 and 11.4).

P-32 brachytherapy and a corresponding
“dummy” source were prepared in a sterile fash-
ion. The dummy source was used to test and ver-
ify placement on the dura and the IVC psoas
muscle surgical margin. Following determination
of the appropriate placement using the dummy
source, the “live” source was placed in the same
location for 14.25 min per site, corresponding to
10 Gy to 1-mm depth. The dural location was

tive L2 vertebral body lesion with a right anterolateral
prevertebral soft tissue component (a). Sagittal CT of the
lumbar spine showing the same lytic lesion (b)

treated first, followed by the IVC and psoas mus-
cle margin. During this time, the surgical bed was
flooded with warm saline for shielding, and the
source was held in place using wet gauze.
Following the conclusion of the brachytherapy
treatment portion, the saline was suctioned off,
the wet gauze removed, and the source stored
appropriately per radiation safety rules and
regulations.

The appropriate interbody expandable cage
was selected and filled with bone graft and was
placed between L1 and L3. Intraoperative imag-
ing confirmed appropriate placement. Following
placement of the interbody graft, it was secured
using an anterior plate and the wound was closed
(Fig. 11.3).

The patient’s postoperative course was com-
plicated by MSSA  (methicillin-sensitive
Staphylococcus aureus) bacteremia and a fluid
collection requiring drainage and an extended
course of antibiotics. At 6-month follow-up, the
patient had diminished sensation in the right L2
and L3 dermatomes and endorsed intermittent
severe back pain but had normal strength in the
bilateral lower extremities.
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Fig. 11.2 Preoperative magnetic resonance imaging of
the lumbar spine demonstrating a destructive lesion of the
L2 vertebral body and prevertebral soft tissue. (a) T2 sag-
ittal MRI showing a heterogeneously enhancing destruc-
tive lesion at L2. The lesion impinges upon the spinal
canal causing severe spinal canal stenosis and obliteration
of the CSF space. On coronal T1 (b), the anterolateral pre-

Introduction

Primary tumors of the mobile spine were his-
torically thought to be incurable due to chemo-
therapy and the radiation-resistant nature of these
specific lesions, and the technical challenges
posed in complete surgical resection further com-

vertebral soft tissue component of the lesion is evident
within the right psoas muscle. Axial MRI cuts at the level
of L2 (e¢is T2, d is T1) showing the destructive lesion with
significant anterolateral expansion into the right psoas
muscle. Severe canal stenosis with obliteration of the CSF
space is again evident

plicated by local anatomy. Tomita et al. trans-
formed the treatment of primary spine lesions
with the description of the posterior en bloc spon-
dylectomy [1, 2]. While the posterior approach is
the preferred intervention for many lesions, large
lesions with significant ventral paravertebral
extension or involvement of retroperitoneal vas-
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Fig. 11.3 Postoperative X-rays demonstrating final spi- ments. More importantly, the films demonstrate an intact
nal construct from T12 to L4. Postoperative standing construct consisting of the corpectomy cage and the new
3-foot lateral and anteroposterior X-rays (a,b). X-rays fusion construct consisting of T12-L4 bilateral pedicle
demonstrate normal regional and global spinal align-  screws secured with double bilateral rods (four total)
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cular structures may not be amenable to poste-
rior en bloc spondylectomy. The transperitoneal
anterior lumbar and lumbosacral approach allows
for direct visualization and access to the lumbar
spine and associated structures such as the great
vessels.

In contrast to intralesional surgical approaches,
including curettage and piecemeal resection, en
bloc resection consists of the removal of the
lesion and affected portion(s) of the vertebra as a
single piece [3, 4]. En bloc resection may be used
in the treatment of solitary spinal metastases,
locally invasive primary benign lesions, and
malignant focal tumors [5]. The primary objec-
tive of en bloc spondylectomies is to remove the
entirety of the tumor and the diseased vertebrae
in one piece with an appropriate surrounding
margin [3, 4]. Histologic examination of surgical
specimens is necessary in order to determine
whether en bloc resection was intralesional, mar-
ginal (entailing dissection along the pseudocap-
sule surrounding the tumor), or wide (in which
the tumor and a continuous shell of healthy tissue
are removed) [3, 6]. En bloc resection with appro-
priate margins for specific lesions has been dem-
onstrated to minimize the chances of local
recurrence and maximize patient survival and
health-related quality of life (HRQoL) [5, 7-10].

Staging and Surgical Planning

Patients presenting with a suspected spine neo-
plasm must first undergo preoperative staging
via X-rays, CT, and MRI, followed by biopsy
[4]. Biopsy is essential in deciding whether an en
bloc approach should be performed and whether
neoadjuvant chemotherapy or radiation is war-
ranted. Additional imaging modalities that may
assist in the staging process include positron
emission tomography (PET) scanning, CT scans
of the chest and the abdomen (to look for meta-
static disease), and bone scans [4].

The recommended biopsy approach is trocar
biopsy under CT guidance [3, 4, 6], as open
biopsy is associated with an increase in the risk of
local spread and recurrence [3, 4]. Given that the
biopsy tract may need to be excised during the

definitive surgical intervention, it is recommended
that the biopsy be performed at experienced cen-
ters with multidisciplinary teams to ensure ade-
quate coordination with the surgeon [3, 4]. As
biopsies do confer a risk of seeding, biopsies may
be deferred in some cases, including certain cases
of metastatic disease with known primary, recur-
rent disease, and some suspected chondrosarco-
mas, in which breaching of the pseudocapsule
during a biopsy risks spread [6]. Following biopsy
and imaging, patients should be staged at a multi-
disciplinary conference that includes surgeons,
medical and radiation oncologists, radiologists,
and pathologists [4].

The Enneking staging system allows for the
application of oncologic principles initially
developed in the long bones to the spine, based
on grade (G), local extent (T), and metastasis (M)
[3, 11]. Based on these features, the Enneking
system prescribes appropriate margins [3, 12].
Margins consistent with the Enneking grade (i.e.,
Enneking appropriate (EA) margins) are associ-
ated with decreased local recurrence and
improved survival in malignant spine tumors [3,
9, 13, 14]. The Enneking system recommends
wide en bloc resection of stage 3 benign lesions
(rapidly growing lesions with a thin, incomplete,
or absent capsule) and of stage 1A, IB, IIA, and
IIB malignant lesions (i.e., all nonmetastatic
malignant lesions, regardless of grade and local
extension), with adjuvant therapy recommended
for higher grade lesions [6].

Classification of staged lesions using
Weinstein-Boriani-Biagnini (WBB) criteria may
be useful in surgical planning, as WBB classifica-
tion often suggests successful resection strategy
[3, 6, 15]. In the WBB system, the vertebra is
divided into 12 radiating zones and five layers
[6]. Based on the zones involved, different tech-
niques for en bloc spondylectomy are more likely
to be feasible. In a meta-analysis of 89 articles,
WBB classification was able to predict attain-
ment of marginal or wide versus intralesional
margins in 88% of cases [4].

Appropriate staging, surgical planning, and
techniques are critical as multiple series have
demonstrated that the first surgical treatment
most strongly affects patient prognosis [4, 16,
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17]. Intralesional and marginal surgical margins
have been identified as impendent risk factors for
local recurrence [16, 18], which in turn is strongly
associated with survival [3]. Recurrent disease is
also associated with significant reductions in
patient quality of life (QoL) [4].

Adjuvant Therapy

Potential adjuvants to surgical treatment for pri-
mary spinal tumors include chemotherapy, per-
cutaneous techniques, and radiation therapy [3].
Management in experienced centers by multi-
disciplinary teams capable of offering diverse
treatment modalities is associated with improved
outcomes [3, 4, 19].

Chemotherapy

The majority of primary spine tumors respond
poorly to chemotherapy; however, adjuvant and
neoadjuvant chemotherapy protocols exist for
select lesions, including osteosarcoma, Ewing’s
Sarcoma, and giant-cell tumor [3, 20]. The use
of denosumab neoadjuvant therapy for giant-cell
tumor has been shown to improve disease control
and allow for less morbid surgery [3, 20]. One
series described the use of intraoperative chemo-
therapy using distilled water and cisplatin che-
motherapy in cases where an intralesional T-saw
cut of the pedicle was necessary to preserve the
nerve roots in a series of patients with aggressive
benign tumors and single metastatic lesions [21].
However, evidence regarding intraoperative che-
motherapy for spinal tumors is very limited. An
example of a malignant tumor that may warrant
neoadjuvant chemotherapy prior to en bloc resec-
tion is Ewing’s sarcoma.

Percutaneous Techniques

Percutaneous techniques such as selective arterial
embolization (SAE) and thermal ablation may be
appropriate for select lesions. Preoperative SAE
is the standard treatment for aneurysmal bone

cysts [22], and preliminary data indicate that mul-
tiple treatments of standalone SAE may be suffi-
cient for treatment of select cases of aneurysmal
bone cysts without extensive neural involvement
or high-risk fractures [3]. SAE is also used pre-
operatively for the treatment of giant-cell tumors
and vascular metastatic tumors, such as renal cell
carcinoma, thyroid carcinoma, or hepatocellular
carcinoma [23, 24], and may be of use prior to
en bloc spondylectomy for recurrent low-grade
osteosarcoma [25]. Percutaneous thermal abla-
tion of osteoid osteoma has been shown to be
highly efficacious [26].

Radiation Therapy

The majority of spinal lesions are radioresis-
tant. However, select lesions are radiosensi-
tive [24], and radiation therapy of an adequate
dose (at least 60—-65 Gy) can confer a survival
advantage for patients with malignant spine
tumors [3]. Radiation therapy is a useful adju-
vant therapy in the treatment of chordomas
and chondrosarcomas, particularly in lesions
in which en bloc resection is not feasible [3,
27]. Multiple modalities have been demon-
strated to be effective, including photon-based
intensity-modulated radiation therapy, pro-
ton beam therapy, carbon ion, and high-dose
single-fraction radiosurgery, all of which have
been demonstrated to produce similarly high
rates of 5-year local control when adequately
dosed (typically, over 70 Gy) and combined
with surgery for primary spine tumors [3, 28].
Some have advocated for both pre- and postop-
erative radiotherapy to reduce the rate of intra-
operative seeding. The addition of preoperative
radiation therapy has been shown to improve
local control as compared to surgery and post-
operative radiation therapy [3]; however, pre-
operative radiation therapy is associated with
a significant increase in perioperative com-
plications due to impaired wound healing and
increased technical challenges intraoperatively
due to scarring [3, 29, 30].

The use of Phosphorus-32 (P-32) brachyther-
apy in neurosurgery, as in this case, is relatively
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novel. Series regarding intracavitary P-32 brachy-
therapy for craniopharyngioma suggest that
intracystic P-32 can be an effective treatment for
craniopharyngioma, with limited morbidity
related to the brachytherapy [31, 32], and a case
report has described the use of P-32 brachyther-
apy plaque for the treatment of recurrent spinal
neuroblastoma with good local control at
11 months [33].

Surgical Approaches

En bloc resection of spinal lesions poses a sig-
nificant technical challenge and risk of mor-
bidity due to the proximity of vital neural and
vascular structures [3, 6]. Spondylectomies are
also inherently destabilizing procedures and
require reconstruction and instrumentation in
order to allow for appropriate patient mobility.
However, successful en bloc spondylectomy can
confer a significant survival advantage. There
are thus three key objectives in en bloc spondy-
lectomy: successful resection of the lesion with
acceptable margins to maximize local control
and survival, limiting damage to the surrounding
structures to limit morbidity and mortality and
maximize functional outcomes, and reconstruc-
tion to restore stability and function [34]. Three
major methods exist for en bloc spondylectomy:
vertebrectomy, sagittal resection, and resection
of the posterior arch [6]. Operative approach is
selected based on the location, size, and local
extent of the tumor.

Vertebrectomy

Vertebrectomies are defined as the en bloc
removal of the body and lamina following
detachment from the posterior elements via a
transpedicular osteotomy [35] and are the pre-
ferred approach for centrally located lesions of
the vertebral body with at least one pedicle free
from disease (i.e., tumors involving WBB zones
4-8 or 5-9) [4]. This may be achieved via an
anterior and/or posterior approach and may be
accomplished in one or two stages [6].

Posterior Vertebrectomy

Posterior vertebrectomy is the most commonly
utilized approach for resection of vertebral body
lesions [5, 7, 21, 36—41]. The posterior approach
allows for direct control of epidural venous
plexus bleeding and posterior instrumentation
[6]. Nerve roots may be sacrificed in the thoracic
region to allow for sufficient space for resection
of the vertebral body and anterior reconstruction
when a posterior approach is taken [42, 43]; how-
ever, sacrifice of a nerve root in the thoracolumbar
and lumbar spine is avoided when possible, and
caution needs to be taken when operating near
the artery of Adamkiewicz. Injury to the artery of
Adamkiewicz leads to anterior spinal cord isch-
emia and loss of lower extremity function [5].
The single-stage posterior approach is associated
with less morbidity for appropriate lesions and
may be preferred, particularly for one- or two-
segment en bloc resections [25].

Anterior Vertebrectomy

However, large lesions and lesions with signifi-
cant ventral expansion may require a direct ante-
rior approach [6]. Anterior vertebrectomies allow
for easier ligation of the segmental vessels and
may enable achievement of better margins in
tumors with anterior paravertebral expansion or
in recurrent disease where resection is compli-
cated by adhesions and scar tissue [6, 25]. The
anterior approach may be of particular utility for
lesions in close proximity to major vessels; in
cases in which the tumor is adherent to or involv-
ing major blood vessels, the assistance of a vascu-
lar surgeon may be of use, especially if repair of a
vessel is warranted. The transperitoneal approach
may also be necessary in L5 lesions with signifi-
cant ventral extension, as the iliac crest may limit
access via the sagittal approach [21].

Anterior vertebrectomies are often combined
with a posterior laminectomy and instrumenta-
tion prior to anterior en bloc resection and instru-
mentation in a two-stage approach [5, 21, 34].
This allows for mobilization of the thecal sac and
separation of the dural surface from the posterior
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longitudinal ligament or tumor capsule under
direct visualization prior to anterior en bloc
resection [21].

Sagittal Resection

Lesions located eccentrically in the body, ped-
icle, or transverse process (i.e., in zones 3-5
or 8-10) may be resected via sagittal resec-
tion [4]. This approach may be utilized for the
en bloc resection of one or more levels [6, 44].
The patient is positioned in the lateral decubitus
position, and the spine is accessed via the retro-
peritoneal approach [6]. Sagittal resection entails
the removal of posterior structures, including
the pedicle, to allow for dural displacement, fol-
lowed by en bloc resection of anterior structures
[6]. The sagittal approach may be combined with
posterior approaches for instrumentation or to
allow for anterior release prior to posterior resec-
tion of primary spinal tumors of posterior ele-
ments [6, 24, 44-46].

Resection of the Posterior Arch

Lesions restricted to zones 10-3 can be resected
via an isolated posterior approach. Resection of
posterior arch lesions entails a wide laminectomy
above and below the lesion, exposing the dural
sac above and below. Lateral dissection at the
level of the lesion allows for exposure of the ped-
icles, which are then sectioned in order to achieve
en bloc resection of the involved posterior ele-
ments [6]. Resection of tumors isolated to the
posterior elements may not require resection of
the vertebral body or anterior reconstruction [47].

Surgical Technique: Transperitoneal
Vertebrectomy

Preoperatively, placement of a radiopaque local-
izing implant may aid in the intraoperative local-
ization of lesions [48]. The patient should be
positioned prone on a fluoroscopy-compatible
table [48]. The use of intraoperative motor evoked

potentials and somatosensory evoked potentials
is recommended, and baseline measurements
should be obtained prior to case initiation and
before and after positioning changes [48].

En bloc spondylectomies are associated with
substantial blood loss, and multiple units of packed
red blood cells (PRBCs) should be available [48].
If available, use of a cell saver with leukocyte filter
may reduce the transfusion burden [48].

Posterior laminectomy, pediculectomy, and
instrumentation and fusion may precede anterior
en bloc resection. The location of the pedicle cut
should be informed by the degree of tumor exten-
sion, with the cut placed in a way to avoid intral-
esional margins. In the described case, the lack of
tumor extension into the pedicles allowed for a
posterior-based pediculectomy prior to anterior
vertebrectomy.

Approach

Collaboration with general or vascular surgeon
is recommended, particularly for patients with
tumor compression or involvement of the major
vessels. Pfannenstiel, horizontal, or vertical inci-
sions may all be appropriate; the decision as to
which incision to use is primarily cosmetic; how-
ever, for L4-L5 lesions, a vertical incision may
allow for superior exposure [49]. Following inci-
sion, use electrocautery to dissect to the anterior
rectus sheath. Open the rectus sheath using elec-
trocautery and expose the paired rectus muscles.
Retract the rectus muscles laterally to expose the
transversalis fascia. Sharply dissect through the
fascia to expose the peritoneum. Incise the peri-
toneum, taking care to avoid bowel [49].

Retract the small bowel and mesentery superi-
orly and to the left and pack with moist sponges
[49]. Retract the sigmoid colon inferiorly and to
the left to expose the posterior peritoneum.
Visualize and palpate the aorta, vena cava, and
sacral promontory. Following localization of ret-
roperitoneal structures, elevate the posterior peri-
toneum with forceps and enter sharply [49].

Within the posterior peritoneum, avoid the use
of electrocautery due to the risk for retrograde
ejaculation due to hypogastric plexus injury [49].
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Blunt dissect within the retroperitoneum using a
Kittner swab to identify the disc space and verte-
bral bodies [49]. Intraoperative fluoroscopy may
be used to confirm appropriate vertebral body
level. Mobilize the ipsilateral kidney posteriorly.
Prior to the mobilization of the great vessels,
identify and ligate the iliolumbar vein and middle
sacral artery [49]. Then, mobilize the great ves-
sels. At the L5-S1 levels, it may be possible to
pass between the great vessels; however, above
L4-L5, mobilizing and sweeping the iliac vessels
laterally is necessary for access [49]. Generally, a
left-sided approach is preferred in order to limit
injury to the IVC.However, a right-sided
approach (as in this case) may be necessary if
that is the side of maximal tumor extension [5].

En Bloc Corpectomy

Following exposure of the appropriate vertebral
body and disc spaces and mobilization of great
vessels, the en bloc corpectomy can be per-
formed. Excise the discs distal and proximal to
the affected vertebral body [5, 21]. Osteotomies
through the vertebral body are not recommended
due to the increased risk for graft subsidence into
the cancellous bone of the vertebral body post-
operatively [5, 50, 51]. Transect the annulus and
the anterior longitudinal ligaments and then use a
T-saw to divide the pedicle, if it has not been pre-
viously resected during an initial posterior stage
[5, 21]. Paraspinal structures such as the psoas
muscle may also require division around the
tumor lesion depending on the extent of lesion
extension. Following complete release of the ver-
tebral body and the tumor, the involved vertebral
body and the tumor can then be rolled out en
bloc. Histopathological examination of the speci-
men is necessary in order to determine resection
margins.

Reconstruction
En bloc spondylectomies are inherently highly

destabilizing and require reconstruction. Options
for anterior reconstruction include titanium mesh

cages or carbon cages, filled with autograft mate-
rial, or wide-diameter whole-shaft femur or tibia
allografts [5, 25, 40]. Cages or allografts may be
secured and the spine instrumented anteriorly
using rods, plates, or cables [5, 24]. Anterior
instrumentation may be augmented with posterior
instrumentation, such as pedicle screw and rod
constructs, in a staged approach [25, 52]. Pedicle
screws provide superior support as compared to
anterolateral plate fixation during flexion, exten-
sion, and axial rotation, and stability following en
bloc spondylectomy is primarily a function of the
number of screws in posterior instrumentation [5].

Complications

En bloc spondylectomies confer a substantial risk
of morbidity. Series have reported rates of compli-
cations ranging from 13% to 65%, with 0 to 7.7%
rates of mortality [4, 16, 17, 40, 53]. Reported
rates of complications are slightly higher in resec-
tions for recurrent disease or following radiation
therapy due to abnormal anatomy, adhesions, and
fibrosis [4, 17, 25, 53]. Posterior-only approaches
are associated with a lower rate of complications
as compared to anterior or combined anterior/
posterior approaches, although this may reflect
the more complex lesions that typically require
an anterior approach [17]. Similarly, multilevel
en bloc spondylectomies are associated with
increased morbidity due to the increased complex-
ity [40]. Reported complications include surgical
complications such as vascular injury, ureteral
injury, hemorrhage, hematomas, wound necrosis,
hardware failure, CSF leaks, deep wound infec-
tions, paraplegia, and local recurrence as well as
medical complications such as pulmonary emboli,
respiratory failure, myocardial infarctions, and
acute kidney injuries [4, 17, 24, 39, 40]. The most
common complications are wound complications
and intraoperative blood loss [4, 54]. Of note,
however, the majority of patients recover from
their complications and are able to achieve good
outcomes in the long term [40].

Surgical adjuncts are available to reduce
the risk of perioperative complications. The
use of intraoperative navigation may allow for
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tumor-free osteotomy cuts, improving surgical
margins and the rate of Enneking appropriate
resection while decreasing the risk of injury to
surrounding structures [3, 55]. Strategies
reported to reduce the rate of infections in en
bloc spondylectomies include the use of intraop-
erative vancomycin powder [56], negative-pres-
sure wound vacuums [57], and the assistance of
a plastic surgery service in closing large wounds
or areas with significant soft tissue deficits [58].

Conclusion

The resection of spinal tumors is technically
challenging due to the proximity of vital struc-
tures. En bloc spondylectomies are associated
with a relatively high risk of complications but
have been shown to produce significant improve-
ments in survival for patients with spinal tumors.
Preoperatively, patients should be staged by mul-
tidisciplinary teams using MRI, CT, and addi-
tional imaging as necessary. CT-guided biopsies
are strongly recommended for histopathological
diagnosis of the lesion and should be performed
at the same institution as the definitive surgical
treatment in order to allow for communication
with the spine surgeon and excision of the biopsy
tract if necessary. Adjuvant therapeutic options
may be appropriate for select patients. The surgi-
cal approach selected for resection is dependent
upon the anatomy of the lesion within the vertebra.
WBB classification of the tumor location may help
guide surgical decision making, and the Enneking
grade of the lesion prescribes appropriate mar-
gins. Enneking appropriate resection is associ-
ated with increased survival and HRQoL. Patients
with lesions with significant anterior extension
or that compress or involve the major vessels
may require an anterior transperitoneal approach.
Collaboration with vascular surgery may also be
necessary. Anterior approaches may also be com-
bined with posterior approaches in a two-stage
procedure to allow for posterior decompression,
dissection, and instrumentation prior to the ante-
rior approach. Large lesions with significant ante-
rior paraspinal involvement can be successfully
resected en bloc via the anterior approach.
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Anatomy

The occipital bone forms the foramen magnum,
for which the basion and opisthion serve as the
anterior and posterior midline landmarks. The
skull base articulates with the atlas (C1) at the
paired occipital condyles, accounting for the
majority of head flexion and extension. Paired
anterior and posterior arches of C1 form the ante-
rior and posterior tubercles, respectively. The
sulcus for vertebral artery can be appreciated as
a smooth groove on the superior surface of the
posterior arches. The ring of C1 is completed
laterally, with the lateral masses and transverse
foramen. Inferiorly, the C1 lateral mass joins C2
to form the atlanto-axial joint, responsible for the
majority of head rotation. The fibrous apical liga-
ment of C2 extends from the tip of the dens to
the basion. The alar ligaments of the dens oppose
excessive rotation, joining the occipital condyles,
superolaterally. The cruciate ligament covers the
posterior surface of the dens, attaching laterally
to the C1 lateral masses, cranially to the fora-
men magnum, and caudally to the axis. Finally,
the tectorial membrane forms the posterior longi-
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tudinal ligament (PLL), comprising the anterior
surface of the central canal.

Originating from the subclavian arteries, the
vertebral arteries are best characterized by ana-
tomical location: preforaminal, from the sub-
clavian artery to C6 (V1); foraminal, from the
transverse foramen of C6 to C2 (V2); extradu-
ral, from C2 to the dura (V3); and intradural,
forming the basilar artery (V4). The anterior
spinal artery, formed from the vertebral arteries,
and posterior spinal arteries, most commonly
formed from the posterior inferior cerebel-
lar arteries (PICA), supply the majority of the
cervical spinal cord. Segmental arteries, aris-
ing from spinal branches of the vertebral artery,
of the cervical artery, and of the deep cervical
artery function to reinforce the anterior and pos-
terior spinal arteries, as well as supply radicular
arteries of nerve roots.

Adequate understanding of motor innervation
and sensory dermatomes of cervical nerve roots
is pivotal, especially if nerves are operatively
sacrificed or injured. Sensory innervation to the
posterior aspect of the occiput is provided by
C2; C3 and C4 provide sensation to the neck and
medial shoulders, respectively; C5 extends from
the shoulder to the outer arm; C6 provides the lat-
eral forearm and thumb; C7 for the middle digit;
and C8 for the fifth digit. Motor innervation to
the diaphragm is by the phrenic nerve (C3-C5).
Motor innervation to the brachial plexus is from
C5to T1 [1-5].
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Diagnosis and Decision-Making

Occipito-cervical (OC) fusion may be indicated
to address instability resulting from an infiltrat-
ing process or iatrogenic instability. The most
common underlying etiologies include rheuma-
toid arthritis (41%), tumor (16%), trauma (15%),
congenital abnormality (14%), metabolic con-
ditions (6%), inflammatory conditions (6), and
infection (2%) [6]. The accurate diagnosis of cer-
vical spinal tumors has considerable implications
for surgical management.

Metastatic spine disease is more common
than benign primary spinal tumors, which is
more common than malignant primary spinal
tumors. Unlike primary spinal tumors, surgery
for metastatic spine disease is generally pallia-
tive [7]. The spinal column is the most common
site for skeletal metastases but involves the cer-
vical spine in only 8-20% of cases [8]. Primary
tumors arising at the anterior aspect of the cra-
niovertebral junction may include chordoma,
meningioma, schwannoma, chondrosarcoma,
osteoblastoma, giant cell tumor, and plasmacy-
toma [9, 10].

For decision-making in metastatic spine
disease, clinicians should rely on the NOMS
Framework—an algorithm that consists of
the patient’s neurologic status (N), oncologic
behavior of the tumor (O), spinal mechanical
instability (M), and systemic burden of disease
(S) [11]. As concluded by the Spinal Oncology
Study Group’s Spinal Instability Neoplastic
Score (SINS), instability is more likely in
pathologies involving junctional levels such
as occiput—C2, as compared to the mobile sub-
axial spine. Instability is also more common if
the patient complains of mechanical pain, the
lesion is lytic, there is a radiographic deformity,
there is translation or subluxation, there is ver-
tebral body collapse, or there is involvement
of the posterior elements [12]. Due to the risk
of instability and wide diameter of the central
canal from O to C2, patients most commonly
present with mechanical instability and refrac-
tory neck pain, as opposed to neurologic defi-
cits [13-15].

Operative Techniques
Approach

In the setting of cervical spine or craniovertebral
junction tumors, the treatment goals for patients
undergoing occipital-cervical stabilization are to
decompress neural elements, realign the cervical
spine, and stabilize the spinal column [16-18].
Nonoperative measures, including hard collar
and external beam radiation, are recommended
for patients with “normal alignment and minimal
subluxation” [16].

Following a systematic review of the lit-
erature and modified Delphi method, the Spinal
Oncology Study Group recommended posterior
approaches for the majority of surgical cases
involving metastatic disease in the cranioverte-
bral junction (O—C2) [13]. Imaging criteria for
instability, requiring posterior stabilization in this
region, were described as “fracture subluxation
of >5 mm, 70% unilateral condylar destruction,
or >50% bilateral destruction” [13].

Positioning

Nasal intubation results in the least amount of
cervical spine displacement, compared to other
traditional methods, and may be preferred in
the setting of cervical spine instability [19].
Arterial lines are placed and the patient is posi-
tioned prone on a Jackson table, on chest bol-
sters. A three-point mounted clamp, such as the
Mayfield® Cranial Stabilization System (Integra
LifeSciences Corporation, Plainsboro, NJ, USA),
is used to immobilize the cervical spine and cra-
niovertebral junction. Positioning during cranial
stabilization is critical, because misalignment
of the craniovertebral junction following rigid
fixation can have a significant impact on sagittal
alignment, swallowing function, and quality of
life [20]. Moreover, OC fusions performed with
an excessive posterior Occipito-cervical angle
(POCA) face increased biomechanical stress and
are associated with a higher incidence of dyspha-
gia—potentially requiring reoperation [21].
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Neuromonitoring

Due to the vital structures in the craniovertebral
junction, it is necessary to have neuromonitor-
ing. Ideally, this would consist of somatosensory
evoked potentials (SSEP), transcranial motor
evoked potentials (TcMEP), and neuromuscular
junction testing (NMJ).

Somatosensory evoked potential monitoring,
which can reduce postoperative paraplegia by
50-60% [22] and can be performed via bilateral
median nerve stimulation at the wrist and poste-
rior tibial nerve stimulation at the popliteal fossa.
Waveforms should be carefully monitored for
any deviation from the baseline. Of note, exces-
sive neuromuscular blockade may reduce the
sensitivity for detection of nerve root irritation
during portions of the procedure.

Exposure

The Occipito-cervical area is shaved, prepped,
and draped in sterile fashion. A midline incision
is made from the occiput to the desired cervical
level. This is deepened to the level of the spinous
processes and the occipital bone. Subperiosteal
dissection, using monopolar cautery, can be per-
formed at the spinous processes and occipital
bone. During the exposure it is necessary to not
only identify structures directly visible but also
remain cognizant of vital structures that may
not be seen. This includes bony structures of the
spinal column and occiput, the path and location
of the vertebral arteries, and location of exiting
nerve roots [17, 18, 23].

Decompression

Laminectomy, with or without foraminotomy, is
useful in decompressing the central spinal canal.
With exposure taken to the medial aspect of the
facet complexes, a high-speed drill with a cut-
ting bit is utilized to perform bilateral trough
laminectomy. The spinous process and lamina
can safely be removed in one piece and adjacent
intraspinous ligaments divided with a Leksell

rongeur. A Kocher or penetrating towel clamp
is used to apply dorsal traction to lift the lam-
ina and associated ligamentum flavum from the
dura. An angled Kerrison punch can be used to
divide the ligamentum flavum and lift residual
lamina. Hemostasis of the epidural space is
achieved by careful electrocautery and throm-
bin-soaked oxidized cellulose. Piecemeal lami-
nectomy may also be performed with a Leksell
rongeur [23, 24].

Instrumentation

Instrumentation of the occiput is achieved with
a midline plate and bicortical keel screws. The
plate is placed in close proximity, but caudal,
to the external occipital protuberance (EOP).
Plating directly at the EOP increases the risk for
skin erosion. Due to the thickness of the skull
base at the internal occipital crest, it is necessary
to plate in the midline. The EOP and superior
nuchal line can be utilized as anatomic land-
marks. Preoperative CT scans should be used to
plan the desired screw length. It is notable that
screws placed laterally will be smaller due to the
thinner bone, relative to the midline.

Instrumentation at C1 consists of lateral mass
screws, with the entry point inferior to the pos-
terior arch of C1 and superior to the C2 nerve
root. Special attention should be paid to iden-
tify the C2 nerve root and remain medial to the
vertebral artery. The arch of C1 may be utilized
to guide screw trajectory, resulting in bicorti-
cal fixation with a long shank screw. The long
shank screw includes an unthreaded portion due
to the anterior location of the CI lateral mass.
Careful hemostasis should be maintained during
instrumentation of C1, due to the propensity for
venous bleeding. In order to minimize joint vio-
lation at O—C1 or C1-C2, the ideal screw trajec-
tory should be between 0 and 15 degrees medial,
with the screw tip lying from 20 to 40% of the
anterior arch height, measured from the caudal
border [25].

Instrumentation options at C2 include pars,
pedicle, and intralaminar screws. Due to the
lateral trajectory required for pedicle screw, the
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pars screw is often preferred in this location. The
entry point for the C2 pars screw is 3—4 mm cra-
nial relative to the C2—C3 facet joint and in the
midpoint of the pars. The length of the unicorti-
cal C2 pars screw should end before reaching the
transverse foramen, to minimize vertebral artery
injury.

When possible, the surgeon should aim for
two points of distal fixation. Notably, postopera-
tive radiation, poor bone quality, osteoporosis,
or multiple subaxial sites of disease may favor
longer constructs [15]. Lateral mass screws are
the instrumentation of choice for the subaxial
cervical spine. The entry point is located 1 mm
caudal and 1 mm medial to the midpoint of the
lateral mass [26]. In order to minimize facet joint
violation, screws are directed 30 degrees crani-
ally and 20 degrees laterally. Screw length is
planned from preoperative CT scans, typically
ranging from 13 to 15 mm [27]. Decortication
of the lamina, facet joints, and bone grafting at
those decorticated sites allows for bony fusion.
Additional axial stability may be achieved with
transverse rod connectors (Fig. 12.1).

Fig. 12.1 Artist
illustration of Occipito-
cervical fixation.
(Reprinted with
permission from: Xu R,
Sciubba DM, Gokaslan
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Closure

Closure may be initiated in a typical fashion, and
flush placement of the occipital plate reduces the
risk of skin erosion. Reapproximation of the fas-
cial layer is performed with 0 Vicryl, followed by
reapproximation of the subcutaneous layer. For
reapproximation of the subcuticular layer skin
edges, 3-0 Vicryl may be used.

Complications

Complications following Occipito-cervical fusion
include dysphagia, dural venous sinus injury,
CSF leak, pseudoarthrosis, wound infection, and
wound dehiscence [6, 28, 29]. Additionally, ante-
rior hip graft harvesting has a risk of injury to the
lateral femoral cutaneous or ilioinguinal nerves,
and long-term hip pain is reported to occur in
2.5% of cases [30, 31]. Risk factors for dural tear
include old age, thin dura from chronic compres-
sion, synovial cysts, and scarring from previous
surgery [31].
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Case Presentation 1

A 67-year-old female with multiple medical
comorbidities presented to the neurosurgical
spine service with mechanical neck pain. She had
a history of metastatic non-small-cell lung cancer
(NSCLC) to her bone. She was worked up and
found to have tumor infiltration on the right C1
lateral mass and right occipital condyle, resulting
in destruction of the joint and occipito-atlantal
instability. On physical examination, she was
neurologically intact. She was placed in a Miami
J collar with mild improvement in her pain,
which was felt to be primarily due to mechanical
instability.

Following an extensive discussion about the
risks and benefits of surgery, the patient elected
to proceed with surgery, consisting of a fusion
from the occiput to C4. She was nasally intu-
bated with a collar in place, placed prone, and
her head was secured in a Mayfield head holder.
A midline incision was fashioned from the
occiput down to CS5. Subperiosteal dissection
was performed, with monopolar electrocautery,
to the level of the spinous processes and the
occipital bone. Anatomic landmarks were identi-
fied, including the occipital bone, posterior arch
of C1, bilateral C2 lamina, and lateral masses of
C3, C4, and C5.

The lateral masses of C3 and C4 were can-
nulated, bilaterally, followed by insertion
of bicortical 16-mm Mountaineer screws.
However, the thin right C4 lateral mass was
noted to fracture laterally and could not be sal-
vaged. In an effort to incorporate at least two
points of distal fixation, the C5 lateral masses
were cannulated for the placement of 16-mm
lateral mass screws. Lateral mass screws were
aimed ~20° superiorly and laterally. Bicortical
purchase was achieved for every screw for C3
bilaterally, the left C4, and bilateral C5 lateral
masses. Attention was then turned to placement
of a midline plate on the occipital bone and
secured with three bicortical keel screws. Two
rods were bent to the cervical alignment, con-
nected from the plate to the lateral mass screws
and tightened.

Decortication with a cutting burr proceeded
from the occipital bone, C1 lateral masses,
bilateral laminae, and lateral masses of C2,
C3, C4, and C5. The C2-C3, C3-C4, and C3—
C4 joints were also decorticated, bilaterally.
Irrigation was then performed with 1 liter of
normal saline with antibiotics. Approximately
20 cc of Optium putty, mixed with bone crou-
tons/chips, was placed on the decorticated lat-
eral masses, lateral gutters, and medially over
the spinous processes and the occipital bone.
A drain was left in place and neuromonitor-
ing was stable throughout the case. Closure
was completed in typical neurosurgical fashion
(Fig. 12.2).

Case Presentation 2

This is a 78-year-old gentleman who presented
with a 7-week history of upper neck pain and
lower extremity weakness, which was mechani-
cal in nature. MRI demonstrated a lytic lesion
present in the C2 vertebral body and dens, result-
ing in spinal cord compression at that level.
The patient had a known history of colon can-
cer, resected 11 years prior, and bladder cancer,
resected 5 years prior. Intraoral biopsy demon-
strated metastatic urothelial carcinoma. Due to
the mechanical neck pain, cord compression,
and progressive lower extremity weakness, a
posterior cervical decompression and Occipito-
cervical stabilization were recommended. Due
to the anterior location of the tumor, resection of
the mass was not attempted. Rather, the goal of
treatment was palliative in order to stabilize the
region, improve pain, and preserve neurologic
function.

The patient was placed prone on a Wilson
frame with the head secured in a Mayfield frame.
The posterior Occipito-cervical area was shaved,
prepped, and draped in a sterile fashion. A mid-
line incision was fashioned from the occiput to
C4, and subperiosteal dissection was performed.
Laminectomy decompression was performed
at ClI, C2, and C3. Meticulous hemostasis
was maintained with bipolar electrocautery.
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Fig. 12.2 Lytic metastatic non-small-cell lung cancer
affecting the right occipital condyle and C1 facet joint. (a)
Preoperative T1-weighted MRI. (b) Postoperative lateral

The bilateral laminectomies were performed
by drilling troughs around them and removing
them in one piece. Due to tumor extension in
the posterior elements at these levels, this bone
was not used as part of the autologous graft.
The C2 pedicle was cannulated on the left side,
and tissue was obtained for biopsy. A midline
plate was secured on the occiput, with 8-mm
keel screws. This was followed by placement
of C3 lateral mass screws and C4 lateral mass
screws. Decortication was performed at the
occiput, the occiput—C1 joint, the C1-C2 joint,
C2-C3 joint, and C3-C4 joint, using a high-
speed cutting burr. Following decortication,
two rods were fashioned to the patient’s align-

radiograph demonstrating Occipito-cervical fusion from
occiput down to C5

ment and tightened. To optimize the strength of
the construct, two cross-links were connected
to the rods.

Copious irrigation was performed with nor-
mal saline and antibiotics. A drain was tunneled
intramuscularly followed by the placement of
10 cc of optimum DBM putty, placed over the
decorticated sites and lateral gutters. Closure was
performed in the typical neurosurgical fashion,
using 0 Vicryl for the fascial layer and 0 Vicryl for
the subcutaneous layer. Skin edges were approxi-
mated with 3—0 stitches in the subcuticular layer,
followed by skin staples. Neuromonitoring was
utilized throughout the procedure and was stable
for the entirety of the case (Fig. 12.3).
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Fig. 12.3 Urothelial carcinoma metastatic to the C2 vertebral body and dens. (a) Preoperative sagittal T2-weighted
MRI. (b) Preoperative sagittal CT. (¢) Postoperative Occipito-cervical stabilization from occiput to C4
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Introduction

The cervical spine can harbor many types of
tumors, including primary bone malignancies and
metastatic lesions (Table 13.1). Metastatic spinal
cancers are far more prevalent than primary neo-
plasms. The spine is the most common site of
skeletal metastases [1, 2] with an estimated 10%
of cancer patients developing symptomatic metas-
tases to the spine column [3]. Cervical spine
metastases, though less prevalent than the tho-
racic and lumbar spine lesions, have been reported
in up to 25% of patients with metastatic spinal
tumors [1, 2, 4]. Approximately 85% of meta-
static cervical tumors involve the subaxial spinal
column [2, 5, 6]. Concomitant tumor involvement
of the thoracolumbar spine is common [2, 6]. In
contrast, primary tumors are rare and comprise
less than 5% of all spinal column tumors [2].
Many tumors are discovered incidentally on
radiographic studies or by physical examination
findings. Symptoms may range from subtle stift-
ness or axial neck pain to more profound neuro-
logical deficits [2, 7]. Given the relatively wide
spinal canal in the cervical spine, the incidence of
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neurological compromise is low, approximately
5% [2, 6, 8]. Neurological symptoms are typi-
cally due to extension of tumor into the spinal
canal rather than deformity [2]. Severe night pain
is a classic symptom that is often associated with
cancerous neoplasms. Furthermore, a history of
malignancy should raise clinical suspicion for
potential recurrent or metastatic disease in
patients with worsening or persistent neck pain.
The etiology of axial neck pain may be a result of
focal osseous destruction from the neoplasm or
expansion of the periosteum. Osseous destruc-
tion can also lead to spinal instability resulting in
pain on movement and increases the risk of a pro-
gressive Kyphotic cervical deformity. Lesions
that cause direct spinal cord or nerve root com-
pression can also cause radiculomyelopathic
symptoms. In severely stenotic cases, the spinal
cord compression may result in quadriparesis.
The management of cervical spinal tumors
depends not only on clinical presentation but also
on histology, stage, and grade of the tumor.
Although rare, primary tumors must be specifi-
cally addressed. Primary benign tumors are usu-
ally a focal problem but can be locally aggressive.
Primary malignant tumors are always considered
aggressive neoplasms. Because many primary
lesions metastasize late, a radical en bloc tumor
resection has potential to completely eradicate
the disease [9-11]. If a primary lesion is sus-
pected, a fine-needle biopsy can be performed to
confirm the pathology. En bloc resections are
technically challenging and are associated with
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Table 13.1 Classification of common tumors involving the spine

Benign primary tumors

Osteoid osteoma Osteosarcoma
Osteoblastoma Chondrosarcoma
Chondroblastoma Hemangioendothelioma
Hemangioma Hemangiopericytoma

Lymphangioma
Giant-cell tumor Lymphoma

- Leukemia

- Chordoma

- Ewing’s sarcoma

significant morbidity and mortality. Conversely,
aggressive en bloc resection of metastatic neo-
plasms is typically not indicated.

Nonoperative treatments with chemotherapy
and/or radiotherapy may be effective in the initial
stages of symptomatic cervical metastatic tumors
[6], but surgery should be considered in patients
who have failed nonoperative treatment or in
patients who exhibit instability or neurological
symptoms. Surgery is typically considered palli-
ative in metastatic cancer patients. Surgery for
metastatic spinal tumors does not alter the system
disease, but local tumor control can improve the
quality of the patient’s remaining life with accept-
ably low mortality and morbidity rates [1, 4, 12—
14]. The benefits of surgical intervention must be
carefully weighed against the patient’s estimated
survival, their disease burden, their functional
status, and the morbidity and recovery associated
with the surgery. Together with adjuvant therapy,
surgical intervention has the potential to provide
symptomatic pain relief, reestablish spinal stabil-
ity, and improve neurological status [1, 4, 12, 15].

Spinal tumors present complex surgical sce-
narios. In select cases a decompression alone may
be sufficient, but in many instances a segmental
fusion is required. Instability or prevention of iat-
rogenic instability is one of the major driving
forces in adding a fusion construct to a tumor
resection. In some circumstances instability can
be noted preoperatively on flexion-extension lat-
eral radiographs or if there is evidence of antero-
listhesis of the vertebral bodies on computed
tomography (CT) or magnetic resonance imaging
(MRI). Patients who have lytic bony lesions,
greater than 50% of vertebral body tumor involve-

Malignant primary tumors

Plasmacytoma, multiple myeloma

Common metastatic tumors
Lung

Breast

GI tract

Prostate

Melanoma

Kidney

ment, evidence of vertebral body collapse, and
destruction of the posterior facet joints have
higher incidences of cervical instability. Finally,
mechanical neck pain can also be a clinical indi-
cator of dynamic spinal instability. Prophylactic
fusion procedures are also performed in patients
where postoperative instability or progressive
deformity is anticipated. Situations that may pre-
dispose patients to worsening iatrogenic instabil-
ity include  combined  anterior-posterior
decompressions, extensive removal of ligamen-
tous and bony structures, and multiple-level cervi-
cal laminectomies. An anterior decompression
and reconstruction is useful in patients with exten-
sive vertebral body tumor involvement or in
patients who need support with axial loading of
the spinal column. Posterior stabilization gives
additional support to the posterior tension band
and is best in tumors predominantly involving the
posterior elements or dorsal epidural space. It is
not uncommon for some cases to require a com-
bined anterior and posterior approach to achieve
appropriate tumor resection and fixation [16]. In
these circumstances, posterior fixation provides
additional stability to large anterior column resec-
tions. The use of lateral mass screw and rod con-
structs has become the gold standard method of
providing posterior subaxial cervical spine fixa-
tion and stabilization.

Clinical Evaluation

Clinical evaluation of patients with a suspected
spinal neoplasm should begin with a thorough
history and physical examination. Diagnostic
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radiographic studies play a key role in investiga-
tion as they identify tumor anatomy and help
narrow the differential tumor diagnosis.
Appropriate studies for local assessment include
plain radiographs, cervical computed tomo-
graphic (CT) scan, and magnetic resonance
imaging (MRI). If a metastatic process is sus-
pected, a chest radiographic as well as a CT scan
of the chest abdomen and pelvis is indicated to
evaluate for the primary lesion and to provide
clinical oncological staging. A whole-body eval-
uation with positron emission tomography (PET)
or bone scan should also be performed in patients
with metastatic pathology to assess the overall
extent of disease. The cervical MRI scan is help-
ful in determining the extent of local tumor
involvement, differentiating tumor pathology,
and assessing preoperative anatomy [2, 17].
Flexion and extension radiographs can be
obtained to assess for dynamic instability. A cer-
vical CT scan assesses bony integrity and shows
viable screw options for cervical fusion con-
structs, if required.

Clinical Scenario

The patient is a 21-year-old Caucasian male who
presents with a 3-week history of weakness and
numbness of his bilateral upper extremities and a
3-day history of gait imbalance. His weakness is
asymmetric with his left arm being more severely
affected. He endorses constipation attributable to
his current pain medicine regimen, but denies
overt bowel and bladder incontinence. He has a
history of osteosarcoma involving the distal right
femur 5 years prior and has subsequently under-
gone tumor resection and endoprosthetic knee
replacement. Since the time of his initial diagno-
sis, he developed a right-sided pulmonary nodule
that was resected, and the pathology was consis-
tent with metastatic osteosarcoma. On examina-
tion, he also has evidence of hyperreflexia in his
lower extremities. An MRI evaluation revealed
an enhancing epidural mass extending from C4
down to C7 that resulted in cervical spinal cord
and nerve root compression (Fig. 13.1).

Positioning

Patient induction and surgical positioning war-
rant special consideration as many patients with
cervical spine pathology have significant spinal
canal stenosis [18]. Excessive neck flexion,
extension, or rotation in this patient population
has a potential risk for serious neurological com-
plications. The head should be maintained in a
neutral alignment until the head can be further
secured. Similarly, fiberoptic intubation may
reduce the amount of cervical extension required
to place the endotracheal tube. The patient’s
blood pressure should be maintained at normo-
tensive values, ideally with the systolic blood
pressure being higher than 120 mmHg.
Hypotension should be avoided in patients with
spinal cord compression. Preoperative steroids
can be considered if desired by the primary sur-
geon [19].

Neurological complications in the cervical
spine can be potentially devastating, so preven-
tative strategies such as intraoperative neuro-
physiological monitoring may be utilized to
assess the psychological integrity of the spinal
cord tracts. Monitoring the spinal column has
potential to alert the surgeon prior to any irre-
versible neurological deterioration both during
the positioning and the procedure [18, 20].
Combined motor evoked potential (MEP) and
(somatosensory evoked potential (SSEP) moni-
toring can be used. The head should be kept in
neutral alignment throughout the procedure and
is secured to the bed frame with a Mayfield
head holder.

Surgical Approach

Posterior cervical approaches begin with a mid-
line incision over the intended levels of opera-
tion. The prominent C2 and C7 spinous processes
can often be palpated to help with incisional
planning, but fluoroscopy can be beneficial in
smaller cases. The skin is incised sharply and the
dissection is continued with electrocautery. The
nuchal fascia is carefully dissected in line with
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Fig. 13.1 MRI revealing an axial T2 (a), axial T1 with contrast (b), sagittal T2 (c), and sagittal T1 with contrast (d).
There is evidence of epidural tumor involvement from C4 down to C7 resulting in moderate central spinal stenosis

the incision. The paraspinal musculature is then
separated by identifying the relatively avascular
midline raphe. Next, a subperiosteal dissection of
the spinous processes, laminae, facet joints, and
lateral masses is performed. The interspinous
ligaments should be left intact when possible to
help maintain stability. The intended levels of

operation should be confirmed prior to any bone
removal or instrumentation placement. Of note,
the cervical facet capsules should not be violated
until level localization has been verified
radiographically to avoid unnecessary instability
or autofusion of joints outside of the intended
fusion construct.
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Decompression and Tumor
Resection

Resection of spinal tumors can be challenging.
Surgical tenets such as adequate exposure, gentle
tissue manipulation, continuous hemostasis, and
approaching the lesion from normal to abnormal
anatomy are vital. Goals of surgery vary widely
depending on tumor pathology, extent of sys-
temic disease, and patient health. If the lesion is a
primary bony neoplasm, an aggressive en bloc
resection with margins is desirable. Metastatic
lesions are most often resected piecemeal, and
surgery is considered palliative in this popula-
tion. Regardless, the first priority is decompres-
sion of the neural elements, and this goal is often
best achieved with a laminectomy. Multiple cer-
vical laminectomy techniques have been
described in the literature. One method involves
drilling bilateral troughs along the laminar facet
interface and removing the spinous processes and
lamina in an en bloc fashion. Alternatively, the
high-speed drill can be used to drill away the
lamina while leaving an eggshell of thin cortical
bone on top of the canal, which can then be
removed with rongeurs. To ensure adequate
decompression, the laminectomy should extend
superior and inferior to the compressing lesion.
Most operative patients with metastatic spinal
tumors have some degree of spinal canal compro-
mise, placing the patients at higher operative
risks. In these circumstances, expedient tumor
debulking can prevent any prolonged spinal cord
compression during the procedure. Early decom-
pression is especially important if monitoring
changes occur. However, if spinal impingement
is not a concern, performing screw placement
prior to the decompression is reasonable.

The major limitations that can hinder tumor
resection include involvement of the spinal dura,
nerve roots, and vertebral arteries. Unlike spinal
surgeries for degenerative pathology, oncological
surgery often requires extensive bony removal of
the posterior elements to adequately resect tumor
and decompress neural elements. This enhances
visualization of the spinal canal and exiting
nerves and provides a corridor for tumor resec-
tion. However, excessive removal of the lateral

mass and facet joints impairs axial loading, and
in extreme cases, lateral mass reconstruction can
be considered using a fibular strut or cage if there
is competent bone above and below the defect to
support the reconstruction [21].

Intraoperative bleeding can be excessive in
patients with hypervascular spinal column
tumors. Certain tumor pathologies such as renal
cell carcinoma have a higher propensity for hem-
orrhage. Preoperative embolization of the feed-
ing arteries can be helpful in reducing blood loss
[2, 22-25]. However, embolization is rarely suf-
ficient to stop bleeding altogether. Continued
bleeding is often a result of residual tumor, espe-
cially in piecemeal resections, and the bleeding
often slows upon completion of the tumor resec-
tion. Hemorrhagic areas can often be controlled
with manual tamponade techniques using a cot-
tonoid and gentle pressure from a suction device
or the use of hemostatic agents.

In the provided scenario, the tumor predomi-
nantly involved the epidural space posteriorly.
Laminectomies were performed from C4 to C7,
exposing the underlying tumor. The lateral mass
and facet joints were preserved. A surgical plane
between the tumor capsule and spinal dura was
identified and teased apart. The tumor was then
resected in a piecemeal fashion until no remain-
ing tumor was visible and all neural structures
were adequately decompressed.

Fusion

Fusion procedures are often performed concur-
rently with tumor resections to prevent progres-
sive deformity in the setting of pathologic or
iatrogenic spinal instability. Having a firm knowl-
edge of cervical anatomy and any pathological
changes secondary to tumor displacement is piv-
otal in reducing fusion complication rates
(Fig. 13.2).

While there have been many stabilization
methods described in the literature, lateral mass
screw constructs have become the gold standard
for posterior cervical spine fixation (Fig. 13.3)
[18, 26-28]. Three common lateral mass screw
techniques have been described, the Magerl, the
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Fig. 13.2 AP and lateral views of the cervical spinal column referencing typical vascular and nerve anatomy. (Used
with permission of Mayo Foundation for Medical Education and Research. All rights reserved)

Fig. 13.3 Standard entry point location and lateral mass screw trajectory. (Used with permission of Mayo Foundation
for Medical Education and Research. All rights reserved)
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An, and the Anderson techniques. These tech-
niques vary slightly on entry point and screw
angulation, but are all similar in that they aim lat-
erally to avoid injury to the vertebral artery and
cephalad to avoid the exiting nerve root [18, 27].

Once the lateral mass landmarks are well visu-
alized, the entry point is identified and a pilot
hole is created. Using a high-speed drill, lateral
mass tracts are cannulated utilizing a superior
and lateral trajectory until the lateral mass floor
can no longer be palpated with a ball probe. The
tract is under-tapped. The depth is often between
12 and 16 mm depending on the presence of
osteophytes, patient’s body habitus, and the exact
surgical trajectory that was taken.

Ending instrumentation at the C7 vertebral
level is somewhat controversial as it creates long-

¢
{
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|
A

arm vector forces between the cervical fusion and
the physiological stiff thoracic spine, increasing
the likelihood of adjacent segment disease.
Longer cervical constructs are often extended to
the upper thoracic spine to bridge the cervicotho-
racic junction to increase stability and avoid this
complication (Fig. 13.4).

In patients with poor life expectancy, spinal
stabilization alone may be appropriate, but if
patients have a more indolent pathology or
have a longer life expectancy, obtaining a solid
fusion is preferred (Fig. 13.5). The facet joints
and lamina should be exposed and decorticated
with a cutting bit. Fusion preparation should be
performed prior to lateral mass screw insertion
as the screws can often inhibit visualization
and drill access to the subaxial facet joints

©2007
MAYO

Fig. 13.4 AP and lateral view of subaxial laminectomies and fixation from C3 to C6. (Used with permission of Mayo
Foundation for Medical Education and Research. All rights reserved)
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MAYO

Fig.13.5 AP and lateral view of subaxial fusion following arthrodesis. (Used with permission of Mayo Foundation for

Medical Education and Research. All rights reserved)

[18]. The wound should be copiously irrigated
prior to placement of graft materials. Polyaxial
lateral mass screws are inserted. Excessive
torque should be avoided as this can result in
fracture of the lateral mass or strip the screw
tract, reducing the bony purchase of the screw.
Cervical alignment and screw position should
be confirmed with a lateral radiograph or fluo-
roscopy. Finally, iliac crest autograft (if not
involved by tumor) or cadaveric allograft is
inserted into the decorticated facet joints and
fusion bed to promote arthrodesis. Local bone
autograft is typically not harvested in patients
with active neoplastic lesions as the bone frag-
ments could be seeded with cancerous cells,
increasing the likelihood of local tumor recur-
rence or spread during arthrodesis. There

should not be any free bone fragments in the
spinal canal as this is a potential source of
nerve compression.

Purely subaxial fixation is acceptable in cer-
tain cases. However, our clinical scenario had
extensive epidural tumor involvement from C4 to
C7 requiring multilevel laminectomies to resect
the tumor. Therefore, the fusion captured C2
superiorly and was extended inferiorly to T2 to
bridge the cervicothoracic junction and provide
additional stability (Fig. 13.6). Thoracic pedicle
screws and C2 screws are both outside the scope
of this chapter. See Chaps. 12 and 17 for addi-
tional information on these techniques. It is also
notable that the fusion construct in this case
extends beyond the area of anticipated postopera-
tive radiation treatment.
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Fig. 13.6 Postoperative AP (a) and lateral (b) views of a
C2-T2 posterior instrumented fusion with cross-links

Closure

A meticulous closure technique is important to
minimize wound complication. Excellent hemo-
stasis should be achieved prior to closing the
wound. The extensive osseous decortication per-
formed for arthrodesis often results in ongoing
postoperative blood loss; therefore, subfascial
and suprafascial drains are often placed.

Complications

The literature has shown that patients with spinal
cancers have higher rates of surgical morbidity
and mortality [3, 10, 29]. Optimizing outcomes
in spinal tumor patients focuses on preservation
of function and prevention of complications that
can delay life-prolonging adjuvant treatments.
Surgical site infections and wound complications
are prevalent. Risk factors for wound complica-
tions include preoperative radiation and poor
nutritional status [3]. Wound infections are highly
problematic for cancer patients as this often
requires additional surgery for irrigation and
debridement, which temporarily suspends ongo-
ing systemic chemotherapy and radiation treat-
ments [3, 30]. Some studies have suggested that
intraoperative vancomycin powder can reduce
wound infection rates [31-33], but there is little
evidence available to support this practice in can-
cer patients. Surgery is frequently followed by
postoperative radiation, which can further impair
wound healing and spinal fusion rates [3, 30].
Radiotherapy should be delayed for at least
2 weeks or more to minimize wound-related
complications [34]. Furthermore, poor bone
quality associated with the lesion or preexisting
osteopenia or osteoporosis has been associated
with higher rates of instrumentation failure in
spinal tumor patients [30]. Finally, cancer patients
are often hypercoagulable and are predisposed to
deep venous thromboses, pulmonary emboli, or
even disseminated intravascular coagulation [30].
Sequential compression devices and early mobi-
lization are key to reducing the incidence of
thrombotic complications in cancer patients.
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There are inherent risks associated with poste-
rior cervical lateral mass screw instrumentation
as well. The structures most at risk during screw
placement are the vertebral artery and the exiting
nerve root. The screws should be directed later-
ally to avoid vascular injury to the vertebral
artery, which typically lies ventral to the medial
half of the lateral mass. If a vascular injury occurs
during drilling, a short screw can be inserted
along the tract to tamponade the arterial bleeding.
Alternatively, the tract can be plugged with bone
wax for hemostasis. Additional drilling of bone
for visualization or any attempt to directly repair
the vascular injury is not recommended as this
may result in uncontrollable bleeding. If there is
suspicion of vertebral artery injury, it is essential
to avoid additional maneuvers that might put the
contralateral vertebral artery at risk. Immediately
following the procedure, the patient should
undergo a diagnostic cerebral angiography for
vascular assessment. If any ongoing bleeding or
vascular dissection is identified, it can be further
addressed in the angiography suite. Delayed cer-
vical palsies are also a common complication fol-
lowing posterior cervical decompressions and
most often occur in the C5 dermatome [35, 36].
Most patients make a full neurological recovery;
however, it often takes up to 6 months or more to
see maximal improvement [18]. Any patient who
has radicular symptoms postoperatively should
have advanced imaging performed to assess
screw positioning and nerve root integrity.

If electrophysiological monitoring is being
utilized, surgeons must know how to interpret
and correct persistent monitoring changes. If a
focal monitoring change is present, extremity
repositioning can improve monitoring signals.
Monitoring checks should be performed before
and after any cervical deformity correction
maneuvers are performed. If a monitoring change
occurs following a correction in spinal align-
ment, it is recommended to reverse or lessen the
degree of deformity correction.

Uncontrollable intraoperative hemorrhage
from spinal tumors is a rare but potentially devas-
tating intraoperative complication. Patients with
metastatic cancer often have intrinsic coagulation
dysfunction due to their systemic disease, and

some lesions also have extensive involvement of
local vascular anatomy. Certain tumor histolo-
gies, such as renal cell carcinoma, follicular thy-
roid carcinoma, and neuroendocrine tumors,
have a higher propensity for intraoperative
hemorrhage. If intraoperative bleeding is a con-
cern, angiographic embolization can be per-
formed to reduce intraoperative blood loss and
provide better intraoperative visualization [2-25,
30]. Of note, intraoperative blood salvage is often
avoided due to the risk of metastatic tumor
contamination.

Clinical Pearls

Preoperative radiographic anatomy should be
extensively reviewed to assess the extent of tumor
involvement and to evaluate for aberrant vascular
anatomy. Notify anesthesia prior to induction
about cervical stenosis and implement standard
positioning precautions of the cervical spine.
Primary bony neoplasms require an aggressive en
bloc surgical resection for surgical
Conversely, surgery for patients with metastatic
spinal disease is palliative and is reserved for
patients with intractable pain or neurological
compromise. Lateral mass screws are recom-
mended for posterior cervical constructs, and
they should be directed laterally and superiorly
(parallel to the facet joints) to avoid injury to the
exiting nerve roots and vertebral artery.

cure.
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Access and Stabilization
from Posterior Approach:

Transpedicular,

Costotransversectomy, Lateral
Extracavitary Approaches:
Standard Intralesional Resection

James G. Malcolm, Michael K. Moore,

and Daniel Refai

Introduction

Surgical approaches to the anterior thoracic
spine have evolved over the last century. As
early as 1894, Menard developed the costo-
transversectomy (CT) for the treatment of Pott’s
disease [1]. Until 1976, when Larson popular-
ized the lateral extracavitary approach (LECA),
the most commonly performed procedure for
ventral lesions remained a laminectomy. With
the advent of the LECA, greater access to ven-
tral lesions led to less morbidity and improved
outcomes in ventral thoracic spine lesions [2].
Today surgeons have improved and expanded
on surgical methods enabling virtually complete
access to the ventral thoracic spine through dor-
sal approaches.

In consideration of dorsal versus ventral
approaches to the anterior thoracic spine, the
goal of surgery is paramount. Most tumors of
the spine are metastases; therefore, debulk-

J. G. Malcolm (><1) - M. K. Moore

Emory University, Department of Neurosurgery,
Atlanta, GA, USA

e-mail: james.malcolm @emory.edu

D. Refai
Emory University, Department of Neurosurgery
and Orthopaedics, Atlanta, GA, USA

© Springer Nature Switzerland AG 2019

ing through intralesional (piecemeal) resec-
tion of the tumor, not en bloc resection, is the
primary goal with gross total resection when
possible. Resection of the tumor mass enables
us to achieve three aims. First, it allows for
stabilization of the spine. The compressive
load carried by the vertebral body increases
from 9% of total body weight at T1 to 47% of
body weight at T12 [3]. Removal and replace-
ment of a weakened anterior column restores
biomechanical stability. This at minimum pre-
vents progressive collapse in patients with
pathologic fractures and can be used to correct
kyphotic deformity. Cages or allograft struts
are often used to achieve anterior column sup-
port. Second, the removal of the lesion reduces
tumor burden creating a corridor between the
neural structures and tumor. Third, to halt or
reverse neurologic deterioration from compres-
sion of neural structures. In selecting a corridor,
the surgeon must weigh surgical morbidity ver-
sus attainable outcomes.

While surgical decompression with radio-
therapy is superior to radiotherapy alone in
maintaining function [4], the decision to oper-
ate can be guided by the NOMS framework [5,
6]. Neurologic (N) considerations include the
degree of myelopathy, functional radiculopathy,
and epidural spinal cord compression [7]. When
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possible, pain should be separated into biologi-
cal and mechanical sources. Oncologic (O) con-
siderations center primarily on the radiologic
sensitivity of the tumor. For example, myeloma
and lymphoma are considered radiosensitive;
breast as moderately sensitive; colon and non-
small-cell lung cancer as moderately resistant;
and thyroid, renal, sarcoma, and melanoma as
resistant [8]. Assessment of mechanical (M)
instability includes movement-related pain and
involved levels. Systemic (S) disease burden
encompasses the extent of disease throughout
the body as well as associated co-morbidities.
With this framework in mind, resection is often
recommended when there is high-grade epidural
compression, radioresistance, mechanical radic-
ulopathy or back pain, and instability and when
the patient is able to tolerate surgery [5]. In cases
with significant canal involvement for a tumor
otherwise suitable for radiotherapy, surgery may
be performed to separate the spinal cord from the
tumor for subsequent stereotactic radiosurgery
without damage to the cord [9]. This “separation
surgery” enables the administration of adjuvant
radiation therapy. In most institutions, the radia-
tion oncologists request between 1 and 3 mm
of cerebrospinal fluid (CSF) signal between the
spinal cord and tumor margin to enable them to
deliver complete lesional coverage with radio-
therapy [7].

Access to the ventral thoracic spine has been
historically accomplished through a variety of
approaches with the main approaches being
transthoracic or some combination of laminec-
tomy (L) plus transpedicular (TP), costotransver-
sectomy (CT) , or lateral extracavitary (LECA).
Of these four approaches, the last three are
posterior and can be thought of as in continuity
with each other, and each extends upon a stan-
dard laminectomy (L) (Fig. 14.1). As the surgeon
requires more anterior exposure, the dissection
progresses from removal of the lamina (L), to
pars and pedicle (TP), to removal of the trans-
verse process and proximal rib (less than 4—-6 cm)
(CT), to a LECA in which extensive rib (beyond
6 cm) dissection is employed to enable contralat-
eral access to ventral pathology from a unilateral

Fig. 14.1 Axial illustration of thoracic vertebral body
and rib with various posterior approaches overlaid: lateral
extracavitary approach (LECA), transpedicular (TP), and
costotransversectomy (CT). Each of these extends the
standard laminectomy (L). LECA provides greater access
to the ventral aspect of the vertebral body, while TP and
CT may be sufficient for more limited lesions

posterior exposure (Figs. 14.2, 14.3, and 14.4)
[10]. This may be accomplished in a traditional
open or mini-open manner (Fig. 14.5).

Case Description

For illustration, we present a 30-year-old female
with a history of breast cancer who presented to
clinic with progressive thoracic back pain radiat-
ing down her left flank through the T7 derma-
tome. Imaging revealed a lesion at T6—-T7 with
spinal cord effacement but without cord signal
change (Fig. 14.6). Since the lesion was eccen-
tric to the left and involved the ribs with signifi-
cant invasion of the vertebral body, the decision
was made to perform a lateral extracavitary
approach from the left taking the T6-T7 ribs
and over half the vertebral bodies. Preoperative
angiography was not indicated due to the eccen-
tricity of pathology. Because of her kyphosis and
involvement of two levels, instrumentation was
planned from T3 to T9 (three above, two below).
On the day of surgery, her neurologic exam had
further declined to a T6 sensory level with motor
movements of 1-2 out of 5 in her bilateral lower
extremities.
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Fig. 14.4 Lateral extracavitary
retraction to expose the
thoracic vertebral body (a, b).
(Reprinted with permission
from Miller et al. [14].)
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Fig. 14.5 Mini-open and open anterior column reconstruction for thoracic tumor resection. (Reprinted with permission

from Lau and Chou [15])
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T1 post-contrast

Fig. 14.6 Preoperative MRI of patient with metastatic
breast cancer to T6-T7. Sagittal pre—/post-contrast
images (left panels) show the lesion posterior to the canal

Procedure
Outline of Steps

The following steps are carried out for the LECA
procedure:

e Preoperative
planning

¢ Positioning

e Neuromonitoring

e Incision

* Pedicle screws

e Transverse process dissection

* Rib dissection and resection

e Laminectomy

e Pars and facets

e Temporary rod placement

e Coring out pedicle

e Nerve root sacrifice for wider access

e Corpectomy

e Cage placement

e Complete instrumented fusion

image review and surgical

T6 level, contrast

(arrows). Axial T1 cuts at each vertebral level (T6 top, T7
bottom) show extent of tumor involvement into the verte-
bral body

Preoperative Image Review
and Surgical Planning

The preparation of a posterior approach for ante-
rior access of the thoracic spine requires care-
ful review of the patient’s MRI and CT scan.
One needs to determine how much bone needs
to be removed, the laterality of the approach
to the anterior spine, and how much stabiliza-
tion is required. In certain situations, a preop-
erative angiogram may be appropriate as well.
For instance, for lesions in the T6-T9 region,
the artery of Adamkiewicz should be identified,
both its level and laterality to avoid injury if
approached from that side. In ~20% of thoracic
spinal metastasis, the lesion occurs at the level
of Adamkiewicz [11]. Second, for patients where
you suspect renal cell carcinoma, thyroid cancer,
or other bloody metastases, preoperative emboli-
zation can greatly reduce intraoperative bleeding.
We recommend admitting the patient for emboli-
zation the day before surgery so collateral circu-
lation does not have time to develop.
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Positioning

Position the patient on a rotating Jackson table
with thigh and hip pads. This is a critical step
because this rotation (25—40°) provides enhanced
visualization necessary for cross-midline resec-
tions without the need for additional lateral dis-
section to achieve line of sight. Further, Jackson
tables are less dense (less radio-opaque), and
hence they improve intraoperative imaging
and ease of location via fluoroscopy. For larger
patients, a minimum of two circumferential
straps are required to secure the patient from fall-
ing or slipping at higher-angle rotations. In high
thoracic lesions (T1-T6), we prefer to tuck the
arms. Placing the patient with arms extended
forces the surgeon to cantilever their body over
the arm board in an uncomfortable position.

Neuromonitoring

Neuromonitoring, both motor-evoked poten-
tial (MEP) and somatosensory-evoked potential
(SSEP), is highly recommended for cases where
the nerve root is to be sacrificed or deformity
corrections are planned. We also include anal
sphincter EMG as it is very sensitive to neurolog-
ical changes. In the surgical description below,
we describe their use in preparing to sacrifice the
nerve root.

Localization

Localization can be extremely challenging in the
thoracic spine. Preoperative assessment of upright
plain films and CT should be carefully reviewed.
Count the total number of ribs and lumbar verte-
bra to note any abnormalities. Rib numbers and
morphologically unique deformities can be use-
ful to ensure correct levels are identified. It may
be necessary to incrementally count up from T12/
L1 or down from T1 with several fluoroscopy
shots, optionally resting a radiopaque instru-
ment on the patient’s back or inserting a spinal
needle down to the spinous process for land-
marks. In some cases, the index level will have a

pathological fracture easily recognized on lateral
fluoroscopy. In obese or muscular patients, intra-
operative rib counting can be especially difficult.
Consider using lateral fluoroscopy counting from
the sacral prominence to be sure.

Incision

The incision is marked linearly over the midline
and centered on the level of metastasis (index
level). Retract the skin in a diamond shape, with
the apex over the rib at the index level. This dia-
mond shape allows for the largest corridor of
approach over the index body once the rib and
transverse process have been removed. The inci-
sion can be extended to enable further lateral
retraction to see down the surgical corridor. In
contrast to the “hockey-stick” incision [10], this
midline incision does not transect the paraspinal
muscles which improve postoperative pain and
recovery. With the use of a rotating bed, we have
found this midline incision adequate for visual-
ization throughout the case.

Pedicle Screw Placement

Pedicle screws are placed in standard fashion
before dissecting the transverse process and rib to
minimize blood loss. Screws are placed a mini-
mum of two levels above and below the index
level. Thoracic pedicle screws can be placed free
hand, under fluoro, or using O-arm navigation
depending on comfort level. Free-hand screws
are started by removing the cortex from the junc-
tion of the transverse process (TP) and the lamina
3 mm medial to the lateral margin of the pars and
beneath the inferior facet of the level above. This
hole places the starting point of the pedicle probe
within the inferior aspect of the pedicle. This cor-
tex can be most easily removed with a Leksell
rongeur or if comfortable a high-speed drill. If
the bite is placed correctly, cancellous bone will
be visible with bleeding emanating most briskly
from the pedicle. The starting point of your Lenke
ball-tip probe should be placed in this location.
An angle perpendicular to the lamina and in the
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sagittal plane and medialized about 15° should
be used with gentle pressure to bore through the
pedicle into the bodys; this tract should be palpated
for breaches and tapped followed by screw place-
ment. Fluoroscopy can be of great assistance in
patients with small pedicles in finding the cra-
nial to caudal starting position and orientation
of trajectory for screw placement. When avail-
able, an O-arm can be helpful to avoid intraop-
erative breaches from the pedicle. Juxtapedicular
or extrapedicular screw placement can be con-
sidered acceptable in the case where the screws
breach laterally and the patient has small pedicles.
This type of screw trajectory is typically used in
pediatrics and scoliosis, particularly at the T4-T8
levels where the pedicles are the most narrow. In
the case where there is a lateral breach, making
additional passes in order to obtain a true transpe-
dicular trajectory can further weaken the bone and
result in low pull-out strength [12, 13].

Bone Removal

The approach and setup for corpectomy proceeds
in the following order: resection of transverse
process, rib, and lamina, coring out of the pedi-
cles, removal of inferior facet of the index level,
and removal of the superior facet of the thoracic
body one level below.

Rib Dissection

The midline incision allows for a completely
subperiosteal dissection and avoids transecting
the erector spinae musculature as is often done
with curvilinear or “hockey-stick™ incisions clas-
sically described [10]. Limiting muscular dis-
section reduces blood loss, pain, length of stay,
and recovery needs. The subperiosteal dissection
begins from the spinous process carried down
and over the lamina to the pars and up over the
lateral aspect of the transverse process. This is
repeated bilaterally at the index level as well as
two above and two below, e.g., five total levels
if a single-index level. Additional fixation may
require a longer exposure. After removal of the

muscular attachment to the lateral aspect of the
TP at the index level, the tops of the TP itself can
be removed with a rongeur Leksell. This allows
for easier musculature dissection and retraction
of and over the ribs. This maneuver with aggres-
sive removal of the TP will also help detach the
TP from the rib by cutting through the costotrans-
verse ligament connecting the transverse costal
facet of the TP and the tubercle of the rib. Use
bone wax for hemostasis on any open bone sur-
faces. At the index level, the dissection will con-
tinue lateral and inferior to the transverse process
so as to expose the connected rib. The rib should
be dissected in the same subperiosteal plane
pushing the erector spinae musculature lateral
in one clean layer. This lateral dissection should
be continued until you reach the angle of the rib
(the most posterior inflection). This is typically
4-6 cm lateral to the transverse process.

Rib Resection

Once screws have been placed the rib is exposed
out to the angle in the same subperiosteal plane.
Circumferential dissection of the soft tissue is
needed for rib removal. At the angle, dissect the
periosteum off the rib edge superiorly and infe-
riorly using a Penfield 1. At the margins, switch
to a curved curette to remove the periosteal plane
over the edge and under the rib. The neurovas-
cular bundle will be displaced from the costal
groove without injury and you will not violate
the pleura. It is critical that the hot electrocautery
not be used over the margin of the rib edge to
avoid damage to the neurovascular bundle. Once
you have circumferential exposure, a Doyen rib
stripper can be used to separate the remaining
soft tissue from the rib proximally. If the patient
has bulky musculature, it may be necessary to
perform a partial rib exposure and release the
musculature at adjacent level ribs. This allows
additional lateral retraction without resorting to
transection of the erector spinae.

At the superior rib margin, the pleura will lie
just deep to the intercostal musculature, and it
can be easy to create a plural defect. If a defect
occurs, it is possible to repair first by removal of
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the rib as part of the surgery followed by primary
repair using a 4.0 Vicryl suture. If necessary, a
muscle patch can also be sutured similar to a
dural patch. Once the pleura is mostly closed,
you can place a small red rubber catheter into
the thoracic cavity purse string around the cath-
eter. A Valsalva maneuver will force the air from
the pleural space. Once evacuated, pull the red
rubber and synch the purse string. Serial chest
X-rays should be followed postoperatively. The
patient will likely have a small pneumothorax;
however, as long as no violation of the visceral
pleura occurs, the small pneumothorax will
remain stable and should require no further inter-
vention and resolve spontaneously.

At the inferior rib margin, the neurovascular
bundle is located within the costal grove. The
structures are in the order superior to inferior:
vein, artery, nerve. At this margin, it can be easy
to cause significant bleeding if either the vein or
artery is injured. These arteries are fed via the
posterior intercostal artery from the aorta and the
anterior intercostal arteries via the internal tho-
racic/internal mammary artery.

Rib Disarticulation

After the soft tissue is dissected circumferen-
tially, the rib can be removed. At the angle (distal
cut), use a Kerrison 4 or 5 punch to cleanly cut
through the rib. We find this preferable to a rib
cutter that can be cumbersome and cause pleural
defects. Use bone wax to seal the distal stump.
The proximal rib articulates posteriorly at
two locations. First, the costotransverse ligament
connects the transverse costal facet of the trans-
verse process to the tubercle of the rib. This is
easily cut during the removal of the transverse
process as described above. Second, radiate liga-
ments connect the rib head to the superior and
inferior costal facets of the vertebra (costover-
tebral joint). This is the final attachment of the
rib to the body after the completion of the above
steps. To free the rib, dissect between the rib and
the body of the vertebra using a Penfield 4. Using
firm but controlled pressure allows for disruption

of this ligament from the vertebral bodies. Once
free, the rib can be posteriorly elevated and the
final periosteal layer on the underside close to
the body can be further dissected using a Kittner
and Penfield 1. If completed properly, the rib will
freely elevate from the cavity without damage to
the neurovascular bundle or tear in the pleura.

Laminectomy

In unilateral approaches, the laminectomy should
be completed with no more than half of the pars
removed from the contralateral side of the expo-
sure. This will ensure increased stability of the
posterior elements, with ample room for a poste-
rior fusion bed if desired. In bilateral approaches
or to accomplish a more complete corpectomy,
a bilateral laminectomy can be carried lateral
through both pars. The removal of lamina should
also be carried out in the adjacent levels to pro-
vide further decompression and the room needed
for ventral decompression.

Pars and Facets

By drilling through of the pars, the inferior facet
of the index level will be detached (Gill fragment).
In cases of severe compression, rotational removal
of this fragment is not safe and should not be
attempted. These freed fragments should be care-
fully removed using a Kerrison. Once the inferior
facet is removed, the superior facet of the inferior
body should be drilled to expose the neuroforamen
at the index level. If residual transverse process
remains, this can be removed with a Leksell or as
part of the pedicle resection using a 3-mm drill.

Temporary Rod

Once pedicle screws are placed and before pro-
ceeding with the destabilizing facetectomy and
corpectomy, it is important to place a temporary
rod on the contralateral side from the ventral
approach. If this is not in place prior to anterior
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and middle column removal, the patient’s spine
may collapse on the table and kink their spinal
cord resulting in devastating neurologic injury.
The rod does not require final tightening. The rod
can be moved from one side to another side if
a bilateral corpectomy approach is desired; how-
ever, a second rod must be placed prior to the first
rod removal when switching sides. At all times,
there must be at least one rod for support.

Transpedicular Resection

Once the neuroforamen is completely exposed, a
3-mm drill bit can be used to burr down the cancel-
lous cavity of the pedicle. This drilling can continue
into the body of the bone. Once the cancellous bone
is removed, drilling can be continued circumferen-
tially until the bone is egg shelled. The remaining
cancellous bone can be outfractured away from the
cord or removed with a mastoid rongeur.

Corpectomy

At this point, all dorsal elements obstructing the
ventral pathology have been completely removed.
The corpectomy proceeds in stages: sacrifice
nerve root for greater access, radiographic identi-
fication of resection limits, completion of a peri-
osteal dissection, removal of tumor mass, and
placement of graft.

Fig. 14.7 Nerve root
ligation (solid arrow),
retraction from pedicle
tulips, and contralateral
temporary rod. For
additional bone removal
and better cage
placement, optionally
approach from the
contralateral side while
leaving the contralateral
nerve intact (dashed
arrow)

Nerve Root

In order to perform a resection of the ventral
tumor and place an anterior construct, it is
necessary to sacrifice a nerve root at the level
of the lesion (Fig. 14.7). Each posterior inter-
costal artery supplies a spinal artery; this joins
the nerve root and contributes to the anterior
and posterior radicular artery. These segmental
radicular arteries join the anterior and posterior
spinal arteries feeding the spinal cord. To sacri-
fice a root, there are several steps. First, ensure
mean arterial pressure is greater than 90 mmHg
during this aspect of the case. An arterial line is
essential (not cuff pressure). Prior to manipu-
lating the vascular supply, assess baseline MEP
and SSEP readings. Instead of proceeding to cut
the nerve root, use silk tie to temporarily ligate
the candidate nerve root. Neuromonitoring
should be observed for a minimum of 5 min
to ensure blood supply lost from the radicular
artery within the root is not critical for spinal
cord perfusion. If no changes are seen in MEPs,
or SSEPs, permanent ligation should be safe.
It is important to ligate the nerve proximal to
the dorsal root ganglion (pre-DRG). Cutting
the nerve root pre-DRG removes the nerve cell
bodies, while transecting post-DRG causes per-
manent radiculopathy from the retained body. If
significant neuromonitoring changes are seen,
cut the suture to free the nerve root and switch
to the contralateral side.
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Boundary Localization

Once the nerve root is mobilized, it is critical
to identify the resection boundaries. In the cra-
nial/caudal axis, use a lateral fluoroscopic view
placing Penfield 4 in the disc space above and
below the index level to mark the endplates of
the cranial and caudal bodies. In metastatic dis-
ease, a fractured body at the index level can cause
conformational changes that greatly displace
these margins. These gross deformities can lead
to inadvertently entering and damaging the end-
plates of the adjacent body.

Boundary Dissection

Once the cranial/caudal limits are identified, dis-
section of the periosteal plane must be completed
to ensure a safe anterior (ventral) displacement of
the pleura and vascular structures during resec-
tion. In the same plane created from the removal
of the rib, gently dissect along vertebral body
until the ventral midline is reached using a Kittner
and Penfield 1 as needed. This will displace the
aorta and pleura away from the bone. Once free, a
retractor system can be placed between the bone
and the viscera to protect these structures from
your drill.

Resection of Vertebral Body

After defining the ventral, cranial, and caudal
margins, and once a rod is in place for struc-
tural support, it is then possible to begin resec-
tion of the vertebral body/tumor mass. In soft
tumors, a pituitary can be used to begin deb-
ulking the mass centrally. Once the bulk of the
tumor is removed, curettes can be used to frac-
ture the mass ventral to the cord into the resec-
tion cavity. In areas where the tumor is firm or
significant bone remains, a high-speed drill is
employed to remove the mass. As your dissec-
tion progresses, the line of sight is maintained
through rotation of the Jackson table up to 30°.
Through rotating the table, a larger exposure
with greater rib resection is avoided. In this pro-
cess we aim to remove the bulk of the mass and
vertebral body. We prefer to leave a rim of bone
in the contralateral and ventral sides to protect
the contralateral pleura and vascular structures.
To remove the contralateral tumor from an ipsi-
lateral costotransverse or LECA corridor, a den-
tal mirror can be used to see under and around
the spinal cord (Fig. 14.8). In addition to visu-
alization under the cord, these circular mirrors
can also be used as a probe, if turned perpen-
dicular, to ensure the cavity is large enough for
cage placement.

Fig. 14.8 Use a standard dental mirror (left) to visualize the
cavity contralateral and posterior bone (right). White solid
arrow indicates mirror placed in the space. Turned sideways,

this tool doubles as a circular probe with the diameter of the
mirror as your cage width. This step will allow you to verify
that the corpectomy site is sufficient to fit the cage
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Fig. 14.9 Placement of
a two-level expandable
cage (arrow) with
temporary rod
placement shown. Cage
selection is critically
important to correct any
kyphotic deformity from
the pathological fracture

Fusion and Cage Placement

Since resection is often followed by radiation
therapy, every effort must be made to prepare the
fusion beds and obtain good purchase in hard-
ware placement. Once the tumor is removed/deb-
ulked, proper endplate preparation is required.
This ensures seating the cage, graft, and a fusion
bed. A curette should be used to remove all disc
and ligamentous material from the endplate of
the bodies above and below the index level.

Cage Placement

We prefer to use a packed titanium expand-
able cage when possible; this allows for defor-
mity correction typically seen in these patients.
Neuromonitoring should be used while expand-
ing the cage; if changes are noted, less distraction
will be required. In cases where there is endplate
damage, a metal expandable cage will often sub-
side and the deformity will worsen over time. In
our experience in these cases, a solid strut graft
of humerus or tibia packed with bone is pre-
ferred for the anterior construct. In these cases,
the bone will incorporate better and we have less
subsidence with progressive kyphosis. To pack
our cages or strut graft we prefer to have the rib
graft removed during access, which is typically
not involved in the tumor. Placement of the cage
should be midline within the anterior column,

without any of the cage seen in the posterior limit
of the body in a lateral X-ray (Fig. 14.9).

Posterior Instrumentation

Once the cage is placed and expanded, the final
rods should be placed one at a time. This is par-
ticularly true in patients with iatrogenic pars
defects from the exposure. If a strut graft was
used, the rods should be compressed to ensure it
is under pressure and will not retropulse into the
spinal cord. Place and finally tighten the posterior
rods and locking screws. In patients with unilat-
eral removal of rib, it is not necessary to place a
cross-link.

A final Valsalva should be performed to check
the nerve root stump as well as the ventral dura
for leaks.

Case Follow-Up

Pathology from the patient presented at the start
of the chapter was estrogen receptor-positive
metastatic carcinoma. She underwent a T6-T7
LECA with instrumented fusion from T3 to T9.
The procedure required only ipsilateral nerve root
sacrifice. Her postoperative course was unevent-
ful, and she was transferred on day 7 to acute
rehabilitation. Adjuvant therapy included exter-
nal beam radiation and continued tamoxifen.
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Fig. 14.10 Follow-up
CT at 1 year showing
good hardware
placement and
progression of bony
formation in the
interbody cage at T6—T7

At 5 months, she had significant return of strength
in her lower extremities and was ambulating
without assistance. A 6-month PET scan was
negative in the thoracic region. At 1-year follow-
up, the patient had good hardware placement and
progression of bony fusion (Fig. 14.10).

Discussion and Conclusion

Mastering the lateral extracavitary approach is a
technical and critical skill needed for resection
of large ventral lesions. The techniques described
above allow for the maximal exposure of the
contralateral spine through a posterior ipsilat-
eral approach. Near-complete vertebrectomy
can be performed safely through this technique.
Limitations to LECA include visualization of the
contralateral vertebral body, sacrifice of the ipsi-
lateral nerve root, and temporary destabilization
of the spine. The visual limitations are depen-
dent on the approach angle. Muscular or obese
patients typically restrict your vision, even with

extensive soft tissue dissection and rib resec-
tion. In morbidly obese patients, this approach
may not be feasible and transthoracic exposures
may prove to be more practical. Requirements
of ipsilateral nerve root ligations can lead to
spinal cord stroke. Due to this, neuromonitor-
ing is critical, and preoperative angiograms are
recommended for both identification of artery
of Adamkiewicz and preoperative embolization
from T6 to T9. Through exposure and resection
using LECA, significant removal of bone in both
anterior and posterior elements occurs. Operative
consideration for both temporary and permanent
hardware is needed, and a postsurgical goal of
fusion should be a primary surgical aim. In our
experience, with good endplate preparation and
placement of appropriate construct/graft, these
patients will have a high rate of fusion, despite
receiving postoperative adjuvant chemotherapy
and radiation.

Using the techniques for LECA, the extent of
exposure can be scaled back for smaller lesions
eccentric to a side. With reduction in total rib
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removal (less than 4 cm), the approach would be
defined as a costotransversectomy, which enables
partial exposure across midline. If the approach
is restricted to removal of the transverse pro-
cess, lamina, and pedicle, the approach would
be defined as transpedicular, which limits resec-
tion of lesions to the lateral recess of the spinal
canal. Transpedicular approaches are a typical
approach used for calcified thoracic discs. These
approaches should be viewed as in a continuum,
and by utilizing the same incision a surgeon
should be able to expand or restrict the extent
of dissection to ensure adequate visualization to
accomplish the goals of surgery without jeopar-
dizing critical structures.
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Introduction

The purpose of this chapter is to illustrate the rea-
sons why a posterior approach to tumors located
in the anterior column of the thoracic spine can
be advantageous. The chapter will focus on the
technical aspects of posterior approaches, and two
cases will be utilized to illustrate variations on the
posterior approach. It is important to understand
that the most common osseous tumor of the spine
encountered is metastatic from another organ
system and, therefore, the majority of surgical
approaches should be geared toward palliation of
symptoms rather than en bloc resection for cure.
The two cases discussed in this chapter outline
technical aspects of en bloc resection for primary
spinal tumors. While the treatment of primary
tumors is generally more technically complex —
and much less commonly encountered — the
anatomic, physiologic, and technical aspects of
these approaches are translatable to the treatment
of metastatic lesions. The vast majority of surgi-
cally indicated metastatic lesions of the spine can
be successfully approached posteriorly, and the
approaches described here can help form the basis
for these — albeit with divergent clinical goals.
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One of the main advantages of a posterior
approach to tumors of the thoracic spine is that
“normal” dura uninvolved with tumor is more
accessible from this approach. This is useful
when the surgeon is trying to avoid contact with
the tumor in the case of primary tumors or when
trying to develop tissue planes to separate the
dura from a bulky, vascular tumor in the case
of metastatic disease. In an anterior approach
to the spine, the removal of the vertebral bodies
would be necessary to visualize the dura above
or below the tumor. Furthermore, a posterior
approach allows 360° access to the dura with
anterior column reconstruction; this is not pos-
sible in a solely anterior approach (Figs. 15.1 and
15.2). Accessing the ventral surface of the dura
can be accomplished indirectly by a transpedicu-
lar approach; direct visualization can occur with
wide removal of the posterior rib segments in
order to allow a lateral view as opposed to a pos-
terior or posterolateral view. An added advantage
of a posterior approach is that it allows recon-
struction of both the anterior and posterior col-
umns through the same approach. The primary
disadvantage of a posterior approach is that the
great vessels are not easily accessible, making
vascular control potentially difficult should an
injury occur. While not appropriate for all spinal
tumors, a posterior-only approach can be used
to manage the majority of metastatic tumors and
select primary tumors (Fig. 15.3).
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Fig. 15.3 Posterior approach for en bloc spondylectomy of primary thoracic spine tumor. (Reprinted from Hsieh et al.
[30], by permission of Oxford University Press)

Anatomy

The vascular anatomy of the thoracic spine must
be considered in any approach to this region. In
the thoracic spine, segmental vessels originate
from the aorta or the subclavian artery and con-
tinue on as intercostal arteries. The azygos vein
provides the primary venous drainage of the
returning intercostal veins; this structure must
be respected despite its small caliber, as venous
injury can be difficult to manage from a poste-
rior approach. These segmental vessels typically
divide into paired radicular arteries and veins
that provide inflow and outflow for the thoracic
spinal cord. The radicular arteries that supply
the anterior spinal artery — and thus the anterior
two-thirds of the spinal cord — are named ante-
rior radiculomedullary vessels. Anterior radicu-
lomedullary arteries are generally not paired at
any given level. The anterior spinal artery experi-
ences both anterograde and retrograde flow from
the radiculomedullary vessels. There are fewer
radiculomedullary arteries in the thoracic spine,
and they are more spread out than in other parts
of the spine. As a result, there is poor collateral
circulation potential in this region [1]. One or
two anterior radiculomedullary vessels supply
the anterior spinal artery of the thoracolum-
bar spine. The dominant vessel is the artery of
Adamkiewicz and is most commonly found on
the left side between T9 and T12 [2, 3]. It gives
off a dominant descending branch and a smaller

ascending branch as it joins the anterior spinal
artery. While the anterior spinal artery is continu-
ous throughout the thoracic spine, its caliber con-
siderably narrows as it approaches the artery of
Adamkiewicz. Taken together, these factors con-
tribute to the sensitivity of the anterior thoracic
spinal cord to ischemic insult [1].

Posterior approaches to the thoracic spine
often require wide lateral exposure including
removal of posterior ribs. Removal of the ribs is
necessary when a lateral extracavitary approach
is utilized. The length of the rib removed depends
upon the location of the tumors and desired expo-
sure of the ventral surface of the spinal cord. As
the ribs approach their attachment to the spine,
they run anterior and directly adjacent to the
paired transverse processes. The rib head then
attaches to the costal facets on the vertebral
body. The intercostal muscles attach to the ribs
and must be untethered to provide access to the
underlying neurovascular bundle. The corre-
sponding segmental nerve and subcostal vessels
travel inferior to the rib and are readily seen once
the intercostal muscles are detached. The parietal
pleura lies deep to the neurovascular bundle. The
pleura can be incised with dissecting scissors,
allowing access to the thoracic cavity. It is not
always necessary to violate the pleura; it can be
utilized as a margin in the approach to a primary
tumor. In other cases, the pleura can be bluntly
elevated off the lateral border of the vertebral bod-
ies until the surgeon can palpate and visualize the
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anterolateral aspect of the vertebral body with
the great vessels. It is in this location that one
can best visualize the segmental vessels as they
approach the aorta and azygos vein. One can gain
an appreciation for the disposition of these ves-
sels and whether they appear tethered or are oth-
erwise at risk for avulsion.

Case 1: Posterior-Only En Bloc
Spondylectomy for Giant-Cell
Tumor of Bone

The patient is a 41-year-old male who initially
presented to the emergency department with atyp-
ical ongoing chest pain. A computed tomography
(CT) scan of the chest demonstrated collapse of
the T6 vertebral body as well as an expansile soft
tissue mass within the vertebral body that invades
the central canal and narrows the neural foramina
bilaterally, likely causing radicular chest pain. An
MRI of the cervical, thoracic, and lumbar spine
demonstrated marrow-replacing lesions involv-
ing the vertebral body and posterior elements of
T6 and T7. A pathologic compression fracture
of the T6 vertebral body was observed. A soft
tissue mass was seen extending posteriorly into
the spinal canal, with mild mass effect on the
thecal sac. There was severe right and mild left
neural foraminal stenosis at T6-T7 (Fig. 15.4).
A CT-guided core needle biopsy of the T6 col-

lapsed vertebral body was obtained and was con-
sistent with giant-cell tumor of the bone.

The patient was started on monthly deno-
sumab therapy, which he tolerated well. It is our
practice to treat giant-cell tumor with neoadjuvant
denosumab for 6 months [4]. A CT scan of the
thoracic spine after 5 months of therapy showed
interval increased ossification of the extraosse-
ous portions of the tumor (Fig. 15.5). Although
the patient had an expected response to neoadju-
vant therapy, the tumor remained Enneking Stage
III. It is our practice to consider en bloc resection
for cases of Enneking Stage III giant-cell tumor
owing to the high local recurrence rate with intra-
lesional resection in these tumors [5].

Posterior Exposure

The patient was placed in a prone position on a
Jackson table with the arms tucked at their sides.
A midline thoracic incision was made from T4
through T8, and the paraspinal muscles were
carefully dissected to expose the posterior osse-
ous elements in a subperiosteal fashion. Pedicle
screws were placed at T8 and T9 as well as at
T4 and TS5 using anatomic technique for their
insertion.

In order to provide sufficient access to the
ventral surface of the vertebrae, we planned on
removing the sixth, seventh, and eighth paired

Fig. 15.4 Pre-treatment T1-weighted post-contrast MRI of thoracic spine, sagittal and axial views
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Fig. 15.5 CT thoracic spine after 5 months of deno-
sumab therapy, sagittal view

thoracic ribs with our rib transection occurring
approximately 7 cm lateral to the transverse
process of the corresponding vertebrae. The
transverse processes of T8 were also removed
to facilitate access to the thoracic cavity. At this
time, an assessment can be made regarding the
accessibility ventral to the vertebrae; additional
ribs (TS5 and T9) can be removed if necessary.
The intercostal muscles were dissected away
from their insertion onto the rib, allowing a right-
angle clamp or rib stripping instrument to be
placed ventral to the rib but in the extra-pleural
space. This plane was then developed to approxi-
mately 2 cm lateral to the planned rib transection
point. The rib was then transected laterally and

then again at the junction with the transverse pro-
cess. The rib can be used as bone graft if it is not
involved with tumor. The intervening intercostal
muscles with underlying neurovascular vessels
must be transected laterally at the level of the rib
transection and again medially.

After these tissues are removed from the field,
one can visualize the parietal pleura and develop
a plane between it and the vertebrae. This dissec-
tion can be performed bluntly. As the pleura is
elevated away from the vertebrae, one can gain
additional appreciation of the segmental vessels
as they branch from the aorta and azygos vein.

Passage of Saws

Passage of the threadwire saws requires that a
plane ventral to the vertebral body and dorsal to
the great vessels be developed. This is done in
part with blunt finger dissection and in part with
long curved vascular forceps depending upon the
size of the patient’s vertebrae. In this case, most of
the dissection was done bluntly with our fingers.
Several traversing segmental vessels at T6, T7,
and T8 were identified and ligated under direct
visualization using 2—0 silk ties or vascular clips.
Figure 15.6 illustrates the technique using blunt
finger dissection to develop the interval ventral
to the vertebra bodies but dorsal to the aorta and
azygos vein. One of the risks in this portion of
the technique is tearing of a segmental vessel or
avulsion off of its root from the aorta or azygos
vein, due to undue or unrecognized tension on
the vessel. For this reason, one must take time
to optimize exposure and inspect the segmental
vessels to ensure that they have been properly
ligated and are not in harm’s way. Furthermore,
dissection should remain closely approximated to
the vertebral body and the anterior longitudinal
ligament.

The plane was slowly enlarged enough to
accommodate a large vascular clamp with a half-
circle clamp configuration. Once the tip of the
clamp can be visualized on the contralateral side
of the vertebrae, a quarter-inch Penrose drain
was delivered to the clamp with forceps. In this
case, the Penrose drain was positioned at the
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Fig.15.6 Blunt
dissection is performed
to develop a plane
between the vertebral
body and the great
vessels. (Reprinted with
permission from Shah
etal. [29])

level of T5/T6. Similarly, another Penrose drain
was passed at the level of T7/T8. At this point,
the Penrose drains had both free ends in the field,
and they were looped ventral to the vertebral body
but dorsal to the great vessels. It is advisable to
perform this portion of the procedure with a plan
in place if the great vessels become injured. The
anesthesiologist must be well aware of the risk in
order to be prepared in case rapid resuscitation is
needed. We generally pass the Penrose drains with
the assistance of our thoracic surgery colleagues
in case rapid repositioning with subsequent tho-
racotomy is required to gain control of bleeding.
Two multifilament diamond threadwire saws
as described by Tomita and colleagues were then
passed through the Penrose drains (Fig. 15.7) [6,
7]. We generally utilize two saws at each level,
as it is not uncommon for them to break during
the vertebral osteotomy. Each of the pairs was
sutured together at either end to facilitate passage
through the drain. The saws were passed through
the Penrose drain until they were visualized on
the other end of the drain. The Penrose drains
were then removed, leaving the saws in position.
The next step was to remove the posterior ele-
ments of the spine to allow passage of the saws
ventral to the thecal sac and dorsal to the verte-
bral bodies. In order to adequately expose the

thecal sac and nerve roots, decompressive lami-
nectomies with removal of the posterior elements
of T5, T6, T7, and T8 were performed using a
high-speed burr and Kerrison rongeurs. The T6,
T7, and T8 nerve roots were then ligated and
transected near their origin to allow for removal
of the T6/T7 tumor. The potential space ventral
to the dura and dorsal to the vertebral bodies
was carefully developed using gentle blunt dis-
section along with sharp incision of soft tissue
attachments encountered between the posterior
longitudinal ligament and the dura. There is also
a rich venous plexus in this plane that must be
dealt with using bipolar electrocautery. Once the
potential space has been developed, a right-angle
clamp was passed deep to the dura and one end
of the threadwire saw was passed to the clamp.
The saws were pulled through this plane to the
contralateral side, effectively lassoing the verte-
bral body (Fig. 15.8). This was performed at the
T5/T6 and T7/T8 levels. The saws were now in
position to allow for the osteotomies.

Osteotomies and Reconstruction

The paired threadwire saws were separated, and
both ends of one saw were clamped together.
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Fig. 15.7 Following
dissection, a Penrose drain is
passed anterior to the vertebral
body but posterior to the great
vessels. Then, threadwire saws
are passed into the sheath and
tied together. This is
performed both cephalad and
caudal to the tumor.
(Reprinted with permission
from Shah et al. [29])

Fig. 15.8 A plane is developed
anterior to the thecal sac and
posterior to the vertebral body.
One end of each threadwire saw
is passed through this plane,
and the saws are lassoed around
the vertebral body. (Reprinted
with permission from Shah

et al. [29])
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The clamp was carefully placed away from
the remaining saw. Again, the purpose of this
redundancy is to prepare for a situation in which
a saw breaks. When this occurs, it is quite use-
ful to have another saw in appropriate position
rather than having to pass another clamp around
the ventral surface of the vertebrae. The thread-
wire saws chosen for the osteotomy were then
attached to their respective handles. Note that
these saws are now posterolateral to the dura
and are on the ipsilateral side of one another. It
is best to cross one’s hands prior to sawing. The
challenge here is to protect the ventral aspect
of the dura where the traversing saw exits. It
is helpful to have an assistant place pressure
on the saw to keep it from irritating the dura.
This can be done with various instruments, and
there are pulleys that can be used to assist. It
should be noted that this portion of the proce-
dure is associated with some risk and must be
performed with an assistant who understands
the risk in order to mitigate potential complica-
tions. In this case, we performed the osteotomy
in sequential fashion starting at the T5/T6 level
and then proceeding to the T7/T8 level. It is not
uncommon to encounter significant bleeding
from the vertebral body during the osteotomy.
We usually cut the vertebrae immediately adja-
cent to the disc space. In this case, our cuts
were through TS5 just above the T5/T6 disc
space in order to ensure we did not enter the
tumor. Similarly, the caudal cut was through T8
just caudal to the T7/T8 disc space.

The tumor was now free of its osseous attach-
ments, but there usually remain some soft tissue
attachments typically ventral to the dura and
dorsal to the posterior longitudinal ligament.
The tumor was gently rotated away from the spi-
nal cord. During this rotation, it became appar-
ent that further soft tissue attachments indeed
remained, which were carefully incised with
dissecting scissors. In some cases, the remain-
ing threadwire saws can be used to help lift the
tumor out of the field although this can generally
be accomplished manually. After releasing the
specimen en bloc, it was radiographed with three
views and sent to pathology for histological and

margin analysis (Fig. 15.9). Complete anterior
and posterior decompression of the spinal cord
was achieved.

After the pathologist confirmed that the mar-
gins appear grossly negative, the wound was
thoroughly irrigated, and we began spinal recon-
struction. The resected specimen or the remain-
ing space between TS5 and T8 can be measured in
order to facilitate reconstruction. We decided to
utilize a humeral allograft because of our access
to a robust bone bank, because of the immedi-
ate structural benefits of utilizing the said graft,
and because the graft can be easily cut to fit the
defect. The rib graft that we harvested earlier was
morselized and packed into the allograft bone.
We then gently impacted the graft from a pos-
terolateral approach on the left side of the spine,
visualizing the spinal cord and also palpating
the position of the graft relative to the vertebral
bodies.

Once confident that the graft is in the appro-
priate position, we contoured titanium rods to fit
into the pedicle screws we had previously placed.
A rod was first placed into the pedicle screws
without a temporary rod in position. Once that
rod was placed, the contralateral temporary rod
was replaced with a permanent rod. After placing
appropriately sized rods, we tightened the distal
set-screws. The proximal set-screws were 100s-
ened sufficiently to allow for compression of the
graft.

Proximally, we placed set-screws but did not
tighten them at this point. We clamped the rod
and compressed the rods at the cephalad por-
tion of the construct. The purpose of this was to
compress down on the allograft. After compress-
ing on the left and right sides, we palpated the
graft and confirmed that it was solidly fixed. An
additional rod was added to each side of the pos-
terior reconstruction for added stability. Close
inspection of the pleura was performed to ensure
no parenchymal injury has occurred and that no
air leak is detected. Two 19 Blake drains were
placed into the thoracic cavity on either side of
the spine, and the remaining wound was closed
in layers. A post-operative radiograph is provided
(Fig. 15.10).
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Fig. 15.9 Specimen radiograph. (a) Anteroposterior view. (b) Lateral view. (¢) Swimmer’s view

Case 2: En Bloc Spondylectomy
with Chest Wall Excision for Ewing's
Sarcoma

The patient is a 27-year-old male with progres-
sively worsening right-sided flank and back
pain initially thought to be related to muscle
spasm. When his pain symptoms did not
improve, a CT chest scan demonstrated a soft
tissue mass adjacent to or arising from the area

of the right 10th rib. MRI of the thoracic spine
demonstrated that the mass medially abuts the
T10 and T11 ribs and vertebral bodies, with
epidural extension into the right TI0-T11 neu-
ral foramen (Fig. 15.11). Tissue biopsy con-
firmed Ewing’s sarcoma. He was started on a
3-month course of neoadjuvant chemotherapy
with seven cycles of alternating vincristine/
adriamycin/cyclophosphamide and ifosfamide/
etoposide therapy.
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Fig. 15.10 Post-operative radiograph. (a) Anteroposterior view. (b) Lateral view

Fig. 15.11 Pre-treatment T1-weighted fat-suppressed MRI of thoracic spine, axial and sagittal views
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In his case, the patient was not treated with
neoadjuvant radiation. One reason to forego
radiation is that negative margins can be pre-
dictably obtained with acceptable morbidity.
Furthermore, it is important to avoid the risk
of secondary malignancy in a young patient
treated with chemotherapy and radiation. If no
radiation is utilized, however, the surgeon must
resect the pre-chemotherapy tumor volume
rather than the post-chemotherapy volume as
demonstrated in [8].

This case illustrates issues surrounding partial
vertebrectomy with sagittal vertebral osteotomy
and associated chest wall excision. In these cases,
one must dissect far laterally on the chest wall
in order to osteotomize the rib safely away from
the tumor. In this case, the tumor emanated from
the rib and the vertebra is secondarily involved.
Some of the same issues exist for this surgery as
in the last regarding the great vessels and pleura.
In this case, however, the parietal pleura was
resected with the specimen in order to provide
an adequate margin. Furthermore, the vertebrae
were not completely excised as they were not
completely involved with tumor. For this reason,
a sagittal osteotomy was chosen.

The exposure to this case is slightly different,
and a long longitudinal incision is made from
T6 to L3 in order to allow sufficient retraction
of the paraspinal muscles to allow the far-lateral
rib osteotomies. We removed the paraspinal mus-
culature adjacent to the vertebrae and the para-
spinal musculature adjacent to the ribs at T10
and T11 to ensure that we moved all gross total
disease from the pre-neoadjuvant MRI. We dis-
sected laterally until we identified the T12 rib and
skeletonized the T12 rib but left its neurovascular
bundle intact. We incised the pleural parallel to
the T12 rib from just lateral to the vertebral body.
We transected the T10 and T12 ribs and identi-
fied the segmental vessels and cauterized them.
Once the ribs are transected, the parietal pleura is
incised in line with the rib cuts. Cephalad to T10,
we continued to dissect through the intercos-
tal musculature and the pleura until we arrived
at the T9 rib. Transverse dissection through the
intercostal musculature was deepened through

the parietal pleura until the soft tissue dissection
meets the vertebral bodies.

At this point, posterior laminectomies were
required to expose the thecal sac and allow tran-
section of the ipsilateral involved nerve roots.
Once the laminae and nerve roots were removed,
a transverse bony cut was made through the pars
interarticularis cephalad and caudal to the tumor.
At this point, we utilized intra-operative navi-
gation (Stealth, Medtronic, Minneapolis, MN)
combined with intra-operative O-arm imaging
(O-arm, Medtronic, Minneapolis, MN). The rea-
son for this is that it allows us to make a sagittal
cut through the body in precisely the intended
area to help us achieve a negative margin while
preventing us from unnecessarily removing the
healthy bone. We utilized a 6-mm diamond burr
(Legend, Medtronic, Minneapolis, MN) to per-
form our bone cuts. We used this burr tip because
the diamond action helps cauterize bone bleed-
ing, facilitating better visualization. We also
used the 6-mm tip because the wider tip better
facilitates visualization. Once the bone cuts are
complete, the anterior longitudinal ligament was
apparent through the 6-millimeter trough made
by the burr. Now the specimen is attached to
the ligament and the ipsilateral segmental ves-
sels. The specimen can be gently mobilized
into the chest cavity, which further widens the
trough created by the burr. Now one can apply
large vascular clips starting at the caudal soft
tissue attachment. After a clip is applied, the
soft tissues lateral to the clips (on the specimen
side) were incised with dissection scissors. This
allows another clip to be applied slightly more
cephalad than the first clip. Each time a clip is
applied, the soft tissues lateral to the clip were
incised until all of the soft tissue attachments
were ligated and the specimen was removed. The
specimen was radiographed and sent to pathol-
ogy (Fig. 15.12). In this case, the spine was
stabilized with posterior instrumentation but no
anterior reconstruction is required. The T12 rib,
which was removed to facilitate exposure, was
used for bone graft posterolaterally. The wound
was closed in layers. Post-operative radiographs
are provided (Fig. 15.13).
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Fig. 15.13 Post-operative radiograph. (a) Anteroposterior view. (b) Lateral view
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Discussion

The management of tumors of the thoracic
spine is challenging, as the proximity of criti-
cal neurovascular structures makes it consider-
ably difficult to achieve negative tumor margins
in this region. Since Roy-Camille and Stener
first described spondylectomy for spinal tumors
in the late 1960s and early 1970s [9-11], there
have been considerable advances in the surgical
management of spinal tumors. Multiple studies
have demonstrated that total en bloc spondylec-
tomy (TES) — complete resection of the tumor in
a single piece, fully encased in a layer of healthy
tissue — improves survival and reduces local
recurrence rates compared with intralesional
piecemeal resection for primary tumors and soli-
tary metastases of the spine [12-20]. Since TES
was first reported in 1994 [21, 22], many TES
approaches have been described varying in num-
ber of stages as well as instruments used to per-
form the vertebral osteotomies [23—-29]. Here we
describe two cases in order to demonstrate tech-
niques utilized for posterior en bloc spondylec-
tomy. In one case, we used threadwire saws for
our osteotomy and in the other we used a 6-milli-
meter diamond burr. Both cases sought to achieve
a negative margin in a safe manner. These sur-
geries mandate planning for the worst-case sce-
nario as there is significant risk associated with
these procedures. A clear understanding of the
anatomy is required and appropriate pre-opera-
tive imaging is crucial for planning purposes. An
MRI is most useful for planning resection lev-
els as it helps identify the extent of the tumor.
A contrast-enhanced CT is also important as it
helps one understand the venous vessels about
the region of the planned resection. It is useful to
work with colleagues in other specialties such as
vascular surgery or thoracic surgery should their
services be required expeditiously. While most
surgeons will not perform en bloc resections,
an understanding of the issues related to them
is useful to those surgeons who may manage the
more common metastatic lesions even though
they rarely require spondylectomy.

Conclusion

Posterior approaches to the spine offer several
advantages in the operative management of malig-
nant tumors of the spine. Ease of direct access to
the “normal” dura above and below the segments
involved with tumor and direct 360° visualization
of the dura are two key advantages. The en bloc
approaches emphasized in this chapter can help to
form the basis of understanding the technical, ana-
tomic, and physiologic aspects of these approaches.
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Introduction

Minimally invasive spine surgery (MISS)
involves accessing the spine through small corri-
dors and achieving the same results as in open
surgery, thereby minimizing damage to other tis-
sues [1].

The main areas of opportunity for MISS
include reduced blood loss during operation,
decreased postoperative recovery time and pain,
and less disruption to the paraspinal muscles and
ligaments that contribute to the maintenance of
proper spine biomechanics, all of which are
important advantages since they could reduce
complications in patients undergoing surgery for
spinal tumors [1].

Tumors associated with the spinal cord can
have devastating effects on patient function and
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quality of life. They have been traditionally
approached with large open surgeries and fusion
procedures with the objective of providing onco-
logical control, decompression, and stabilization
to ultimately improve both neurological and
oncological prognosis. However, in the past
years, the use of MISS has been on the rise
mainly due to its ability to decrease the amount
of surgical trauma, which translates into
improved recovery and return to productive life.
We also have to consider that oncologic patients
have different perioperative complications than
degenerative or deformity patients, such that
posterior MISS approaches may be better toler-
ated for them.

In this chapter, we summarize the less disrup-
tive approaches that are available in treating tho-
racic tumor pathologies (Fig. 16.1).

Preoperative Evaluation

As a general rule, all spinal tumor cases which
will undergo MISS must have at least a preop-
erative contrasted MRI, a CT scan of the area of
interest, and scoliosis films in order to evaluate
and ultimately compare their sagittal
alignment.
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Fig. 16.1 (a) Types of positions and incisions (dotted lines) for thoracic approaches. (b) Surgical scope for the poste-

rior thoracic surgical approaches

In patients in whom metastasis is suspected, a
thorough oncological evaluation of the primary
site should be performed in case there is no neu-
rological dysfunction that requires immediate
decompression of the spinal cord. The use of cor-
ticosteroids has been standard in such patients as
a temporizing measure to improve or stabilize
neurologic function until definitive treatment.
Corticosteroids may result in a rapid improve-
ment of neurological function, but their long-
term benefits are limited, and there is no evidence
that they improve survival [2].

Since surgery for spine tumors appears to be
associated with a higher incidence of surgical site
infections (SSIs) than non-tumor spine surgery

[3], we recommend the use of intraoperative and
postoperative antibiotics.

The spinal neoplastic instability score has
proven to be useful in the surgical decision-mak-
ing process and as a prognostic tool and is recom-
mended [4].

Every patient should be examined and strat-
ified using the American Spinal Injury
Association (ASIA) classification before
undergoing surgery. Neurophysiological moni-
toring is not mandatory but it is recommended;
motor- and somatosensory-evoked potentials
are also useful and sometimes set a baseline for
the neurological activity before the actual sur-
gical procedure.
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Surgical Techniques
Mini-Open Transpedicular Approach

Indications
* Biopsy
e Dorsal,

lesions

ipsilateral, and laterally located

Patient Positioning

After anesthetic induction, the patient is posi-
tioned in a prone position over a Jackson table.
Preoperative x-rays are obtained to localize the
indexed spinous process and the corresponding
pedicle for the indexed level; alternatively, intra-
operative CT with navigation can be used.
Percutaneous pedicle screws can be placed two
levels above and below the affected vertebral
body, depending on surgeons’ preference. We
prefer to place the percutaneous screws using a
navigated guide tube and “total navigation” or
sometimes using K-wires and fluoroscopy or
using a free-hand technique and fluoroscopic
confirmation.

Surgical Details and Special
Considerations

Transpedicular corpectomy is performed through
a midline approach, and a complete 360° decom-
pression is the primary goal. The uniqueness of

this approach in the thoracic spine is that the rib
head is left intact [5].

The skin is incised in the midline along with
the fascia over the indexed level. A tubular retrac-
tor system is then placed and docked over the
articulating process of the level of interest, and
confirmation is obtained using either navigation
or intraoperative fluoroscopy.

A laminectomy with complete removal of the
superior articulating process is performed. The
ligamentum flavum can be preserved during the
laminectomy and during the drilling process to
prevent incidental durotomy.

We laterally preserve the rib heads; the discs
above and below the corpectomy level are identi-
fied and marked. Identification of the pedicle
with either navigation, fluoroscopy, or palpation
is performed. Using a high-speed drill, a small
window at the posterior cortex of the pedicle is
opened and the high-speed drill is used until the
“eggshell” is left (Figs. 16.2 and 16.3). After
reaching the posterior vertebral body wall, an
angled curette is used to carefully fracture the
medial wall out laterally, exposing the lateral
margin of the thecal sac. At this point, if neces-
sary, a small window can be opened over the
annulus of the disc right over its posterolateral
surface and a partial discectomy can be done
using pituitary rongeurs; this cavity can be used
to tuck away structures that need to be removed

Fig. 16.2 (a) Surgical corridor of the transpedicular approach (pink area). (b) Surgical corridor of the transpedicular
approach (pink area) to access tumors posterior and anterior to the spinal canal
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Fig. 16.3 Minimally invasive transpedicular approach. (a) Illustration of retractor positioning. (b) Intraoperative trans-
pedicular decompression. (Reprinted with permission from Zairi et al. [7])

from the midline to avoid displacing or putting
pressure on the spinal cord.

The posterior longitudinal ligament is sepa-
rated from the dura very carefully; sometimes, if
dural sac compression exists, adhesions may be
present and incidental dural tears may complicate
the procedure. Now, the discectomy is completed,
the tumor is removed, and the endplate prepara-
tion is performed. The expandable cage is
inserted in its collapsed configuration from lat-
eral to medial and then moved medially and ante-
riorly. The cage is expanded until even contact
with the superior and inferior endplate is
achieved.

Once the corpectomy is completed and the
cage has been put in place, a temporary rod on
the contralateral side is placed and loosely
secured. Finally, the construct is completed by
inserting and tightening the definitive rods in
place.

Several modifications to this technique have
been adopted. An example is the open vs mini-
open approach cohort by Chou et al. using their
previously described trapdoor technique for rib
osteotomy [6], which generated favorable results
for the mini-open group in terms of estimated
blood loss during surgery. However, these results
must be interpreted with caution because there
was a significant difference in age groups, where
the MISS option was offered more frequently to
younger patients [5].

MISS Costotransversectomy
Approach

Indications

e Dorsal and laterally located lesions

e Centrally located lesions with
consistency

e Paraspinal nerve-sheath tumors

soft

Patient Positioning

The patient is placed in prone position on a
Jackson table, and the level of interest is marked
under fluoroscopic guidance or neuronavigation.

Neuromonitoring of somatosensory-evoked
potentials and motor-evoked potentials is of para-
mount importance for this approach.

For this specific procedure, the most common
complication is neurological deterioration, fol-
lowed by hemo/pneumothorax. For the latter,
special considerations must be taken by the anes-
thesiology team, including the use of divergent
endotracheal tubes for ventilation and for deflat-
ing the lung on the side of the approach.

Surgical Details and Special
Considerations

A 2.5-cm longitudinal skin incision is performed
3-5 cm lateral to the midline and ipsilateral to the
tumor. The paramedian musculature can be
retracted laterally. After the lateral transverse
process is identified, a K-wire is inserted into the
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Fig. 16.4 Surgical corridor for the costotransversectomy approach

bone under fluoroscopic control to be docked at
the costotransverse process junction. After this, a
series of tubular retractors is guided into the area
of interest which involves the interlaminar space,
adjacent laminae, transverse process, and the
adjacent rib (Fig. 16.4).

The transverse process and the ribs are
resected using a high-speed drill and/or Kerrison
rongeurs in order to achieve better visualization.
From this approach, it is possible to verify the
integrity of the nerve root as well as the decom-
pression of the thecal sac. Once the goal of
decompression or biopsy has been achieved, the
tubular or blade retractor is removed and the fas-
cia and skin are closed.

MISS Lateral Extracavitary Approach

Patient Positioning

After anesthetic induction, the patient is posi-
tioned prone in a Jackson table over a frame.
Fluoroscopic guidance is used to identify the
level of the lesion, and the skin incision is marked
4-5 cm lateral to the midline.

Surgical Details and Special
Considerations

After the incision is made, blunt dissection, usu-
ally with the surgeon’s finger, is performed all the
way to the transverse process in an oblique lateral

extracavitary trajectory in order to insert a work-
ing portal. Percutaneous pedicle screw insertion
above and below the corpectomy level is per-
formed using 3-D navigation or fluoroscopy and
K-wires.

The accurate position of the screws is con-
firmed by AP and lateral x-rays. The patient is
then rotated away from the surgeon to compen-
sate for the obliquity of the approach. The surgi-
cal microscope is introduced to the field, the
inferior transverse process and facet are freed,
and the transverse process is removed using a
high-speed drill. The lateral aspect of the lami-
nae is decompressed from lateral to medial with
a high-speed drill and Kerrison rongeurs. At this
point, the ligamentum flavum becomes visible
and is removed in order to access the spinal
canal to perform the required operation. The
oblique trajectory allows for an excellent bilat-
eral decompression of the cord through a unilat-
eral approach.

This approach allows for an excellent visibil-
ity of the vertebral body and discs. The rib heads
are preserved. The pedicles at the pathological
level are removed. The discs above and below the
vertebral body are identified. A high-speed drill
is used to begin the corpectomy on one side.
After a significant amount of vertebral body has
been removed, a holding rod is placed and locked.
If a rib head is maintained as trapdoor, no pleural
dissection will be necessary.
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Fig. 16.5 (a, b) Surgical corridor for the thoracic lateral ~ eral corridor. (d) Intraoperative navigation images of the
extracavitary approach. (¢) Intraoperative images of the  cage placement and final location on fluoroscopic images
insertion of the collapsed expandable cage through the lat-

Depending on the type of operation, an The contralateral rod is then put in place and
expandable cage can be introduced and expanded fixed, and additional crosslinks are placed for cir-
to fit once positioned (Fig. 16.5). cumferential arthrodesis.
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Lateral Approach

Patient Positioning

The patient is intubated using a dual-lumen tube to
allow for selective bronchi ventilation and in case
it is necessary to collapse the lung on the operative
side (see Fig. 16.5). The patient is placed in the
lateral position with the side of the targeted pathol-
ogy facing up. If the pathology is located near the
midline, the right side is preferred in order to
reduce the risk of vascular injury.

Surgical Details and Special
Considerations

Under fluoroscopic guidance, the skin is marked
on the level of interest; the incision is marked
parallel to the contour of the rib cage. The inci-
sion is then made and subperiosteal blunt dissec-
tion is done with preservation of the neurovascular
bundle located under each rib. The parietal pleura
is opened, and the first dilator is swept along the
rib to approach the level of the pathology. If nec-
essary, 3—4 cm of the rib can be resected to
achieve maximal exposure. Sometimes this part
of the procedure is performed by cardio-thoracic
surgeons.

The dilators are then progressively placed
until the necessary exposure is achieved, and the
microscope is placed over the operating field.

With this approach, the placement of cages or
corpectomy implants can be easily performed.

After resection of pathology and stabilization
are achieved, a chest tube is placed and closure of
the fascia and skin is performed.

Postoperative Care

e Obtain immediate postoperative chest x-rays
to rule out pneumothorax or hemothorax.

e Strict pain control to prevent shallow ventila-
tion postoperative is mandatory.

e Frequent and scheduled neurological checks
for 24-h postoperative window. Patients
should be evaluated in the immediate postop-
erative period in all aspects of the ASIA clas-
sification to establish if any additional damage

occurred during the surgery despite the neuro-
physiological monitoring.

e Urgent MRI should be considered if new neu-
rological symptoms are present.

* Routine postoperative imaging is not required.

e Corticosteroid dose should be tapered down in
the weeks following surgical management of
the spinal tumor to avoid complications
related to its use [2].

Conclusion

MISS posterolateral approaches to the thoracic
spine for tumor surgery are feasible and safe if cer-
tain rules are followed. For instance, if subtotal
resections are the goal, the posterior, transpedicular,
extracavitary, and lateral approaches are good
options. However, for pathologies extending anteri-
orly and closer to the midline, only the lateral extra-
cavitary or lateral approaches are recommended.
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to Thoraco-Lumbar Metastases -
Separation Surgery

Ori Barzilai, llya Laufer, and Mark H. Bilsky

Introduction

Twenty to 40% of all cancer patients develop spi-
nal metastases with microscopic evidence of spi-
nal disease found in up to 90% [2, 3], and with
modern cancer therapies and improved survival
times, these numbers are likely to grow.
Metastases most commonly affect the thoracic
spine (70%) and are typically found in the verte-
bral body with or without extension into the pos-
terior elements [4]. Further, up to 20% of patients
diagnosed with spinal metastases can progress to
symptomatic cord compression [5, 6]. The most
frequent histologic types of cancer that give rise
to bone metastases are breast, prostate, and lung
cancer [7].

Treatment goals for patients with spine metas-
tases are palliative and include preservation or
restoration of neurological function, maintenance
of spinal stability, palliation of pain, and durable
local tumor control. Treatment options include
surgery, radiation therapy (RT), and systemic
treatment including chemotherapy and biologics
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or combinations of these modalities. Selecting
the most favorable treatment strategy is challeng-
ing in light of recent advances, particularly the
development of SSRS.

Case Presentation

A 90-year-old female presented with recently
diagnosed stage IV non-small-cell lung cancer
(NSCLC). Her past medical history was signifi-
cant for prior smoking, well-controlled hyperten-
sion, and a heart murmur treated with baby
aspirin. She underwent a systemic workup for her
newly diagnosed lung cancer and was found to
have spine metastases with epidural extension.
Retrospectively, she recalled experiencing tho-
racic back pain radiating around the chest bilater-
ally for several weeks. She did not endorse
extremity weakness, numbness, paresthesias, gait
disturbances, or bowel and bladder issues.

Diagnostic Workup

Recent technological and scientific advancements
have introduced a plethora of new, promising,
systemic agents and spine technologies that are
fundamentally changing cancer care. Specifically
for treatment of spinal metastases, the integration
of SSRS has revolutionized the approach to treat-
ment. As these new therapies and modalities
become available, tailoring the appropriate treat-
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ment to the individual patient is becoming increas-
ingly challenging. To this end, the NOMS
framework was created [8]. NOMS serves as a
template for the analysis of important clinical and
radiological data and is not wedded to any partic-
ular treatment or technology. As treatments and
technologies progress, so too will the treatment
modalities utilized within NOMS. The framework
is comprised of four major domains from which
clinical information is assessed: neurologic, onco-
logic, mechanical, and systemic.

The neurologic assessment determines clini-
cally the presence of myelopathy and functional
epidural spinal cord compression (ESCC) as has
been previously described [9] (Fig. 17.1, ESCC).
The oncologic assessment consists of determin-
ing the expected histology-specific tumor
response to treatments including radiation ther-
apy, chemotherapy, biologics, or checkpoint
inhibitors. Mechanical instability serves as an
independent factor prompting surgical interven-
tion even for radiosensitive tumors since radio-
therapy and systemic therapy do not restore
mechanical stability of the spine. The mechanical
assessment is facilitated by the Spinal Instability
Neoplastic Scoring (SINS) system [10]. SINS
considers multiple factors important for biome-
chanical spinal integrity: location, pain, lesion
character, radiographic spinal alignment, degree

of vertebral body collapse, and the degree of pos-
terolateral spinal element involvement. The last
consideration is the systemic assessment which
incorporates the patient’s overall burden of dis-
ease and medical co-morbidities. The ultimate
task is to determine the patient’s capacity to toler-
ate a surgical intervention and sufficiently recover
in order to become a candidate for continued sys-
temic therapy. This involves knowledge of the
complex interplay of tumor biology, molecular
markers, and targeted therapies. As knowledge
increases, so does complexity in decision-making
and hence warrants a multidisciplinary team
approach comprised of spine surgeons, medical
and radiation oncologists, interventional radiolo-
gists, pain specialists, and rehabilitation experts.

During the patients’ workup, a chest CT was
performed which demonstrated a right lower lobe
(RLL) lung mass, moderate left pleural effusion
and pericardial effusion, and a mass invading the
TS5 vertebra. To further investigate this thoracic
spine tumor, a total spine MRI was performed. I is
important to obtain a total spine MRI at presenta-
tion with spine metastases as multiple lesions are
present, which may influence the treatment plan. In
this case, the MRI (Fig. 17.2) demonstrated multi-
level, multifocal osseous metastases and epidural
disease, worst at T3—T6 with high-grade circum-
ferential epidural spinal cord compression (ESCC

@

Schematic representation of the 6-point ESCC grading scale.

Grade 0
Grade 1a
Grade 1b
Grade 1c
Grade 2
Grade 3

Bone-only disease

Epidural impingement, without deformation of thecal sac

Deformation of thecal sac, without spinal cord abutment

Deformation of thecal sac, with spinal cord abutment, without cord compression
Spinal cord compression, with cerebral spinal fluid (CSF) visible around the cord
Spinal cord compression, no CSF visible around the cord

Fig.17.1 Epidural spinal cord compression score [9]. (Reproduced with permission from Bilsky et al. [9])
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Fig. 17.2 Pre-operative MRI. Left: Sagittal T1 non-
contrast enhancing demonstrates multilevel hypointense
tumor infiltration. Top right: axial T2. Bottom right: axial

3) and at T5-T6 paraspinal extension and bilateral
foraminal involvement. Additionally noted were
T12 vertebral body involvement with minor epi-
dural extension (ESCC 1b) and C3 vertebral body
infiltration with no epidural extension (ESCC 0).
This patient was evaluated by a multidisci-
plinary team. Neurologically and oncologically,
she was intact with high-grade ESCC from a
radioresistant tumor. The high-grade ESCC pre-
cluded the delivery of SSRS as definitive therapy.
Mechanically, her calculated SINS score was 10
(i.e., indeterminate/pending instability).
Systemically, despite advanced age, there were
no major co-morbidities, and she was in good
clinical condition. Considering all NOMS crite-

T1 with contrast enhancement demonstrating high-grade
metastatic epidural spinal cord compression (ESCC 3)

ria, surgery for decompression of the thoracic
lesion was deemed the best initial management
step. In patients with metastatic cancer, the goals
of surgery must include short operative times and
minimal blood loss in order to reduce the risks of
perioperative complications. Prior to surgery, the
vascularity of the tumor must be taken into con-
sideration. For example, renal cell carcinoma
(RCC) represents a highly vascular tumor, and
pre-operative embolization is imperative in order
to avoid massive intraoperative blood loss [11].

She underwent separation surgery, which
included a circumferential decompression of T5—
T6 with T3-T8 fusion through a posterolateral
approach (Fig. 17.3).
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Fig. 17.3 Artist illustration of minimally invasive sepa-
ration surgery. (a) Percutaneous stabilization is performed
and the tube is guided for decompression. (b) Tumor is
resected from the thecal sac and pushed anteriorly to cre-

Surgery

The patient was put under general anesthesia
with placement of an arterial line and Foley cath-
eter. Intraoperative electrophysiological elec-
trodes were placed, and the patient was positioned
prone. Intraoperative monitoring (IOM) included
electromyography (EMG) to the lower extremi-
ties and lower sacral root distributions, somato-
sensory evoked potentials (SSEPs), and motor
evoked potentials (MEPs). IOM provides neuro-
physiologic feedback which can be used to adjust
intraoperative strategies to reduce or reverse neu-
rological deficits. The target levels are localized
and the incision planned using fluoroscopy. The
surgical site was prepped and draped in typical
sterile fashion.

Following a midline linear skin incision, the
posterior spinal elements were exposed using
monopolar cautery. Prior to canal decompres-
sion, pedicle screw and rod constructs were
placed. Spinal navigation systems [12] are cur-
rently widely utilized, yet, to date, standard
“free-hand” instrumentation is definitely
acceptable as well. All patients who undergo
separation surgery will require instrumentation

ate space between the soft tissue lesion and the anterior
thecal sac. (Reprinted from Nasser et al. [37], Copyright
(2018), with permission from Elsevier)

as not only are the osseous structures typically
compromised by tumor invasion, but decom-
pression requires removal of the laminae and
pedicle/joint complex and is thus destabilizing.
Instrumenting prior to decompression is safer
than placing hardware over an unprotected spi-
nal canal. The potential for arthrodesis is
severely compromised in oncologic patients
due to poor bone quality, radiation, and chemo-
therapy [13]. Long-segment fixation, normally
two levels above and two levels below the
index tumor level, has been previously
described with low complication rates [14].
This patient was instrumented two levels above
and two levels below the decompression site
(Fig. 17.4).

Next, the posterior elements were resected
with a high-speed 3-mm matchstick bur.
Adequate circumferential separation of the
tumor from the thecal sac is critical in order to
facilitate post-operative SSRS. The pedicles
and facet joints are drilled bilaterally, creating
a corridor to the ventral epidural space. The
tumor dissection off the dura was the pre-
formed. This was initiated from normal dural
planes toward the site of maximal compres-
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Fig. 17.4 Sagittal (left) and anterior-posterior (right) post-operative standing x-rays demonstrating the stabilizing
construct

sion. Following resection of the posterior lon-
gitudinal ligament, the ventral component of
the tumor including the ligament of Hoffman
was dissected ventrally (i.e., away from the
spinal cord). In this case, a small ventral cavity
was created within the vertebral body and a
“Woodson” dissector used to depress the epi-
dural component ventrally. If a large portion of
the vertebral body is removed, anterior support
can be achieved by inserting poly-methyl-
methacrylate (i.e., PMMA bone cement) into
the cavity (deemed unnecessary in the current
case). Hemostasis was achieved and the wound
was irrigated copiously. To optimize arthrode-
sis, the facet joints and transverse processes
were decorticated, and autologous bone graft
was placed posteriorly to initiate bony fusion.

Variable fusion rates in this population are
reported (36-100%), and various options for
bone graft are used according to surgeon’s
preference [15]. A drain was placed in the epi-
dural space, the surgical site sutured in layers,
and a sterile dressing applied. The patient was
flipped back to the supine position, INM elec-
trodes were removed, and the patient was extu-
bated. It is important to acknowledge that no
attempt for gross total tumor removal was
attempted since post-operative SSRS will effec-
tively provide local tumor control.

Post-operatively, while still admitted, a CT
myelogram was preformed demonstrating re-
constitution of the thecal sac (Fig. 17.5). This
was done in the post-operative setting to facilitate
rapid radiosurgery treatment planning.
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Fig.17.5 Post-operative CT myelogram demonstrating complete re-constitution of the thecal sac. Left: sagittal. Right:
axial at T6 level

Discussion

Separation surgery was first described in 2000 as a
single-stage posterolateral trans-pedicle approach
for spondylectomy, epidural decompression, and
circumferential fusion for treatment of spinal
metastases [16]. The goal of decompression is neu-
rologic preservation or recovery but also to provide
an ablative target for SSRS within spinal cord con-
straints. Data evaluating the safety, efficacy, and
adverse effects of this surgery have since been
established and discussed extensively [14, 17, 18].
Our detailed technique for separation surgery has
been previously described elsewhere. The imple-
mentation of spinal sterotactic radiosrgery
(SSRS) for treatment of spinal metastases
is a result of technological advancements in
non-invasive patient immobilization, intensity-
modulated image-guided radiation therapy (IGRT)
delivery systems, and sophisticated planning soft-
ware [19, 20]. These technical advancements facili-
tated the integration of SSRS into treatment
paradigms and have been a true paradigm changer
for the treatment of spinal metastases.

SSRS treatment failures occur when less than
15 Gy is delivered to a portion of the clinical
treatment volume (CTV) [21], and this dose can-

not be delivered to the entire tumor margin with-
out risking spinal cord injury unless a safe
distance between the tumor and the spinal cord is
created [22]. To safely deliver an appropriate
radiation dose, patients with high-grade ESCC
caused by radioresistant tumors undergo separa-
tion surgery [8, 23]. Historically, treatment
responses for osseous tumors to systemic thera-
pies were limited, and, thus, conventional exter-
nal beam radiation therapy (cEBRT), often
defined as 30 Gy in 10 fractions, was the main-
stay of treatment for spinal tumors [24-26].
Based on the treatment response to cEBRT,
tumors are classified as either radioresistant or
radiosensitive. Moderately to highly radiosensi-
tive tumors to cEBRT include most hematologic
malignancies (i.e., lymphoma, multiple myeloma,
and plasmacytoma), as well as selected solid
tumors (i.e., breast, prostate, ovarian, and neuro-
endocrine carcinomas and seminoma) [13, 27].
However, most solid tumors are radioresistant to
cEBRT including renal cell carcinoma (RCC);
colon, non-small-cell lung (NSCLC), thyroid,
and hepatocellular carcinoma; melanoma; and
sarcoma [13, 25-27].

Recent data demonstrate that SSRS yields a
clinical benefit regardless of tumor histology and
volume, providing high local-control rates and



17 Posterolateral Approach to Thoraco-Lumbar Metastases - Separation Surgery 183

durable symptomatic responses [28—30]. Evidence
shows excellent outcomes with SSRS for tradi-
tionally radioresistant histologies such as renal cell
carcinoma [31-33], sarcoma [34], and melanoma
[35]. Hence, high-dose SSRS for radioresistant
tumors overcomes the radioresistance seen in
cEBRT. Still, the setting of high-grade spinal cord
compression from a radioresistant tumor, as pre-
sented in the case described herein, requires sepa-
ration surgery to allow delivery of a cytotoxic
radiosurgery dose. This method of hybrid therapy
(i.e., separation surgery-radiosurgery) has been
previously shown to be safe and effective [18, 36].
Recently, this has also been shown to improve
patients’ health-related quality of life as analyzed
using patient-reported outcome tools [1].

Conclusion

Patients with high-grade spinal cord or cauda
equina compression, from a radioresistant tumor,
require surgical decompression creating space
for concomitant SSRS. SSRS overcomes tradi-
tional radioresistance when high enough doses
are delivered and provides durable symptomatic
relief and tumor control. Separation surgery is a
posterolateral approach that provides circumfer-
ential spinal cord decompression and stabiliza-
tion. Ventral separation through bilateral pedicle
and joint removal is crucial. Patient and treatment
selection are a multidisciplinary task and are
facilitated by the NOMS framework.
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Alone (Thoracic and Lumbar):
Cement Augmentation

Zoe Zhang, Ahmed Mohyeldin, Ulas Yener,
Eric Bourekas, and Ehud Mendel

Introduction

Seventy percent of patients with cancer develop
metastatic disease, and spinal involvement occurs
in up to 40% of these patients. The majority of
metastases occur in the thoracic and lumbar spine
[1-3]. The indications of minimally invasive sur-
gery include mechanical instability, refractory
pain, and neurologic deficits.

In this chapter, we discuss minimally invasive
surgical techniques for lumbar and thoracic spi-
nal stabilization. After describing the general
methods, each application will be illustrated by a
representative case. Compared with traditional
open surgery, in selective cases, minimally inva-
sive techniques have a smaller blood loss, shorter
hospital stay, faster functional recovery, and
fewer complications. Especially for the fragile
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patients with spine metastasis, the reduction in
operative time and surgical trauma is critical.

In recent years, tremendous improvements
have been made for the minimally invasive sur-
geries that include the following: (a) better percu-
taneous surgical tools for approach and exposure
and improved visualization through better micro-
scopes and endoscopes; (b) improved implant
devices, instrumentation, and augmentative
materials; and (c) improved intraoperative image
guidance and robot-assisted modalities. With
these advancements and the cumulative experi-
ence, minimally invasive surgical technologies
are valuable tools for treating patients with spinal
tumors.

Patient Selection

Preoperative laboratory and imaging tests need to
be studied to assess the tumor spread by Tomita
scoring system [4]. Also recommended is consid-
eration of the Tokuhashi or neoplastic (spinal
instability neoplastic score [SINS]) scores,
depending on the tumor type, degree of spinal
instability, and metastatic and functional status
[5, 6]. By these scoring systems, the overall con-
dition of a patient, tumor growth rate, and loca-
tion of the tumor may help the surgeon make
treatment decisions and anticipate the prognosis
of the patient. Cement augmentation is the least
invasive procedure, suitable for treating patients
with painful pathologic fractures secondary to
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spinal metastases, especially those who cannot
tolerate open surgery or who may have poor bone
quality for traditional instrumentation. However,
it may not be appropriate for use in tumors that
mainly involve the pedicle and posterior ele-
ments. Percutaneous pedicle screw fixation alone
or its combination with vertebral augmentation
yields more versatile treatments in patients with
significant destabilization who will not tolerate
extensive open surgical approaches [7].

Minimally Invasive Methods
and Case Studies

Cement Augmentation

Cement augmentation is a key technique in the
minimally invasive treatment of painful spinal
metastatic fractures (Figs. 18.1 and 18.2). It cre-
ates internal stabilization in the affected vertebra
[8]. Bone cement injection into spine tumors is
an effective way to relieve severe pain by
mechanical stabilization, destruction of the sensi-
tive nerves, and induction of necrosis of tumor
cells [9]. Typically cement augmentation such as
kyphoplasty or vertebroplasty is suitable for
patients with painful pathologic fractures without

cord compression and primary diseases of the
bone such as multiple myeloma [10].

The most common material used is polymethyl-
methacrylate (PMMA); brand names include
Kyphon (Medronic), SpinePlex (Stryker), AVAmax
(Care Fusion), and Osseoperm (Aegis Spine).
PMMA is freshly prepared in liquid form for injec-
tion through a needle in the target. After solidifica-
tion, the cement supports the bone structurally and
prevents mechanical pain by stabilizing the fracture
fragments. The approach is generally transpedicular
(unilateral or bilateral) but may be extrapedicular as
well. Cement extrusion into the spinal canal with
neurologic compromise is the most feared and
immediate risk; however, with slow injection under
continuous careful imaging (fluoroscopy), this risk
can be minimized. Other risks include infection,
pulmonary embolism, bleeding, rib fractures, or
adjacent vertebral fractures.

PMMA cement augmentation is one of the least
invasive procedures capable of quickly supporting
and stabilizing a defect. However, it has been found
that over time, with bone reconstruction, osteoclasts
appear at the cement-bone interface, resulting in
bone loss. Therefore, PMMA cement augmentation
may not be a long-term solution. Improvement in
the bone cement material is critical in improving its
efficacy and duration [11].

b

Fig. 18.1 (a, b) Artist illustration of needle trajectory for vertebroplasty and kyphoplasty. (Reprinted with permission

from Fourney et al. [19])
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Fig. 18.2 Artist illustration of kyphoplasty technique. (Reprinted with permission from Fourney et al. [19])

Percutaneous Screws and Fixation
Systems

In patients with metastatic disease involving the
posterior elements, the use of cement augmenta-
tion alone may not be adequate. Extensive open
surgery may similarly not be suitable in light of
limited life expectancy. The dilemma of spinal
stabilization in this situation can be solved by
using pedicle screw fixation in a minimally inva-
sive fashion followed by cement augmentation.
The application of rigid instrumentation at
healthy vertebrae above and below to bridge the
diseased segment has proven to be more lasting
than cement augmentation alone. Instrumentation
can also be used to realign the spine in addition to
stabilizing it. There are many brand names in the
market such as Viper® Synthes, ES2 Spinal
System, Vertelink’s KOBRA, MIS posterior fixa-
tion systems, and many more; the principle fixa-
tion mechanism of all of them is the same.
Using muscle dilation rather than electrocau-
tery dissection, trauma and blood loss are
reduced. Because the incisions are small, bony

landmarks are not exposed and the angulation
and placement of the screw are dependent on
fluoroscopic guidance. Once the pedicle screws
are placed, rods are passed through small stab
incisions and secured with cap screws via towers.
These towers also allow reduction and correction
of deformity. However, because there is no expo-
sure, arthrodesis cannot be performed and the
rates of fusion are decreased.

Lumbar spine fusions have long been used for
the treatment of degenerative disorders. A pos-
terolateral instrumentation is supplemented by
further anterior support in the form of transfo-
raminal lumbar interbody fusion (TLIF), poste-
rior lumbar interbody fusion (PLIF), lateral
lumbar interbody fusion (LLIF), anterior lumbar
interbody fusion (ALIF), and axial lumbar inter-
body fusion (AxiaLIF). With advances in tech-
nology, almost all of these can be performed in
minimally invasive ways. PLIF and TLIF are the
common techniques performed in the thoracic
and lumbar regions [12]. TLIFs may be more
advantageous than PLIFs due to unilateral
approach and decreased nerve root and dural
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retraction. ALIFs can be performed from a lapa-
roscopic transperitoneal approach, mini-open ret-
roperitoneal approach, or endoscopic lateral
retroperitoneal approach.

Combination Techniques

Use of cement augmentation in conjunction with
percutaneous instrumentation can be accom-
plished in a number of different ways. A cement
augmentation of a vertebral body can be done at
the level of a pathologic fracture. If needed, ped-
icle screws can be placed in a percutaneous fash-
ion, adding posterior stabilization to the anterior
stabilization afforded by the cement.

Due to poor bone quality in many patients
with spine tumors, complications of fixation
include screw loosening, pullout, or adjacent
fractures. Cement augmentation can be used
concurrently with pedicle screw fixation to
decrease these risks by reducing induced bone
stress [13, 14].

The combination of percutaneous pedicle
screw fixation and cement augmentation is per-
haps the optimal option in patients with signifi-
cant neoplastic destabilization who will not
tolerate more extensive and open surgical
approaches [15, 16].

Associated Procedures

Treatment of patients with spine tumors is rarely
a matter of stabilization alone. Tumor resection
can identify the source of malignancy and molec-
ular markers of the tumor to support ongoing
radiation therapy, chemotherapy, or laser ablation
[17]. Spinal cord decompression is another goal
of surgery to reverse, halt, or prevent neurologi-
cal deficits [18]. Prior to procedures of spine sta-
bilization by cement augmentation and
instrumented fusion, the need for tumor resection
and spinal cord decompression must be deter-
mined. The use of minimally invasive transpe-
dicular vertebrectomies or laminectomies can be
approached with unique retractors and dilating
systems such as METRx (Medtronic), Pipeline/

Spotlight (DePuy), Luxor (Stryker), Atavi
(Zimmer), MaXcess (NuVasive), or MIRA
(Synthes). There are slight differences in shape
and size; some come with illumination or other
additional attachments, but the main function of
exposure is the same: after the retractor is inserted
through the fascial incision toward the affected
target, it is expanded sequentially until there is
appropriate exposure for dissection, decompres-
sion, and other types of tissue manipulation.
Though the use of minimally invasive procedures
to remove the tumor is not the theme of this chap-
ter, it is a useful tool in spine stabilization.

Case Presentations

Case 1: Vertebroplasty
for Compression Fractures
in the Setting of Multiple Myeloma

This is a 68-year-old male with a history of mul-
tiple myeloma with good disease control who
presents with a T11 compression fracture and
severe back pain. MRI revealed no cord compres-
sion, and the CT scan demonstrated poor bone
density (thoracic CT scan with compression frac-
ture at T11, Fig. 18.3a). The patient complained
of mechanical back pain, worse with standing
and not relieved by oral pain medication. The
patient was initially managed with a vertebro-
plasty with good pain control (thoracic x-ray
after vertebroplasty at T11, Fig. 18.3b). Within
months, the patient developed two new fractures
at L1 and L2 (thoracic CT scan with compression
fractures at L1 and L2, Fig. 18.3c), and MRI
revealed no thecal sac compression. The nature
of the pain was similar in character and localized
to the upper lumbar region. The patient was man-
aged with a two-level vertebroplasty with excel-
lent pain control (thoracic x-ray after
vertebroplasty at L1 and L2, Fig. 18.3d). It is
critical during intraoperative planning that
adequate anteroposterior (AP) and lateral images
of the spine and level of interest are obtained
(intraoperative x-ray of vertebral body visualiza-
tion, Fig. 18.4a). The vertebral body is localized,
and under fluoroscopic guidance, an 11-gauge
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Fig. 18.3 A 68-year-old male with a history of multiple myeloma and a T11 compression fracture and severe back
pain. Displayed are thoracic CT scans (a and ¢) and thoracic x-rays (b and d). Refer to Case 1

Fig. 18.4 (a—e) Intraoperative x-rays of vertebral body visualization in a 68-year-old male with a history of multiple
myeloma and a T11 compression fracture undergoing vertebroplasty. Refer to Case 1

12 cm needle is introduced and advanced through
the pedicle into the anterior aspect of the verte-
bral body with the needle tip crossing the midline
to the right (intraoperative x-ray of vertebral
body visualization and cement filling Fig. 18.4b—
e). This allows for safe and symmetric filling of
the vertebral body with a unipedicular approach.

Case 2: Fenestrated Screw Placement
with Cement Augmentation

for Osteopenic Bone in the Setting
of Spine Metastasis

This is a 61-year-old male who presented with
severe back pain and radicular pain shooting
across his chest. The MRI revealed a suspected
carcinoma which was biopsied and consistent

with a squamous cell carcinoma of lung origin.
The MRI showed severe compression of the spi-
nal cord, both of the canal and of the nerve roots.
The CT scan demonstrated severe osteopenia
(MRI thoracic spine with contrast Fig. 18.5a, b).
The patient was managed surgically, and a com-
plete pediculectomy and partial vertebrectomy at
T9 with 30% removal of the T9 vertebral body
were performed with adequate decompression of
the spinal cord. To perform the posterior pedicle
screw fixation in the setting of osteopenic bone
from T6 to T11, we relied on utilizing cannulated
fenestrated and non-cannulated screws for our
construct (preoperative thoracic CT scan and
postoperative  thoracic CT, Fig. 18.5c—e).
Fenestrated screw technology has provided a
controlled mechanism to deliver cement to the
vertebral body to provide column support and
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Fig. 18.5 A 61-year-old male who presented with severe
back pain and radicular pain shooting across his chest (a,
b, ¢). MRI of the thoracic spine with contrast and preop-

increase pullout strength of screws with weak
bone purchase. Intraoperative vertebroplasty
with cement injected through the cannulated
screws at T6 and T11 for purpose of augmenting
the proximal and distal end of the construct was
performed. It is important, during cement deliv-
ery, that this be performed under live fluoroscopy
to avoid any retrograde injection of cement
toward the canal and/or into the nerve root foram-
ina (intraoperative surgical setup and injection of
cement using cannulated screws, Fig. 18.6a, and
live fluoroscopy images of sequential cement
injection, Fig. 18.6b—d).

Case 3: Cement Augmentation
with Pedicle Screws to Correct
Kyphotic Deformity in the Setting
of Spine Cancer

This is a 73-year-old female who was diagnosed
with lung cancer with metastatic disease of the
posterior elements of the C7 vertebrae. She
underwent previous laminectomy with cervico-
thoracic fixation from C4 to T3 (cervical x-ray,
Fig. 18.7a). She had done well for a while but
then developed acute onset of upper back pain.
X-ray films (cervical thoracic x-ray, Fig. 18.7b)
and a CT scan (cervical thoracic CT, Fig. 18.8a)
revealed hardware failure at the distal portion of
the construct with a pathologic fracture of the T3

erative CT scan of the thoracic spine demonstrating severe
osteopenia (d, e). Postoperative CT scans demonstrating
cement augmentation of the construct. Refer to Case 2

vertebra and severe kyphotic deformity. To revise
this, a posterior pedicle screw fixation was per-
formed from T4 to T9 utilizing fenestrated
screws, and the instrumentation system was con-
nected to the previous rod for a total fixation con-
struct from C4 to T9. Intraoperative vertebroplasty
was performed through cannulated fenestrated
screws placed at the T9 vertebral body for the
purpose of cement augmenting the screws under
live fluoroscopic guidance (intraoperative tho-
racic x-ray with cement augmentation at the dis-
tal construct, Fig. 18.8b). This allowed for open
reduction and internal fixation and correction of
severe spinal deformity centered at the T3 verte-
bral body (cervical thoracic CT, Fig. 18.8c).
Angulation of the kyphotic deformity was dra-
matically improved with preservation of neuro-
logical function.

Case 4: Vertebrectomy
and Reconstruction of the Vertebral
Column with Cement Augmentation

This is a 40-year-old female with a history of
breast carcinoma who presented with several
weeks’ history of severe mid-thoracic back pain
with a radicular component across her chest. A
CT scan (thoracic CT, Fig. 18.9a) and MRI (tho-
racic MRI, Fig. 18.9b) ultimately revealed
severe pathologic fracture with kyphosis and
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Fig. 18.6 (a) Intraoperative surgical setup and injection of cement using cannulated screws. (b—d) Live fluoroscopy
images of sequential cement injection. Refer to Case 2

severe cord compression at T9 from suspected
metastatic disease. The imaging revealed severe
retropulsion anteriorly and posteriorly with
extensive epidural involvement along the ven-
tral and dorsal aspect of the thecal sac, signifi-
cantly narrowing the canal and causing cord
compression with abnormal signal change
within the spinal cord. The patient underwent a
transpedicular T9 vertebrectomy with removal

of approximately 80% of the T9 vertebral body
and decompression of the spinal cord and poste-
rior pedicle screw fixation from T6 to T12 (tho-
racic CT, Fig. 18.9c, and thoracic XR,
Fig. 18.9d). Reconstruction of the anterior col-
umn at T9 was done utilizing polymethylmeth-
acrylate cement placed at T9 between the T8
and the T10 vertebral bodies for the purpose of
anterior column support.
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Fig. 18.7 (a, b) A 73-year-old female who was diag-
nosed with lung cancer with metastatic disease of the pos-
terior elements of the C7 vertebrae. She underwent
previous laminectomy with cervicothoracic fixation from

Discussion and Conclusion

In patients with primary or metastatic spine can-
cer, the tumor cells infiltrate into the vertebral
body, causing displacement and biological pain.
It can also cause pathologic fractures leading to
instability and/or refractory pain. The primary
surgical goal for this group of patients is improve-
ment of their pain as well as preservation of neu-
rologic function for the best quality of life.
Non-surgical methods include opioids, steroids,
local nerve blocks, and bracing.

In the past decade, minimally invasive tech-
niques have become increasingly popular in
treating metastatic spine disease in patients who
either are poor candidates for open surgery or
have a limited life expectancy. These minor sur-

C4 to T3. Displayed are x-ray images demonstrating
revealed hardware failure at the distal portion of the con-
struct with a pathologic fracture of the T3 vertebra and
severe kyphotic deformity. Refer to Case 3

gical procedures coupled with low morbidity
become an optimal treatment option that may
benefit a patient’s quality of life while maintain-
ing cost-effectiveness in surgery and postopera-
tive cares. The selection of specific procedure
depends on the condition of the patient, life
expectancy, bone quality, instability or deformity,
degree of neural compression, instrumentation
availability, and surgeon preference.

A cement augmentation procedure such as a
vertebroplasty or kyphoplasty (in the absence of
neural compression) could be considered to pro-
vide relief from intractable pain even in the most
advanced conditions. Cement alone is not usually
an effective treatment for unstable spinal metas-
tases especially with extension into the posterior
elements. The use of concurrent minimally
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Fig. 18.8 A 73-year-old female who was diagnosed with
lung cancer with metastatic disease of the posterior ele-
ments of the C7 vertebrae. She underwent previous lami-
nectomy with cervicothoracic fixation from C4 to T3 with a

Fig. 18.9 A 40-year-old female with a history of breast
carcinoma who presented with several weeks’ history of
severe mid-thoracic back pain with a radicular component
across her chest. Displayed is preoperative MRI (a) and

subsequent pathologic fracture of the T3 vertebra and a
severe kyphotic deformity. Displayed are (a) preoperative
CT scans; (b) intraoperative x-ray images during cement
augmentation; and (¢) postoperative scans. Refer to Case 3

CT (b) of thoracic spine demonstrating severe pathologic
fracture with kyphosis and severe cord compression at T9.
Also displayed are postoperative CT scans and x-rays (c,
d) of the thoracic spine. Refer to Case 4



194

Z.Zhangetal.

invasive instrumentation techniques may be con-
sidered. Cement-augmented screws also provide
increased pullout strength in osteoporotic bone
with tumor burden.

With new developments in material and accu-
racy of computer navigation along with stringent
surgical training, minimally invasive surgical
techniques have proved effective in the field of
spine tumor management. Though open surgeries
are still dominating the field, minimally invasive
techniques offer a viable alternative for this
patient population.
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Introduction

Treatment goals for metastatic spine disease
include restoration or preservation of neurologic
function and spinal column stability, pain relief,
and local tumor control. Therapies are directed
toward improvement of patients’ quality of life
and are, in general, of palliative nature. With the
aging overall population, improved diagnostics,
and improved survivals of cancer patients due to
modern cancer treatments, the number of people
requiring treatment for spinal metastatic tumors
continues to increase. In-depth knowledge of sur-
gical, radiotherapy, and systemic therapy options
aids in tailoring the optimal treatment strategy.
Experience with minimally invasive spine tech-
niques in the degenerative and deformity settings
has facilitated the implementation of these tech-
niques into cancer care. The current chapter
focuses on percutaneous stabilization of patho-
logical fractures from diagnosis, surgical decision-
making, and workup to technical nuances.
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Case Presentation

A 34-year-old female patient presented with
worsening back and right hip pain. She was
recently diagnosed with metastatic intraductal
breast carcinoma (ER+, HER2+). This was diag-
nosed with breast FNA and subsequent right pel-
vic biopsy. She had known radiological evidence
of lesions in her spine, right hip, and lymph
nodes. At presentation she was treated with THP
(THP: Docetaxel, Trastuzumab and Pertuzumab)
and was planned for radiation treatment to T9
and to the right hip.

She presented with progressive, intractable
back pain along with abdominal pain, nausea,
and vomiting. Back pain had been present for
several months but had progressively worsened
with increased pain medication requirement.
Further, the pain had worsened 2 days prior to
presentation since she had been nauseated and
unable to swallow oral pain medications. She
also endorsed abdominal pain; however, this had
been present for months, even before her diagno-
sis of cancer. Her back pain increased with move-
ment and posture changes. She had extreme
difficulty lying flat in bed. She denied noticing
weakness of her arms or legs, gait disturbances,
numbness or tingling in her legs, and bowel or
bladder dysfunction.
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Diagnostic Workup

Neurological exam at presentation was remark-
able for mild bilateral lower-limb hyperreflexia
but otherwise neurologically intact. Laboratory
findings were within normal limits.

Diagnostic imaging exams play key roles in
the workup evaluation of oncological patients.
Since metastases may affect any organ, imaging
techniques most commonly involve bone scintig-
raphy (frequently ordered by medical oncologists
and is useful as a reference but has significant
diagnostic limitations), computed tomography
(CT), and magnetic resonance imaging (MRI).
CT imaging of the chest, abdomen, and pelvis or
whole-body PET imaging is often used to evalu-
ate the systemic tumor burden. MRI provides the
greatest sensitivity for detection of osseous
metastases of the spine, with equivalent specific-
ity when compared to multi-detector CT. CT pro-
vides valuable information about the bony
structure and may be useful in evaluation of frac-
tures. Upon diagnosis of a spinal lesion, it is
important to obtain radiologic images of the
whole spine, preferably an MRI scan with con-
trast enhancement. Many patients will present
with multiple spinal lesions. Early diagnosis
facilitates timely treatment or close monitoring
of these often asymptomatic lesions.

A total spine MRI with contrast enhancement
was performed and demonstrated diffuse meta-
static infiltration of T9 with increased collapse
deformity (Fig. 19.1). Ventral and right lateral
epidural disease causes cord compression (epi-
dural spinal cord compression [1] (ESCC) grade
2). Additionally noted on this scan was increased
metastatic infiltration of T12 and L4 with minor
ventral epidural disease at both levels.

Treatment Approach

The goals of treatment for patients with spinal
metastases are palliative and include neurological
functional preservation, maintenance of spinal
stability, palliation of pain, and durable local
tumor control. There are several treatment options
including surgery, radiation therapy (RT), sys-
temic therapy, or combinations of these modali-
ties. Recent advancements in cancer care such as

the evolution of radiosurgery and the emergence
of a myriad biologic agents complicate treatment
paradigms. Optimally, the approach to spine can-
cer patients is multidisciplinary comprising of
surgeons, radiation oncologists, medical oncolo-
gists, interventional radiologists, and pain
specialists.

NOMS is a decision-making framework
designed to facilitate and guide therapeutic deci-
sions for patients with spinal metastases [2]. It
provides a guide for integration of important
clinical data and as such is not bound to any par-
ticular treatment or technology. NOMS consists
of four main considerations: Neurologic,
Oncologic, Mechanical, and Systemic. The
Neurologic and Oncologic considerations are
often combined in order to determine whether or
not the patient requires surgical intervention for
spinal cord or nerve root decompression. This
decision is made based on the neurological
examination and degree of spinal cord compres-
sion as well as on the predicted tumor sensitivity
to the current available treatments [3, 4].
Historically, the best available treatment modal-
ity for local control of spinal metastases was
external beam radiation therapy, yet with the
improvement in radiosurgical techniques the
concept of radiosensitivity is being challenged
[5]. The mechanical consideration serves as an
independent indication for intervention, since
spinal instability represents a mechanical prob-
lem requiring mechanical repair, such as cement
augmentation or instrumented stabilization. In
order to ease the assessment of mechanical sta-
bility and to unify reporting, the SOSG devel-
oped a scoring system: the Spinal Instability
Neoplastic Score (SINS) [6]. SINS accounts for
six parameters: location, pain, alignment, lesion
character (i.e., lytic vs. blastic), vertebral body
collapse, and posterior element involvement
(Table 19.1). The systemic consideration
accounts for the patient’s estimated survival,
extent of overall metastatic tumor burden, and
medical comorbidities in order to determine
whether they can tolerate the proposed treatment
plan.

In summary, the current patient presented with
(N) mild hyperreflexia, ESCC grade 2 compres-
sion; (O) metastatic breast cancer, a radiosensi-
tive solid malignancy [7], with local failure
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Fig. 19.1 Preoperative MRI of the thoracolumbar spine.
Left: Sagittal T1, non-contrast enhanced, demonstrating
multiple hypointense vertebral tumor infiltration. A com-
pression fracture <25% of vertebral body height with a
minimal kyphotic deformity is noted at T9 (top of the

despite adequate systemic therapy; (M) signifi-
cant mechanical back pain with SINS score of
14; and (S) 34-year-old with no major comorbidi-
ties. As this patient presents with no neurological
deficits, with a radiosensitive tumor, there is no
need to decompress the spinal cord. Tumor con-
trol is likely to be effectively controlled with
radiation. However, she presents with frank spi-
nal instability that is disabling and uncontrolled
with analgesia. As mentioned, spinal instability
serves as an independent surgical indication, and
thus this patient is likely to benefit from surgical
stabilization with pedicle screws and rods.
Further, the multilevel lytic involvement compli-
cates achievement of pain relief, and in this par-

image) and T12. Top right: Axial T1 with contrast
enhancement at T9 level demonstrating an ESCC grade 1c
compression. Bottom right: Axial T2 at T9 level demon-
strating an ESCC grade 1c compression

ticular case, the authors decided to complement
the stabilizing construct with multilevel
kyphoplasty.

Surgery

All patients are placed under general anesthesia,
typically with an arterial line and Foley catheter.
Percutaneous instrumentation is considered a
relatively bloodless surgery, and the use of blood
products is typically unnecessary. Intraoperative
nerve monitoring (IOM) is often helpful as the
generated feedback can be used to modify intra-
operative maneuvers to reduce or reverse iatro-
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Table 19.1 The Spinal Instability Neoplastic Score
(SINS) [6]

SINS component Score

Junctional (occiput—C2, 3
C7-T2, T11-L1, L5-

S1)

Mobile spine (C3—-C6, 2
L2-1.4)

Semi-rigid (T3-T10)
Rigid (S2-S5)

Yes

Occasional pain but not
mechanical

Pain-free lesion

Lytic

Mixed (lytic/blastic)
Blastic
Subluxation/translation
present

De novo deformity
(kyphosis/scoliosis)
Normal alignment
>50% collapse

<50% collapse

No collapse with >50%
body involved

None of the above 0
Bilateral 3
Unilateral 1
None of the above 0
Stable 0-6
Indeterminate 7-12
Unstable 13-18

Location

Pain

- W o

Bone lesion

S O = N O

Radiographic spinal
alignment

[\

Vertebral body
collapse

=N WO

Posterolateral
involvement of
spinal elements

Total

genic neurological deficits. IOM electrodes are
placed, and monitoring includes EMG to the
lower extremities and lower sacral root distribu-
tions, somatosensory-evoked potentials (SSEPs),
and motor-evoked potentials (MEPs). The patient
is then positioned prone and prepped in the typi-
cal fashion.

Traditionally, percutaneous surgery is per-
formed using fluoroscopy, but in recent years,
with the widespread use of intraoperative CT or
fluoroscopy-based navigation systems, there
appears to be a trend toward utilization of navi-
gation systems. These provide real-time image
guidance while limiting radiation exposure to
operating room staff. The principle goal using
intraoperative navigation systems is to track
surgical instruments and anatomy in the opera-
tive field relative to a registered reference point.
The most commonly used method is by optical
tracking using cameras that project and detect

reflected infrared light from reflecting spheres
or light-emitting diodes [8]. A reference frame
is tightly attached to a bony surface, typically
either a spinous process below the lowest
planned instrumented level or, when operating
in the lower lumbar area, this can be docked on
the iliac crest. The registration process follow-
ing patient positioning is crucial, as inaccurate
registration with the use of image guidance and
computer-assisted navigation potentially has
multiple sources of error. This necessitates fre-
quent validation and accuracy assessment on a
continuous basis [9]. This can be accomplished
by placing the navigation probe on a known
anatomical location (i.e., expected midline, spi-
nous process, skin, etc.). Once accurate image
guidance is confirmed, local entry points for
screw placement are determined. Local anes-
thesia is injected, and a 0.5-1 inch incision is
made. The underlying fascia is next incised
using either a 10” blade or monopolar cautery.
A navigated Jamshidi needle is inserted into the
wound, and an optimal entry point and trajec-
tory are found while looking at the navigation
screen. The Jamshidi needle is lightly tapped
and carefully advanced to cannulate the pedicle
into the vertebral body. Once the target depth is
reached, a guide wire is inserted and placed in
the vertebral body and the Jamshidi needle is
carefully removed. It is important to ensure
throughout the procedure that the guide wire
maintains accurate position and is not
unintentionally pulled out with removal of other
instruments. Serial dilators are next inserted in
standard minimally invasive muscle-sparing
techniques, and a large-diameter working chan-
nel is placed on the bony surface of the cannu-
lated entry point. A tap is inserted over the
guide wire and the pedicle is tapped appropri-
ately. Once the pedicles have been tapped, the
screws are next inserted over the guide wire
until secured and tightened. The guide wire
should be removed prior to tightening of the
pedicle screw or it may be difficult to pull out.
Fluoroscopy is used to confirm the correct loca-
tion of the screws. When used, fenestrated
screws allow injection of poly-methyl-
methacrylate (PMMA) or “bone cement”
through the pedicle screws to augment the sta-
bilizing construct. The cement is injected under
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fluoroscopic guidance with care taken to avoid
retropulsion of cement to the spinal canal or
extravasation into blood vessels.

Once all pedicle screws have been placed and
secured, the rod length is measured (the tech-
nique will vary based on the system used, but
typically a caliper is inserted into the towers
overlaying the screws and the rod length is mea-
sured). The rod is then advanced through one of
the incisions, under the fascia, and advanced until
it is placed on both screws. Once the rod is
placed, caps are tightened and the rod is secured.
When all screws and rods have been tightened
and secured, the towers and rod holders are dis-
connected and removed.

The surgical sites are irrigated copiously,
meticulously sutured layer by layer, and a sterile
dressing is applied. The patient is then rolled
back to the supine position, IOM electrodes are
removed, and the patient is extubated.

There are several procedure-specific compli-
cations that must be considered. When dealing
with navigation systems, accuracy must con-
stantly be evaluated. This can be done by repeat-
edly identifying and placing the navigation probe
on known anatomical landmarks including mid-

line and the skin. Screw malpositioning with
navigation is rare, but performing this surgery
without intraoperative radiological confirmation
of proper pedicle cannulation and screw place-
ment is not recommended. Cord or nerve root
injuries are rare, and intraoperative neural moni-
toring is a useful aid in early recognition and
reversal of potential neural compromise. It is
important to evaluate and familiarize with all
parts of the percutaneous system used, as each
system has advantages and pitfalls and, once
placed below the skin, troubleshooting the hard-
ware (loose caps, misplaced rods, etc.) can be a
complicated task.

In the current case, the patient underwent T8—
T10 percutaneous screw fixation with cement
augmentation and T9, TI12 kyphoplasty
(Figs. 19.2, 19.3, and 19.4).

Discussion

Surgical indications for the treatment of spinal
metastases include restoration of mechanical sta-
bility and decompression the spinal cord or nerve
roots [4]. The growing use of minimal access sur-

Fig. 19.2 Intraoperative fluoroscopy for confirmation of
appropriate pedicle cannulation. Left: AP view showing
k-wires inserted into target pedicles. Bilateral cannulation
was performed at T8 (top) and T10 for insertion of pedicle
screws, as well as unilateral cannulation at T9 and bilat-
eral at T12 for kyphoplasty. Note the slightly exaggerated

lateral to medial trajectory used in T9 to enable adequate
filling at the midline. Also notable is the navigation refer-
ence frame clamped on the spinous process of T10. Right:
Lateral view demonstrating the pedicle screws at T8 and
T10 with cement injected through fenestrated screws. At
T9 note the kyphoplasty balloon with contrast dye
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Fig. 19.3 Postoperative standing thoracic spine x-rays. the pedicle screws as well as the kyphoplasty at T9 and
Lateral view (left) and AP view (right) demonstrating the ~ T12 providing anterior column support
stabilizing construct. Notice the cement augmentation of

@

Schematic representation of the 6-point ESCC grading scale.

Grade O Bone-only disease

Grade 1a Epidural impingement, without deformation of thecal sac

Grade 1b Deformation of thecal sac, without spinal cord abutment

Grade 1c Deformation of thecal sac, with spinal cord abutment, without cord compression
Grade 2  Spinal cord compression, with cerebral spinal fluid (CSF) visible around the cord
Grade 3  Spinal cord compression, no CSF visible around the cord

Fig. 19.4 Epidural spinal cord compression score. (Reproduced with permission from Bilsky et al. [1])
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gery (MAS) in the treatment of degenerative and
traumatic spinal disorders has led to the explora-
tion of the role of MAS in the treatment of spinal
tumors. Percutaneous pedicle screw placement
techniques provide spinal stabilization with pres-
ervation of muscle attachments (Fig. 19.5).

Several studies have shown decreased blood loss,
transfusion rates, and hospitalization length with
MAS stabilization techniques [10—13]. The tech-
nique described herein provides a minimally
invasive alternative to traditional open surgeries
in restoring the posterior tension band and main-

Fig. 19.5 Representative case of minimally invasive tho-
racic stabilization for metastatic spine disease. (a) Axial
MRI. (b) Sagittal MRI. (¢) Insertion of percutaneous

K-wires under fluoroscopic guidance. (d) Lateral radio-
graph of instrumentation. (Reproduced with permission
from Zairi et al. [26])



202

0. Barzilai et al.

taining spinal stability. Patients with spinal
tumors generally require a combination of surgi-
cal, radiation, and systemic therapies, making
prompt postoperative healing and return to treat-
ment essential. This is one of the greater benefits
of MAS such as percutaneous stabilization. With
this technique, radiation can occasionally be
started within a week after surgery, unlike open
surgeries where the risk of wound complications
frequently delays radiation therapy [14, 15].
Since the majority of cancer patients have poor
bone quality, we routinely employ pedicle screw
cement augmentation, as screw pullout or pedicle
fracture in a short construct can be potentially
catastrophic [16]. Preliminary reports demonstrate
safety and efficacy of radiation using both PEEK
[17] and PMMA [18] materials. For some patho-
logic compression fractures, evidence strongly
supports kyphoplasty for symptomatic relief and
to provide structural support [19-21]. As seen in
the case presented herein, fractures with evidence
of posterior element disease often require aug-
mentation of the posterior tension band through
the use of pedicle screws and connecting rods.
Combining vertebral cement augmentation and
percutaneous instrumentation provides stabiliza-
tion of both the anterior and posterior columns of
the spine. At our practice these are often per-
formed in concert. It is important to understand
that in patients presenting with high-grade spinal
cord or cauda equina compression, these con-
structs are placed without addition of kyphoplasty
at the index level in order to avoid iatrogenic
tumor retropulsion into the spinal canal.
Traditionally, percutaneous stabilization was
performed using intraoperative fluoroscopic guid-
ance. Using standard insertion techniques, the rate
of misplaced pedicle screws ranges from 14% to
55%, with as many as 7% of these misplaced screws
resulting in neurological injuries [22, 23]. Recent
technological advancements have brought forth the
utilization of three-dimensional (3D) image guid-
ance systems. The routine use of these systems has
been shown to improve the accuracy and safety of
pedicle screw placement, especially in more com-
plex spinal deformities [22-25], and pitfalls and
shortcomings have been established [9]. With the
current prolonged survival in cancer patients owed

to modern cancer therapies, along with recent
advancements in engineering, new spine construct
materials, and the introduction of robotic surgery, it
is likely that the role of minimally invasive percuta-
neous spinal tumor surgery will grow.

Conclusion

Patients with spinal instability require surgical
stabilization as systemic therapies and radia-
tion do not restore stability. MAS techniques
are increasingly utilized in spine tumor treat-
ment and, with proper indications, offer multi-
ple advantages over open surgery. The greatest
advantage of MAS for spine metastases is the
ability to rapidly return to systemic and radia-
tion therapy. Percutaneous stabilization of
pathologic fractures improves patients’ pain
control and overall quality of life. It is likely
that the role of minimally invasive percutane-
ous spinal tumor surgery will grow owing to
prolonged survivals and improved surgical
technology. Surgeons must be familiar with the
technical aspects of minimally invasive sur-
gery including complication avoidance, staff
radiation safety, and technical
troubleshooting.
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Intralesional Lumbar Resection

John H. Shin and Ganesh M. Shankar

Introduction

Many types of tumors can affect the spinal column
and the structural integrity of the spine, leading to
severe pain and disability [1, 2]. The main types of
tumors that involve the spinal column are meta-
static cancers and primary tumors of the spine
(chordoma, chondrosarcoma, osteosarcoma, etc.).
Though primary tumors of the spine are rare, the
resection and oncologic strategies are completely
different from that of metastatic tumors [3, 4]. In
these tumors, en bloc or excisional-type resections
with wide margins are often planned and attempted
for durable long-term local control as part of
multi-modal treatment planning, often with a com-
bination of radiation and/or chemotherapy [5].
However, most tumors affecting the spinal col-
umn are metastases from other primary sites such
as the lung, breast, kidney, and prostate [6]. In
these cases, patients may present with pain related
to pathologic fracture of the vertebrae from meta-
static involvement of the bone marrow, which may
ultimately extend into the epidural space and lead
to nerve root and spinal cord compression [7]. Any
part of the spinal column can be affected by tumor
and cause compression, including the facets and
posterolateral elements. However, since the bone
marrow within the vertebral body is usually the
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site of metastases, compression is usually ventral
to the dura. The technical challenge is to separate
the tumor and retropulsed bone from the ventral
dura without disrupting the dura or excessively
retracting the nerve roots.

The lumbar spine is second only to the tho-
racic spine for the occurrence of metastatic dis-
ease [8]. Metastases to the affected vertebral
bodies may affect the structural integrity of the
vertebral body and lead to severe pain, limiting
weight bearing, standing, or walking as the spine
is loaded. Though these fractures can be miti-
gated and treated to a degree with rest, medica-
tion, and medical therapy, often, these fractures
may result in severe pain. An assessment of the
type of pain the patient is having needs to be per-
formed from careful history taking and corrobo-
rating that information with the radiographic
appearance of the lesion to assess the stability of
the spine [9]. Patients may also have symptoms
from tumor progression within and extending
from the vertebral body after radiation therapy. In
these situations, intralesional debulking may be
required in cases of cauda equina-type symptoms
or severe nerve root compression.

Goals of Surgery: Strategy
and Approach Considerations

These patients may require stabilization and

reconstruction which is usually performed
through a posterior approach. When this occurs,
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the goals of surgery are to decompress the nerve
roots, separate tumor from the dura, and stabilize
the spine. In the metastatic patient, this is done
through an intended intralesional technique with
decancellation of the vertebral body and piece-
meal resection of the vertebral body and tumor
[10, I1].

Because the goal of surgery is not curative
resection, an intralesional strategy is safe and
effective [9]. This also avoids the anterior and lat-
eral approaches which introduce a wider spec-
trum of potential complications involving other
soft-tissue organs and vascular structures [12—
14]. As mentioned earlier, in cases of primary
tumor resections where an en bloc resection is
planned, staging the resection and incorporating
either anterior or lateral access may be advanta-
geous. Staging these types of operations allows
for careful planning of osteotomies and intended
cuts through bone and soft tissue to maximize
margins of resections and the surgical visibility.
In these situations, the morbidity of such
approaches may be justified considering the chal-
lenges of local tumor control with transgression
through the tumor. In these cases, an intralesional
approach is avoided [15, 16].

For patients with cancer and metastatic dis-
ease, however, the anterior approach may not be
ideal as patients may already be suffering from
other side effects of chemotherapy or treatment,
affecting their other organ systems. For instance,
patients with liver metastases may have recurring
ascites, abdominal distension, and venous hyper-
tension, requiring frequent peritoneal drainage
among other issues. Patients with diffuse adenop-
athy may also have venous congestion affecting
venous return and circulation. For patients with
previous bowel surgery or retroperitoneal sur-
gery, the scar tissue associated with those
approaches also makes the anterior approach less
inviting and potentially more dangerous as dis-
section of the large vascular structures may pro-
hibit safe exposure.

Similarly, the lateral approach is an excellent
way to access the lumbar spine but in the meta-
static patient, careful consideration of the regional
anatomy is needed. The lateral approach is an
excellent way to reconstruct and instrument the

lumbar spine for many degenerative and traumatic
spinal conditions [17]. With the development of
minimal access techniques, there is certainly a
role for lateral approaches to the lumbar spine in
tumor cases, but this is usually more difficult at
the lumbosacral junction due to the anatomical
relationship of this region with the iliac crest and
the iliac vessels [18—20]. Tumors that involve the
lumbar vertebrae also involve the surrounding
psoas muscles as well, and that is a major consid-
eration, especially for vascular tumors, such as
renal cell carcinoma. It is typically difficult to
control bleeding in tumors that diffusely involve
the psoas muscles. Practically, it is also techni-
cally difficult to work at L5 and S1 from this lat-
eral position due to the position of the spine and
the distance from the surgeon. It is also difficult to
instrument the sacrum from this approach given
the orientation and anatomy of the sacrum. The
iliac crest is often in the way, limiting access to
the sacrum from a lateral approach.

An Integrated Approach
with Radiation Planning

With advances in radiation therapy, such as ste-
reotactic radiosurgery, local tumor control can
now be achieved through less invasive, extensive,
and morbid surgery. By incorporating and plan-
ning for advanced radiation delivery like stereo-
tactic radiosurgery post-operatively, the extent of
surgery upfront can be minimized [21]. With
enough decompression and separation of tumors
away from the dura, surgery sets the stage for
radiation by providing sufficient clearance
around the critical neural structures to allow for
maximal radiation dose distribution, typically
18-24 Gy in a single fraction [18]. In the cervical
and thoracic spines, the dose-limiting structure is
usually the spinal cord. The permitted spinal cord
dose allowance varies from center to center but in
the lumbar spine, it is generally agreed upon that
the cauda nerve roots may tolerate more dose
than the spinal cord. Nonetheless, the need for
separation from the thecal sac is important not
only for decompression purposes but also for
radiation dose planning.



20 Posterior Lumbar and Sacral Approach and Stabilization: Intralesional Lumbar Resection

207

Despite these advances in radiation technol-
ogy, surgeons still need to be comfortable with
and able to circumferentially decompress around
the thecal sac and nerve roots to maximize the
efficacy of post-operative radiation. Inadequate
decompression or separation of tumor and bone
away from the neural elements will limit the
applicable dose to the residual areas of metastatic
disease in the surgical field [22, 23]. In this chap-
ter, we take a step beyond laminectomy to
describe and illustrate the nuances of intrale-
sional tumor resection in the palliative setting.

Clinical Presentation: Spine
Tumor Pain

Low back pain is the most common presenting
symptom for most lumbar and Iumbosacral
tumors. There are several basic types of pain in
patients with metastatic disease affecting the
lumbar spine. These include local axial biologic
pain, radicular pain, and mechanical pain. Local
axial back pain is described as constant and gen-
erally does not worsen with movement or improve
with recumbency. This type of pain has been
attributed to several factors including the stretch-
ing of the vertebral body periosteum by the grow-
ing vertebral body mass or local cancer-related
inflammation within the bone. This local axial
biologic pain often improves with steroids and
tends to have a diurnal variation with regard to
the cycling and severity of pain. This is thought
related in part to the cyclical variation in endog-
enous steroid production throughout the day.
Since cancer patients are to a degree immuno-
compromised, this explains the response of this
type of pain to medical steroid treatment.
Radicular pain is related to nerve root compres-
sion by the tumor in the epidural space. The
source of this pain may be an extraosseous exten-
sion of the tumor, but may also include compres-
sion from venous engorgement and compression
as well as bony compression from ipsilateral
pedicle expansion from tumor or from retro-
pulsed bone hitting the nerve root as it exits the
foramen. This type of pain, regardless of the
offending compressor, characteristically radiates

in the dermatomal distribution of the compressed
nerve root and is usually associated with
dysesthesia.

Finally, mechanical pain is characterized by
pain that is worse with changing positions, par-
ticularly sitting and standing as the spine is
loaded. Radiculopathy that is prominent with
standing is referred to as mechanical radiculopa-
thy and suggests dynamic compression of the
nerve roots with weight bearing given the com-
promise of the spinal column [24].

Radiological Evaluation

Careful analysis of imaging studies is critical in
surgical planning in anticipation of intralesional
resection and stabilization through a posterior
approach in the lumbosacral region. Magnetic
resonance imaging (MRI) is readily available and
shows the extent of cauda or nerve root compres-
sion. The extent of bony metastases and marrow
replacement is often readily seen as T1 hypoin-
tense changes within the marrow itself. T2 hyper-
intense changes within the bone marrow may
reflect osseous edema within the bone marrow.
The sagittal and axial T2-weighted sequences are
often most helpful to study the areas of worst
nerve compression and visualization of the fora-
men and lateral recesses. The administration of
gadolinium is useful for visualizing the vascular-
ity of these tumors, particularly the epidural com-
ponent. The venous congestion in the epidural
space often exaggerates the extent of actual epi-
dural tumor extension and compression. Often, it
is not possible to separate these visually by MRIL.

The MRI is also useful to study the extent of
tumor lateral to the vertebral bodies and extend-
ing into the psoas muscles. It is important to
study these before planning surgery as bulky, and
diffuse tumor within the psoas muscle may
explain non-dermatomal pain and proximal
weakness in a patient. This also affects surgical
planning as decompression of the lumbar nerve
root proximally may not result in adequate relief
of pain if there is bulky tumor within the psoas
and in the retroperitoneum sitting on or involving
the lumbosacral plexus. Consideration of the
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extent of vertebral body involvement is also criti-
cal for planning the number of levels to instru-
ment. Again, consideration of the number of
vertebral bodies involved may sway one to instru-
ment over multiple levels given anticipated chal-
lenges to fixation with pedicle screws through the
weak bone. Radiation effect on the bone can also
be seen on the MRI.

The vascularity of suspected tumors is often
associated with the primary tumor type, as in
renal cell carcinoma. Identifying flow voids or
increased vascularity on MRI imaging, espe-
cially the T2 sequences needs to be analyzed
before surgery as these patients may benefit
from pre-operative spinal angiography and
embolization. From a posterior approach in this
region, access to the major iliac blood vessels
and segmental vessels is not easily achieved due
to the depth of field and the lumbosacral anat-
omy. Especially with an intralesional resection
where the vertebral body is being resected
piecemeal, there is no easy way to control rapid
bleeding from the bone.

Analysis of computed tomography (CT) imag-
ing is also helpful to see in greater detail the qual-
ity of the bone. Anticipating whether the bone is
lytic, blastic, or sclerotic may affect surgical
planning. Axial sequences can also help plan for
pedicle screw width and length to maximize fixa-
tion in this challenging environment. The sur-
geon needs to consider that in addition to general
osteopenia, the bone may be affected by radia-
tion, marrow replacement, and lytic change, all
affecting the purchase and pullout strength of the
screws. Many times, these patients will have had
CT of the chest, abdomen, and pelvis performed
as recent staging. This can be helpful for surgical
planning as the orientation and location of the
iliac vessels can be seen well on axial imaging
and have implications for pedicle screw fixation
toward the lumbosacral junction. Assessing for
any regional vascular variations may save trouble
later. Also, much information can be gleaned
from these staging scans as the extent of ascites
or other metastases such as liver may likely influ-
ence hemostasis and intraoperative coagulation.

Finally, if patients can tolerate it, standing
lumbar radiographs can be very helpful in assess-
ing the overall alignment of the spine. This may
be very difficult, however, and CT often suffices
for evaluating the bony anatomy.

Case lllustration: Lumbar

This 71-year-old male was diagnosed with mela-
noma from a chest lesion that was resected. He
was started on pembrolizumab and 1 year later
was found to have multiple liver and spine
lesions. He presented to oncology clinic with
severe left leg pain. MRI was performed demon-
strating lytic metastases at L1 and L2, with epi-
dural disease at L2 consistent with his radicular
symptoms (Fig. 20.1). He underwent laminec-
tomy and resection of epidural tumor. This was
followed by fractionated conventional external
beam radiation (30 Gy in 10 fractions). The
patient’s left leg pain improved enough that he
could reduce his pain medications over the subse-
quent 6 weeks.

Approximately 3 months after surgery, how-
ever, the pain returned and was significantly
worse with sitting, standing, and walking. The
back pain was worse with standing. The left leg
pain was much worse with standing and limited
ambulation to several steps. The patient had sev-
eral episodes of falling due to the leg giving out.
The patient was admitted for pain crisis and an
increasing oral narcotic requirement and inability
to manage daily tasks at home. On examination,
he was unable to sit upright or stand due to severe
pain.

MRI of the lumbar spine demonstrated lytic
metastases involving L1 and L2 with patho-
logic fracture (Fig. 20.2). At both levels, there
was evidence of extraosseous extension and
epidural disease. At the L2 level, there was
severe compression of the cauda equina with a
large epidural soft-tissue component. Tumor
also destroyed the left lateral wall of the verte-
bra and extended into the adjacent psoas
muscle.
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Fig. 20.2 (a) MRI, sagittal T2 sequence, after the initial
decompression surgery and radiation therapy shows pro-
gression of disease and worse epidural compression. (b)
Axial T2 sequence shows severe cauda equina compres-
sion and effacement of cerebrospinal fluid. There is clear
progression compared to the previous MRI

-“-~—

Fig. 20.1 (a) Pre-operative MRI, sagittal T2 sequence,
shows L1 and L2 vertebral body metastases with pathologic
fracture and retropulsion of tumor at L2. (b) Pre-operative
MRI, axial T2 sequence, at the level of the L2 pedicle
showing the involvement of the left L2 vertebral body, ped-
icle, and facet with epidural extension. There is also the
lateral vertebral body wall extension to the psoas muscle.
The L2 and L3 nerve roots are compressed by tumor
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Fig.20.2 (continued)

The patient underwent surgery with the spe-
cific goals of stabilization to address his mechan-
ical back pain due to pathologic vertebral
fractures and separation/debulking of gross epi-
dural and bony disease given progression and
now debilitating pain and function-limiting
weakness. Stereotactic radiosurgery was planned
after intralesional debulking for an attempt at
local tumor control given his local progression.
In a patient with widely metastatic disease with
progression on pembrolizumab, the focus was on
palliating the severe oncologic mechanical pain
and decompressing the nerves in the least morbid
way.

Surgical Technique: Pearls
and Planning

The general familiarity and relative technical
ease of posterior approaches to the lumbar spine
make them appealing to most spine surgeons
[25-27]. With the posterior approach, multiple
levels of the spine can be accessed, making multi-
level decompression and stabilization with
instrumentation feasible through a single
approach. With the more liberal handling charac-
teristics of the cauda equina, satisfactory intrale-
sional decompression of metastatic tumors can
be achieved regardless of whether the posterior
elements or structures ventral to the thecal sac are

involved. Ventral decompression and access to
that space is easily achieved by removal of the
facets and pedicles as needed. Transpedicular
drilling allows access to the vertebral body and
the ventral epidural space.

In this case, the patient was brought to the
operating room with the plan for multi-level
decompression and stabilization. With prone
positioning, it is important that the abdomen lies
free with all pressure points sufficiently padded
to minimize increasing the abdominal venous
pressure which then affects the epidural bleeding.
A prone Jackson table is extremely useful for this
purpose. For cases not involving the cervical or
thoracic spinal cord, intraoperative neurophysio-
logic recording (motor-evoked potentials,
somatosensory-evoked potentials) is not rou-
tinely used, though it is an option based on sur-
geon preference. Adequate intravenous access
and arterial lines are secured with the arms
toward anesthesia.

A midline incision is made and Bovie electro-
cautery used to perform the dissection. In patients
with spinal metastases, the soft tissue including
muscle is often edematous and may weep fluid.
Similarly, the muscle may tend to bleed based on
the patient’s underlying coagulopathy, immuno-
suppression, and poor hematologic reserve.
Dissection is performed lateral to the facet joints
to expose the lateral tips of the transverse pro-
cesses. In this case, the exposure was performed
from T11 to L4. The areas of concern were at L1
and L2, and multiple points of fixation were
planned given the poor bone quality.

The tumor at L2 was known to affect the trans-
verse process, pedicle, and facets. Pedicle screw
instrumentation was placed at each level using
anatomic landmarks and free-hand technique.
Instrumentation is performed prior to decompres-
sion. This allows for stabilization if the surgery
must be aborted for medical or other reasons.
Another advantage to placing the instrumentation
first is that the anatomy is not distorted and
obscured by further bone and soft-tissue bleeding
which tends to accumulate as the case goes on.

In this case, fenestrated screws were used
from T11 to L4 to allow for cement-augmented
screw placement (Fig. 20.3). The fenestrated
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Fig.20.3 (a) AP standing lumbar x-ray showing the con-
struct from T11 to L4. The right L1 and left L2 pedicles
were not instrumented due to gross pedicle destruction.

screws allow for controlled delivery of cement
through the actual pedicle screw at any time
after screw placement. In this workflow, the
screws are placed using free-hand technique,
and the placement of the screws is verified using
anteroposterior (AP) and lateral x-ray. The
O-arm or any other type of intraoperative imag-
ing modality can be used to verify the position
of the screws. It is important to confirm the
accuracy of screw placement so that when the
cement is injected, it goes into the vertebral
body and not into the epidural space. To maxi-
mize workflow efficiency, the scrub tech can
start mixing and preparing the cement while the
verification x-rays are being performed. This
allows enough time for the cement to be ready
and time to set up the screws for cement injec-
tion. Once the position of the screws is con-
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(b) Lateral standing lumbar x-ray. The endplate-to-end-
plate fill of cement of each vertebral body is shown

firmed, the cement is injected into each pedicle
using intraoperative fluoroscopy.

After the screws were placed, laminectomy
was performed removing all the dorsal elements
of L1 and L2. Laminectomy was performed wide
to the medial wall of the pedicles of L1, L2, and
L3. This is achieved using the cutting burr and
Kerrison rongeurs. The instability of the spine
was obvious, and the facet of L1-L2 was grossly
incompetent. Knowing that the L2 pedicle and
the L1-L2 facet on the left side were involved,
Leksell rongeurs were used to bite and resect as
much of the L1-L2 facet until the cancellous
stump of the L2 pedicle on the left side was visu-
alized and identified. The tumor had destroyed
the pedicle, facet, and transverse process. The L2
and L3 nerve roots were not visualized yet as
they were buried under epidural tumor which
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displaced the nerve roots. A dental instrument
was used to follow the dura from the midline and
out to where the foramen for L2 and L3 should
be. Once that plane was dissected, the tumor was
then resected using pituitary and Kerrison ron-
geurs. To facilitate complete L2 and L3 nerve
root decompression and epidural tumor resec-
tion, the pars interarticularis of L2 was also
resected by using the cutting burr to drill across
the pars immediately caudal to the L2 pedicle. It
is helpful to take a dental instrument and palpate
and visualize the medial wall of the pedicle. With
an assistant holding the dental along the inferior
border of the pedicle and directly underneath the
pars, the cutting burr can be used to drill directly
over the pars medial to lateral, drilling all the
bone away until the dental. This allows for resec-
tion of the pars as well as the inferior articulating
process of L2, which then helps visualize the L3
nerve root.

With resection of the pars, the L2 nerve root is
completely visualized and all tumors can be
resected out to the intertransverse fascia. The
transverse process of L2 is then drilled away,
which isolates the L2 pedicle. The L2 pedicle is
then drilled down into the vertebral body which is
already partially destroyed by the tumor. It is
unnecessary to dissect along the lateral aspect of
the vertebral body wall at the level of pedicle
resection as the tumor had essentially destroyed
this lateral wall and this area tends to be extremely
vascular. Since this is an intralesional resection,
the goal is to stay within the vertebral body cavity
that is entered through the pedicle on that side.
Once the vertebral body tumor cavity is encoun-
tered, this is usually quickly and easily vacuated
using a combination of tumor forceps, curettage,
and suction. If the dissection stays within the ver-
tebral body in an intralesional technique, there
should be no danger to the great vessels coursing
ventral to the vertebral body. Similarly, the retro-
peritoneal structures should not be a factor
through this surgical corridor. As seen on the
MRI, the tumor had destroyed a significant por-
tion of the vertebral body.

Aggressive decancellation and evacuation of
tumor and marrow contents can be performed
through this approach. The last critical step of

this technique is resection of the posterior verte-
bral body wall and removal of tumor immedi-
ately ventral to the thecal sac, including the
posterior longitudinal ligament. This can be done
by gently mobilizing the dura here with a dental
or Penfield #4 instrument while the operating sur-
geon uses a down-angled curette to push down
the remaining vertebral body wall down into the
vertebrectomy defect. This can be done unilater-
ally or from both sides. Especially if stereotactic
radiosurgery is planned post-operatively, it is
critical to establish a clear ventral epidural space
with separation and clearance of tumor and bone
away from the dura. Great care must be taken to
identify the plane between the posterior longitu-
dinal ligament and the ventral dura. In tumor
cases, the posterior longitudinal ligament is often
able to be dissected away from the dura as tumor
does not usually disrupt this structure, unlike in
trauma. This plane may be harder to identify in
cases like this one where the patient previously
underwent radiation. Ventral durotomies can be
challenging to fix, and it is at this point of the
operation that surgery slows down somewhat to
ensure safe dissection of this plane. The posterior
longitudinal ligament needs to be resected to
fully reconstitute the ventral thecal sac and ensure
circumferential decompression.

During the intralesional resection, bleeding
may be an issue. In cases of hypervascular tumors
such as renal cell carcinoma, pre-operative embo-
lization can be very helpful, though such emboli-
zation does not mean that the tumor or vertebral
body will not bleed during surgery. In this case of
metastatic melanoma, the tumor did not bleed
significantly during this piecemeal resection, but
generous epidural bleeding was encountered as
anticipated. Such bleeding can be controlled by
using thrombotic agents, gelfoam, and hydrogen
peroxide.

Following intralesional resection, reconstruc-
tion of the anterior column is an option but not
mandatory. In this case, anterior column recon-
struction was not performed as the entire verte-
bral body was not resected (Fig. 20.4). In cases
where there is a significant vertebral body defect,
anterior column reconstruction with cement
secured with either Steinman pins or the chest
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Fig. 20.4 Post-operative CT, axial image, at the level of
the L2 vertebral body, shows the cement-augmented ped-
icle screw on the right side. There is no screw on the left
side as the left facet, pedicle, and lateral portion of the
vertebral body have been resected using an intralesional
technique

tube technique can be performed. It is difficult to
use devices such as structural allograft and/or
expandable cages due to the limitations of the
space and the ability to safely insert and manipu-
late such devices within the ventral lumbar epi-
dural space. Unlike the thoracic spine, where
nerve root sacrifice greatly facilitates being able
to navigate such implants into the ventral epi-
dural space, lumbar nerve root sacrifice is not an
acceptable morbidity in an intralesional, pallia-
tive strategy.

Case lllustration: Lumbosacral

This intralesional technique is particularly useful
for metastases at the lumbosacral junction as the
morbidity of the posterior approach is relatively
low compared to the anterior transperitoneal
approach. The major potential complication to
consider is wound healing in the lumbosacral
region. Patients who have pain localized to this
region are often immobile and spend most of
their time lying on their back and buttocks. This
is an area that is high risk for infection as well as
wound dehiscence, particularly if the patient had
previous radiation or is undergoing active cancer
therapy [28]. Though a cage or graft can be

maneuvered into this space, the fixation for such
anterior support is challenging as is demonstrated
in this case. In these cases, fixation to the pelvis
is critical to provide additional support across the
lumbosacral junction.

A 67-year-old male with metastatic rectal car-
cinoma was admitted to the oncology service
with severe back pain limiting any movement. He
was known to have metastases to the sacrum. He
developed urinary retention, saddle anesthesia,
and so much pain that he laid flat in bed for
weeks. He was treated with conventional external
beam radiation to the sacrum approximately
8 weeks prior to admission. The radiation did not
help his pain, and his narcotic requirement
steadily increased. He underwent several cryoab-
lation therapy treatments by interventional radi-
ology to alleviate the pain which localized to the
buttocks, particularly on the right side.

MRI showed severe sacral nerve root com-
pression, epidural tumor, and diffuse sacral
destruction at S1 due to tumor (Fig. 20.5). CT
also showed the extent of the bony metastases
and destruction within the sacrum. The bony
involvement extended to the sacro-iliac joints
bilaterally (Fig. 20.6).

Surgery was performed with the intent of sta-
bilizing across the sacrum from L3 to the pelvis.
The patient had a degenerative spondylolisthesis
at L4-L5, so the instrumentation was extended to
L3 to maximize the points of fixation. Given the
concern for stability across the sacro-iliac joint,
two iliac screws were placed on each side into the
pelvis. An extensive sacral laminectomy was per-
formed, decompressing the sacral nerve roots.
The bone quality was poor, and a large cavity
within the sacrum was eventually created by
intralesional resection. On the right side of the
sacrum, between the right L5, S1, and S2 nerve
roots, a large gap was created by taking apart the
sacral ala and drilling down the right S1 pedicle
(Fig. 20.7). The bone did not bleed and the tumor
itself was not vascular. It did not take much to
curette the cancellous bone of the sacrum away
from the ventral thecal sac and the S1, S2, S3,
and S4 nerve roots. As seen on the pre-operative
imaging, most of the compression was on the
right side and this is where the bone was the



Fig. 20.5 (a) Pre-operative MRI, sagittal T2 sequence,
shows metastases involving L5 and the sacrum with
severe destruction of S1. There is a degenerative spondy-
lolisthesis and stenosis at L4-L5. (b) Pre-operative MRI,
axial T2 sequence, shows extensive sacral involvement
and sacral nerve root compression from epidural
extension

J. H. Shin and G. M. Shankar

Fig.20.6 (a) Pre-operative CT, sagittal, shows the extent
of bone destruction in the sacrum and (b) pre-operative
CT, axial, shows the extent of sacral tumor involvement to
the sacro-iliac joints
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Fig. 20.7 Intraoperative photo, surgeon’s view. The
Penfield #4 instrument is retracting the right S1 nerve
root. The right pedicle of S1 has been drilled down into
the body of S1. The suction catheter is shown deep in this
cavity

weakest. The right S1 pedicle was drilled down
into the body of the sacrum. Various curettes
were used to remove tumor and bone piecemeal
away from the sacral nerve roots.

After the debulking was complete, the space
ventral to the dura was reconstructed with a mesh
titanium cage. This is typically not possible but
with the lytic nature of bone, a cage was navi-
gated between the nerve roots and into this space.
An attempt was made to fill the gap between the
inferior endplate of L5 and the stump of the
remaining sacrum to provide some ventral sup-
port given the extensive destruction. Because so
much of the lateral wing of the sacrum and iliac
crest were destroyed by bone, a cage could be
passed between the S1 and S2 nerve roots after
being carefully sized. The cage was inserted per-
pendicular to the dura and then rotated 90 degrees
once in the space between L5 and S2. The cage
was wedged in as tightly as possible, but the pur-
chase and fit on the inferior end was poor. This

Fig. 20.8 Post-operative CT, sagittal, shows the con-
struct and the cage sitting on the stump of S2. The sacrum,
S1, was resected with an intralesional technique. Cement
fills the cage

was due to the small shelf of bone at the S2 level
and the size of the cage (Fig. 20.8).

Cement was used to fill the cage and the area
around the cage to provide additional stability.
Cement was used instead of bone to fill the cage
as arthrodesis was highly unlikely here given the
previous radiation and the extent of cancer. Rods
were contoured and locked in standard fashion
(Fig. 20.9). An epidural pain catheter was inserted
intraoperatively, and the patient had significant
pain relief in subsequent days. The patient dis-
charged to rehab where he could sit, stand, and
take steps with a walker. This improvement was
maintained for approximately 3 months at which
time he passed due to cancer progression.



Fig. 20.9 (a) Intraoperative photo of the final surgical con-
struct. The right S1, S2, 3, and S4 nerve roots are seen. The
left-side sacral nerve roots are obscured by the rod. For orien-
tation, this is a surgeon’s view. The right side of the patient is
on the right. The cement around the cage is seen between the
S1 and S2 nerve roots on the right side. (b) Post-operative AP
lumbar scout film from CT shows the multiple points of fixa-
tion. (c) Post-operative lateral lumbar scout film from CT

Fig.20.9 (continued)
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Conclusion

Intralesional tumor resection in the lumbar spine
is the workhorse approach in the surgical treat-
ment of spinal metastases where the goals of sur-
gery are decompression and stabilization. Careful
consideration to approach-related morbidity, par-
ticularly in the context of patients enduring can-
cer treatments, is critical to minimizing surgical
complications and maximizing the benefit of
spine surgery in this region.
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Introduction

The Enneking staging system [1] is a valid and
reproducible tool for understanding and stag-
ing the biological behavior of bone and soft tis-
sue tumors and for deciding the appropriate
surgical procedure from an oncological point
of view. This system is based on histological
diagnosis and on clinical, laboratory, and imag-
ing studies. One of the most relevant issues is
also proposing a common terminology to the
multidisciplinary team who take care of these
diseases. Throughout this chapter, we make
reference to Enneking’s oncological
terminology.

En bloc resection can be defined as a surgi-
cal procedure aiming to remove a tumoral mass
in its entirety, fully covered by a continuous
shell of healthy tissue. This shell is called “mar-
gin” and qualifies the procedure from an onco-
logical point of view, affecting the local and
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systemic prognosis [2, 3]. This procedure
became the golden standard in the treatment of
bone tumors of the limbs in the 1970s, after the
introduction of the protocols of neo-adjuvant
chemotherapy. The effects of these new drugs
on the tumoral mass (volume reduction, harder
consistency) allowed development of tech-
niques of surgical resection of the tumor with-
out sacrificing the limb (so-called “limb salvage
procedures”) [4].

The problems to be faced in planning to
perform in the spine a procedure fulfilling the
same oncological criteria are included in the
definition. Spinal cord, cauda equina, nerve
roots, aorta, cava, vertebral artery, and so on
can run inside the tumor margin or be involved
by the tumor. These anatomical constraints
can prevent a tumor-free margin en bloc resec-
tion, unless relevant sacrifices are accepted
and important structures representing the mar-
gins are resected in the same specimen
(Fig. 21.1).

Further, it should be considered that the epi-
dural space is continuous from the foramen
magnum to the sacrum, thus preventing not
only a “radical” resection according to
Enneking’s terminology [4] (defined as en bloc
removal of the tumor together with the whole
compartment of origin) but even a difficult
evaluation of the margins if the tumor
encroaches the canal (Fig. 21.2).
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Fig. 21.1 CT scan of a chordoma of L5. The posterior
wall is no longer visible; the margin at the canal is pre-
sumably very thin, if present at all

Fig.21.2 (a) CT scan of T12 of an osteosarcoma T11-L1.
Notwithstanding chemotherapy, the tumor involves the
whole vertebra. (b) Specimen of the same case. To achieve
a tumor-free margin, the vertebrae were resected together
with the soft-tissue neoplastic content in the canal

Indications and Margins

En bloc resection is recommended in cases of
benign aggressive (Enneking stage 3) tumors
(i.e., osteoblastomas and giant-cell tumors) and
low-grade malignant tumors (Enneking stage IA
and B) like chordomas and chondrosarcomas. In
high-grade malignancies (Enneking stage II) like
osteosarcoma and Ewing sarcoma, chemotherapy
and radiotherapy (RT) have a very relevant and
essential role.

Once the resection is performed, the patholo-
gist must carefully evaluate the tumor margins [2,
5], defined as “wide” (a relevant barrier like a fas-
cia or at least healthy bone 1-cm thick), “mar-
ginal” (a thin barrier like periosteum), or
“intralesional”.

“Intralesional” resection is defined as when
the surgeon incidentally or intentionally violates
the tumor. Violation of the margins significantly
worsens the prognosis [6]. Intentional intrale-
sional resection may be an option when obtaining
a surgical margin requires resection of function-
ally relevant tissue that is closely contiguous to
the tumor or has been infiltrated by the tumor [7].

In cases where the tumor is growing in the epi-
dural space, one may consider resecting the dura
together with the tumor to achieve a tumor-free
margin resection [8]. Dura covering the scar is
only expected when the epidural space is occu-
pied by scar, a frequent finding in cases of tumor
recurrence. A cost-benefit assessment is required
in situations where diagnosis and staging indicate
the need for a wide margin that includes a struc-
ture such as a nerve root, whose sacrifice will
result in functional or neurological compromise.
The patient must be fully informed regarding the
expected functional loss as well as the risk of
recurrence with intentional intralesional resec-
tion. Specific techniques of en bloc resection
have been published with the sacrifice of these
structures: dura [8], cervical nerve roots [9, 10],
cauda equina [11], spinal cord [12], major vascu-
lar structures, and visceral organs [13].

In addition, the decision-making process
should also consider that the rates of complica-
tions and tumor recurrence are significantly
higher for revision surgery [14, 15]. If the patient
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opts for preservation of the critical structure,
adjuvant therapy is indicated. In patients with
spinal metastases, surgery may be indicated in
cases where tumors are resistant to radiation-
based treatment and/or chemotherapy or there is
current or impending risk of spinal instability or
cord compression [16, 17]. En bloc resection
with the primary goal of achieving complete
local control should only be performed in selected
cases of spinal metastases [18, 19]. The primary
goal in these patients is to preserve or improve
function and quality of life without unnecessary
morbidity; thus, in principle, no functionally sig-
nificant nerve root, for example, should be sacri-
ficed when resecting a metastasis. In the authors’
experience, the indication to en bloc resection is
appropriate in single localizations, with full
tumor control at the primary site and no involve-
ment of visceral organs, best after long-term,
disease-free evolution [20]. The key point in this
decision is the lack of sensitivity to medical
oncology or radiation oncology treatments; alter-
natively, less aggressive surgery could be com-
bined with these treatments, reducing the surgical
morbidity without reducing the possibility to
local cure.

Surgical Planning

Surgical planning of en bloc resection in the
spine, as in any other skeletal location, should be
decided on a case-by-case basis, related to the
tumor extension and to the need of margin appro-
priate to the tumor aggressiveness. Bertil Stener
was the first to apply to the spine the oncologic
principles generally accepted for gastrointestinal
tumors [21, 22]. His detailed reports of the surgi-
cal planning of en bloc resections are still an
extremely useful and exhaustive guide to this
procedure.

Conversely, Roy-Camille [23] and Tomita
[24] popularized the techniques of en bloc
resection by posterior approach without a spe-
cific concern on tumor extension and margin
fulfilling. ©~ The  Weinstein-Boriani-Biagini
(WBB) surgical system for staging extensions
of primary bone tumors of the spine (Fig. 21.3)

was proposed in 1997 [25], adopted in several
spine oncology centers and subjected to clinical
evaluations [26]. More recently, the WBB sys-
tem has been submitted to a study of reliability
and validity by an international multidisci-
plinary group of spine tumor experts [27],
resulting in a moderate interobserver reliability
and substantial intraobserver reliability. The
WBB staging system [25] focuses on the extent
and location of the tumor. In the transverse
plane, the vertebra is divided into 12 radiating
zones (numbered 1 to 12 in an anti-clockwise
order) and into five layers from the prevertebral
to the dural involvement (A to E). The longitu-
dinal extent of the tumor is recorded by identi-
fying the specific vertebrae involved. This
system allows for a more rational approach to
the surgical planning, provided that all efforts
are made to perform surgery along the required
margins.

The WBB staging system [25] can be helpful
in standardizing the surgical planning of en bloc
resection according to the region of the spine and
the tumor extent and location. The great variabil-
ity of these two parameters dictates that the same
surgical procedure as proposed by Roy-Camille
[23] and Tomita [24] cannot be performed in all

RIGHT LEFT

Fig.21.3 WBB surgical staging system. In the transverse
(axial) plane, the vertebra is divided into 12 radiating
zones (numbered 1 to 12 in a counterclockwise order) and
5 layers ((a) extracompartmental peripheral tumor; (b)
outer intracompartmental tumor; (c¢) inner intracompart-
mental tumor; (d) tumor inside the epidural space; (e)
intradural tumor)
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cases and that surgical planning is usually differ-
ent for each case [28].

The WBB-guided planning of en bloc resec-
tion for spine tumors identifies 7 types of proce-
dures, with several subgroups, ending in a total of
10 different surgical strategies. The types are
defined by the approach or the combination of
approaches: single anterior approach (type 1);
single posterior approach (type 2) including three
subtypes (a, b, c); anterior and then posterior
approach (type 3) with three subtypes (a, b, c);
first posterior approach, followed by both side
anterior approaches (type 4); first posterior
approach and then simultaneous anterior and re-
opening of posterior approach (type 5); anterior,
posterior, and then simultaneous anterior (contra-
lateral) and re-opening of posterior approach
(type 6, mostly performed for L5); and posterior
approach as the first step and anterior approach as
the second step (type 7, Fig. 21.4).
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The single anterior approach (Fig. 21.5) allows
one to perform en bloc resection only of small
tumors of the thoracic and lumbar vertebral bod-
ies. These must be enclosed inside sectors 85,
arising from layer A and B but not extending to
layer C. In this case, in fact, a posterior approach
is required to provide an appropriate margin
under direct visual control by entering the canal
and releasing the dura. This approach involves
three steps. First, provide the appropriate margin
over the anterior tumor growth by releasing the
anterior structures from the tumor pseudocapsule
or leaving the selected anatomical structures as
margin (I). These are also the cases of direct bone
invasion by contiguous tumor. Second, perform
an osteotomy between the tumor and the poste-
rior wall (IT). Third, finalize the en bloc resection
(111).
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Fig.21.4 En bloc lumbar spondylectomy with posterior decompression and anterior tumor resection. (Reprinted with

permission from Marmor et al. [41])
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Fig.21.5 Type 1 WBB-based en bloc resection. A single
anterior approach allows one to perform en bloc resection
of small tumors of the thoracic and lumbar vertebral bod-
ies. These must be enclosed inside sectors 5-8, arising
from layers A and B, without extension into layer C. In
this case, a posterior approach is required to provide an
appropriate margin, under direct visual control by enter-
ing the canal and releasing the dura. There are three steps:
first, provide the appropriate margin over the growing
anterior tumor by releasing the anterior structures from
the tumor pseudocapsule (I); these are also the cases of
direct bone invasion by contiguous tumor. Second, per-
form an osteotomy between the tumor and the posterior
wall (IT). Third, finalize the en bloc resection with removal
of the tumor (III)

Type 2

The single posterior approach allows one to per-
form many different en bloc resections on tumors
occurring in the posterior elements, either in the
vertebral body or eccentrically located.

Type 2a

The single posterior approach is the obvious
strategy to remove by en bloc resection a tumor
arising in the posterior arch (Fig. 21.6a) in the
cervical, thoracic, and lumbar spine. Criteria to
achieve appropriate margins include sector 9 and
4 free from tumor. If the tumor grows in layer D,
the margin will become intralesional during the

release from the dura. This approach involves
three steps: first, provide the appropriate margin
over the tumor posteriorly growing by resecting
inside the posterior muscles covering the tumor
mass if it is expanding in layer A (I). The second
step includes piecemeal excision of sectors 9 and
4 or osteotomy by wire saw or chisel or high-
speed burr or ultrasound osteotome (I). This is
obviously particularly delicate in the cervical
spine, with higher risk of incidental violation of
the margins. Once a transverse laminotomy is
performed above and below, the tumor is released
from the dura and the specimen is resected en
bloc (IID).

Type 2b

The single posterior approach with different sur-
gical sequences allows removal by en bloc resec-
tion of a tumor arising in the vertebral body of a
thoracic vertebra (Fig. 21.6b). Criteria to achieve
an appropriate margin include sector 9 or 4 free
from tumor. If the tumor grows in layer D, the
margin will become intralesional during the
release from the dura. If the tumor grows in layer
A, the margin will become intralesional during
the release from the anterior structures. This is
the most popular technique of en bloc resection
of a spine tumor, described by Roy-Camille [23]
and later by Tomita [24]. This technique involves
two steps: first, piecemeal excision of the poste-
rior arch not involved by the tumor. At least four
sectors are required, starting from sector 4 or
from sector 9 (I). Release from the dura and sec-
tion the nerve root(s) involved by the tumor.
Second, blunt dissection of the anterior part of
the vertebral body from the mediastinum, oste-
otomy, or discectomy above and below the tumor,
full release from the dura, and finalizing the
resection (II). The same technique described in
Fig. 21.6b is difficult to apply to lumbar verte-
brae. Digital blunt dissection of the anterior cir-
cumference is demanding or impossible due to
the psoas muscle, the dimension of the vertebral
body, and the major vessels kept closely con-
nected to the spine by the transverse segmental
vessels running between vertebral body and
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Fig. 21.6 (a) Type 2a WBB-based en bloc resection. Single
posterior approach is the best strategy to facilitate en bloc
resection of a tumor arising from the posterior arch. Criteria to
achieve an appropriate margin include sector 9 and 4 free from
tumor. If the tumor grows in layer D, the margin will become
intralesional during the release from the dura. There are three
steps: first, provide the appropriate margin over the tumor
growing posteriorly by resecting inside the posterior muscles
covering the tumor mass if it is expanding in layer A (I); sec-
ond, piecemeal excision of sectors 9 and 4 or osteotomy by
wire saw, chisel, high-speed burr, or ultrasound osteotome (II).
After performing a transverse laminotomy above and below,
the tumor is released from the dura and the specimen is
resected en bloc (III). (b) Type 2b WBB-based en bloc resec-
tion, single posterior approach. It allows removal by en bloc
resection of a tumor arising in the vertebral body of a thoracic
vertebra. Criteria to achieve appropriate margins include sector
9 or 4 free from tumor. If the tumor grows in layer D, the mar-
gin will become intralesional during the release from the dura.
If the tumor grows in layer A, the margin will become intrale-
sional during the release from the anterior structures. There are
two steps. The first includes piecemeal excision of the poste-
rior arch not involved by the tumor. At least four sectors are
required, starting from sector 4 or from sector 9(I). Release
from the dura and section of the nerve root(s) involved by the

% Piecemeal

tumor. Second, blunt dissection of the anterior part of the ver-
tebral body from the mediastinum, osteotomy, or discectomy
above and below the tumor, full release from the dura, and
finalizing the resection (II). (¢) Type 2c WBB-based en bloc
resection. Single posterior approach with sagittal osteotomy. A
tumor eccentrically growing in thoracic or lumbar spine
(Fig. 21.9) can be removed en bloc by single posterior
approach, provided the body is not involved over sector 5 at
left and over sector 8 at right. At least three sectors posteriorly
must not be involved by the tumor (from 4 to 1-2 or from
12-11 to 9). There are four steps: first, provide appropriate
margin over the tumor posteriorly growing by resecting inside
the posterior muscles covering the tumor mass if it is expand-
ing in layer A (I). The release will proceed laterally until the
lateral side of the vertebral body. In the thoracic spine
(Fig. 21.7), the pleura can be left on the tumor; in the lumbar
spine (Fig. 21.9), the posterior part of the psoas must be dis-
sected but the segmental vessels must be found and ligated.
The second step is piecemeal excision of the posterior arch not
involved by the tumor. Approach the canal, release the dura
from the tumor (if the tumor grows in layer D, the margin will
become intralesional), and section the nerve root(s) involved
by the tumor. The third step includes carefully displacing the
dura and performing an osteotomy from posterior to anterior in
sector 8 or 5. The specimen is finally removed (IV)
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psoas. In these cases, the approaches defined as
types 3b and c (Fig. 21.7b, ¢) and 5 (Fig. 21.9) or
7 (see Fig. 21.11) seem more appropriate and
safe.

Type 2c

The single posterior approach with sagittal
osteotomy is illustrated above (Fig. 21.6¢c). A
tumor eccentrically growing in thoracic and
lumbar spine can be removed en bloc by the
single posterior approach (type 2c), provided
the body is not involved over sector 5 at left
and over sector 8 at right. At least three sectors
posteriorly must be not involved by the tumor
(from 4 to 1-2 or from 12-11 to 9). This
approach involves four steps. First provide
appropriate margin over the tumor posteriorly
growing by resecting inside the posterior mus-
cles covering the tumor mass if it is expanding
in layer A (I). The release will proceed later-
ally until one reaches the lateral side of the ver-
tebral body. In the thoracic spine, the pleura
can be left on the tumor; in the lumbar spine,
the posterior part of the psoas must be dis-
sected, and the segmental vessels must be
found and ligated. The second step is piece-
meal excision of the posterior arch not involved
by the tumor. It involves approach to the canal,
release of the dura from the tumor (if the tumor
grows in layer D, the margin will be intrale-
sional), and section of the nerve root(s)
involved by the tumor. The third step includes
displacing the dura carefully and performing
osteotomy from posterior to anterior in sector 8
or 5. The specimen is finally removed (IV).

Type 3a

Besides anterior approach first, posterior second
should also be considered in cervical spine
tumors partially occupying the vertebral body
(not involving sector 6 and 7—otherwise type 4
is suggested) and the posterior arch (at least three
sectors not involved) (Fig. 21.7a). The anterior
approach is first performed to leave healthy tissue

over the tumor growing in the lateral masses (I)
and to perform a sagittal groove till the epidural
space in the vertebral body (II).

Discectomies or transverse grooves in verte-
bral bodies are performed to define the upper and
lower margins, including ligation of the vertebral
artery. The second stage is a posterior approach.
The third step provides appropriate margin over
the tumor posteriorly growing by resecting inside
the posterior muscles covering the tumor mass if
it is expanding in layer A. The fourth step is a
piecemeal excision of the posterior arch not
involved by the tumor. At least three sectors are
required, starting from sector 4 or from sector 9.
This allows release of the dura from the tumor
and section of the nerve root(s) involved by the
tumor. Finally, the specimen is removed—once
the upper and lower discectomies or osteotomies
have been finalized—by rotating around the dural
sac (V).

Type 3b

A sequential combination of two approaches
(anterior first, posterior second) in the thoracic
and in the lumbar spine is proposed (Fig. 21.7b)
when the vertebral body tumor grows anteriorly
in layer A; in this case, an anterior approach must
be performed as the first step to provide a wide/
marginal margin under visual control. In case of
tumors mostly occupying the vertebral body, the
anterior approach can be the first step to release
from mediastinum in the thoracic spine or retro-
peritoneal in the lumbar spine, eventually leaving
involved structures as margin (I). A sheet of silas-
tic or similar can be left as protection. Second
stage, posterior approach: piecemeal excision of
the posterior arch not involved by the tumor (II).
At least three to four sectors are required, starting
from sector 4 or from sector 9. Release the dura
from the tumor, section the nerve root(s) involved
by the tumor, and then provide appropriate mar-
gin over the tumor posteriorly growing by resect-
ing inside the posterior muscles covering the
tumor mass if it is expanding in layer A (III).
Finally, the specimen is removed by rotating
around the dural sac (IV). This technique requires
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Fig. 21.7 (a) Type 3a WBB-based en bloc resection.
When the tumor is growing anteriorly (layer A), an ante-
rior approach must be performed as a first step to provide
a wide/marginal margin under visual control. In tumors
mostly occupying the vertebral body, the anterior approach
can be the first step to release from mediastinum or retro-
peritoneal, eventually leaving involved structures as mar-
gin (I). A sheet of silastic or similar material can be left as
protection. The second stage, posterior approach, involves
piecemeal excision of the posterior arch not involved by
the tumor (II). At least three to four sectors are required,
starting from sector 4 or from sector 9. Release the dura
from the tumor, section the nerve root(s) involved by the
tumor, then provide the appropriate margin over the poste-
riorly growing tumor by resecting inside the posterior
muscles covering the tumor mass if it is expanding in

% Piecemeal

layer A (IIT). Finally, the specimen is removed by rotating
around the dural sac (IV). (b) Type 3b WBB-based en bloc
resection. In the cervical spine, three approaches can be
required: posterior, anterior contralateral to the tumor
side, and anterior on the tumor side. The combined simul-
taneous second and third approaches are required if the
tumor is particularly huge, extending over the midline

The first step is in the prone position and involves piece-
meal excision of the posterior arch not involved by the
tumor. At least three sectors are required, starting from
sector 4 or from sector 9(I). In case of tumor growing pos-
teriorly and invading layer A, an appropriate margin must
be provided by resecting inside the posterior muscles cov-
ering the tumor mass (II). Then release the dura from the
tumor (if the tumor grows in layer D, the margin will
become intralesional) and section the nerve root(s)



21 Lumbar En Bloc Resection

227

sectioning at least a nerve root in order to rotate
the specimen around the thecal sac when remov-
ing from the posterior approach. If the nerve
roots are not involved by the tumor and are func-
tionally relevant, it is better to plan a type 5 resec-
tion (Fig. 21.8).

Type 3c

The same sequence of approaches is followed:
anterior first and posterior second in case of
tumor eccentrically growing in the thoracic and
lumbar spine (Fig. 21.7c) when sagittal osteot-
omy is considered safe for appropriate margin,
without the need to remove the whole vertebral
body. In the first step the anterior approach pro-
vides a wide/marginal margin under visual con-
trol, releasing from mediastinum in the thoracic
spine or from peritoneal in the lumbar spine,
eventually leaving involved structures as margin
(I). Discectomies or transverse grooves in verte-
bral bodies are performed to define the upper
and lower margins. A sheet of silastic or any
other tissue can be left as protection, to be
removed during the final tumor removal. Second
stage, posterior approach: piecemeal excision of
the posterior arch not involved by the tumor. At
least three sectors are required, starting from
sector 4 or from sector 9 (II). Then provide the
appropriate margin over the tumor posteriorly
growing by resecting inside the posterior mus-
cles covering the tumor mass if it expands in
layer A (III). Release of the dura from the tumor,
section of the nerve roots crossing the tumor,
and osteotomy posterior to anterior at some dis-
tance from the tumor in order to leave unin-
volved bone as margin comprise step IV. The
resected specimen can be finally removed (V)
once the upper and lower discectomies or oste-
otomies are finalized.

Type 4

In some huge tumors of the cervical spine, extend-
ing over the midline, three approaches are required
for a safe and oncologically appropriate surgery:
first posterior; second anterior contralateral to the
tumor side; and third anterior on the tumor side
(Fig. 21.8). First step in the prone position: piece-
meal excision of the posterior arch not involved
by the tumor. At least three sectors are required,
starting from sector 4 or from sector 9 (I). In case
of tumor posteriorly growing, and invading layer
A, an appropriate margin must be provided by
resecting inside the posterior muscles covering
the tumor mass (II). Then release the dura from
the tumor (if the tumor grows in layer D, the mar-
gin will be intralesional) and section the nerve
root(s) crossing the tumor. Second and third steps
are in supine position, second stage. A sagittal
grove is performed in the vertebral body not occu-
pied by the tumor (IIT) till the vertebral artery,
which must be saved, as the other is involved by
the tumor and must be sacrificed. The anterior
margin is provided by leaving healthy soft tissue
over the tumor mass (IV). Discectomies or trans-
verse grooves in vertebral bodies are performed to
define the upper and lower margins [29, 30]. The
tumor is finally removed by the third approach
(V), once the upper and lower discectomies or
osteotomies are finalized, including ligation of the
vertebral artery.

Type 5

Two stages—posterior approach and contempo-
rary anterior and posterior approaches (patient
positioned on the side) —can be the most appro-
priate for lumbar tumors expanding anteriorly.
This technique was described by Roy-Camille
for lumbar tumors [31] and is associated with the

<
<

crossing the tumor. The second and third steps are in
supine position. In the second stage, a sagittal groove is
performed in the vertebral body not occupied by the
tumor (III), until the vertebral artery, which must be
saved, as the other is involved by the tumor and must be
sacrificed. The anterior margin is provided by leaving

healthy soft tissue over the tumor mass (IV). Discectomies
or transversal grooves in vertebral bodies are performed
to define the upper and lower margins. The tumor is
finally removed by the third approach (V) on finalizing
the upper and lower discectomies or osteotomies, includ-
ing ligation of the vertebral artery.
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Fig. 21.8 Type 4 WBB-based en bloc resection. This is
completed in two stages, first posteriorly, followed by an
anterior resection. In the posterior approach, the laminae
and posterior elements are removed in a piecemeal fash-
ion to remain clear of the tumor capsule. An appropriate
margin is subsequently created by resection of the sur-
rounding soft-tissue structures. In the anterior approach
the contralateral anterior column structures are resected,
and an appropriate margin is made circumferentially
releasing the tumor from all surrounding soft-tissue struc-
tures and underlying dura. The tumor may then be deliv-
ered, en bloc, through the anterior exposure

highest rate of morbidity and complications [15].
As an advantage compared to Type 3a
(Fig. 21.7b), no nerve roots are sacrificed if not
involved by the tumor.

First steps in prone position: piecemeal exci-
sion of the posterior arch not involved by the
tumor. At least three sectors are required, start-
ing from sector 4 or from sector 9 (I) (Fig. 21.9).
In case of tumor posteriorly growing, and
invading layer A, an appropriate margin must
be provided by resecting inside the posterior
muscles covering the tumor mass (II). Then
release the dura from the tumor (if the tumor
grows in layer D, the margin will be intrale-
sional) and section the nerve root(s) crossing
the tumor. Discectomies or transversal grooves
in vertebral bodies are performed to define the
upper and lower margins. Second stage in lat-
eral position includes antero-lateral approach
(thoracotomy, thoraco-abdominal, retroperito-
neal) and re-opening of the posterior approach.
In order to provide appropriate margin over the

% Piecemeal

Fig. 21.9 Type 5 WBB-based en bloc resection. First
steps in prone position: piecemeal excision of the poste-
rior arch not involved by the tumor. At least three sectors
are required, starting from sector 4 or from sector 9 (I). In
a tumor posteriorly growing and invading layer A, an
appropriate margin must be provided by resecting inside
the posterior muscles covering the tumor mass (II). Then
release the dura from the tumor (if the tumor grows in
layer D, the margin will be intralesional) and section the
nerve root(s) crossing the tumor. Discectomies or trans-
versal grooves in vertebral bodies are performed to define
the upper and lower margins. The Second stage is in lat-
eral position. It includes antero-lateral approach (thora-
cotomy, thoraco-abdominal, retroperitoneal) and
re-opening of the posterior approach. In order to provide
appropriate margin over the tumor, it must remain covered
by pleura or by psoas (III). Spiral wires are used to embo-
lize the segmental arteries to ease the release of the aorta
on the contralateral side. On finalizing the upper and
lower discectomies or osteotomies, the specimen is
removed by combined maneuvers (IV)

tumor, it must remain covered by pleura or by
psoas (III). Spiral wires are used to embolize
the segmental arteries to make easier the release
of the aorta on the contralateral side. On final-
izing the upper and lower discectomies or oste-
otomies, the specimen is removed by combined
maneuvers (IV).

Type 6

Three approaches should be planned to resect a
tumor of L5: first anterior on the contralateral
side of the tumor; second posterior; and third
contemporary anterior and posterior approaches
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Fig.21.10 Type 6 WBB-based en bloc resection. To per-
form en bloc resection of a tumor of L5, a double anterior
approach is mostly required to fully release the aorta/cava
bifurcation. Our technique includes (1) anterior approach
on the contralateral side of the tumor, (2) posterior
approach, and (3) contemporary anterior and posterior
approaches. The first step in supine position involves
release of the aorta/cava bifurcation and partial discecto-
mies or osteotomies to define upper and lower margins (I).
The second stage in prone position involves piecemeal
excision of the posterior arch not involved by the tumor.
At least three sectors are required, starting from sector 4
or from sector 9 (II). In case of tumor growing posteriorly
and invading layer A, an appropriate margin must be pro-
vided by resecting inside the posterior muscles covering
the tumor mass (IIT). Then release the dura from the tumor
(if the tumor grows in layer D, the margin will be intrale-
sional) and section the nerve root(s) crossing the tumor.
Discectomies or transverse grooves in vertebral bodies are
performed. The third stage in lateral position involves a
retroperitoneal approach and re-opening of the posterior
approach. In step 4, provide appropriate margin over the
tumor by leaving it covered by psoas. Then finalize the
discectomies or transverse grooves in vertebral bodies to
remove the specimen by the anterior approach (V)

% Piecemeal

(Fig. 21.10). The double anterior approach is
required to safely release the aorta/cava
bifurcation.

First step in supine position: release the aorta/
cava bifurcation and partial discectomies or oste-
otomies to define upper and lower margins (I).
Second stage in prone position: piecemeal exci-
sion of the posterior arch not involved by the
tumor. At least three sectors are required, starting
from sector 4 or from sector 9 (I). In case of tumor
posteriorly growing, and invading layer A, an
appropriate margin must be provided by resecting
inside the posterior muscles covering the tumor

mass (III). Then release the dura from the tumor (if
the tumor grows in layer D, the margin will be
intralesional) and section the nerve root(s) cross-
ing the tumor. Discectomies or transversal grooves
in vertebral bodies are performed. Third stage in
lateral position: retroperitoneal approach and re-
opening of the posterior approach. The fourth
stage includes providing appropriate margin over
the tumor by leaving it covered by psoas. Then,
finalize the discectomies or transversal grooves in
vertebral bodies to remove the specimen by the
anterior approach (V).

Type 7

This strategy came last in the author’s 25 years’
experience. It is indicated in thoracic and lumbar
tumors growing anteriorly—even huge masses—
in layer A without involvement of the canal (layer
D) and without involvement of sectors 4 and 9
(Fig. 21.11). This strategy allows to remove huge
tumors without torsion around the spinal cord but
requires both pedicles free from tumor for appro-
priate margins. It is mandatory to achieve poste-
riorly a full release of posterior anatomical
elements and spine—dural connection, as in
supine position no access will be possible. First
steps in prone position: piecemeal excision of the
posterior arch and both pedicles and very careful
full dura release. Discectomies or transverse
grooves in vertebral bodies are performed to
define the upper and lower margins. Second stage
is in supine position. Step III is release of the ana-
tomical structures from the tumor mass or even
their sacrifice to provide appropriate margin
under visual control. Arterial bypass can be per-
formed in case of aorta involvement. On finaliz-
ing the upper and lower discectomies or
osteotomies, the specimen is removed by com-
bined maneuvers (IV).

In planning the surgical procedure, the cord
vascularity must be considered. During these
procedures, particularly when the thoraco-lumbar
resection is multilevel or the tumor particularly
huge, the functional integrity of the spinal cord is
at risk mostly due to the manipulation of the cord
during maneuvers to deliver the tumor.
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Fig. 21.11 Type 7 WBB-based en bloc resection. It is
indicated in thoracic and lumbar tumors that are grow-
ing anteriorly—even huge masses—in layer A without
involvement of the canal (layer D) and without involve-
ment of sectors 4 and 9. This strategy allows removal of
huge tumors without torsion around the spinal cord but
requires both pedicles to be free from tumors for appro-
priate margins. It is mandatory to achieve by posterior
approach a full release of posterior anatomical ele-
ments and spine—dural connection, as in the supine
position no access will be possible. First steps in prone
position are piecemeal excision of the posterior arch
and both pedicles and very careful full dura release.
Discectomies or transverse grooves in vertebral bodies
are performed to define the upper and lower margins.
The second stage is in supine position. Step 3 is release
of the anatomical structures from the tumor mass or
even their sacrifice to provide appropriate margin under
visual control. Arterial bypass can be performed in case
of aorta involvement. On finalizing the upper and lower
discectomies or osteotomies, the specimen is removed
by combined maneuvers (IV)

The role of the artery of Adamkiewicz as a
single, exclusive feeding of the anterior spinal
artery is controversial [32]. It seems reasonable
that cord vascularity is not dependent on one
artery. Previously we performed (unpublished
data) angiographic studies before surgery to
identify the radiculo-medullary artery feeding the
artery of Adamkiewicz. In four cases the nerve
root was sacrificed without any damage to cord
vascularity. Since then, the role of such a study
was felt to be less critical and did not affect the
planning. Tomita and his group had the same

experience and demonstrated on an animal model
that the risk of cord ischemia is mostly related to
the number of contiguous radicular arteries sacri-
ficed rather than to a single artery [33-35]. It can
be recommended to cut no more than three nerve
roots bilaterally in the thoracic spine and avoid
acute shortening or distraction during the resec-
tion [36].

Complications

The morbidity associated with en bloc resections
is high, as the risks and complications of anterior
spine surgery are combined with those of major
posterior surgery. Tumor surgery also has spe-
cific morbidity related to the need for dissecting
through muscle and not through anatomical
planes; further, en bloc resection requires sacri-
ficing not only the affected bone but also almost
all connecting elements, creating full instability.
Previous surgery and previous radiation therapy
increase the risk of complications related to dis-
section. Infection is particularly threatening, due
to the compromised immune status of many of
these patients. Late aortic dissection is reported
mostly in multi-operated cases including aorta
release and submitted to monoportal high-dose
conventional RT. Non-union is a common late
complication due to the environment hostile to
solid bony fusion. Mortality is not negligible,
with a rate of 2.2% [15].

Case-Based Planning of Lumbar En
Bloc Resection

A 62-year-old male presents with complaints of
back pain lasting 1 year. Previous standard radio-
grams were reported as negative. The standard
radiogram performed at admittance (Fig. 21.12a)
shows both L3 endplates as partially collapsed.
The cancellous bone architecture of the body is
altered with a pattern similar to columnar
changes. Magnetic resonance imaging (MRI) (T2
weighted) shows multiple hyperlucent images in
T12, L1, L3, L4, and L5. There is pathologic
fracture of L3 with protrusion in the canal
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Fig.21.12 Man, 62 years old. (a) Standard radiogram; (b) MRI T2-weighted imaging; (c) MRI T1-weighted imaging;

(d) MRI T2-weighted imaging. Transverse section

(Fig. 21.12b). The T1-weighted images show that
only L3 changes from hyper- to hypolucent
(Fig. 21.12c¢), consistent with the hypothesis of
hemangiomas in T12, L1, L4, and L5. The trans-
verse section of L3 shows that the tumor erodes
the periphery of the vertebral body and expands
into the psoas muscle (extracompartmental in
layer A) and encroaches the canal (extracompart-
mental or tumor bulging in layer D). Computed
tomography (CT) scan confirms the lytic lesion

of L3 with erosion of the cortex (Fig. 21.13a). In
L1 (Fig. 21.13b) and L4 (Fig. 21.13c¢), the images
are consistent with hemangioma. The sagittal
reconstruction (Fig. 21.13d) confirms the erosion
of L3 with pathologic fracture and collapse of the
cranial endplate. The pattern of the images in L1
and in L4 is more consistent with hemangioma. A
CT-guided biopsy (Fig. 21.14) allows the histo-
logical diagnosis of chordoma. The Enneking
staging is therefore IB (low-grade malignant,
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Fig.21.12 (continued)

extracompartmental). The transverse image of
the largest tumor extension is transferred on the
WBB staging system. Sectors 4 to 9 to layers A to
D (Fig. 21.15a). Oncological indication is en bloc
tumor-free margin. To this purpose, a type 3b en
bloc resection must be planned (Fig. 21.15b),
including first an anterior approach in supine
position to leave the appropriate margin by resec-
tion of the psoas under visual control (step I).
After releasing the aorta and ligating cava, sacri-
fice the segmental lumbar vessels. Discectomies
are performed after section of the anterior longi-
tudinal ligaments at L2-L.3 and at L3-L4. The
second stage, posterior approach, involves intral-
esional piecemeal excision of sectors 3 to 10
(step IT and III), release of the thecal sac by sec-
tion of ligaments, and nerve root sacrifice, and
sectioning the posterior longitudinal ligament
and finalize the discectomies at L2-L.3 and L3—
L4. Step IV is the removal of the entire bloc.

In Video 21.1, a series of animations detail the
steps of the resection—anterior approach by mid-
line transperitoneal approach in supine position and
posterior approach by midline incision in prone
position. Anterior reconstruction is achieved by a
stackable carbon fiber cage (Fig. 21.16) connected
to a couple of posterior rods fixed by pedicular
screws. The full operative time was 10 h and 17 min.
The coronal and sagittal alignment is correct on the
standing full-spine radiogram (Fig. 21.17a, b).

Discussion and Conclusion

En bloc resection in the spine is a very demand-
ing surgical procedure. This operation can be
safely performed and achieve oncological effec-
tiveness if some mandatory steps are followed:

1. Diagnosis and staging must suggest that en
bloc resection is the procedure of choice.

Since 30 years, the Enneking staging system
has been adopted in many tumor centers, and
many reports and reviews confirm its validity
[37]. En bloc resection is proposed for benign
aggressive (stage 3) [38] and for low-grade
malignant tumors (stage I) [14]. For high-grade
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Fig.21.13 Man, 62 years old. (a) L3 CT scan transverse imaging; (b) L1 CT scan transverse imaging; (¢) L4 CT scan
transverse imaging; and (d) CT scan sagittal imaging of the lumbar spine

malignant tumors, en bloc resection is a valid
option but must always be associated with che-
motherapy or radiotherapy, according to the
sensitivity of the specific tumor [39, 40]. Isolated
spine metastases in patients in good general sta-
tus, if not sensitive to radio and chemotherapy,
can be considered for en bloc resection [19].

2. Tumor extension and surgical anatomy must
fulfill the criteria to perform a tumor-free mar-
gin en bloc resection safely and with accept-
able functional loss.

The WBB staging system was proposed in
1997 [25] to stage primary spine tumors accord-

Fig. 21.14 Man, 62 years old. CT-guided trocar biopsy. . - i ;
The trocar is introduced through the pedicle to minimize 1ng to their extension, in order to easily share
tumor contamination in the surrounding soft tissues information on a computer-based terminology.
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Fig. 21.15 L3 chordoma. (a) WBB staging of the lesion:
sectors 9—4. Layers A to D and (b) WBB-based en bloc
resection planning. The anterior growth requires visual
control of the margins after releasing of the major vessels.
Type 3a strategy: anterior approach first in supine position.
Releasing of aorta and cava after sections of the segmental
arteries and veins. Section of the psoas muscle above and
below the tumor level, leaving a margin over the tumor
anterior expansion. Section of the anterior longitudinal lig-
ament and discectomies. Posterior approach as second
stage in prone position, including removal of the healthy
elements from sector 3—10, release of the thecal sac, section
of the nerve roots involved in the tumor mass, and finaliza-
tion of the discectomies and en bloc tumor removal

This system was recently validated as reliable
and reproducible by a multidisciplinary group of
experts in spine oncology [27]. Seven groups of
strategies to plan en bloc resection have been pro-
posed to define the criteria of feasibility of this
procedure according to tumor extension.

Fig. 21.16 Type 3a en bloc resection of L3 chordoma.
Post-operative CT scan showing the connection between
the cage and a posterior rod

3. Planning of the surgical procedure must con-
sider the two previous points.

The surgical approach or combination and tim-
ing of approaches must be decided combining the
required oncological margins and the criteria of
feasibility by tumor extension and by spine region.
If the margin is represented by relevant anatomical
structures (dura, nerve roots, aorta, cava), a careful
decision-making process will consider the
improvement of prognosis versus the functional
loss. In this process the patient willing will be
obviously relevant. If the tumor is expanding ante-
riorly, the anterior approach is mandatory to leave
a layer of healthy tissue over the tumor under
visual control. A similar procedure must be
adopted if a non-expandable anatomic structure is
close to the anterior surface of the tumor. In the
cervical spine and the lower lumbar spine, it is fre-
quently necessary to combine multiple approaches
due to the complexity of the anatomy.

4. Morbidity

A high morbidity rate can be expected.
Intraoperative bleeding affects the risk of cardiovas-
cular failures, post-operative hematoma, delayed
wound healing, and infection. Preoperative emboli-
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Fig. 21.17 Type 3a en bloc resection of L3 chordoma: implant. (a) Coronal orthostatic standing radiogram and
reconstruction with carbon fiber (CF)-reinforced poly-  (b) sagittal orthostatic standing radiogram confirming sat-
etheretherketone (PEEK) cage filled with autogenous isfactory 3D well-balanced reconstruction

graft and hydroxylapatite, connected with posterior
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zation is not helpful if extratumoral surgery is per-
formed; tumor ischemia could conversely increase
the vascularity on the periphery of the tumor. Patient
and careful hemostasis, both of the epidural veins
and of any vascular structure, is mandatory.

No more than three pairs of nerve roots should
be sacrificed at the thoraco-lumbar junction in order
tokeep anappropriate cord vascularity. Manipulation
of the dural sac, particularly at the end of these long
procedures, can put the cord vascularity at risk for
traction, torsion, and shortening.

Conclusion

En bloc resection in the lumbar spine is a demand-
ing procedure, from both an oncologic and a sur-
gical point of view. The essential surgical criteria
for planning approaches and techniques are as
follows.

e Visual control is essential to achieve the
required margin.

e The most important anatomical structures
must be released or resected for achieving an
appropriate margin under visual control.

* Combined simultaneous approaches are asso-
ciated with higher morbidity and should be
performed only when mandatory.

e Cord vascularity must be considered in multi-
segmental resections.

e Epidural bleeding can become a serious prob-
lem if underestimated.

e Removal of the specimen must be planned by
the best approach to avoid tractions, torsions,
and shortening of the cord.

* When intralesional surgery is planned or the
risk of penetrating the tumor during resection
is significant, selective arterial embolization is
mandatory; however, when the surgeon antici-
pates a good probability of successful en bloc
resection with oncological margins, tumor
ischemia following embolization may induce
peritumoral  hyper-vascularization ~ with
increased risk of bleeding.

* Hemostasis is essential; poorly controlled epi-
dural bleeding increases the risk of
cardiovascular failure at the last steps of such
a long procedure.
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Anatomic Considerations

Tumors of the sacrum represent only 1-7% of
spine tumors, with metastatic lesions more com-
mon than primary neoplasms [1, 2]. The sacrum
plays an essential role in the biomechanical sta-
bility of the spine and houses critical neural ele-
ments. As an anchor point sustaining the load
from cephalad spinal segments, the sacrum con-
nects the spinal column to the pelvis and houses
sacral nerves of the cauda equina.

Five fused vertebrae form the bony sacrum,
effaced by the pelvic viscera ventrally. The paired
sacral alae articulate with the ilium, forming the
sacroiliac joints, and nerve roots exit laterally via
sacral foramina. The ligamentous structures play
opposing roles to impart structural stability on
the sacrum, particularly during ambulation.
Downward torque from the cephalad segment is
directly opposed by tension from the sacrotuber-
ous and sacrospinous ligaments—separating the
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greater and lesser sciatic foramen. This is bal-
anced by the interosseous and dorsal sacroilial
ligaments, which prevent ventral rotation of the
sacrum. Inferiorly, the coccygeus and levator ani
muscles contribute to the pelvic floor, with points
of attachment to the sacrum.

An appreciation of vascular structures and
pelvic viscera traversing the pelvic inlet is essen-
tial due to their proximity to the sacrum. The pre-
sacral fascia lines the ventral border of the
sacrum, followed by retrorectal space and fascia
propria of the mesorectum. The median and lat-
eral sacral arteries provide much of the vascular
supply to the sacrum, anastomosing with one
another. The bifurcation of the abdominal aorta
forms the common iliac arteries at ~L4 and pro-
vides the median sacral artery posteriorly. The
posterior division of the internal iliac artery gives
rise to the lateral sacral artery, which enters the
sacral foramina. Sacral and internal iliac lymph
nodes drain the pelvic viscera and sacrum.

The sacral roots contribute to the sacral plexus
(L4-S4) and coccygeal plexus (S4-Co), with
sensory and motor innervation. The sciatic nerve
(L4-S3) is a key component of the sacral plexus,
branching distally to form the tibial and common
peroneal nerve. Additional contributories to the
sacral plexus include the pudendal plexus (S2—
S4), superior gluteal nerve (S4-S1), inferior glu-
teal nerve (LL5-S2), nerve to obturator internus
(L5-S2), nerve to superior gemellus (L5-S2),
nerve to inferior gemellus (L4 — S1), nerve to
quadratus femoris (L4-S1), posterior cutaneous
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nerve of the thigh (S1-S3), nerve to piriformis
(S1, S2), perforating cutaneous nerve (S2, S3),
and nerves to levator ani, coccygeus, and external
anal sphincter (S4). Preganglionic parasympa-
thetic nerves, the pelvic splanchnics (S2-S4),
join the inferior hypogastric plexus for autonomic
control of the pelvic viscera, bowel/bladder func-
tion, and genital arousal [3-8].

Patient Evaluation

Patients with neoplastic involvement of the
sacrum may present with mechanical sacral pain,
buttock pain, hip pain, leg pain, perineal numb-
ness, neurogenic bowel/bladder dysfunction, or
motor weakness [1, 2, 8-10]. Due to the large
sacral canal, with the cauda equina freely floating
in the thecal sac, lesions of the sacrum may grow
to a large mass before becoming symptomatic or
causing neurologic deficit. Motor dysfunction
often occurs later in the disease course, resulting
from soft-tissue extension compressing the neural
elements. More commonly, patients experience
pain resulting from mass effect or pathological
compression fracture. Sacral metastasis occurs
primarily through hematogenous spread but may
also result from drop metastasis or direct exten-
sion (i.e., recurrent colorectal cancers) [10-17].
Clinical examination, imaging, biopsy, and
staging are the mainstays of evaluating patients
with sacral lesions. Plain x-rays are the initial
form of imaging, and may demonstrate patho-
logic fracture, but have limited sensitivity [18—
20]. Magnetic resonance imaging (MRI) is ideal
for soft tissue, and neural elements, allowing for
accurate localization of nerve root compression
and soft-tissue neoplastic extension. The inten-
sity, based on T1- and T2-weighted sequences,
can provide insight into the diagnosis, but a
pathologic diagnosis should be confirmed when-
ever possible. Computed tomography (CT) is
unparalleled for imaging of osseous structures
and can provide further insight into a lytic, blas-
tic, or mixed process. A CT-guided needle, or
core, biopsy is recommended to obtain a histo-
pathologic diagnosis, instrumental in dictating
the most appropriate treatment. Metastatic

lymphoma, seminoma, and myeloma to the spine
are considered as highly radiosensitive tumors
and respond well to radiation without the need
for surgical intervention. Radiosensitive lesions,
including hematogenous (i.e., plasmacytoma,
lymphoma), breast, prostate, ovarian, and neuro-
endocrine tumors, may be treated with radiation,
in the absence of spinal instability. This is in con-
trast to more radioresistant lesions, including
colorectal, non-small-cell lung, hepatocellular,
thyroid, renal cell, and sarcoma. Nuclear imaging
(i.e., positron emission tomography [PET]), or
scintigraphy, is utilized for staging to identify
systemic burden and other sites of osseous/vis-
ceral metastases [18-31].

Irrespective of radiosensitivity, neoplastic
lesions resulting in spinal instability are only
addressed with surgical stabilization [1, 2, 19,
32-36]. The Spinal Instability Neoplastic Score
(SINS) [32], developed by the Spinal Oncology
Study Group (SOSG), proposes a scoring frame-
work to assess for the presence of spinal instabil-
ity necessitating surgical stabilization. This
scoring system accounts for factors such as loca-
tion, pain, lesion type, alignment, vertebral col-
lapse, and neural element involvement. Junctional
level involvement (i.e., L5-S1) increases the risk
for spinal instability, compared to lesions in rigid
locations (i.e., S2-S5).

Operative Techniques
Positioning and Monitoring

General anesthesia is administered with an
endotracheal tube. For a posterior approach, the
patient is placed prone on a Jackson table, with
the head secured in a three-point Mayfield
clamp. Intraoperative monitoring consists of
free-run electromyography (EMG), including
the bilateral quadriceps, anterior tibialis, abduc-
tor hallucis muscles, and anal sphincter to assess
for neurotonic motor discharge. Excessive neu-
romuscular blockade (NMB) may have reduced
the sensitivity of detection of nerve root irrita-
tion, and should be appropriate, especially dur-
ing critical portions of the procedure. Repetitive
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nerve stimulation to tibialis anterior (L5) and
abductor hallicus (S1, S2), at 2.1 Hz, confirms
the correct level of NMB [37, 38].

Surgical Exposure

An intraoperative x-ray is taken for localization,
and a midline lumbosacral incision is made.
Soft-tissue dissection is deepened to the erector
spinae muscle tendon, attached to the medial
crest of the sacrum, which is divided and
reflected laterally to expose the sacral ala and
posteriorinferioriliac spine (PSIS). Subperiosteal
dissection continues with removal of the supra-
spinous and intraspinous ligaments, using a
Leksell rongeur [39-45].

Intralesional Sacrectomy
for Sacral Metastasis

The extent of sacral resection is a key determi-
nant for spinopelvic fixation. Progressive removal
of caudal sacral elements increases the risk of
pelvic ring failure [44, 46]. When the superior
aspect of sacrectomy is between S1 and S2, or at
the midpoint of the S1 vertebral body, the result-
ing sacropelvic structural integrity is weakened
by 30% and 50%, respectively [39, 46-48].
Therefore, instrumentation should be performed
early in the case, prior to tumor resection.

Iliac bolts are placed bilaterally, followed by
bilateral transpedicular screws at L4, L5, and S1.
For tumors located laterally with involvement of
the pedicle, screw placement at the involved level
may be skipped. For laterally placed tumors, one
connecting rod is secured on the uninvolved side
to allow for adequate decompression and ensure
stability.

A high-speed burr, or ultrasonic blade, is uti-
lized to perform laminectomies at the affected
levels. The thecal sac is carefully dissected free
from the ventral tumor. Attention should be paid
to identify the nerve roots at each level and
reflect these away with vessel loops. Tumor is
subsequently debulked from the canal and
foramen.

Posterior Nerve-Sparing Sacrectomy

A posterior, single-stage, sacrectomy may be per-
formed for benign primary tumors, not requiring
wide-margin en bloc resection. This technique
has been described by Bydon et al. [42] for the
removal of a giant-cell tumor involving the S1
and S2 vertebral bodies, in an en bloc fashion
with contaminated margins.

Exposure, instrumentation, laminectomy, and
separation of tumor from the ventral thecal sac
proceed as described earlier for sacral metasta-
ses. The pedicles superior and inferior to the
tumor are drilled bilaterally, to allow for greater
tumor exposure. A high-speed burr or ultrasonic
blade is utilized to make interrupted cuts between
the sacral foramina, lateral to the tumor, with
attention to preserve the nerve roots in between.
A circumferential cut is made superior and infe-
rior the tumor, and all interrupted cuts are con-
nected to facilitate release of the tumor. The
sacroiliac joints are drilled, bilaterally, and elec-
trocautery is used to divide the ventral perios-
teum surrounding the released tumor (Fig. 22.1).
A #3 Penfield dissector may be used to perform
ventral organ dissection, encountering the meso-
rectum, which is reflected inferiorly from the
tumor. At this point, the tumor is completely
released and may be mobilized through a win-
dow created from the retracted nerve roots
(Figs. 22.2 and 22.3) [42].

Closure

Closure is performed in the typical watertight
layered fashion, with 0 Vicryl in the fascia above
a subfascial Jackson-Pratt (JP) suctioning drain.
The drain is tunneled with a Touhy needle and
sutured to the skin. An additional suprafascial JP
drain is placed for obese patients to reduce the
risk of post-operative dead-space infection. The
dermis is reapproximated and closed with 3-0
Vicryl, with staples on the skin surface. Due to
the risk of wound infection and dehiscence in this
area [49], it is advised to consult with plastic and
reconstructive surgery for assistance with com-
plex wound closure [50].
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@ Sacral laminectomy: S1 - 83 levels

Circumferential cut for Allposterior En bloc
sacral tumor resection (dashed line)
with preservation of all nerve roots.

Interrupted bur cuts (*) between carefully | -
retracted sacral roots ~

Periosteum divided around entire 3 > {
M) &7 \! 4

sacral specimen; periosteum divided
with cautery along length of sacral
foramina.

Fig. 22.1 After a wide sacral laminectomy around the
tumor site (Step 1), the sacral nerve roots are exposed and
mobilized. Bone dissection circumscribing the anteriorly
situated tumor is done by connecting the interrupted cuts
(*) between the sacral foramina (Step 2 and 3). The peri-
osteum is divided along the length of the sacral foramina

Case Presentation 1

This 58-year-old female presented to the neurosur-
gical spine service, with a previous medical history
of metastatic renal cell carcinoma, for evaluation of
a large symptomatic sacral lesion. The compres-
sion fracture and soft-tissue extension resulted in
mechanical pain and radiculopathy, respectively.
Imaging demonstrated a compression fracture of
S1, with left-sided extension into the foramina
(Fig. 22.4), and CT-guided biopsy confirmed a

(Step 4) to release the entire tumor specimen. Dissection
of the periosteum lining the foramina also helps the sur-
geon establish the cleavage plane between nerve roots and
bone. n, nerve. (Printed with permission. Copyright 2018,
The Johns Hopkins University. All Rights Reserved. Ian
Suk)

diagnosis of renal cell carcinoma. Due to the vascu-
lar nature of this tumor, pre-operative embolization
was performed by interventional neuroradiology.
Tumor blush was identified arising from radicular
branches of the left iliolumbar, internal iliac, and
median sacral arteries. Glue embolization (n-butyl
cyanoacrylate [nBCA]) resulted in 90% reduction
in tumor blush (Figs. 22.5 and 22.6).

Intralesional sacrectomy was performed the
following day. The patient was placed prone on
a Jackson table, and an x-ray was taken for
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Fig.22.2 The en bloc

tumor specimen is
gently mobilized by
twisting it between
retracted sacral nerve
roots. n., nerve. (Printed
with permission.
Copyright 2018, The
Johns Hopkins

University. All Rights Anterior
Reserved. Ian Suk) longitudinal
ligament/

periosteum ‘

S1

~ All-posterior

- en bloc sacral
tumor resection
between retracted
nerve roots

| Wil

S2

Sacral
laminectomy

I /Circum-

o / ; ferential
il bur cut

© 2012 Johns Hopkins University
All right reserved. lan Suk

localization. A midline skin incision and sub-
periosteal dissection were performed from L4
to S1 and the pelvis. The tumor was readily
visualized bridging through the posterior aspect
of S1 and sacral ala, on the left side. Using
external landmarks, the pedicles of L4 and L5
were cannulated bilaterally, in addition to S1 on
the right. Iliac bolts were placed, and an intra-
operative CT scan (O-arm, Medtronic,
Minneapolis, MN) was taken to confirm correct
screw placement. Cement was administered
through the fenestrated bilateral L4 and L5
screws to optimize lumbar fixation. A connect-
ing rod was placed on the right side from L4 to

S1 and the pelvis, followed by laminectomies
of L5-S4. Tumor was debulked in a piecemeal
fashion with attention to preserve all nerve
roots. Following sufficient decompression of
the neural elements, a pre-bent rod was placed
on the left side, connecting L4 to the pelvis.
Decortication with the placement of allografted
bone chips and watertight layered closure were
performed. A subfascial and suprafascial drain
were placed to minimize post-operative wound
infection. Intraoperative monitoring was stable
throughout the case. The patient showed sig-
nificant improvement in her pain and radicu-
lopathy, post-operatively (Fig. 22.7).
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Fig.22.3 The tumor is
delivered through a
sacral window, without
need for nerve root
sacrifice. n, nerve.

Printed with permission.
Printed with permission.

(Copyright 2018, The
Johns Hopkins
University. All Rights
Reserved. lan Suk)

Fig.22.4 Case presentation 1 pre-operative imaging. (a) Axial T2-weighted MRI. (b) Sagittal T2-weighted MRI
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Fig. 22.5 Case presentation 1 pre-operative angiogram and embolization for metastatic renal cell carcinoma
(a) Angiogram. (b) Glue embolization with nBCA and 90% reduction in tumor blush

Fig.22.6 Case presentation 1 pre-operative, post-embolization CT. (a) Axial CT. (b) Coronal CT. (c) Sagittal CT
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Fig. 22.7 Case presentation 1 post-operative imaging. (a) Intraoperative radiograph following instrumentation and
tumor resection. (b) Post-operative T2-weighted MRI. (¢) Coronal T2-weighted MRI

Case Presentation 2

This 33-year-old male presented with intractable
back pain, with a previous medical history of
multiple myeloma. Imaging demonstrated a large
sacral tumor with fractures of the bilateral ala,
with infiltration into the sacral foramina
(Fig. 22.8). Surgical decompression was deter-
mined to be the best option due to the instability
and symptomatology of the lesion.

The patient was placed prone; a midline inci-
sion and subperiosteal dissection were per-
formed from L3 to the coccyx and the pelvis.
Using external landmarks, pedicles were cannu-

lated from L3 to LS. An x-ray was taken to con-
firm the correct levels. At this point, screws
were placed into the pedicles, with bilateral
iliac bolts. Sacral laminectomies were per-
formed at S1-S4 to expose the tumor. The nerve
roots and thecal sac were skeletonized, and the
sacral tumor was completely removed with
preservation of all the roots. An additional iliac
bolt and rod were placed bilaterally to ensure
structural stability. Complex wound closure was
completed with assistance from plastic and
reconstructive surgery. The patient is doing well
2 years post-operatively with resolution of his
pain (Fig. 22.9).
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Fig. 22.8 Case presentation 2 pre-operative imaging. (a) T2-weighted sagittal MRI. (b) T2-weighted coronal MRI.
(Reprinted with permission from Ahmed et al. [51])

Fig. 22.9 Case presentation 2 post-operative imaging. (a) Anteroposterior (AP) x-ray. (b) Lateral x-ray. (Reprinted
with permission from Ahmed et al. [51])
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Introduction

Sacrectomy is considered in the curative treat-
ment of patients with primary sacral malignan-
cies. In addition, select patients with locally
invasive visceral malignancies with no evidence
of metastases are considered for this procedure.
Because of the magnitude of these surgeries and
their unavoidable neurologic sacrifice, these pro-
cedures are rarely, if ever, indicated for the treat-
ment of metastatic disease. Those patients are
better treated with stereotactic radiotherapy or
ablation procedures. Lesser/intralesional modifi-
cations of the procedures described here may be
employed for benign conditions which arise in
this anatomic area (e.g., giant-cell tumors, locally
advanced osteomyelitis, select metastases) [1].
A wide oncologic margin is necessary for
curative treatment of sacral chordomas and sar-
comas [2-5]. As such, surgery should only be
undertaken with a clear anatomic plan to obtain a
wide margin. Coincident with this, patients must
be accepting of the functional consequences of
surgery before proceeding. An accepted working
definition of a wide margin in this area includes
1 cm of histologically normal cancellous bone,
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intact (uninvolved) cortical bone with overlying
periosteum, 2 cm of free tissue (e.g., pyriformis
muscle), or an intact fascial boundary (e.g.,
Waldeyer’s fascia ventrally) (Fig. 23.1).
Traditional sacral resections may be classified
into low sacrectomies (resection at or below the
S3 foramen), mid-sacrectomies (resections above
this level but less than total sacrectomies), and
total sacrectomies (Fig. 23.2) [6]. The majority of
patients who preserve bilateral S3 nerve roots
will regain functional bowel, bladder, and sexual
capacity [7-10]. As such, the long-term morbid-
ity of low sacrectomies is usually modest.
Patients undergoing mid-sacrectomies will have
variable preservation of these functions depend-
ing on the extent of neurologic sacrifice. Most
patients in whom both S2 and a single S3 nerve
root are preserved will regain functional (not nec-
essarily normal) bowel, bladder, and sexual
capacity; those with loss of both S3 roots and/or
loss of one S2 root have variable functions.
Patients undergoing total sacrectomies can expect
loss of bowel, bladder, and sexual function as
well as effects on lower extremity function. If
both L5 nerve roots can be preserved, patients
often have surprisingly near-normal ambulatory
(but not athletic) function. If greater sacrifice is
needed, patients will usually have the ability to
transfer (by locking their knees through pre-
served femoral nerve function) but rarely can
ambulate significant distances. In assessing neu-
rologic sacrifice, it is important to carefully eval-
uate for extraforaminal involvement of nerves by
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Fig.23.1 Classification system for primary sacral tumors. (Reprinted with permission from Fourney et al. [6])

tumor. For example, the L5 nerve roots run over
the sacral ala. In a patient requiring a total sacrec-
tomy, these roots are often involved by tumor as
they traverse the pelvis over the S1 region. As
such, the cephalad extent of the tumor only par-
tially predicts the loss of function expected.
Similarly, in patients with locally advanced vis-
ceral tumors that secondarily involve the sacrum,
the presacral involvement of the nerves is often
greater than the direct sacral involvement from
the tumor.

Patient Presentation

Sacral tumors often initially have poorly local-
ized and non-specific symptoms. Many patients
are evaluated for presumed low-lumbar spinal
pathology, but many standard imaging protocols
of the lumbar spine only include the uppermost
sacrum and will fail to diagnose sacral patholo-
gies. Because of the rarity of sacral tumors, the
overlapping innervation of the sacral nerve roots,
and the large volume of the pelvis, diagnosis is
often delayed. At times, this will allow tumors to
become quite large with pelvic outlet obstruction

(impairment of urination or defecation due to
large tumor size). These patients may require a
suprapubic catheter and diverting colostomy to
prevent visceral rupture, hydronephrosis, and to
allow proper evaluation and management of their
malignancies (Fig. 23.3).

Patient Evaluation

Patients with sacral malignancies are carefully
biopsied to ascertain a certain diagnosis and
staged to exclude distant metastases. Core needle
biopsy is the preferred method to sample tissue
[11]. An ideal biopsy is typically a straight-ahead
biopsy performed slightly off midline (Fig. 23.4).
This is readily excisable but avoids potential
spread of biopsy contamination by epidural
veins. Biopsy sites are often marked with methy-
lene blue to facilitate later removal. Transgluteal
and transrectal biopsies should be avoided.
Staging classically consists of computed tomog-
raphy (CT) of the chest, abdomen, and pelvis as
well as a bone scan to exclude visceral or bony
metastases. In some centers fluorodeoxyglucose-
positron emission tomography (FDG-PET) is used
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Fig.23.2 Typical specimen of a sacral malignancy. (a,b)  men and Waldeyer’s fascia intact in the presacral area. (c)
demonstrate dorsal and ventral views of resected speci- cut specimen demonstrating clear cancellous bone
men. Note wide margin of soft tissue covering the speci-  margin
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Fig. 23.3 Locally advanced sacropelvic chordoma pre-
senting with obstructive renal failure and impending colon
rupture from pelvic outlet obstruction

Fig. 23.4 Appropriate needle biopsy of a sacral malig-
nancy. Note the near-midline needle tract is readily excis-
able and avoids contamination of the epidural space

in place of this protocol. As the sensitivity of PET
is influenced by the intrinsic metabolic activity of
the tumor, caution should be used while interpret-
ing PET scans of patients with low-grade tumors
(e.g., chordoma, low-grade chondrosarcomas) as
false negatives can occur.

Fig. 23.5 Coronal oblique T1-weighted MR image dem-
onstrates en face view of the sacrum and subtle tumor
infiltration into the left S3 foramen

Magnetic resonance imaging (MRI) provides
the best anatomic detail of tumor extent and its
relation to neural elements. Our group commonly
obtains coronal oblique MR images in addition to
traditional axial and sagittal views. These are
coronal images in the plane of the sacrum and
provide an en face view of the pathologic process
(Fig. 23.5). For locally advanced tumors in which
vascular or visceral involvement or detail is
needed, our group utilizes a three-phase pelvic
tumor CT scan. This involves giving a bolus of
intravenous (IV) contrast and then obtaining
images in the angiographic, venographic, and
excretory phases. This allows careful delineation
of the pelvic vasculature, rectum, ureters, and
bladder in a single scan to establish the visceral
involvement of locally advanced tumors
(Fig. 23.6).

Note that recent data suggest that a clinically
relevant minority of patients presenting with
sacral chordomas will have discontiguous lesions
elsewhere along the spinal axis [12]. Some chor-
doma centers obtain a screening MRI of the
entire spine as a part of staging in patients with
sacral chordomas.
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Fig. 23.6 Use of pelvic CT imaging to evaluate sur-
rounding visceral structures. (a) rectal invasion by locally
advanced chordoma. Note lack of fat plane between tumor
and rectum. (b) CT angiogram demonstrating dense abut-
ment of left external iliac vessels by tumor. (¢) Ureteral
obstruction from a sacral osteosarcoma. Note dilation

Pre-operative Planning

The primary decision a surgeon makes when
planning a sacrectomy is whether to perform a
single-stage posterior procedure or an anterior/
posterior procedure. An anterior procedure has
several advantages. It allows full mobilization of
the overlying vascular and visceral structures to
minimize the risk of a catastrophic vascular
injury to the common or internal iliac vessels
from behind. In patients with locally advanced
tumors requiring rectal resection or in whom no
chance of bowel function exists, it allows for a
diverting  colostomy to be performed.
Additionally, it allows for harvest of a vertical
rectus abdominus flap to fill a large soft-tissue
defect [13]. These benefits must be balanced
against the morbidity of a longer procedure or
two separate surgeries that an anterior approach
requires.

with lack of contrast in the right renal pelvis (single star).
Left renal pelvis (single arrow) shows contrast with dila-
tion of the left ureter (double arrow). Minimal contrast is
present in the bladder (double star). These findings indi-
cate complete occlusion of the right ureter by tumor
encasement and significant obstruction of the left ureter

Unless there is rectal involvement or a very
large anticipated soft-tissue defect that requires a
rectus abdominus flap, our group will typically
perform resections up to the level of mid-S2 level
using a single-stage posterior approach. For more
proximal resections, we employ a staged ante-
rior/posterior approach and typically perform a
diverting colostomy for patients having high or
total sacrectomies in which the return of bowel
function is not expected. While some authors
have advocated performing total sacrectomies
through an all-posterior approach [14], we have
not favored that for several reasons. First, it is
very difficult to confidently stay ventral to
Waldeyer’s fascia (the presacral fascia that forms
the ventral margin of sacral tumor resection) with
such an approach. Second, it is difficult to resect
through or lateral to the sacroiliac joints in this
approach, also commonly necessary to obtain a
proper margin. Third, depending on individual
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anatomy, the common or internal iliac vessels are
generally close to the sacral ala and difficult to
protect during an all-posterior approach. Fourth,
resections of this magnitude have a significant
soft-tissue defect that is well served with a rectus
abdominus flap. Finally, our group favors
colostomy for patients with resections of this
magnitude to avoid the wound and quality of life
difficulties of a denervated rectum. If a staged
approach is used, we typically separate the stages
by 48 h and have seen a marked decrease in
patient morbidity with this approach [15].
Acknowledging these reasons, other groups have
reported reasonable outcomes with an all-poste-
rior approach, and approach decisions remain
individualized based on patient factors and insti-
tutional practice patterns [16].

General Pre-operative Preparation

All patients receive a mechanical bowel prepara-
tion prior to surgery. Patients undergoing ante-
rior/posterior procedures or those of questionable
medical fitness undergo a dobutamine stress
echocardiogram pre-operatively. Depending on
the extent of abnormal anatomy ventrally, tempo-
rary ureteral stents may be placed to aid in iden-
tification and protection of the ureters. As the
spectrum of infecting bacteria for these proce-
dures is broad, piperacillin/tazobactam is used
for infectious prophylaxis. We do not perform
neurologic monitoring on these cases as neuro-
logic sacrifice is an expected consequence of the
tumor resection.

Anterior Approach

Anterior approaches are used in resections above
the level of mid-S2, when tumor extension ven-
trally necessitates visceral resection or if the
expected soft-tissue defect requires a rectus
abdominus flap [17, 18].

Patients are placed supine on a regular operat-
ing room table. A midline transperitoneal
approach is performed (a unilateral retroperito-
neal approach can be used for unilateral pathol-

ogy necessitating hemisacrectomy). The visceral
structures are mobilized from the tumor or tran-
sected as dictated by the oncologic margin needs.
Vascular structures are similarly mobilized.
While it is generally safe to ligate and transect
both internal iliac arteries and veins for locally
advanced tumors if the patient is having a colos-
tomy, this does lead to increased bleeding during
the posterior approach [19]. The epidural veins
(via Batson’s plexus) serve as collateral blood
returns from the pelvis. Thus, sacrifice of both
internal iliac veins will lead to significant epi-
dural engorgement. Additionally, the primary
perfusion of the gluteal muscles (which form a
portion of the flap closure after sacrectomy) is via
the inferior gluteal vessels (branches of the inter-
nal iliac arteries). For these reasons we will ligate
and divide these vessels only if oncologically
necessary. If these vessels are not divided, they
must be mobilized fully to avoid inadvertent
injury during posterior tumor delivery.

In a similar manner, safe neurologic structures
are mobilized as well in this area. This most com-
monly involves identifying and freeing up the L5
nerve roots as they traverse the sacral ala. If these
cannot be freed from the front, they are deliber-
ately transected to avoid avulsion from the dural
tube during posterior tumor delivery.

The site of osteotomy is identified using a
combination of anatomic landmarks and cross-
table lateral fluoroscopy (generally referencing
from the superior endplate of S1). A unicortical
osteotomy is performed through the ventral cor-
tex of the sacrum. Osteotomy lateral to sacroiliac
joints may be performed bicortically. A small
screw (typically 10 mm from a standard small
fragment set) is placed in the bone just below the
osteotomy. This is readily viewable on lateral
fluoroscopy during the posterior procedure to
guide the surgeon as to the proper site of osteot-
omy (Fig. 23.7). Note that osteotomies are per-
formed perpendicular to the sacrum (not
perpendicular to the operating table). If this dis-
tinction is not realized, the osteotomy may tra-
verse more distal than intended into the tumor.

Once these steps are complete, a silastic
sheet or sterile sponge is placed between the
tumor and the mobilized vessels and visceral
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Fig. 23.7 Use of a marker screw during anterior
approach. (a) Post-operative radiograph demonstrates
marker screw placement following anterior approach. (b)

structures. A colostomy is performed if indi-
cated, and a vertical rectus abdominus flap is
harvested with a skin paddle and tucked into
the presacral space just ventral to the silastic
sheet or sponge (Fig. 23.8). The rectus abdo-
minus flap is marked for orientation with two

Screw is readily visualized and guides osteotomy during
posterior approach. (¢) Specimen

sutures to allow it to be brought out without
twisting the flap and potentially kinking the
pedicle [13]. Wound closure involves inter-
rupted sutures (bearing in mind that the patient
will be prone with the abdomen hanging free
in 48 h).
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Fig. 23.8 Anterior approach. Note harvested vascular-
ized rectus abdominus muscle (VRAM) flap. (a) VRAM
artist illustration reprinted with permission from Gokaslan
etal. [31]. (b) Intraoperative image of VRAM flap tucked

Patients are usually extubated immediately
after the anterior approach and mobilized out of
bed to chair that evening or the following day.

Posterior Approach

Patients are positioned prone on a radiolucent
table for the posterior approach. If no spinopelvic
instrumentation is anticipated, they are placed on
a Wilson frame to maximize exposure of the
sacrum (if instrumentation is anticipated, they are
positioned prone in a standard fashion to avoid
instrumenting in relative kyphosis at the lumbo-
pelvic junction). The anus is temporarily sewn
shut with a purse-string stitch and draped into the
field only if rectal resection is planned. Draping
is very wide laterally to allow for mobilization of
gluteal advancement flaps. We prefer to use skull
tongs to suspend the head and rely primarily on
lateral fluoroscopy for intraoperative imaging.
Prospectively studied, excellent surgical access
and relatively little positioning-related morbidity
were observed using this setup [20] (Fig. 23.9).
A midline incision is performed with an
ellipse around the biopsy tract. Dissection begins
well proximal to the area of suspected tumor,

into abdomen (large arrow) and silastic sheet placed under
dissected vessels (small arrow). (¢) Artist illustration of
anterior release. (Reprinted from Gallia et al. [32], by per-
mission of Oxford University Press)

with spot fluoroscopy verifying the location to
avoid inadvertent tumor violation. If an anterior
approach has been performed, localization is
very efficiently done by viewing the marker
screw which was placed. Otherwise, the sacral
neuroforamen are reliable landmarks that can be
viewed fluoroscopically and marked on the oper-
ative field (Fig. 23.10). In very heavy patients
with low tumors (in which fluoroscopy may be
unreliable), a pre-operative fiducial marker may
be placed using CT guidance (Fig. 23.11).
Lateral dissection of the parasacral gutters is
then performed, with care taken to know the lat-
eral extent of tumor and stay wide of it. The
sacrospinous and sacrotuberous ligaments (which
separate the greater and lesser sciatic foramen)
are divided, usually in the mid-substance or at
their pelvic insertions; if tumors have wide lateral
extension, the ischial spine may be osteotomized
off the pelvis. The pudendal neurovascular bun-
dle is identified between the sacrospinous and
sacrotuberous ligaments and preserved if possi-
ble (Fig. 23.12). Distal to the sacrotuberous liga-
ment, the coccygeus muscle is divided and the
ischiorectal fossa is entered bluntly with a finger.
Proximal to these ligaments, the pyriformis mus-
cles are divided. Surgeons are cautioned to be
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Fig.23.9 Useof a
radiolucent table and
Wilson frame to position
for sacrectomy

Fig. 23.10 Localization during dorsal sacral resection
using lateral fluoroscopy and a blunt probe placed in the
neuroforamen safely above the tumor. In this example, the
S1 foramen is identified

particularly careful at the roof of the sciatic notch
where the superior gluteal vein runs 1-1.5 cm lat-
eral to the caudal sacroiliac joint. Having done
this, the surgeon should be able to place his or her
finger into the presacral space on either side.
Once this is done, a laminectomy proximal to
the level of osteotomy is performed to identify
the dural tube and neurologic elements. The tube

is ligated with a silk suture and divided. Following
this, an osteotomy is performed through the
sacrum at the appropriate level. We have found
that a 5-mm-round coarse diamond burr works
well for this purpose. It can rapidly create a
trough through the cancellous bone down to the
ventral cortex of the sacrum, with relatively little
bony bleeding or tendency to wrap up soft tissue.
If the anterior cortex was not breached during an
anterior procedure, a 3-mm Kerrison rongeur fits
well in the kerf of the burr to allow final delicate
extension through the anterior cortex. If a total
sacrectomy is performed, the medial quadratus
lumborum muscle is released from the posterior
ilium, and an osteotomy through the ilium lateral
to the sacroiliac joint is performed. The iliolum-
bar ligaments are preserved between the L5
transverse processes and the medial ilium if
possible.

The specimen is delivered proximal to distal,
with the last remaining nerve roots being traced
and preserved. If the rectum is preserved, dissec-
tion is deliberately performed through the meso-
rectum (ventral to Waldeyer’s fascia) to maintain
a proper oncologic margin (Fig. 23.13). If an
anterior approach was performed, the silastic
sheet or sponge marks when the surgeon has
reached the proper plane of dissection.

Oncologic margins are verified before pro-
ceeding further. The technique of spinopelvic
reconstruction is described later separately. If
no bony reconstruction is needed, the posterior
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Fig. 23.11 Use of a fiducial marker when fluoroscopy  (b) Pre-operative scan showing location of fiducial
is unreliable. (a) Scout CT scan demonstrating body marker in sacrum. (c¢) Intraoperative lateral fluoroscopy
habitus in a woman with a low sacral chordoma. This allows identification of marker and proper osteotomy
situation precludes accurate fluoroscopic localization. location. (d) Specimen
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Fig. 23.12 Identification of the pudendal nerve in the
parasacral gutter after the sacrospinous and sacrotuberous
ligaments have been divided

Fig. 23.13 Delivery of specimen proximal to distal with
dissection through the mesorectum to stay ventral to
Waldeyer’s fascia

abdominal wall is reconstructed in one of two
ways. If a rectus abdominus flap is harvested,
its bulk will generally reconstruct this area
with the fascia of the flap sewn into the fascia
of the gluteal muscles on each side. Care
should be taken in delivering this so as to not
lose orientation and inadvertently rotate it or
avulse its vascular pedicle. If no rectus abdo-
minus flap is harvested, bilateral gluteal V-Y
advancement flaps are created. A mesh recon-
struction of the posterior abdominal wall is
performed and covered with the gluteal flaps
(Fig. 23.14).

An epidural catheter is introduced through the
skin proximal and lateral to the wound edge and
inserted into the epidural space under direct

Fig. 23.14 Posterior wound closure options. (a) Vertical
rectus abdominus flap inset following a staged anterior/
posterior procedure. (b) Gluteal V=Y advancement flaps
over a mesh posterior abdominal wall reconstruction.
Note epidural catheter in place for post-operative pain
control

vision prior to final closure. An incisional wound
vacuum device is placed to protect the wound
from soilage and shear stress.

Spinopelvic Reconstruction

Instrumented spinopelvic reconstruction is per-
formed in two situations. First, in the event of
total sacrectomy, spinopelvic reconstruction is
used to recreate spinopelvic continuity. Second,
in near-total sacrectomies performed above the
level of the S1 foramina, clinical experience
and biomechanical studies have demonstrated a
high risk of subsequent fracture of the remain-
ing sacrum [21]. Spinopelvic reconstruction is
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performed to augment the remaining native
bone strength in this circumstance.

Our group favors the “cathedral” reconstruc-
tion in which fibula grafts are combined with spi-
nopelvic instrumentation to reconstruct this
junction [22, 23]. Other groups have utilized a
trans-iliac bar and graft technique [24]. No studies
have directly compared the two or demonstrated
the superiority of one technique over the other.
The cathedral reconstruction is described below.

In most patients, pedicle screw instrumentation
is placed into L3, L4, and LS5 using aggressively
long screws to maximize purchase. In large patients,
more proximal instrumentation levels are used.
Dual iliac screws are placed in each side. Fibula
grafts are then fashioned to span the area between
the supra-acetabular ilium and the caudal level of
the spine. In extensive bony resections or if the L5
or S1 nerve root is preserved, it can be difficult
sometimes to place a fibula in this location, and an
alternative distal docking site is near the ischium.

Fibula grafts are placed and rods are placed
and compressed to lock the grafts (as shown in
Fig. 23.15). We have taken to using two rods on
each side whenever practical to minimize the risk
of catastrophic failure from a single-rod breakage
[25]. Tt is deceptively easy to fix the spine to the
pelvis in relative kyphosis by allowing the distal
lumbar spine to drift posteriorly (up into the
wound) prior to fixing it in place. If a subtotal
sacrectomy is performed and the reconstruction
is being used to augment the remaining native
strength, true compression across the fibula grafts
is not possible. In this circumstance, they are
doweled into their docking sites in the pelvis and
slotted into the remaining sacrum, with a “bis-
cuit” of bone (either allograft or a piece of iliac
crest autograft) used to hold them in place.

Our group has experience using fibula
allografts and vascularized autografts for these
reconstructions (Fig. 23.16). A recent analysis
demonstrated far superior union with the use of
vascularized grafts, and this is now our default
approach to these patients [26, 27].

Post-operative Care

Patients recover on a specialty air mattress to
minimize pressure sites on their wounds. Patients
undergoing single-stage posterior resections are
typically extubated immediately following the
procedure and may go to the regular floor or a
monitored (“step-down”) unit as clinically indi-
cated for monitoring and pain control. Patients
undergoing the second stage of a two-stage pro-
cedure are usually extubated the same day if no
spinopelvic reconstruction is performed. If a spi-
nopelvic reconstruction is performed (particu-
larly if vascularized fibula grafts are used), the
added operative time in the prone position usu-
ally results in intubation overnight to allow facial
edema to resolve. These patients all go either to a
monitored step-down unit or to an intensive care
unit (ICU) as clinically indicated.

Patients are allowed to assume any position
of comfort on their specialty bed (including sit-
ting up as the bed allows—usually to approxi-
mately 40 degrees). We wait until we feel that
local swelling has peaked until mobilizing them
further. This is typically marked by an autodi-
uresis that is noted on approximately post-oper-
ative day 3. We often use a low-dose (1-2 mg/
hr) furosemide drip to encourage diuresis but
avoid any bolus furosemide in diuretic naive
patients to avoid any sudden swings in blood
pressure that could compromise flap or fibula
perfusion.

Beginning approximately on post-operative
day 3, patients are allowed to stand and walk
as much as possible and to sit on a paraplegic
seating cushion (ROHO cushion). We typi-
cally have patients sit 20 min at a time the first
day, 30 min at a time the second day, and then
progress in a similar fashion while the wound
is monitored. The epidural catheter dose is
halved on day 3 and then removed on day 4 or
5. Prophylactic anticoagulation is begun
immediately after surgery with unfractionated
heparin.
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Fig. 23.15 (a) Intraoperative photograph of cathedral reconstruction with vascularized fibula grafts following total
sacrectomy. (b) Specimen radiograph. (¢) CT demonstrating reconstruction of the spinopelvic junction

Complications

The anatomic complexity of this procedure
exposes patients to many potential complica-
tions. A general or colorectal surgeon assists with
the ventral dissection in patients undergoing
anterior/posterior resections to minimize the risk

of visceral or vascular injury. Ureteral stents are
used if there is any concern for distorted anatomy
near the ureters’ paths. We have found that sepa-
rating the anterior and posterior procedures by
~48 h in large spinopelvic resections significantly
decreases ICU stay, time of intubation, and mor-
bidity [15].
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Fig.23.16 Artist illustration of post-sacrectomy reconstruction with trans-iliac bar and femoral bone graft. (Reprinted
from Gallia et al. [32], by permission of Oxford University Press)

Infection and wound dehiscence (really two
expressions of the same process) are the most
common complications encountered [3, 28]. The
magnitude and length of the surgery as well as
the anatomic location contribute to this risk.
Piperacillin/tazobactam is commonly used for
infectious prophylaxis. If no bowel transection is
performed, this is given for 24 h around the surgi-
cal procedure(s). If a bowel transection is per-
formed during the anterior procedure, this is
continued through 72 h after the second proce-
dure. The reasoning behind this approach is that
there is inevitably some spillage of bacteria with
the bowel transection that could infect the mesh
or instrumentation placed in the second-stage
procedure. Seventy-two hours of piperacillin/
tazobactam is standard antibiotic treatment for
heavily contaminated (e.g., barnyard injury) open
fractures at our institution. While we have not
fully avoided post-operative infections with this

regimen, almost all infections have been associ-
ated with initial flap dehiscence (i.e., “outside-in”
infections). Pre-operative radiotherapy has been
shown to greatly increase the risk of infectious
and wound complications [29].

Pseudoarthrosis and rod breakage are a recog-
nized risk in patients requiring reconstruction. We
have realized the greatly improved healing poten-
tial of vascularized fibula grafts in our practice
experience [26, 27]. Additionally, the use of dual
rods on each side has been shown biomechani-
cally to increase the rigidity of the construct and
mitigate the risk of catastrophic rod failure [25].

We have also recognized the importance of
reconstructing the posterior abdominal wall with
a mesh or rectus abdominus flap. Absent this,
when patients Valsalva, they are prone to poste-
rior prolapse of their pelvic viscera. This can lead
to functional problems with voiding or defecation
even when sphincter innervation remains intact.
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Outcomes

Oncologic outcomes are dominated by the his-
tology under study and the surgical margin
which is achieved. While the histology is not
modifiable, the surgical margin is under the
operative team’s control. A wide surgical margin
in sacral chordomas and spinal chondrosarco-
mas, for example, has been shown to be the
greatest predictor of disease-free survival in
patients [2-5]. In a large group of patients who
were evaluated for quality of life and other
patient-related outcomes after sacrectomy, phys-
ical function varied with the level of resection
but overall quality of life remained very high.
Loss of the S3 root correlated statistically with
decreased health-related quality of life in a
multi-institutional study of 74 patients undergo-
ing oncologic sacral resections [30].

Case Presentation 1

This 14-year-old female presented with low
sacral pain due to a lytic lesion involving S3-S5,
with involvement of the S5 nerve roots
(Fig. 23.17). CT-guided biopsy confirmed the

diagnosis of aneurysmal bone cyst. To treat the
lesion and the patient’s symptoms, it was deter-
mined the best course of action would be a mid-
level sacrectomy without instrumentation.

The patient was placed prone on a Jackson
table, and x-ray was taken for localization. A
midline skin incision and subperiosteal dissec-
tion were performed. Laminectomies were per-
formed at S3, S4, and S5, accompanied by
soft-tissue dissection around the distal sacrum.
The S3, S4, and S5 nerve roots were identified
and followed distally. Due to the involvement of
the S5 roots with the tumor, these were sacri-
ficed, with preservation of S3 and S4 bilaterally.
The tumor was identified, and an ultrasonic blade
was utilized to perform a sacrectomy superior to
the lesion. This included taking the sacrum and
coccyx from S3 down. Meticulous hemostasis
was maintained, and intraoperative monitoring
was stable throughout the case.

Complex wound closure was performed by
plastic and reconstructive surgery. The paraspinal
muscles were identified, and the right-sided para-
spinal muscle was elevated. An incision was
fashioned in the fascia, lateral to the fascial
attachment to the thoracolumbar fascia. The left
paraspinal muscle was elevated over this, and a

Fig.23.17 Case presentation 1 pre-operative imaging of distal sacral lesion. (a) Sagittal T2-weighted MRI. (b) Sagittal CT
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Fig. 23.18 Case presentation 1 post-operative imaging of mid-level sacrectomy. (a) Sagittal CT. (b) Sagittal

T2-weighted MRI

fascial incision was made laterally in the left
paraspinal muscle over the central portion of the
wound. A 15-French subfascial drain was placed,
and the fascia was closed with 0 Vicryl suture.
The superficial fascia was closed with interrupted
2-0 Vicryl and dermis closed with 3-0 Vicryl.
The subcuticular layer was closed with 4-0
Monocryl. The patient was doing well 8 months
post-operatively, with relief of her sacral pain and
no evidence of recurrence (Fig. 23.18).

Conclusion

Oncologic sacrectomy represents a spectrum of
procedures which can be undertaken in the cura-
tive treatment of patients with localized malig-
nancies. Surgeons can plan operations to properly
achieve a negative oncologic margin. Local
tumor requirements will dictate whether patients
require a single posterior or a staged anterior/
posterior approach. Patient-reported quality of
life after sacrectomy is surprisingly well main-
tained given the nature of these procedures.
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Introduction

Intradural extramedullary tumors of the cervical
spine are overwhelmingly benign, noninvasive,
biologically indolent lesions that can be safely
and effectively managed or cured with microsur-
gical resection. The vast majority of these tumors
are either nerve sheath tumors or meningiomas.
Standard exposures and techniques allow for
complete resection with preservation or recovery
of neurological function in most cases.
Appropriate patient selection and preoperative
evaluation; choice and execution of an operative
approach that provides safe, secure, and adequate
exposure; and appropriate microsurgical tech-
niques of tumor dissection and removal to protect
neurological structures and function are long-
standing principles of neurosurgical treatment of
these tumors. Nevertheless, there are so many
factors and variables that must be considered and
addressed that each case should be considered
unique. Patient condition and co-morbidities,
tumor size, axial and sagittal location, vascular-
ity, consistency, origin and attachments, as well
as surgeon experience and preferences must be
incorporated into each treatment plan. In this
chapter, we address both general principles and
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specific factors and considerations of the surgical
management of these tumors.

Patient Selection

Due to the slow growth of most intradural extra-
medullary tumors, many of these lesions can be
moderately large before the onset of neurological
signs or symptoms. Increasingly, however, due to
the availability and use of magnetic resonance
imaging (MRI), many patients are diagnosed
with minimal, nonspecific, or no neurological
symptoms.

Management recommendations for asymp-
tomatic or minimally symptomatic patients can be
difficult and must be balanced by patient factors
and preferences, surgical risks, both current and
future, and tumor biology. Small and moderate
incidental tumors are often followed over time
with annual imaging and clinical evaluation. The
onset of symptoms, substantial growth, spinal
cord compression, and patient preferences are
common circumstances for the recommendation
of surgery in these patients. Many of these tumors,
however, are very indolent and show little or even
negligible growth over long time frames, thereby
mitigating the need for intervention. The thresh-
old for surgical treatment is variable in these
patients but is clearly appropriate once neurologi-
cal symptoms commence. In these patients, stan-
dard preoperative evaluations are performed to
optimize patient condition for surgery.
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Operative Planning and Approach

A fundamental key to successful surgical treat-
ment of these lesions is to achieve safe, secure,
adequate exposure that is maintained throughout
the surgical procedure. For most tumors, this can
be achieved through a posterior midline exposure
[1-4]. Minimally invasive or mini-open expo-
sures can be utilized in appropriate cases, but it’s
important to recognize that most of the risks and
morbidities are related to the intradural compo-
nent of the surgery, not the incision, soft-tissue
dissection, or bone removal [5]. Following rou-
tine induction and endotracheal intubation, the
patient is placed in a prone position with the head
immobilized in a Mayfield frame.

Intraoperative monitoring and nerve stimula-
tion are utilized but, in our experience, are of lim-
ited practical value. The neck and cervical spine
are positioned as parallel to the floor as possible
with a “military-prone” position with a Mayfield
head frame (Fig. 24.1). This optimizes visualiza-
tion under the operating microscope. The arms
are tucked at the side, and the abdomen is free
from any pressure. A midline incision and sub-
periosteal muscle dissection are performed.
Meticulous hemostasis is crucial because the sur-

Fig. 24.1 Intraoperative photograph shows “military-
prone” position with a Mayfield head frame

gical field (i.e., intradural space) is at the bottom
of the surgical exposure. Thus, any ongoing
blood loss from skin, muscle, bone, or epidural
space will invariably contaminate the surgical
field and violate the principle of secure operative
exposure.

Either a standard laminectomy or osteoplastic
laminoplasty may be performed. An osteoplastic
laminectomy is considered in younger patients
and for longer exposures (i.e., more than two
spine segments). A unilateral laminectomy is
considered for unilateral small or moderate
tumors that do no cross the midline. In most
cases, optimization of the surgical exposure
includes bony removal that extends beyond the
tumor margins. This allows for a dural opening
that allows both visualization and access just
beyond the longitudinal and transverse margins
of the tumor. Intraoperative ultrasound is useful
prior to dural opening to assure that adequate
bone removal has been performed. The dura is
then opened in the midline and tented laterally to
the paraspinal muscles with suture. The suture
should engage the most ventral aspect of the
paraspinal muscle in order to evert the dura to
both maximize intradural exposure and minimize
any epidural venous bleeding into the surgical
field. If possible, it is preferable to leave the
arachnoid intact during the dural opening. This
prevents early cerebrospinal fluid (CSF) drain-
age, which may obscure the operative field and
promote epidural bleeding.

Modifications, Pearls, Pitfalls,
and Specific Considerations

The vast majority of tumors are adequately
accessed and exposed via a standard posterior
approach. Even tumors that arise ventrally or are
predominantly ventral to the dentate ligaments
can usually be safely accessed via the posterior
midline approach because in most cases, the spi-
nal cord has been rotated or displaced to one side
to allow access to the ventral spinal canal.
Exceptions do exist for purely ventral tumors
that displace the spinal cord dorsally without
rotation or lateral displacement. This is more
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likely with meningiomas but is occasionally
encountered with nerve sheath tumors arising
from the ventral nerve roots. In these cases, a
ventral approach may need to be considered
since more posterolateral exposure is limited in
the cervical spine [6, 7].

In most cases, the dura is opened longitudi-
nally and in the midline. A more eccentric open-
ing may be utilized for eccentric lesions or for
dorsal midline meningiomas.

Intradural Exposure/Dissection

Once adequate intradural exposure has been
secured, the focus is placed on tumor removal.
Again, there are numerous, often interrelated, fac-
tors to be considered in terms of how to proceed
and sequence the technical and strategic aspects of
safe tumor removal. Tumor size, origin, relation-
ship to the spinal cord, vascularity, and consis-
tency are important aspects in this regard. These
factors are assessed as part of the initial surgical
field inspection, prior to any tumor resection. First,
the tumor surface is explored in its most visible
location. This requires dissection of the superficial
arachnoid membrane from off the tumor surface.
For more ventrally located tumors, divisions of
one or more of the dentate ligament attachments
improve ventral access. Mild suture retraction on
the release dentate ligament may slightly elevate
and rotate the spinal cord to enhance ventral expo-
sure. The surface dissection is carried out both ros-
trally and caudally just beyond the tumor poles.
Often a small cottonoid is placed just beyond each
tumor pole to demark the margins of the tumor and
limit any blood leakage into the subarachnoid
space. Since both the techniques and strategies are
variable for meningiomas and nerve sheath tumors,
they are discussed separately.

Nerve Sheath Tumors

Nerve sheath tumors are well-defined encapsu-
lated tumors that arise from either the dorsal or
ventral nerve root (Fig. 24.2) [2, 3]. They can be

CR
Corresponding root (CR)

=

_~ Root of origin (RO)

Fig. 24.2 Artist’s drawing depicts an intradural schwan-
noma originating from the dorsal nerve root (RO = root of
origin). The corresponding ventral root (CR) is initially
separate from the dorsal root and then is tightly applied to
the tumor capsule within a common arachnoid sheath.
(Figure courtesy of Dr. Paul C. McCormick)

solid or cystic with variable vascularity. The key
to resection is identification of the nerve root of
origin. For most nerve sheath tumors, a section
of the afferent and efferent nerve root of origin
allows for sufficient release of the tumor for en
bloc removal. The nerve root origin may not be
immediately apparent on initial tumor inspec-
tion. Gentle rotation of the tumor allows for
additional tumor visualization. If the nerve root
of origin is not apparent, then the dorsal tumor
surface is cauterized and incised for internal
decompression with an ultrasonic aspirator. Any
cystic components of the tumor are also drained
to reduce tumor volume and allow for identifica-
tion of the nerve root of origin. Once the nerve
root of origin is identified, it is helpful to deter-
mine if it is the afferent or efferent component.
This is usually self-evident based on the rela-
tionship to the tumor. More often than not the
afferent nerve root is more swollen, as it often
has enlarged veins on its surface (Fig. 24.3). The
nerve root of origin is typically neither func-
tional nor salvageable and typically can be
divided with minimal risk of neurological defi-
cit. However, this is not always the case, espe-
cially for smaller tumors.
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Fig. 24.3 Intraoperative
photograph of intradural
schwannoma. The
afferent (i.e., proximal)
root of origin (RO) and
corresponding nerve
root (CR) are labeled.
Note the vascularity on
the surface of the
afferent root of origin

Modifications, Pearls, Pitfalls,
and Specific Considerations

It is important to recognize that there are both
the nerve root of origin, more commonly the
dorsal nerve root, and a corresponding nerve
root, usually the ventral nerve root (see
Fig. 24.2). While the corresponding nerve root
may run in close proximity to the tumor, some-
times even tightly applied to the tumor capsule
in a common arachnoid sheath, it is both func-
tional and salvageable (see Fig. 24.3). The key to
preservation of this nerve root is performing the
dissection right on the tumor capsule. Thus, any
arachnoid that is attached to the tumor capsule
should be dissected.

Ventral nerve sheath tumors usually arise
from the motor root. These tumors can be chal-
lenging because they may be predominantly
ventral to the spinal cord, obscure the afferent
root of origin to prevent mobilization of the
tumor, and present a higher risk for significant
postoperative motor nerve root deficit, espe-
cially at the C5 and C8 levels. For ventral
tumors at these levels, we use nerve root stimu-
lation. If we are able to stimulate the nerve,
then only a subtotal resection with preservation
of the nerve root is performed. Fortunately,
most ventral tumors will rotate or displace the
spinal cord to allow adequate ventral visualiza-
tion and access. Section of the dentate ligament
with gentle suture retraction can improve ven-
tral exposure (Fig. 24.4). Generous internal
decompression followed by gentle traction
directly on the tumor capsule can assist in
developing the plane between the tumor and

Fig. 24.4 Intraoperative photograph of C3 schwannoma
arising from the ventral root. Note the blue prolene suture
in the detached dentate ligament that is used to provide
mild rotation and elevation on the spinal cord for enhanced
ventral access. Gentle traction on the now-mobilized
tumor delivers the ventral component of the tumor into the
surgical field and provides visualization of the afferent
nerve root, which is then cauterized and divided to allow
complete tumor resection

ventral spinal cord and delivering the ventral
into the surgical field. Eventually the afferent
root will be visualized and can be cauterized
and divided.

Dumbbell Tumors

About 5-10% of nerve sheath tumors are dumb-
bell tumors, with tumor components in both the
intraspinal and extraspinal space. The size, dis-
tribution of tumor components, nerve root ori-
gin, and surgical strategies are diverse. In
general, most can be managed with a single-
stage extended posterior approach. It is per-
formed with the patient in a prone position
through a midline incision (Fig. 24.5a, b) [2, 8].
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Fig. 24.5 (a) Tl-weighted contrast-enhanced cervical
MRI shows large left-sided dumbbell tumor at the C3—-C4
level. Note that the vertebral artery (arrowhead) is dis-
placed anteromedially by the tumor. (b) Intraoperative
photograph shows bilateral C3—-C4 laminectomy with
complete unilateral left facetectomy to allow access for
complete removal of dumbbell schwannoma

The lateral dissection is taken just past the facet
joint on the affected side. A unilateral laminec-
tomy is performed if the tumor does not cross
the midline. Access to the foraminal and extra-
foraminal tumor component is achieved via

complete facetectomy. This provides access
2-2.5 cm ventrolateral to the dural margin.
Tumor extension beyond this may require an
additional anterior operation or a radiosurgical
procedure for residual tumor. The occiput—C1
and CI1-C2 levels are an exception since the
joints are ventral and do not require resection
for extraforaminal exposure.

Once the spinal canal and foraminal exposure
is achieved, the extradural foraminal and extrafo-
raminal tumor component is resected first. It is
important that the dissection remains directly on
the tumor capsule both to limit bleeding from the
foraminal veins and to avoid injury to the verte-
bral artery. These tumors neither invade nor
encase the vertebral artery but usually displace it
antero-laterally (see Fig. 24.5a). Tumor capsule
incision and internal decompression create space
into which the more peripheral aspects of the
tumor can be delivered. It is highly unlikely that
the nerve of origin can be salvaged in dumbbell
tumor cases, especially when there is an intradu-
ral component. However, in cases where the ori-
gin of the tumor is in the epidural foraminal or
paraspinal region that grows centrally into the
spinal canal in the epidural space, the nerve may
be both functional and preservable. Once the epi-
dural component of the tumor is resected, the
dura is opened in the midline for resection of the
intradural component. The afferent root origin is
identified and divided, and the tumor is dissected
away from surrounding tissues to the foramen. It
is sometimes useful to sequentially work on both
the inside and outside of the dura to remove the
foraminal component, often circumferentially
excising the dura at the root exit margin. Once
tumor resection is complete, the foraminal dural
defect is closed with suture, either from inside or
outside of the dura. A small muscle patch graft is
often utilized. The longitudinal dorsal dural
defect is closed separately.

Due to the facetectomy, instrumented fusion is
performed following tumor resection below C1—
C2. This is generally performed with lateral mass
screws one level above and below the laminec-
tomy. Autologous bone from the laminectomy
with allograft as needed is used for contralateral
lamina and facet fusion.
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Modifications, Pearls, Pitfalls,
and Specific Considerations

Bleeding tends to be one of the most challenging
aspects of the foraminal and extraforaminal
tumor dissection. This is best controlled by main-
taining dissection directly on the tumor capsule.
Often the foraminal veins are tightly applied to
the tumor capsule and appear to represent the
actual capsule. It is important to keep dissecting
through these layers, like peeling an onion, until
the true tumor capsule is identified. This greatly
reduces bleeding and more safely allows dissec-
tion to continue directly on the tumor surface,
especially beyond the margins of direct visualiza-
tion. Direct traction on the tumor capsule while
developing the tumor plane can be quite useful.
Bleeding from newly developed margins can be
managed with gentle packing with small cotto-
noid pledgets.

Controlled traction on the tumor capsule
directed away from the spinal cord is very helpful
in delivering aspects of the tumor into the surgi-
cal field. One must be careful, however, not to use
too much pressure since it may be transmitted to
the spinal cord through the afferent limb of the
nerve root of origin.

While most nerve sheath tumors arise from
the root of origin separate from the spinal cord,
some arise very proximally and even seem to
elevate the pia at the root entry zone and appear
to be subpial or even extend into the spinal cord.
For these cases, the tumor is amputated just distal
to the root entry zone, and any remaining tumor
is removed piecemeal.

Meningiomas

Meningiomas are less common than schwanno-
mas and arise more frequently in adult women.
Most originate from, and are attached to, the
dura. They occur throughout the spine and tend to
be more common in the upper cervical spine and
foramen magnum (Fig. 24.6). Patient evaluation,
surgical indications, and technical aspects of

Fig. 24.6 T1-weighted contrast-enhanced sagittal (a)
and axial (b) cervical MRI shows uniformly enhancing
mass of the upper cervical spine with broad-based dural
attachment consistent with a spinal meningioma
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patient positioning and exposure are similar to
nerve sheath tumors. Safe secure exposure that
allows adequate visualization and access for
tumor resection is the cornerstone of effective
surgical management of these lesions. For most
spinal meningiomas, this can be accomplished
with a standard posterior midline approach as
previously described for schwannomas. The dura
is usually opened in the midline but may have to
be altered to one side or the other for meningio-
mas arising from or near the dorsal midline.
Principles of exposure and removal are similar
for schwannomas except for the management of
the tumor origin. Adequate exposure beyond the
tumor poles, maintaining dissection directly on
the tumor capsule, internal decompression to
allow delivery of tumor, and gentle traction on
the tumor capsule are standard techniques for
safe removal of most intradural extramedullary
tumors. More ventrally located meningiomas
usually also either rotate or displace the spinal
cord to one side, thereby providing an access to
the ventral spinal canal (Fig. 24.7). A section of
one or two dentate ligaments can improve ventral
access. For large ventral tumor components, it is
often useful to thoroughly debulk the lateral
aspect of the tumor. If possible, it can be helpful
to detach the tumor from its dural origin. This
leaves a loose tumor component that can be more
easily dissected away from the ventral spinal
cord. Key to this dissection is to make sure that
the dissection is directly on the tumor capsule,
not a thin overlying layer of arachnoid. A small
Penfield or slightly curved micro-dissector can
be carefully advanced on the tumor surface to
allow gentle development of the ventral spinal
cord/dorsal tumor capsule dissection plane even
if it can’t be directly visualized (see Fig. 24.4).
Management of the dural origin of meningio-
mas varies based on factors such as location, size,
and consistency of the dural origin. In most cases
of dorsal, lateral, or ventrolateral discrete dural
tumor origins, cauterization and detachment of
the dural origin is performed flush with the dura.
Any small remnants of tumor are sharply peeled
off the inner dural surface to complete the resec-
tion. The dura is a highly laminated collagen
structure, and scraping the inside layers with a

sharp Rhoton dissector effectively removes the
tumor while leaving the dura intact (Simpson
Grade II). This avoids the need for dural patch
grafting. Purely ventral or en bloc tumors may
not allow for a complete removal of the dural ori-
gin (Simpson Grade III) and may be associated
with a slightly higher degree of recurrence.

Modifications, Pearls, Pitfalls,
and Specific Considerations

High cervical and foramen magnum meningio-
mas can be challenging due to their often large
size and location. Injury to both the spinal acces-
sory and hypoglossal nerves may occur with ven-
tral and lateral lesions. Care must be taken to
identify and protect these nerves during dissec-
tion and tumor removal. The spinal accessory
nerve is also at risk in the mid-cervical spine as it
is comprises rootlets from C1 to C5 and ascends
closely applied to the spinal cord just dorsal to
the dentate ligaments.

Pure ventral meningiomas are rare but diffi-
cult to safely remove, especially if they are calci-
fied or highly mineralized. Posterolateral access
is not as effective as it is in thoracic and lumbar
regions due to the anatomy of the neck and pres-
ence of the vertebral artery. A ventral approach is
considered for purely ventral meningiomas that
do not rotate or laterally displace the spinal cord.

Wound Closure and Postoperative
Management

Following tumor resection, the subarachnoid
space is copiously irrigated with warm saline
solution. Meticulous hemostasis is achieved with
irrigated cautery, Floseal (Baxter, Franklin Lakes,
NJ, USA), and small Surgicel (Ethicon Inc.,
Johnson and Johnson, Somerville, New Jersey,
USA) pledgets. The dura is closed with a running
non-locked 4-0 silk suture. Valsalva to 40 mmHg
is performed to ensure as close to a water-tight
closure as possible. Floseal is squirted into the
lateral epidural gutters. A thin layer of Duragen
(Integra Lifesciences, Plainsboro, New Jersey,
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Fig. 24.7 T1-weighted contrast-enhanced sagittal (a)
and axial (b) cervical MRI shows predominantly ventral
broad-based uniformly enhancing tumor consistent with
meningioma. While completely ventral to the dentate liga-
ments, the tumor is eccentric to the right and produces
some spinal cord rotation to allow ventral access through

USA) is placed over the suture line, and this is
covered with gelfoam (Pfizer, New York,
New York, USA). The epidural space is then
compartmentalized by placement of a large cot-
tonoid (Codman, Johnson and Johnson,
Raynham, Massachusetts, USA) over the gel-
foam. The retractors are removed, and the wound

a posterior lateral corridor. (¢) Intraoperative photograph
demonstrates that the tumor is nearly completely obscured
by the overlying spinal cord. (d) Following release and
gentle suture distraction on the dentate ligaments, a cor-
ridor is provided that allows access to the ventral tumor,
which can now be seen and safely removed

is copiously irrigated with warm saline solution.
Hemostasis is secured with bipolar cautery,
Floseal, and bone wax under the microscope. The
cottonoid is removed and a hemovac drain is
placed. The wound is then closed in layers with
Biocin and Vicryl. The skin is closed with a run-
ning non-locked 2-0 nylon.
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The patient remains at bed rest until the morn-
ing of postoperative day 2 (POD 2). At that point,
ambulation is commenced with physical therapy.
Venodynes (EcoLab, Saint Paul, Minnesota,
USA), incentive spirometer, and isometrics mus-
cle exercises are encouraged. Most patients are
discharged on POD 4, either to their home or to
inpatient rehab for those with substantial preoper-
ative deficit. Skin sutures are removed on POD 14.

Modifications, Pearls, Pitfalls,
and Specific Considerations

Duraseal and/or sutured muscle grafts can be
useful for re-operations or situations where a
good multi-layer closure is not possible, espe-
cially at the dural level. While small pseudo-
meningoceles can be tolerated and will usually
resolve over time, any CSF leakage through the
skin is problematic and should be treated expedi-
tiously. Sterile skin suture, bed rest, or even a spi-
nal drain can be considered. If these methods are
not successful, then return to the operating room
(OR) for repair should be performed in a timely
manner.

The anticipated outcomes following success-
ful resection are usually quite gratifying [9-13].
Most patients experience preservation or return
of neurological function. Long-standing or more
severe established deficits, however, are less
likely to improve, especially spasticity and gait
and/or fine motor control deficits. This under-
scores the importance of timely intervention.
Postoperative surveillance is tailored to the
patient. Postoperative imaging at 6 weeks and
1 year suffices for most schwannoma patients fol-
lowing complete resection, but longer annual
follow-up may be appropriate in some patients,
especially meningioma patients following
Simpson Grade III or IV resection.

Conclusion

Surgical resection of intradural extramedullary
spinal cord tumors is one of the most effective
and gratifying  neurosurgical  procedures.

Long-term tumor control or cure with preserva-
tion or return of neurological function can be
achieved in the vast majority of patients with
these benign lesions. Proper patient selection,
safe and effective exposure, knowledge of surgi-
cal anatomy, and standard microsurgical tech-
niques should be applied in each case in order to
optimize the outcome for each patient.
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Spinal cord tumors are exceedingly rare, com-
prising only 4—-16% of all central nervous system
tumors and intradural extramedullary tumors,
accounting for only 54% of these lesions [1].
Tumors are typically divided based on their loca-
tion within the spinal canal: extradural, intradu-
ral-extramedullary, intramedullary, dumbbell,
or intra- and extramedullary. The most common
histologic types for thoracic intradural lesions
include schwannoma (68.5%) and meningiomas
(20.7%) [1]. This chapter focuses on intradural—
extramedullary lesions of the thoracic spine as
well as the surgical strategies and technologies
available to treat and remove these lesions.

The ideal treatment for schwannomas is gross
total resection; however, subtotal resection may
be the best choice in certain cases, especially
when high risk of neurological damage accompa-
nies a total resection. Sohn et al. evaluated cases
of residual schwannomas after subtotal resec-
tions and found that regrowth only occurred in
29.6% of cases with the authors noting that the
Ki-67 index was statistically higher in patients
who experience a regrowth of their lesion [2].
Radiotherapy can also be used in cases where
a subtotal resection is performed or in cases of
multiple lesions or if the patient is not a reason-
able surgical risk [4].

Schwannomas

Schwannomas are benign, intradural (although
30% may have extradural extension), sometimes
cystic neoplasms of the nerve sheath which cause
local compression of neural elements often lead-
ing to pain, weakness, and myelopathy [2, 3].
The annual incidence of these tumors has been
reported as 0.3-0.4 per 100,000 patients with no
male or female predominance. They typically
present between age 40 and 50 [3].
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Meningiomas

Spinal canal meningiomas occur at a rate of
0.33 per 100,000 people [5]. They are generally
benign tumors which are slow growing and typi-
cally present later in life (75% occurring between
age 50 and 70 years) and have a clear female
predominance with up to 82% of patients being
female [5, 6]. Up to 84% of spinal meningiomas
are located in the thoracic spine and in this area,
there is an even higher female predominance
(87%) than in the spine as a whole [6, 7]. These
lesions are most often found intradurally, with
90% completely intradural and 5% both intra-
and extradural [6].

The goal of surgery as in schwannomas is the
decompression of neural elements and gross total
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resection of the lesion, but in contrast to schwan-
noma, surgery also includes resection of its dural
attachment (sometimes referred to as a Simpson
Grade I resection) [8]. This classification system
was specifically developed by Donald Simpson
in 1957 for predicting the recurrence rates of
intracranial meningiomas after various levels
of resection but has since been applied by some
authors to spinal meningiomas as well [7, 8].
However, even when a Grade 1 or II resection
is achieved, recurrence rate has been reported
as high at 9.7% overall and 30% for Grade II
resection [9]. Surgical resection is not without
risk—cerebrospinal fluid (CSF) leak occurs in
up to 4% of patients and permanent neurologic
deterioration occurs in 6% of patients [7, 10].
Radiotherapy has been used in some cases, par-
ticularly in higher-grade meningiomas and cases
of subtotal resection, or in patients who are unable
to tolerate an operation. However, these indica-
tions are not clearly defined, and close follow-up
for recurrence is needed in such cases to detect
recurrence early [7, 11]. It is not rare to encounter
a calcified meningioma which may not be easily
removed by using a Cavitron or pituitary rongeur.
These lesions often require a biting instrument
such as a micro-Kerrison or, even in some cases,
a small precision drill. The most challenging of
the meningiomas to surgically resect are the en
plaque lesions which may not be resectable due
to dural attachments which can extend to the pos-
terior longitudinal ligament and vertebrae. They
are also frequently associated with spinal cord
compression, tethering, and either myelomalacia
or cystic changes within the spinal cord.

Surgical Technique
Posterior/Laminectomy (Fig. 25.1)

The standard approach for treating intradu-
ral-extramedullary lesions in the thoracic spine
involved an open approach with midline poste-
rior incision and full laminectomy [3, 12, 13].
The extent of the laminectomy is determined both
preoperatively and intraoperatively. Based on the
magnetic resonance imaging (MRI) with gado-

linium enhancement, the bony opening should
extend the entire tumor length and at least one-
half of the laminar level above and below. Once
this initial step has been completed, a trans-dural
intraoperative ultrasound should be performed to
confirm if adequate exposure has been obtained.
It will also permit planning of the dural opening
which can be midline or paramidline, depending
on the eccentricity of the lesion. This approach is
effective in lesions which are posterior or lateral
to the spinal cord; however, anterior lesions pres-
ent a unique challenge as the spinal cord must
be retracted, increasing the likelihood of neuro-
logic injury. In these cases, a posterior approach
may still be feasible by sectioning the dentate
ligaments, performing gentle static or dynamic
retraction, using pial sutures or simply using
various types of micro-retractors. Use of intra-
operative ultrasound is quite helpful to minimize
the chance of neural injury by better establishing
the anatomical relationships between the spinal
cord, nerve roots, adjacent meninges, and bony
structures in real time. This can also clarify if any
residual tumor mass exists in surrounding tissues
of the surgical site. Continuous somatosensory-
evoked potential (SSEP) monitoring and serial

Fig. 25.1 Posterior laminectomy approach
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motor-evoked potential (MEP) monitoring are
also of significant advantage. Comparing the
most current values to baseline values (account-
ing for other variables such as blood pressure,
oxygenation, and anesthesia level), the surgeon
can detect early electrophysiological changes and
predict potentially reversible neurological com-
promise. Increases in latency and decreases in
amplitude are the key signs that there is “trouble
in paradise.” This should result in immediate ces-
sation of surgical activity, allowing both the sur-
geon and anesthesiologist to do a rapid analysis of
blood pressure, oxygenation, temperature, anes-
thesia level, retraction level, etc., and make any
necessary adjustments. If a neurological injury is
detected, immediate response includes not only
cessation of surgical intervention and retrac-
tion but also the intravenous administration of a
booster dose of steroids and further rapid drop-
ping of the patient’s temperature toward a modest
hypothermia therapeutic level of 33 °C. This can
be accomplished most rapidly by the administra-
tion of chilled intravenous saline. The authors
remind the readers that these neuroprotective
interventions and response to changes in evoked
responses do not represent evidence-based medi-
cine but rather the experience of primarily the
senior author who preemptively uses a baseline
35 °C temperature before beginning removal of
any neoplastic or vascular lesion from the spinal
cord or when performing tethered cord or syrin-
gomyelia surgery. This level of hypothermia can
be achieved by the anesthetic team by making
small adjustments in room temperature or by
surface cooling in addition to the use of chilled
saline as previously mentioned. However, most
patients drop their body temperature by 1-2 °C
as part of a physiological response to anesthesia
and exposure to the operating room environment.
If the senior author suspects an extremely high
risk of neural damage, he will often percutane-
ously insert an intravenous femoral catheter into
the groin or neck and connect it to a hypothermia
machine such as the Icy® lower-body catheter
connected to the Thermogard XP Temperature
Management System (Zool®, Chelmsford, MA)
which can closely regulate temperature and
achieve a 33 °C body temperature prior to open-

ing the dura. Regarding high-dose intravenous
steroids, there is no evidence to support their
use in spinal cord tumors although they are com-
monly used in brain tumor surgery. The ratio-
nale for use or non-use in spinal cord surgery is
beyond the scope of this chapter.

It may be technically advantageous for the
primary surgeon to stand on the ipsilateral side
of paramedian tumors and to create a wider lami-
nectomy on the side of tumor predominance,
sparing the integrity of the pars interarticularis so
as not to increase instability. Using an “airplane”
technique, the anesthesia team can roll the table
sideways using the planar rotation function to
optimize not just the visualization but the bisec-
tion of tumors that are laterally placed. One can
then more easily get to the midline and even fur-
ther without neural damage. Once the tumor has
been visualized, the capsule can be coagulated
with the micro-bipolar. Biopsy for pathological
analysis can then be performed simultaneously
with debulking. This should always be done with
the illumination and magnification of an operat-
ing microscope aided by either suction and irri-
gating micro-bipolar, ultrasonic aspirator, laser,
or other technologies now available for this pur-
pose. For teaching purposes, it is most useful to
record this procedure which later can be edited
and lessons learned can be shared with others
who are not present during the procedure.

Other factors dictating the aggressiveness of
the dissection and tumor removal include the
patient’s age, premorbid conditions, and the
stability of intraoperative physiological param-
eters including MEPs/SSEPs. WHO grade of the
lesion and composition of the lesion may also be
important factors to consider. A Simpson Grade I
resection in the case of a meningioma or a total
resection of a dumbbell schwannoma may be
of certain value in younger patients; however,
obtaining this result may place the patient at a
higher risk of complications, including CSF leak.
Difficulty can also arise from calcified lesions
and rarer malignant lesions which can have poor
dissection planes. Schwannomas can also hemor-
rhage preoperatively which often causes greater
adhesions to the surrounding tissue, particularly
if the hemorrhage has broken through the tumor
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capsule. Preoperative computed tomography
(CT) confirms the degree and extent of calcifi-
cation and has important strategic value. Repair
of dural defects depends directly on the size and
location of the tumor.

Schwannomas generally originate from a sen-
sory nerve fascicle from the dorsal rootlet but,
less commonly, can encompass multiple fas-
cicles or arise from a ventral rootlet motor fas-
cicle. Again, the goal is to obtain a gross total
resection. It is important to first identify an elec-
trically silent perineurium overlying the tumor
capsule using a nerve stimulator with 0.5-2 mA
of current. Next, the perineurium should be coag-
ulated parallel to the exiting nerve fibers using
bipolar forceps and opened in the same direction
with a #15 blade, peeling away each layer until
the tumor’s true capsule is identified. Similar to
meningiomas, intralesional debulking can be
done in a piecemeal fashion or using an ultra-
sonic aspirator. Micro-cottonoids can be used
to maintain the developing plane between sur-
rounding fascicles/endoneurium and the tumor
capsule, eventually obtaining a circumferential
dissection. The tumor should be followed proxi-
mally and distally to identify the fascicle or fas-
cicles of origin. They should then be separated
from neighboring fibers, coagulated, and sharply
sectioned using micro-scissors. Persistent ooze
from feeding blood vessels can be controlled
using dry or thrombin-soaked GelFoam® (Pfizer
Inc.), or similar. Although this micro-dissection
technique may seem optimal, it is the senior
author’s experience that resection of the entire
dorsal rootlet does not result in any significant
motor or sensory deficits.

It has also been the senior author’s experience
that, prior to dural closure, spinal cord untether-
ing should be accomplished to prevent develop-
ment of a tethered cord associated with chronic
neuropathic pain and progressive cystic or
myelomalacic myelopathy. This should be done
by circumferentially releasing the subdural space
by removing arachnoid adhesions that develop
from chronic compression and cord displace-
ment. This is especially important on the contra-
lateral side to the tumor, that is, where the spinal
cord is plastered to the dura and arachnoid.

A complete resection with total removal of
dural attachment must be balanced against the
challenges of reconstruction of a water-tight dural
lining. This is particularly true of ventral and en
plaque calcified meningiomas. There are multiple
structural options for repair including autograft
(fascia lata, percranium), onlay dural substi-
tutes (Duraform®—Depuy Synthes Companies,
DuraGen®—Integra LifeScience), xenograft
(bovine pericardium), and allografts (cadaveric
dura or Alloderm®—LifeCell Corporation). It
is the senior author’s preference to suture in the
latter using 60 Prolene® polypropylene suture
(Ethicon US, LLC—IJohnson Johnson) and then
cover the dural repair with a layer of DuraGen®.
The repair is most successful if the case is pre-
ceded by a percutaneous placement of lumbar
cerebrospinal fluid drainage system for post-
operative cerebrospinal fluid diversion, usually
starting 6—8 h postop with a volume of 5-10 cc
per hour for a 3 to 5 day period. The drain can
be removed earlier if the CSF is totally cleared
of blood products and debris which can other-
wise cause chronic arachnoiditis and spinal cord
tethering.

The same reconstruction technique follow-
ing dural-based meningioma removal can be
used in dumbbell schwannoma cases. However,
there is often a much larger dural defect, com-
monly lateral at the site of the exiting nerve root
and involving its sleeve. Depending on the level,
closure can be facilitated by sacrificing the entire
intercostal nerve. Care has to be taken to look
for the artery of Adamkiewicz which is usually
found eccentric to the left side between T9 and
L1, accounting for individual anatomic variants.
If included in the resection, it can result in either
complete paraplegia or more commonly incom-
plete paraplegia in the form of an anterior cord
syndrome.

Other Approaches (Figs. 25.2, 25.3,
25.4 and 25.5)

In the senior author’s experience, less than 5%
of intradural-extramedullary tumor cases involve
large midline anterior lesions that may not be
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Fig. 25.2 Transpedicular approach

Fig. 25.3 Costotransversectomy approach

Fig. 25.4 Lateral extracavitary approach

Fig.25.5 Transthoracic approach

easily accessed from the posterior approach
described earlier. In these cases, there are several
other options, including transpedicular, costo-
transversectomy, extracavitary, and transthoracic,
which are traditional approaches to the spine
and are well documented in the references of
this chapter [14—17]. All of these are associated
with a higher degree of morbidity and mortality
and are rarely, if ever, indicated. They also often
require in tandem insertion of spinal stabilization
instrumentation because structural components
must be removed to access these rare tumors.

Case Presentation 1

A 43-year-old female with no prior cancer history
presented with progressive pain over her thoracic
spine and weakness in her lower extremities bilat-
erally. She tolerated these symptoms for several
months prior to admission until she became para-
paretic and unable to walk. On physical examina-
tion, the patient had 3/5 motor strength and 3+
reflexes in the lower extremities bilaterally.

MRI  revealed a  well-circumscribed
1.8 x 0.8 x 0.8 cm contrast-enhancing mass at
the level of T5-T6. The mass was anterior to the
spinal cord and slightly eccentric to the right,
with displacement of the spinal cord to the left
(Fig. 25.6).

The patient was taken to the operating room
for a T5-T6 laminectomy. After the laminae
were removed, intraoperative ultrasound was
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Fig. 25.6 MRI of thoracic spine showing T5-T6 menin-  image with gadolinium contrast showing homogeneous
gioma. (a) Mid-sagittal T1 image showing isointense  enhancement. (¢) Mid-sagittal T2 image showing spinal

intradural extramedullary lesion anterior to the spinal — cord myelomalacia. (d, e) Axial T1 without and with con-
cord causing posterior displacement. (b) Mid-sagittal T1  trast showing dural-based lesion
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used to localize the lesion and plan the durot-
omy (Fig. 25.7). A midline durotomy was done
exposing the posterior columns. The lesion was
slightly eccentric to the right and seen on the
anterior surface of the dentate ligaments. These
were sectioned using an arachnoid knife and
micro-scissors, exposing the lateral aspect of the
tumor capsule. Using gentle dynamic retraction
from a Rhoton 6 micro-dissector and a PMT®
suction (PMT Corporation), intralesional deb-
ulking was carried out using an ultrasonic aspi-
rator (Fig. 25.8). The ventral dural attachment
was identified and resected sharply, obtaining a
gross total resection with Simpson 1 result. The
dura was reconstructed using AlloDerm, which
was placed between the cord and the dura, cov-
ering the defect. Polypropylene suture was used
to keep the graft in place. Throughout the pro-
cedure, SSEPs and MEPs were monitored and
showed gradual improvement from baseline.

Postoperatively, however, the patient expe-
rienced a transient worsening of neurological
function. She was placed in the intensive care
unit with mean arterial blood pressure artifi-
cially maintained above 90 mmHg for 3 days
with corporal cooling to 35 °C. Beginning on
the second postoperative day, the neurological
function gradually improved from a baseline of
0/5 up to 3/5 at discharge to spinal cord injury
rehab. Pathology eventually showed a WHO
Grade I meningioma. At 2 months post-surgery,
the patient’s strength had improved to 4/5 and she
was able to stand independently. By 6 months the
patient was ambulating almost normally.

The case illustrates several points. First,
despite the lesion being anterior to the spinal
cord, a posterior approach can be utilized with
great care. While the costotransversectomy and
other approaches may be more ideal for these
anterior lesions, a tumor with soft consistency can
be removed piecemeal and safely. An important
point of this case is that one cannot rely solely
on neuro-monitoring as this did show improving
signals while the patient’s exam was found to be
worse postoperatively. A causative factor was a
transient period of hypotension during the emer-
gence phase of anesthesia which may have caused
relative ischemia in the upper thoracic watershed

Fig.25.7 Intraoperative picture showing (a) thoracic 5-6
laminectomy, (b) use of sterile intraoperative ultrasound
probe, and (c¢) ultrasound localization of ventral intradu-
ral-extramedullary lesion
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Fig. 25.8 Intraoperative microscope picture of (a) ven-
tral meningioma and (b) dynamic retraction using a
Rhoton 6 micro-dissector for lesional debulking using
suction and irrigating bipolar

zone of spinal cord vascularization. Aggressive
perioperative management and extensive reha-
bilitation resulted in an excellent outcome with
the patient having minimal residual deficits.
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Intradural Extramedullary Tumor
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in the Lumbar Spine

Luis M. Tumialan

Introduction

When Love described the resection of intradu-
ral extramedullary tumors in the lumbar spine in
1966, he was working in an era where the diag-
nosis was made in large part with a neurological
examination alongside an injection of intrathecal
contrast and a radiograph for a rudimentary form
of myelography [1]. Localization in the operat-
ing room was performed with cross-table lateral
radiographs and with direct exposure at times of
the first non-rib-bearing vertebra or the sacrum
to confirm the operative level. It is no surprise to
read that Love’s technique recommended resec-
tion of three spinous processes and three laminae
prior to opening the dura. Such wide exposure
affords the surgeon some element of adjustment
in the event the operative level was off by one
segment. For decades, Love’s approach was the
basis for resection of intradural extramedullary
lesions. However, the extensive disruption of
the posterior tension band raised concern that in
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the years and decades after a successful resec-
tion in a patient, kyphosis and scoliosis would be
the inevitable result [4-9]. Seeing the untoward
effects of such wide exposures, surgeons began
to explore less invasive means of addressing
these lesions.

In 1983, Eggert and colleagues [10] described
a unilateral approach for the resection of intra-
dural extramedullary lesions. Illustrative images
(Fig. 26.1) from that initial publication demon-
strate their bone work to access the central spi-
nal canal. A unilateral approach to the spinal
canal was a significant departure from Love’s
description of the removal of three spinous pro-
cesses and three laminae. Eggert and colleagues
reported their results on 39 patients in whom the
unilateral hemilaminectomy approach was used
for resection of the lesion; 2 of the 39 patients
had lesions in the lumbar spine. The bone work
shown in Fig. 26.1 bears a striking resemblance
to the exposures eventually made possible by
modern minimal access ports.

In 1991, Yasargil and colleagues [3] published
their experience with the unilateral laminotomy
approach for intradural extramedullary lesions,
which corroborated the experience of Eggert’s
group. In 1997, Foley and Smith [11] described
a paramedian transmuscular approach to the lum-
bar spine for management of herniated lumbar
discs. The paradigm shift of looking at the spine
in three dimensions, with the spinous process not
considered to be an obstacle to the central spi-
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Fig.26.1 Tllustrations based on the original artwork from
Eggert et al.’s 1983 publication on unilateral approaches
to the central canal. (a) Axial illustration demonstrating
the capacity to access the central canal from a unilateral
approach. (b) Posterior view of the spine demonstrating

nal canal, continued to evolve. Soon thereafter,
Schwender et al. [12] described paramedian trans-
muscular lumbar fusions. As minimally invasive
platforms became increasingly available to spine
surgeons at the turn of the century, the experience
gained from the minimally invasive management
of degeneration of the spine allowed surgeons to
apply that skill set to the management of intradu-
ral extramedullary lesions.

In 2006, Tredway et al. [13] published their
experience with a paramedian minimally inva-
sive approach for resection of intradural extra-
medullary lesions. Since that description, several
minimally invasive series have been published
[14-16]. The paramedian minimally invasive
technique described in this chapter embraces the
principles of a focal exposure and limits disrup-
tion of the spine, thereby representing the inevi-
table evolution of a technique that began with
Love and was continually modified throughout
the decades by Eggert, Yasargil, and Fessler.

the limited bone work required for resection of a lesion.
These illustrations bear a striking resemblance to an expo-
sure that would be offered by a minimally invasive
approach. (Modified from Eggert et al. [10]. With permis-
sion of Springer)

Anatomical Basis

The thoughtful deconstruction of the lumbar
spine becomes possible only with knowledge
of the canal dimensions that establish the ana-
tomical basis for the resection of an intradural
extramedullary lesion. Whether the resection is
performed using a paramedian minimally inva-
sive approach or a midline approach, command
of the canal dimensions lays the foundation for
the necessary bone work to access the lesion. In
1992, Panjabi and colleagues [17] presented a
quantitative dimensional analysis of the lumbar
spine that offers a sophisticated understanding of
the lumbar spinal canal and establishes the ana-
tomical basis of a minimally invasive resection of
an intradural extramedullary lesion in the lumbar
spine.

The width of the central canal ranges from
23 mm at L1 to 27 mm at L5, with a gradual
increase of about 1 mm with each level. The
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Fig. 26.2 A graphical representation of the dimensions of the lumbar canal as reported by Panjabi et al. (Used with
permission from Barrow Neurological Institute, Phoenix, Arizona)

depth (anteroposterior [AP] dimension) of the
canal is comparable at L1 and LS, and it actually
tapers at L3. At L1, the depth measures 19.0 mm,
then it decreases to 17.5 mm at L3 before enlarg-
ing to 19.7 mm at L5 [17]. Figure 26.2 provides
a graphical representation of the dimensions of
the lumbar canal based on the measurements by
Panjabi et al. Intradural extramedullary lesions
tend to match the dimensions of the lumbar spine
since patients typically come to medical atten-
tion only after they become symptomatic. The
slow growth of these lesions makes them clini-
cally silent until they reach the proverbial tipping
point. That tipping point is when the lesion has
grown enough to reach the dimensions of the
canal and compress the neural elements, thereby
causing symptoms. The only variable is the ros-
tral-caudal dimension, which is the only dimen-
sion not bound by the spinal canal. However,
with the exception of the myxopapillary epen-
dymomas, which can grow considerably in the
rostral-caudal dimension before radiographic

diagnosis, intradural lesions such as schwanno-
mas and meningiomas tend to have a rostral-cau-
dal dimension of less than 30 mm, making them
especially amenable to a minimally invasive
resection [18, 19].

The dimensions of the lumbar canal are the
inherent limit of an intradural extramedullary
lesion. Recognizing that a lumbar lesion will have
the maximum dimensions of 20 x 27 x 30 mm in
the AP, lateral, and rostral-caudal dimensions,
respectively, would suggest that bone work mea-
suring slightly more than these dimensions will
be adequate for complete resection of the lesion.
These dimensions are well within the capacity of
an expandable minimal access port (Fig. 26.3).

Preoperative Considerations

Preoperative AP and lateral radiographs are
essential to confirm five non-rib-bearing verte-
brae. These preoperative studies are the essential
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Fig. 26.3 The bone work needed for resection of a
15-mm  lumbar intradural extramedullary lesion.
INlustration demonstrating the 20 x 35-mm dimensions at
the L2-L.3 segment. Whether performed through a mini-
mally invasive access port or midline approach, this expo-
sure provides the necessary access to the canal for safe
and complete resection of the lesion. (Used with permis-
sion from Barrow Neurological Institute, Phoenix,
Arizona)

first step in the localization process that will be
completed at the time of surgery. Prior to surgery,
patients should undergo surveillance magnetic
resonance imaging (MRI) of the brain, cervical
spine, and thoracic spine to exclude the possibil-
ity of an additional lesion elsewhere in the central
nervous system [20].

Careful review of the MRI should exclude
the possibility of a vascular lesion. Typically,
an intradural extramedullary lesion has a clas-
sic homogeneous enhancing pattern and would
seldom be misconstrued for a vascular lesion. The
presence of flow voids should prompt concern for
a vascular lesion. Any such concern should be put
to rest with either magnetic resonance angiogra-
phy (MRA) or spinal angiography.

The dimensions of the lesion should be care-
fully assessed to determine the capacity of a
minimally invasive technique. Unlike the vari-
ous neoplastic processes of the thoracic spine
that seldom exceed a rostral-caudal dimension of
30 mm, lumbar lesions have the capacity to grow
considerably in the rostral-caudal dimension
before causing symptoms that lead the patient
to seek an evaluation that ultimately yields a

diagnosis. Schwannomas and meningiomas in
the lumbar spine tend to grow circumferentially
and seldom exceed 30 mm in the rostral-caudal
dimension. The reality is that patients become
symptomatic only after the lesion reaches the
canal dimensions. In contrast, myxopapillary
ependymomas have the capacity to cause patients
to present after the lesions have grown exten-
sively in the rostral-caudal dimension. Although
these lesions may not be amenable to resection
via a minimal access port, the principles of hemi-
laminectomy without sacrifice of the spinous
process, as espoused by Eggert and Yasargil, can
still be applied. Even with a midline incision,
there is no need to sacrifice the midline elements
to reach the lesion within the canal.

Lesions that are 30 mm or less in the rostral—
caudal dimension will be amenable to a mini-
mally invasive paramedian approach. For lesions
greater than 30 mm in the rostral-caudal dimen-
sion, hemilaminectomies that encompass 1 cm
above and below the lesion will be adequate for
exposure and resection. Larger lesions may be
outside the access corridor provided by minimal
access ports but still do not require sacrifice of
the spinous processes or bilateral laminae for
resection.

Surgical Technique
Operating Room Setup

The paramedian minimally invasive approach
requires the surgeon to select a side. Although
intradural extramedullary lesions tend to occupy
the entire canal (Fig. 26.4a), there tends to be a lat-
erality to the symptoms or, at minimum, a lateral-
ity to the displacement of the thecal sac as shown
in Fig. 26.4b, where the T1-weighted MRI with
gadolinium contrast demonstrates displacement
to one side. The side selected for approaching the
canal should obviously be the same side as that of
the symptoms, which typically corresponds with
the displacement of the thecal sac. The operat-
ing microscope is positioned on the side of the
approach, and the fluoroscope is positioned oppo-
site the microscope. The patient will be positioned
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Fig.26.4 Lumbarependymoma. (a) Sagittal T1-weighted
magnetic resonance image with gadolinium contrast dem-
onstrating an intradural extramedullary lesion. After
resection, histologic results showed the lesion to be an
ependymoma. The rostral-caudal dimension was mea-
sured as 28 mm. As the only dimension not bound by the
bony canal, the rostral-caudal dimension is almost with-
out exception the largest dimension. (b) Axial T1-weighted
MRI with gadolinium demonstrating the AP dimension of
10 mm and lateral dimension of 12 mm. These dimen-
sions are well within the capacity of a minimal access
port. (Used with permission from Barrow Neurological
Institute, Phoenix, Arizona)

on a Jackson table or Wilson frame atop a Jackson
table. The operating room team secures the clamp
for the table-mounted frame on the same side as
the surgeon in preparation for the table-mounted
arm that will secure the access port. Having these
elements in place prior to the incision will create
a seamless transition between localization, dilata-
tion, securing the access port, and beginning the
work under the operating microscope. It is also
essential to have microsurgical instruments and
an ultrasonic aspirator available.

Before positioning the patient for the proce-
dure, I prefer to place a lumbar drain for the lum-
bar lesion. During the postoperative course, the
lumbar drain continues to drain whatever blood
products enter the thecal sac from the surgery. It
further protects the dural repair, thereby mitigat-
ing the potential for a cerebrospinal fluid leak.

Localization and Positioning

A precise, focal, and limited exposure is the
central goal of minimally invasive resection of
an intradural extramedullary lesion. Therefore,
localization of the level becomes the most
important component of planning the incision.
To that end, confirmation of the segment should
be performed by counting up from the sacrum
on a lateral fluoroscopic image and down from
the last rib-bearing vertebra on AP fluoroscopic
imaging. The patient may be positioned on a
Wilson frame atop a Jackson table or simply on
a Jackson table. A Wilson frame has the capacity
to open the intralaminar space, which can offer
greater access to the central canal with the same
amount of bone work. However, unlike lesions in
the thoracic spine which are typically associated
with a nerve root that anchors them in position,
lumbar lesions are associated with a nerve root of
the cauda equina and thus are more susceptible
to migration. In my experience, migration of a
lesion within the canal by several millimeters has
the capacity to shift the lesion away from where
it appeared on the MRI. Such migration can limit
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access to the rostral and caudal poles after the
dural opening has been made. Consequently, I
prefer to position patients similar to how they
were positioned for their preoperative MRIs. A
Jackson table without a Wilson frame closely
mimics the position a patient assumed for the
MRI and thereby limits the potential for migra-
tion of a lesion within the central canal.

Planning the Incision

Palpation of the anterior superior iliac crest allows
for approximation of the L4-L5 level and a pre-
liminary mark. Further palpation of the spinous
processes relative to the initial preliminary L4-L5
mark allows for an approximation of the segment
with the lesion. Whether at L1, L2, or L3, an
additional preliminary mark is helpful. The skin
is prepped before docking a spinal needle onto the
lamina that harbors the lesion. Figure 26.5 dem-
onstrates a lateral fluoroscopic image with a spi-
nal needle in position for localization. The sacrum
will be included in the first image to ensure that
the segments can be counted. If the sacrum and
the spinal needle cannot be included within the
same field of view, it may be necessary to place
an additional confirmatory spinal needle at the
L4 lamina. After the segment has been confirmed
in the AP and lateral projections, a 35-mm-long
incision 30 mm lateral to the spinous process is
marked, prepped, and draped (Fig. 26.6).

Incision and Exposure

After unequivocal confirmation of the segment
on AP and lateral fluoroscopic images, a 35-mm-
long incision is made, the fascia is divided with
cautery, and dilatation of the muscle begins.
The first dilator should be secured up against
the lamina and directed to the geometric center
of the canal, where the lesion resides. A 25- to
30-degree angle of convergence is necessary to
be able to undercut the spinous process and lam-
ina, which will secure access to the entire canal
(Fig. 26.7).

Fig. 26.5 Preliminary lateral fluoroscopic images dem-
onstrating needle localization. (a) Lateral fluoroscopic
image including the sacrum in the field of view for the
preliminary count. In this circumstance, the L1-L2 seg-
ment has a characteristic appearance and becomes the ref-
erence segment when (b) the fluoroscopy unit is moved to
center on the L2-L.3 segment. On the basis of the lateral
image, the incision can be planned and prepped and the
patient can be draped. (Used with permission from Barrow
Neurological Institute, Phoenix, Arizona)

Wanding with each sequential dilator up
against the lamina will establish a plane of dis-
section. Sequential dilatation to a diameter of
22 mm allows for placement of an expandable
access port. As discussed in the anatomical basis
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Fig. 26.6 Intraoperative photograph of a planned incision
site for resection of an L2 intradural extramedullary lesion.
Note the preoperative placement of the lumbar drain. The
incision is planned to be approximately 35 mm long with
placement 30 mm from the midline. (Used with permission
from Barrow Neurological Institute, Phoenix, Arizona)

Fig. 26.7 Angle of convergence. Illustration of the
angle of convergence onto the lamina. An incision 3 cm
lateral to the spinous process with 25-30 degrees of
angulation will allow for convergence onto the lamina
with the diameter of the access port encompassing the
entire spinal canal. (Modified with permission from
Barrow Neurological Institute, Phoenix, Arizona)

section earlier, the lumbar canal dimensions do
not exceed 27 mm in the lateral dimension and
20 mm in the AP dimension. Downward pressure
on the minimal access port is maintained while
the surgical assistant or scrub technician secures
it to the table-mounted frame to optimize the
interface of the port with the lamina as demon-
strated in the fluoroscopic sequence in Fig. 26.8.

After the minimal access port is secured in posi-
tion, the operating room team can bring in the
operating microscope.

Exposure and Laminectomy

The entire exposure offered by the minimal
access port will be needed for the operation.
Invariably, a film of muscle tissue will remain
over the top of the lamina, which has to be
exposed in its entirety. Before beginning the
laminectomy, it is essential to ensure that there
is a full 35 mm of rostral-caudal exposure in
addition to clear visualization of the base of
the spinous process. Undercutting the spinous
process will allow for complete exposure of
the central canal (see Fig. 26.7). Rotating the
bed approximately 15 degrees away from the
surgeon is essential to enable the surgeon to
reach the contralateral recess and access the
entire canal.

A laminectomy with a medial facetectomy is
performed using a drill with a minimally invasive
curved drill attachment. The subtle curvature of
a minimally invasive attachment optimizes the
visualization at the tip of the drill and is ideal
for working through a minimal access port. The
focus should be on undercutting the spinous pro-
cess and drilling into the underside of the con-
tralateral lamina. Accomplishing those two tasks
will optimize access to the entire central canal.
The bone work extends almost to the extent of
the entire exposure, for a full 35 mm of rostral—
caudal exposure and resection of the ligamentum
flavum. I prefer to confirm the rostral-caudal
exposure with a ruler trimmed to 35 mm. Only
after the breadth of exposure is confirmed should
the dura be opened.

Dural Opening

At times the lesion becomes evident beneath the
dura. In my experience, the heat from the light
of the microscope can sometimes make the pre-
viously white dura more diaphanous. A window
into the intradural contents becomes evident
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Fig. 26.8 Securing the minimal access port. (a) Lateral
fluoroscopic image demonstrating the first dilator secured
onto the lamina of L2. (b) Lateral fluoroscopic image with
the minimal access port secured into position. (¢) True
anteroposterior image with the minimal access port in
position after a preliminary exposure. A medial-lateral

through the now-transparent dura. An encour-
aging sensation overcomes the surgeon when a
perfect sphere can be seen pulsating among the
nerve roots of the thecal sac. However, a trans-
lucent dura does not always afford visualization
of the lesion. In some cases, the dura remains
opaque and does not offer an intradural view.
When the lesion is visualized, the dura is defini-
tively opened immediately over the top of the

component has been added to optimize the medial expo-
sure. (d) Oblique lateral fluoroscopic view into the mini-
mal access port. The field of view is 35 mm in the
rostral-caudal dimension and 25 mm in the lateral dimen-
sion. (Used with permission from Barrow Neurological
Institute, Phoenix, Arizona)

lesion extending above and below its rostral and
caudal poles. When the lesion cannot be seen, the
dura is opened slightly off the midline. A No. 11
blade on a bayonet knife handle can be used to
score the dura. Opening the dura while keeping
the arachnoid membrane intact is an art requiring
both patience and meticulous technique. A 6.0
Prolene (polypropylene) suture can be used as a
tack-up suture on each side of the opening.
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After a limited opening, microdissectors dis-
place the nerve roots and allow identification of
the lesion. Unlike lesions in the thoracic spine,
which seem anchored to a nerve root and are
found precisely where the MRI demonstrated
the lesion would reside, lesions in the lumbar
spine will often drift rostral. For lesions associ-
ated with a freely mobile lumbar nerve root of
the cauda equina, migration is always a possi-
bility. For this reason, a preliminary opening in
the dura should be made when the lesion is not
directly visible to allow the lesion to be found
before widening the dural opening. On more than
one occasion, I have found it necessary to close
the dura and extend the bone work further rostral
to completely expose the lesion.

Direct visualization of the lesion allows you
to decide in which direction to continue the dural
opening or in which direction to extend the bone
work. The criterion for an adequate dural open-
ing is simultaneous visualization of the rostral
and caudal poles of the lesion. Once the dural
opening extends above and below the lesion, the
dura can be tacked up with 6.0 Prolene sutures on
either side. Microdissection and resection of the
lesion can now begin.

Resection of the Lesion

At this point in the operation, there is little, if
any, difference between a traditional midline
approach with complete laminectomy and a
minimally invasive approach with hemilaminec-
tomy. Despite the spinous processes having been
preserved in the minimally invasive technique,
the exposures at high magnification of the oper-
ating microscope will appear indistinguishable.
After all, the entire canal will have been exposed
in either case. Therefore, the same principles of
microsurgical resection for a midline approach
apply to a minimally invasive approach.
Identification of the rostral and caudal poles
remains the first priority. Shrinking the lesion with
bipolar cautery is a helpful preemptive maneuver
to decrease bleeding. Adequate mobilization of
the lesion precedes internal debulking. After the
entire lesion has been visualized and freed from

the surrounding nerve roots, a sample should
be sent for an immediate frozen section to con-
firm pathology. The diagnosis of a meningioma
prompts careful consideration of adherence to the
dura and may even prompt resection of a section
of dura and the need for a dural patch to repair the
defect. The diagnosis of a myxopapillary epen-
dymoma on frozen section necessitates resection
of the filum terminale. Cauterization above and
below the filum should be completed first, with
division of the rostral filum to prevent migration
of the lesion outside the surgical field. The filum
terminale has an unmistakable appearance that
distinguishes it from the surrounding nerve roots
of the cauda equina. First, a zigzagging tortuous
vessel is typically seen atop the filum, which is
not seen on the surrounding nerve roots. Second,
ligamentous-appearing strands course within the
filam, giving it a distinctly non-neural appear-
ance. In addition to these characteristics of the
filum terminale, neurophysiological monitoring
can be helpful in identifying it. Stimulating the
nerve and recording anal sphincter electromyog-
raphy build confidence when the filum is being
prepared for division and resection. The goal of
surgery is gross-total resection, regardless of the
histology of the lesion.

Closure of the Dura

Several authors have commented on the dif-
ficulty of dural closure in minimally invasive
approaches. In my experience, a dural closure in
the Iumbar spine is not a particularly facile task,
whether performed through a minimally invasive
access port or a traditional midline approach.
Regardless, bayonet microsurgical needle drivers
and bayonet pick-ups are essential. A running 6.0
Prolene suture begun at either end of the dural
opening and secured in the middle will provide
a water-tight closure. Dural sealant is applied to
the repair before removal of the minimal access
port. If a dural patch is needed because of adher-
ence to the dura by a meningioma that required
resection, the patch is cut to the precise dimen-
sions and secured with a series of interrupted
4.0 Nurolon (nylon) sutures. Securing a 0 Vicryl
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(polyglactin 910) suture on a UR-6 needle in an
interrupted fashion approximates the fascia. The
5/8 circle offered by the UR-6 needle is of great
value when approximating fascia in a constrained
incision. Interrupted 2.0 Vicryl sutures on an X-1
needle approximate the subcutaneous tissues,
and 3.0 Vicryl, Mastisol (liquid adhesive), and
Steri-Strips (wound closure strips) bring the skin
edges together.

Case Presentation

Clinical History and Neurological
Examination

A 64-year-old woman presented with a 2-year
history of neurogenic claudication, right greater
than left radicular leg pain, and urinary urgency.
After an exhaustive urological and orthope-
dic evaluation, an MRI of the lumbar spine
was obtained. On examination, the patient had
decreased sensation on the right anterior thigh
(the remaining lumbosacral dermatomes were
intact to pinprick and light touch examination),
patellar and Achilles reflexes were absent bilat-
erally, but the patient had remarkably preserved
strength in the proximal and distal muscle groups
of the lower extremities when at rest. However,
with any degree of ambulation, the patient expe-
rienced profound claudication and weakness.

Radiographic Studies

Unenhanced MRI of the lumbar spine suggested
an intradural extramedullary lesion at the level of
the L2 vertebral body (Fig. 26.9). Gadolinium-
enhanced MRI demonstrated an intradural extra-
medullary lesion that was 14 x 13 mm in the AP
and lateral dimensions and 15 mm in the rostral—
caudal dimension (Fig. 26.10).

Preoperative Considerations
In my experience, the more spherical geometry of

this lesion is more suggestive of a nerve sheath
lesion or a meningioma than an ependymoma,

Fig. 26.9 Unenhanced magnetic resonance image (MRI)
suggestive of an intradural lesion. (a) Sagittal T2-weighted
MRI demonstrating a lesion isointense with cerebrospinal
fluid at the level of the L2 vertebral body (transitional anat-
omy). (b) Axial T2-weighted MRI demonstrating displace-
ment of the caudal equina to the right. With the lesion off
to the left, a left paramedian approach would afford the
exposure needed for resection. (Used with permission
from Barrow Neurological Institute, Phoenix, Arizona)

which characteristically grows considerably in
the rostral-caudal dimension (see Fig. 26.4).
However, no firm conclusion may be drawn purely
from imaging, and definitive histological analysis
is always required. In this case, the lesion resides
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Fig. 26.10 MRI with gadolinium contrast demonstrating
an intradural extramedullary lesion. (a) Sagittal gadolinium-
enhanced MRI demonstrating a 14 x 13 x 15-mm lesion in
the anteroposterior, lateral, and rostral-caudal dimensions,
respectively. It is common for the rostral-caudal dimension
of a lesion, as the only dimension not bound by the bony
canal, to be the largest dimension of the lesion. (b) Axial
T1-weighted MRI with gadolinium contrast demonstrates
that the lesion is occupying nearly the entire canal on this
axial cut. (Used with permission from Barrow Neurological
Institute, Phoenix, Arizona)

at the level of the L2 vertebral body based on a
counting scheme that incorporates transitional
anatomy. The axial images (see Figs. 26.9b and
26.10b) clearly demonstrate the lesion displacing
cauda equina to the right. Thus, a left paramedian

approach onto the lamina of L2 would offer an
ideal corridor for approaching the lesion.

With regard to the dimensions of the lesion,
a 14 x 13 x 15-mm lesion lends itself especially
well to a minimally invasive approach. With
35 mm of rostral-caudal exposure and a com-
plete hemilaminectomy over the lesion, a gener-
ous corridor for resection of the lesion is offered
by an expandable minimal access port. All the
while, the spinous process and the contralateral
lamina are preserved.

Surgical Technique

A lumbar drain was placed before the patient
was positioned on a Jackson table for surgery. An
incision was planned 30 mm lateral to the midline
and 35 mm long on the left and was confirmed
with the localization process described earlier
(Fig. 26.11). The microscope was positioned on
the left side of the patient, and the fluoroscope
was positioned on the right side. Intraoperative
neurophysiological monitoring with anal sphinc-
ter electromyography was set up, and baseline
measurements were obtained.

An incision was made with a No. 15 blade,
and cautery was used to divide the fascia.
Sequential dilatation over the top of the lamina of
L2 to a 22-mm diameter allowed for placement
of a minimal access port onto the lamina with a
25- to 30-degree angle of conversion (as demon-
strated in Fig. 26.7). The exposure of 35 mm of
lamina includes L2, the interlaminar space, and
the inferior part of L1. It is preferable to expose
slightly rostral to the lesion than caudal because
of the tendency for untethered lumbar lesions to
migrate rostral.

The operative video demonstrates that the
removal of bone encompasses nearly the entire
exposure provided by the minimal access port
(Video 26.1). As seen in the operative footage,
there is a particular focus in undercutting the
spinous process and drilling the contralateral
lamina beneath the spinous process. It will be
the removal underside of the contralateral lamina
and the underside of the spinous process that will
provide access to the entire canal. After the liga-
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Fig. 26.11 Intraoperative photograph showing the posi-
tion of the patient. The lumbar drain has already been
placed. The fluoroscope is placed opposite the side of the
incision, and the microscope is placed on the side of the

mentum flavum is widely exposed and resected,
the epidural veins are cauterized and an attempt
is made to peer through the translucent dura to
identify the lesion. Regardless of whether the
lesion can be seen, confidence in the localization
process allows for the dura to be opened with a
No. 11 blade. The dural edges are tacked up with
a series of 6.0 Prolene sutures and the lesion is
identified and resected. The dura is closed in a
water-tight fashion, the retractor is removed, and
the lumbar fascia, subcutaneous tissues, and skin
edges are brought together in a multilayered fash-
ion (Fig. 26.12).

Postoperative Course

The patient had lumbar drainage of 10—15 mL per
hour for 48 h, after which the cerebrospinal fluid
became clear. The lumbar drain was clamped,
and the patient ambulated without experienc-
ing positional headache. The lumbar drain was
removed, and the patient was discharged home
on the morning of the third postoperative day.
Postoperative MRI demonstrated gross-total
resection (Fig. 26.13).

incision (not shown). Note the attachment (circle) where
the clamp for the retractor arm will be secured to hold the
minimal access port in position. (Used with permission
from Barrow Neurological Institute, Phoenix, Arizona)

Fig. 26.12 Intraoperative photograph of a 35-mm inci-
sion for resection of the L2 intradural lesion. The final
pathologic finding was Grade I meningioma. (Used with
permission from Barrow Neurological Institute, Phoenix,
Arizona)
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Fig. 26.13 Postoperative MRI. (a) Sagittal T1-weighted
MRI with gadolinium contrast demonstrating a gross-total

resection of the Grade I meningioma. (b) Axial
T1-weighted MRI with gadolinium contrast demonstrating
the left paramedian access corridor. (Used with permission
from Barrow Neurological Institute, Phoenix, Arizona)

Complications and Strategies
for Complication Avoidance

Cerebrospinal Fluid Leak

My preference is to place lumbar drains in
patients with lumbar intradural extramedullary
lesions and to refrain from placing lumbar drains
in patients with cervical or thoracic lesions in
whom the hydrostatic pressure at the level of the
repair would be considerably less. The place-
ment of a lumbar drain protects the dural repair

during the immediate postoperative period and
has virtually eliminated any issues with delayed
pseudomeningoceles.

Localization of the Lesion

As mentioned in the positioning section, since
lumbar lesions are associated with an unteth-
ered nerve root, migration of the lesion after
positioning is common. The limited corridor of
a minimally invasive exposure requires precise
positioning over the top of the lesion. For this
reason, one should avoid the use of a Wilson
frame, which opens the interlaminar space but
also has an unpredictable effect on the location
of the lesion. Turel and Rajshekhar [21] took the
possibility of lesion migration a step further by
placing the patient in the MRI gantry in a posi-
tion that mimicked the position during surgery.
MRI markers were placed on the skin of the lum-
bar spine to help further localize the lesion in the
surgical position. Although I have not used this
particular technique, there may be potential value
in such a preoperative study. In my experience,
the lesion consistently migrates rostral. Thus, the
rostral exposure should always be more generous
than the caudal exposure at the outset and then be
modified after the lesion is identified.

Conclusion

The resection of a lumbar intradural extramedul-
lary lesion through a minimally invasive approach
is the culmination of the decades of work toward
an evolving surgical technique alongside advanc-
ing technology. Advances in imaging and refine-
ments in localization have allowed for a focused
exposure that, when coupled with a sophisticated
understanding of the canal dimensions, allows for
a precise and minimal exposure. Given the lim-
ited size of these lesions, there is no real need for
extensive exposures, removal of the spinous pro-
cess, or removal of bilateral lamina. With the real-
ization that the spinal canal can be viewed in three
dimensions, one can see that the midline struc-
tures, specifically the spinous process and lamina,
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need not be considered barriers to access and
complete resection of these lesions. Preservation
of these structures maintains the stability of the
spine in the years and decades after a successful
operation and may prevent iatrogenic scoliosis
and kyphosis. Equally important is the decrease in
the postoperative discomfort from a smaller inci-
sion and minimal disruption of the native spine.
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Introduction

Primary spinal cord tumors account for approxi-
mately 2—4% of all central nervous system neo-
plasms and about 15% of adult intradural tumors
[1, 2]. Roughly two-thirds of these lesions are
extramedullary, while one-third are intramed-
ullary. In adults, the overwhelming majority of
IMSCTs are gliomas (80-90%), of which 60-70%
are ependymomas with 30-40% being astrocyto-
mas [3, 4]. In the pediatric population, astrocyto-
mas are the most common intramedullary lesion,
followed by gangliogliomas and mixed gliomas
[1, 5]. Certain subpopulations are particularly
susceptible to development of IMSCT, including
patients with neurofibromatosis and von Hippel-
Lindau (VHL) disease. The reported incidence of
IMSCT in the total neurofibromatosis population
is approximately 19% [6]. Neurofibromatosis
type 1 (NF1) predisposes patients to develop-
ment of astrocytomas and intradural extramedul-
lary nerve sheath tumors, whereas patients with
neurofibromatosis type 2 (NF2) are more closely
associated with development of ependymomas
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[6]. Patients with VHL are predisposed to the
development of hemangioblastomas.

Surgery for IMSCT has been well established
in the modern surgical age but in the last several
decades has become a cornerstone in the treat-
ment for these low-grade lesions. The introduc-
tion of magnetic resonance imaging (MRI),
operative microscope, bipolar coagulation, and
intraoperative neuromonitoring and the use of
an ultrasonic aspirator have made surgery safer.
Technical advancements have also allowed sur-
geons to perform more aggressive resections
and still achieve good functional outcomes with
lower rates of morbidity.

Operative Treatment

Surgical goals include tissue diagnosis, maxi-
mum safe tumor removal, and maintaining a sta-
ble or improving neurologic function. Operative
planning includes attention to tumor location,
preoperative deficits, and presumed pathology.
Ependymomas are generally more benign lesions
and as such tend to have a more distinct tumor/
spinal cord interface [7]. These tumors are typi-
cally more amenable to gross total resection
regardless of the size or radiological features.
Astrocytomas are typically more infiltrative, non-
encapsulated tumors that have less well-defined
borders [8]. Separation from normal anatomi-
cal structures can be challenging unless there
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is a clear pseudocapsule. High-grade lesions,
whether ependymoma or astrocytoma, portend
a poor prognosis regardless of surgical resection
and additionally have limited adjuvant treatment
options. These tumors are more infiltrative into
the surrounding cord parenchyma and are less
amenable to surgical resection without causing
significant neurological deficits [9]. Safe surgical
management of IMSCT relies on the surgeon’s
meticulous technique in order to prioritize good
functional outcomes and progression-free sur-
vival [1].

Surgical Anatomy

Safe surgical technique is grounded in a thor-
ough understanding of the spinal cord anatomy.
Better appreciation of the cross-sectional surgi-
cal anatomy will help delineate safe surgical cor-
ridors to the infiltrative process. Even IMSCTs
that are not well encapsulated will have some
borders and typically displace normal spinal
cord tissue. Appreciation of anatomical zones
within a fully formed spinal cord is rooted in
an understanding of embryological formation
of the spinal cord. With neural tube formation,
embryonically distinct sets of commissural and
association neurons differentiate in the dorsal
half of the spinal cord, and motor neurons and
ventral interneurons develop in the ventral half
of the neural tube [10]. Thus, in a generalized
fashion, the white matter consisting of ascend-
ing and descending fibers is located in the dorsal
spinal cord, with gray matter and anterior horn
cells being located within the ventral aspect of
the spinal cord (Fig. 27.1).

Similar to cerebral anatomy, the spinal cord is
split into symmetrical halves by a shallow poste-
rior median sulcus and a deeper anterior median
fissure. The anterior median fissure is a pial bor-
der that houses the anterior spinal artery. The
posterior median sulcus is typically identified by
midline venous drainage and can be identified
by serial diving vessels into the pial surface. The
posterolateral sulcus and anterolateral sulcus are
where dorsal and ventral nerve roots are attached
to the spinal cord, respectively. This is more

Fig. 27.1 Intraoperative ultrasound may be used to con-
firm adequate exposure prior to durotomy. Tumor borders
and any adjacent cyst or syrinx can be seen and correlated
with preoperative imaging

typically a shallow groove that can be identified
where the nerve roots dive into the spinal cord
itself [10].

Operative Technique

Once appropriate patient selection has been made,
the patients are taken to the operating room. The
most typical approach is posterior, even for more
ventrally situated tumors (Fig. 27.2). Patients are
given perioperative steroids as well as standard
prophylactic antibiotics. Blood pressure param-
eters should also be discussed prior to induction
as any fluctuation can lead to hypoperfusion of
the spinal cord, with potential neuromonitor-
ing changes that could alter intraoperative deci-
sion-making as well as postoperative recovery.
Patients with cervical or high thoracic lesions
are secured with a three-point Mayfield clamp
(Integra LifeSciences, Plainsboro, NJ). Prone
positioning with care emphasizes on minimizing
venous hypertension while maintaining neutral
spinal alignment. Intraoperative neurophysiolog-
ical monitoring (IONM) should include continu-
ous somatosensory evoked potentials (SSEPs),
motor evoked potentials (MEPs), and epidural
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Fig. 27.2 Artist illustration of operative steps for intra-
medullary spinal cord tumor resection. Midline skin inci-
sion and laminectomy (a, b). Dural opening and dorsal
midline myelotomy to enter the spinal cord (¢). Meticulous

continuous motor (D-wave), when possible,
which is discussed in more detail later in this
chapter. Anesthetic planning should be discussed
to minimize any non-surgical disruption in sig-
nals [2, 12] as well as to establish blood pressure
parameters. The appropriate spinal level selec-
tion is confirmed via intraoperative radiographs
or ultrasound. Intraoperative ultrasound can help
determine the margins of the tumor as well as
any cystic structures or hyperechogenic areas that
might correlate with areas of significant contrast
enhancement (see Fig. 27.1).

A standard, posterior midline incision is
made, and paraspinal muscles are dissected away
in a subperiosteal manner (Fig. 27.3). Dissection
and exposure should take care to preserve the lat-
eral ligamentous attachments and facet joints to
help minimize postoperative instability and the
development of future deformities [2, 13, 14].
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detachment of tumor from transitional zone adhesions
with careful hemostasis (d, e). Complete tumor removal
(f). Reprinted from Hanbali et al. [11], by permission of
Oxford University Press

If patients have a significant spinal deformity
preoperatively, a fusion procedure at the time of
resection may be considered. However, this may
be staged if there is concern for any residual that
needs to be followed with imaging. A laminec-
tomy or laminoplasty may also be used to provide
bony decompression or revision of the posterior
elements [15]. While there is no consensus, a
laminoplasty may provide anatomical boundaries
that can be helpful for future resections as well
as perhaps slow the progress of spinal deformi-
ties. Laminectomies should be considered if
patients are presenting with significant pain and
concern for a higher grade of malignancy, as a
bony decompression in addition to a standard
duraplasty may provide some decompression
for pressure on the spinal cord. We prefer the
ultrasonic osteotome (BoneScalpel by Aesculap
Central Valley, PA) for the laminectomy of the
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dorsal spinal elements as this provides a safe,
effective way to remove the bone (Fig. 27.4) [16].

Prior to the durotomy, hemostasis from the
muscular layer and bony decompression should

be obtained. This helps minimize any rundown
of blood products into the intradural space which
can technically complicate surgical resection.
Hemostasis may be obtained through a mixture

Fig. 27.3 A standard, posterior midline incision is made
(a) and paraspinal muscles are dissected away in a sub-
periosteal manner (b). Dissection and exposure should

take care to preserve the lateral ligamentous attachments
and facet joints to help minimize postoperative instability
and the development of future deformities (c)

Fig. 27.4 A laminectomy or laminoplasty may also be
used to provide bony decompression or revision of the
posterior elements. We prefer the ultrasonic osteotome
(BoneScalpel by Aesculap Central Valley, PA) for the
laminectomy of the dorsal spinal elements as this pro-
vides a safe, effective way to remove the bone (a). The

bony cuts are thin and allow precise osteotomies. (b) The
depth and complete release of the laminar cuts may be
confirmed using a thin osteotome to provide tactile con-
firmation that all bony attachments have been cut. The
laminectomy may then be removed in an en bloc
fashion
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of Gelfoam, Gelfoam slurry, and bone wax to
help tamponade bony bleeding. Cotton strips
may also be placed in the lateral gutters to help
limit epidural run down. The operative micro-
scope should be prepared at this time. Epidural
leads to provide D-wave monitoring should also
be placed when possible both rostral and caudal
to the lesion. Rostral epidural leads may not be
possible in the high cervical spine. In addition,
caudal epidural electrode is not helpful beyond
the level of the conus.

A midline dural incision is made, with care
to maintain the arachnoid plane if possible. This
will limit cerebrospinal fluid (CSF) escape and
prevent inadvertent damage to the spinal cord.
Significant preoperative pain and obliteration of
the CSF space on imaging due to engorgement of
the spinal cord can be markers for raised intra-
spinal pressure and potential cord herniation. In
these patients, an extended durotomy should be

planned to minimize cord herniation and occlu-
sive pressure upon opening. Once the dura is
widely opened, the dural edges may be retracted
and tacked up laterally. These retraction sutures
may be accomplished through suturing into the
surrounding paraspinal muscles or through hang-
ing stay sutures (Fig. 27.5).

Appropriate myelotomy should be fashioned
to enter the spinal cord in a way to minimally dis-
rupt normal-functioning spinal tissue. If the tumor
is diffuse, a standard midline approach is typi-
cally preferred which helps split the dorsal col-
umns. If the tumor is more laterally situated, the
dorsolateral sulci can be accessed safely. Normal
anatomical planes may be altered due to the
underlying tumor, causing rotation. The posterior
median sulcus may most commonly be estimated
by identifying bilateral dorsal root entry zones
and the convergence of midline vessels that then
dive into the median sulcus. Typical anatomical

Fig.27.5 Durotomy is performed using a No.15 blade and
may be widened using a nerve hook (a), sharp dissection
over an instrument or microscissors. Following dural open-

ing, the dural edges should be retracted using stay sutures
(b) that may be hung over the surgical edge or sutured into
the surrounding tissue to provide adequate retraction
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markers may be difficult to identify when the spi-
nal cord is swollen or abnormal in configuration.
However, exiting small veins from the posterior
median sulcus draining into a larger dorsal vein
may be used to help identify the midline posterior
median sulcus. These veins can be mobilized and
pushed laterally to help fully expose the sulcus.
Some posterior spinal veins may be sacrificed,
and centers have used intraoperative indocya-
nine green videoangiography (ICG-VA) to help
judge the importance of venous circulation [17].
We do not routinely find this necessary, but it can
be a helpful adjunct to identify important vascu-
lar structures. Dorsal column mapping may also
be helpful to identify the midline. Furthermore,
identification of the bilateral posterolateral sulcus
can be used to help determine the degree of spinal
cord rotation.

Many techniques exist to split the pial surface
via individualized surgical preference, includ-
ing the arachnoid knife, microscissors, and CO,
laser (Fig. 27.6). All techniques should take care
to help preserve hemostasis and minimize bleed-
ing. When using bipolar electrocautery within the
spinal cord, care should be taken to only cauter-
ize necessary vessels at a low setting to minimize
current spread to surrounding normal spinal tis-
sue. Small pial vessels can be safely cauterized,
whereas larger vessels should be dissected and
retracted laterally by myelotomy. Pial sutures
may be implemented to provide countertraction,
but this can also provide constant tension to the
spinal cord, which if too vigorous may result in
higher level of postoperative neurological com-
promise. We favor intermittent retraction using
plated forceps to help improve visualization
while minimizing continual retraction on the spi-
nal cord.

Once the tumor is visualized, a sample should
be sent for frozen analysis. Surgical pathology
can help guide the extent or aggressiveness of
resection. Infiltrative, low-grade lesions such as
astrocytoma typically do not have clearly demar-
cated tumor borders. These lesions are often dif-
ficult to remove in total, and we have found it
safer to internally debulk the lesions until normal
spinal tissue is visualized or there is a concern
for decrease in IONM. Gross total resections of

Fig. 27.6 (a) Appropriate myelotomy should be fash-
ioned to enter the spinal cord in a way to minimally dis-
rupt normal-functioning spinal tissue. Normal anatomical
planes may be altered due to the underlying tumor, caus-
ing rotation. The posterior median sulcus may most com-
monly be estimated by identifying bilateral dorsal root
entry zones and the convergence of midline vessels that
then dive into the median sulcus. Many techniques exist to
split the pial surface via individualized surgical preference
to help preserve hemostasis and minimize bleeding. (b)
Traditional microcoagulation of the tumor tissue in com-
bination with suction or ultrasonic aspirator can help
shrink the tumor. With serial debulking, the lateral tumor—
spinal cord interface can sometimes be better visualized.
It is possible to provide intermittent countertraction
through plated forceps or microinstruments along the
tumor—spinal cord interface

these lesions are not typically advocated at the
cost of neurological dysfunction. Better encapsu-
lated lower grade lesions such as ependymomas
may often have a capsule or pseudocapsule that
can be circumferentially delineated. It is possible
to provide countertraction through plated forceps
or microinstruments along the tumor—spinal cord
interface. If there is a concern for a higher grade
pathology, surgical goals are for debulking and
diagnosis only as these patients are susceptible
to neurological compromise and often require
close transition to additional treatment strate-
gies through radiation and/or chemotherapy.
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Debulking can be done through a variety of meth-
ods to help relieve pressure on the surrounding
spinal cord tissue. Traditional microcoagulation
of the tumor tissue, in combination with suc-
tion or ultrasonic aspirator, can help shrink the
tumor. With serial debulking, the lateral tumor—
spinal cord interface can sometimes be better
visualized. This can result from partial devascu-
larization during the debulking that allows the
abnormal tumor to become more readily apparent
in comparison to the surrounding normal spinal
cord tissue. The ultrasonic aspirator can also be
utilized for internal debulking in larger masses or
masses with a more fibrous consistency.
Hemangioblastomas are typically well-
encapsulated masses that arise on the dorsal or
dorsolateral pial surface. These are most often
accessed directly and require meticulous atten-
tion to the surface vessels feeding the tumor.
Vascular control should be obtained prior to
complete resection, and care should be taken to
preserve draining veins if possible. A clear dis-
section plane is usually able to be established,
and gross total resection is often possible.
Hemostasis can typically be maintained
through serial tamponading with cotton products.
We generally avoid direct cauterization of ves-
sels within the tumor capsule or during the resec-
tion until we are clear these are tumor vessels,
as heat can sometimes be transmitted through
bipolar cautery. Care should be taken along the
ventral and lateral borders as well, as motor fibers
typically run in this area and the blood supply to
these nerves is through the anterior spinal artery.
Tumor removal is guided by surgical planes
as well as neuromonitoring. The tumor—spinal
cord interface at all borders may not be visual-
ized in all cases. In these instances, if there is a
decrement in the neuromonitoring that is con-
cerning for neurological compromise, then sur-
gical resection is halted. Hemostasis following
tumor resection is often obtained through a series
of thrombin and Gelfoam-type devices with tar-
geted use of the bipolar electrocautery. Once the
surgical bed is examined and irrigated and hemo-
stasis is attained, attention is then turned toward
a watertight dural closure. We have not routinely
found it necessary to reapproximate the spinal

cord edges with suture. If there is any concern
for dural retraction or if a significant debulking
was not able to be accomplished, a dural patch
graft should be considered. Most often a primary
closure is obtained using a non-braided mono-
filament suture and tested using a held Valsalva
(Fig. 27.7). If no CSF leak is visualized, it is safe
to cover with fibrin glue to help prevent leakage
or the formation of a pseudomeningocele.

Patients with concern for still significant spi-
nal cord compression should not proceed with
a laminoplasty. However, if a laminoplasty is
deemed appropriate, this may be reattached using
small craniofacial plating systems (Fig. 27.8).
Systems with significant bulk and longer screw
lengths are typically more structurally sound
than thin, low-profile plates. Sutures can be
additionally used to help recreate the posterior
tension band. If laminoplasty is reapplied, one
should ensure that there is no significant fibrin
layer, which can sometimes be a mass occupy-
ing lesion that can cause subsequent neurologi-
cal compromise. The plates should be large and
strong enough to inhibit rotational movement of
the lamina because if the plates loosen, this can
also cause progressive spinal cord compression
and neurological damage.

Meticulous hemostasis should be applied to
minimize epidural rundown following decom-
pression of the CSF space. Following several
rounds of irrigation, the paraspinal muscles can
be reattached to the laminoplasty through a mul-
tilayered approach to help reduce the amount of
dead space. Postoperative drains, both suprafas-
cial and subfascial, are controversial. If adequate
hemostasis has been obtained, we prefer not to
leave a drain as this can increase the risk of CSF
fistula formation. However, if there is any ques-
tion of ongoing bleeding that is difficult to con-
trol, a subfascial drain can be left in place that is
either on a lower suction or to straight drain to
help decompress the epidural space and to mini-
mize postoperative seroma formation.

Additional techniques have been described
including minimally invasive approaches
using tubular retractors or through a mini-
open approach. Most approaches favor either
intralaminar spreading or a hemilaminectomy to
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Fig. 27.7 (a) Most often a primary closure is obtained
using a non-braided monofilament suture and tested using
a held Valsalva. (b) If no CSF leak is visualized, it is safe

to cover with fibrin glue to help prevent leakage or the
formation of a pseudomeningocele

Fig.27.8 (a) Laminoplasty following plating with a cra-
niofacial plating system. Plates should be affixed to the
laminectomy block of bone prior to inserting into the sur-
gical bed (b). Care should be taken not to affix the plates
within the joint or through the facet. The laminectomy

reduce trauma and destabilization of the poste-
rior tension band. Given the ability for adequate
tumor exposure, this technique is only appropri-
ate for the minority of patients as in one recent

should be attached (c¢) using at least two-point fixation,
and care should be taken to ensure there is little to no
movement following reattachment. Bony edges are well
approximated following fixation

series only 5.3% of IMSCTs could be accessed
in this way [18].

Postoperatively, several precautions can be
put into place to minimize complications. In
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order to minimize formation of pseudomeningo-
celes and to alleviate pressure on the dural repair,
patients with cervical or cervicothoracic lesions
should have an elevated head of bed. Conversely,
patients with thoracolumbar or lumbosacral
lesions should be kept flat for 24-48 h follow-
ing surgery [19]. Perioperative steroids may be
considered to help with vasogenic edema follow-
ing tumor resection. Some swelling from cord
manipulation and transection through normal spi-
nal cord tissue is to be expected, and steroids can
help mitigate these symptoms. Patients will typi-
cally benefit from evaluation and ongoing physi-
cal therapy, as the most common postoperative
deficit in patients is some degree of propriocep-
tive loss or dysfunction [20]. Sphincter dysfunc-
tion may also be exacerbated, given the use of
catheterization as well as narcotic medications.
As such, monitoring for any ongoing difficulty
with bowel or bladder dysfunction is imperative,
and intermittent catheterization may be indicated
for a short period of time.

Intraoperative Neuromonitoring

IONM has allowed more aggressive surgical
resections for intramedullary spinal cord lesions.
While not absolute, IONM has allowed real-time
monitoring of possible spinal cord compromise,
which is critical in tumors that may not have ade-
quate dissection planes to help minimize exces-
sive spinal cord manipulation. SSEPs, which
measure sensory pathways running through the
posterior column of the spinal cord, and tran-
scranial MEPs, which provide information on
the descending corticospinal tracts through
stimulation of the cerebral cortex, have gained
widespread use. SSEPs are less reliable for intra-
medullary tumor resection, as most dissection
planes enter from a dorsal approach and disrupt
the ascending sensory fibers. SSEPs may also
be influenced by anesthetic changes, and care
should be taken to avoid certain anesthetic agents.
Furthermore, recordings within the periphery can
be obtained from end muscles via electromyogra-
phy (EMG) from direct stimulation of the spinal
cord through D-wave EMPS. With the adoption
of MEPs, however, several studies have indicated

a correlation between MEP waveform changes
and postoperative motor deficits [21-24].

Transcranial MEPs are typically set up with
needle electrodes within the distal muscles
and are run every several minutes. Myogenic
MEPs measure waveforms from the muscles
and are typically categorized into three pat-
terns: polyphasic, biphasic, or absent. Changes
from polyphasic to biphasic waveforms may
suggest disruption within the descending motor
pathways. Amplitude changes can also predict
motor function after surgery, and most centers
will use changes of 50% as an indicator of per-
manent motor weakness postoperatively [21-23].
D-wave fibers indicate activation of the fast axo-
nal fibers that make it possible to monitor motor
pathways in real time as they are more sensitive
to detect early injury of the spine. Recordings can
also compare the rostral electrode with the cau-
dal electrode. Traditionally, studies have shown
that with less than 50% change in D-wave ampli-
tude, even with a complete loss of MEP, there is
typically transient paraplegia. If D-waves are lost
intraoperatively, then patients typically have per-
manent paraplegia [21-24].

A combined monitoring approach allows
a broader array of information to help guide
IMSCT surgery. Both methods of monitoring tar-
get different spinal cord anatomies and have dif-
ferent thresholds for signal change and together
help improve sensitivity and specificity [23].
Intraoperative factors such as operative time,
blood pressure, and anesthetic agents may influ-
ence IONM and, as such, intraoperative changes
must be interpreted within the surgical context.

Operative Complications

Despite optimal surgical techniques, IMSCT
removal remains technically challenging.
Operative complications may occur immediately
during the perioperative period with resulting
neurologic or vascular compromise or CSF leak.
Other more common perioperative complications
include hematoma formation, wound dehiscence,
and infection. Delayed complications such as spi-
nal deformity, arachnoiditis, or tumor recurrence
should also be monitored closely.
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Early Complications

CSF leakage with resultant pseudomeningocele
or frank CSF leak may occur if watertight clo-
sure of the dura is not obtained. Patients who
require duraplasty, given spinal cord swelling,
may be at higher risk of formation of a CSF leak
[19]. Clinical symptoms such as formation of a
pseudomeningocele, postural headaches, nausea,
or emesis might lead one to suspect concern for
a CSF leak. This can be further confirmed with
MRI across the surgical bed as well as with com-
puted tomography (CT) myelogram. If a surgi-
cal drain is left in place, this can be tested for
beta-2 transferrin, which would indicate presence
of CSF. While surgical drains might increase the
risk for development of a CSF fistula, the primary
objective of a surgical site drain is to help prevent
outward leakage of CSF past the skin. Despite
development of a pseudomeningocele following
healing of the skin, we believe that patients are
better able to resorb their pseudomeningocele
over the infectious risk of a CSF leak. A water-
tight fascial closure is imperative because even
if the dural edges are not able to be fully closed
in a watertight fashion, this can prevent further
migration of CSF toward the skin. If the patient
is symptomatic, a re-exploration may be indi-
cated. Fixing a dural leak might require finding
the area of faulty closure and reinforcing this area
or the addition of a patch if unable to be primar-
ily closed. Attention to a multi-layered closure as
well as elimination of dead space is critical to aid
with closure. If the patient has had previous sur-
geries or radiation treatment, consideration for
involvement of a plastic surgeon might aid with
local muscle flap advancements. This might also
be augmented by use of a lumbar drain if there is
concern for additional CSF leakage.
Postoperative neurological deterioration 1is
not an unusual finding following resection of
IMSCT lesions. The etiology may result from
direct surgical manipulation and tension that is
placed on traversing spinal parenchyma. In addi-
tion, vascular compromise or insult may also
contribute to functional decline. Neurological
worsening within the initial perioperative period
may be seen in approximately 9-34% of patients
[25, 26]. However, 25-41% of these patients

will revert to their preoperative baseline within
6 months of surgery [25, 26]. Most commonly,
patients will have abnormalities with propriocep-
tion or discriminative touch. Gait difficulties may
also be present in the initial perioperative period.

Intraoperative changes in motor evoked poten-
tials and increasing age of the patient are both
risk factors for worsening neurological condition
immediately following surgery [27]. If there is
concern for loss of intraoperative monitoring sig-
nals, this will help guide discussions with patients
regarding the prognosis for improvement in their
neurological status. Blood pressure augmentation
within the perioperative period as well as steroid
administration both preoperatively and within
the perioperative period should be considered in
cases of significant neurological changes or loss.
Patients with good preoperative functional sta-
tus as well as a localized tumor burden are more
likely to have improved outcomes.

Delayed Complications

Development of spinal deformity is a complica-
tion that has been reported in 16-100% of pedi-
atric patients following resection of IMSCT [28,
29]. Post-laminectomy deformity is more com-
mon in the pediatric population than in adults.
The presence of preoperative deformity has also
been associated with a higher risk of progressive
postoperative deformity. Other risk factors that
can contribute to the development of progressive
spinal deformity include neurogenic or paralytic
deformity, post-radiation effects on bone marrow
and bony growth, and post-laminectomy defor-
mity. In addition, studies have shown that increas-
ing the number of levels involved also increases
the likelihood of developing instability. Other
predictors of progressive postoperative defor-
mity requiring fusion include involvement of the
thoracolumbar junction, the presence of a tumor
associated syrinx, and the need for multiple resec-
tions. Care should be taken to avoid exposing the
lateral joints during the initial dissection. Patients
should be followed with standing films if there is
concern for ongoing deformity, as these patients
may eventually require some intervention. Spinal
hardware can impact our ability to follow tumor
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recurrence, and so the timing of spinal instru-
mentation should be carefully considered.

Postoperative neuropathic pain or worsening
myelopathy over time without evidence of tumor
recurrence may be related to postoperative tether-
ing. Postoperative cord tethering can be observed
in up to 37% of postoperative imaging studies
[30], although only 10% of these patients become
symptomatic. Radiographical evidence of tether-
ing may be decreased from 51.7% to 19.6% with
pial closure. Untethering procedures should be
reserved only for patients who have progressive
deterioration in neurological symptoms.

Neuropathic pain syndromes may also affect
up to 19-27.4% [30, 31] of patients. These syn-
dromes are more common in patients who pres-
ent with syringomyelia as the syrinx may affect
the posterior horns preferentially over the central
part of the cord. Other risk factors include sur-
gery during growth periods, preoperative pres-
ence of neuropathic pain, high spinal level, as
well as presence of a syrinx [32].

Conclusion

While challenging, surgical resection of IMSCT
lesions has evolved into a mainstay of treat-
ment for benign intramedullary spinal lesions.
Goals of surgery should weigh the maintenence
or improvement in neurological function with
long-term tumor control and the extent of resec-
tion. Surgical morbidity has improved with the
addition and improvement of MRI as a method
of diagnostic imaging, surgical tools and micro-
surgical technique, ultrasonic aspirator, and
intraoperative neuromonitoring. Adherence to
meticulous surgical technique can achieve both
acceptable surgical and functional outcomes.
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Introduction

Intradural spinal tumors represent a relatively
rare clinical entity, with an annual incidence of
approximately 1 in 10,000 [1]. However, the
increasing availability of advanced diagnostic
imaging has brought greater numbers of these
lesions to surgical attention. Historically, and
indeed currently, most intradural tumors are
resected using a traditional midline incision,
subperiosteal muscle dissection, and bilateral
laminectomies. This dissection has been shown
to cause denervation and devascularization of
the paraspinal musculature leading to significant
loss of axial muscle strength [2]. By compari-
son, minimally invasive surgical (MIS) tech-
niques utilize a tubular retractor system through
a paramedian approach, sparing the midline liga-
ments, and minimizing damage to the paraspinal
musculature.

The microsurgical resection of intradural
spinal tumors can be one of the more techni-
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cally challenging procedures in neurosurgery.
Accordingly, some have avoided implement-
ing MIS techniques due to the learning curve
associated with performing this already difficult
procedure through a tubular retractor system.
Nevertheless, minimally invasive approaches to
spinal tumors have evolved rapidly over the past
10-15 years as more surgeons become facile with
MIS techniques and seek to avoid the morbidity
associated with traditional open surgery [3-15].
This evolution was driven, in part, by the mor-
bidity and significant complication rates asso-
ciated with traditional surgical approaches to
spinal tumors, particularly for metastatic disease
[16-19]. There is a growing body of evidence
that minimally invasive approaches can be used
to reduce the morbidity associated with the resec-
tion of intradural spinal tumors, without compro-
mising extent of resection or safety [3—15].

In this chapter, we discuss the technical details of
using a minimally invasive approach for the resec-
tion of intradural spinal tumors, including patient
selection, surgical set-up, MIS exposure, dural
closure, and postoperative considerations. A case
example with an accompanying video is provided to
illustrate the procedure. When properly performed,
MIS techniques should aim to reduce operative
time, blood loss, pain, postoperative immobiliza-
tion, and length of hospital stay. These benefits
should ultimately translate into faster recovery and
cost reduction. The available evidence supporting
these proposed benefits in intradural extramedullary
(IDEM) tumor surgery is also discussed.
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Patient Selection: Indications,
Advantages, and Disadvantages

The indications and limitations of minimally
invasive spine surgery for degenerative disease
continue to evolve, as advances in MIS instru-
mentation and surgical navigation expand spine
surgeons’ armamentarium. This evolution has led
to corollary advances in MIS surgery for intradu-
ral spinal tumors [3—15]. Successful MIS resec-
tion of well-circumscribed intramedullary spinal
tumors has been reported [20, 21]. The ligation
of spinal vascular malformations has also been
shown to be safe and effective through a tubular
retractor system [22, 23]. However, minimally
invasive approaches to intradural spinal pathol-
ogy are most commonly used for intradural extra-
medullary spinal tumors, which will be the focus
of this chapter.

There are a number of definitive advantages
to traditional open surgical approaches to intra-
dural tumors. Midline approaches provide a wide
exposure and large surgical corridor. This expo-
sure may be necessary for large lesions that span
multiple segments. Dural closure is also more
facile when a large surgical corridor is created.
However, this exposure comes at the cost of a
larger excision with greater soft-tissue destruc-
tion, blood loss, and recovery time [4-6].

Open surgical approaches also sacrifice the
support provided by posterior midline struc-
tures, specifically the interspinous ligaments.
Compromise of this posterior tension band may
predispose patients to segmental instability and/
or postoperative kyphosis, necessitating instru-
mented fusion. The risk of postoperative kyphosis
may be particularly significant following surgery
for intradural tumors [16, 24, 25]. By compari-
son, MIS techniques generally utilize a unilateral
paramedian approach that preserves the posterior
tension band, mitigating the risk of postoperative
instability and kyphosis [16].

The fundamental advantages of minimally
invasive spine surgery (reduced soft-tissue
destruction, blood loss, mobilization, and hos-
pital stay) have been reproducible in series of
patients with intradural tumors treated through an
MIS approach [3—15]. There is also evidence that

MIS approaches limit the risk of postoperative
cerebrospinal fluid (CSF) leak following intended
durotomies, which in turn reduces the risk of
wound breakdown and postoperative infection
[6, 7, 26]. This is most likely due to the relatively
small amount of dead space that remains follow-
ing removal of an MIS tubular retractor, com-
pared to traditional midline approaches.

The appropriateness of an MIS approach to
IDEM tumors is largely dictated by a preopera-
tive assessment of the space required to remove
the lesion. For example, tumors that lie purely
ventral to the spinal cord may not be amenable
to an MIS approach. These lesions often require
a larger dural opening to facilitate sectioning of
the dentate ligaments and slight mobilization of
the spinal cord. By comparison, dorsal and lat-
eral intradural lesions are candidates for MIS
surgery. Good visualization of these lesions can
be achieved using a tubular retractor from a para-
median approach (Video 28.1) [3]. Size is not
necessarily a contraindication, as rather large
lesions (up to 4 cm) can be removed with the
use of expandable retractors [3]. Nevertheless,
MIS approaches generally are best for intradu-
ral lesions that are one or two spinal segments in
length [15, 16].

There is a learning curve associated with all
minimally invasive techniques. This may be par-
ticularly true for intradural tumors, and some
repetition is necessary to become facile with
dural closure in a limited corridor [26]. However,
as minimally invasive surgery for degenerative
spine pathology becomes more ubiquitous and is
increasingly incorporated into residency training,
more neurosurgeons are likely to consider MIS
approaches to IDEM pathology.

Preoperative Assessment
and Planning

The evaluation of any patient with a known or
suspected spinal tumor begins with a detailed his-
tory and neurologic exam. Compared to patients
with epidural disease or tumors of the vertebral
column, those with intradural lesions are rela-
tively less likely to present with severe radicular
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or axial back pain. However, these patients may
develop neurologic deficits from ongoing com-
pression of the spinal cord or nerve roots [27].
Magnetic resonance imaging (MRI) is the pri-
mary imaging modality used to evaluate intradu-
ral spinal tumors.

T1-weighted sequences with gadolinium con-
trast are useful to define the extent and margins
of intradural pathology. Although the degree of
enhancement on post-contrast sequences may
vary considerably for intramedullary pathology,
commonly encountered IDEM lesions, such as
schwannomas, nerve sheath tumors, and menin-
giomas, tend to avidly enhance. T2-weighted
sequences are useful for determining nature and
extent of cord deformation and/or nerve impinge-
ment, as well as cord edema and syrinx forma-
tion. For patients with pacemakers, pain pumps,
or other metallic foreign bodies precluding MRI,
computed tomography (CT) myelography can be
used as an alternative modality.

When reviewing imaging for intradural
pathology and considering a minimally invasive
approach, special attention must be paid to the
space required to remove the lesion. It is critical
that the MIS retractor used allows for adequate
visualization of the full length of the tumor. In
ideal conditions, normal (non-pathologic) tissue
rostral and caudal to the lesion should also be
visualized to allow for accurate identification of
tumor margins [28]. Inadequate visualization of
IDEM tumors may lead to piecemeal and subto-
tal resection of lesions that could otherwise be
removed en bloc [3, 28]. It is important to con-
sider that adjustment of the tubular retractor sys-
tem is limited after making a durotomy, and any
attempt to do so may introduce blood into the
subarachnoid space or risk injury to exposed neu-
ral tissue. Some have advocated that the retractor
used should be 5-10 mm larger than the planned
length of the dural incision, in order to ensure
enough length to reliably obtain a watertight dural
closure [3, 28]. It is also important to consider
that the length of the durotomy should generally
be 5-10 mm longer than the underlying intradural
pathology to ensure adequate visualization.

When counseling patients with intradural
pathology, expectations and operative goals must

be frankly discussed prior to formulating a sur-
gical plan. For intramedullary lesions, the nature
of the pathology and the presence or absence
of a safe dissection plane often limit extent of
resection, making diagnosis the primary goal of
surgery. Conversely, for intradural extramedul-
lary tumors, surgical resection is often curative.
Accordingly, careful surgical planning is critical
to ensure maximal resection and definitive treat-
ment when possible. Like all spinal tumor surger-
ies, the primary goals for IDEM tumor surgery
are pathologic diagnosis, symptomatic relief,
tumor resection/source control, and decompres-
sion of the spinal cord and/or roots. The operat-
ing surgeon must be confident that these goals
can be effectively addressed through an MIS
approach before attempting a minimally invasive
operation.

Surgical Technique
Positioning and Anesthesia

General anesthesia is recommended for all
minimally invasive approaches to intradural
pathology. We use intraoperative neurophysi-
ologic monitoring with continuous somatosen-
sory evoked potentials (SSEPs), evoked and
free-running electromyography (EMG), and,
when indicated, motor evoked potentials. Open
communication between the anesthesia and
neuro-monitoring teams is critical to achieve
the appropriate balance between muscle relax-
ation and accurate neurophysiologic recording.
Prepositioning potentials may be necessary when
intradural pathology has led to significant defor-
mation of the spinal cord but is generally not
necessary.

Following the induction of anesthesia, the
patient is placed in the prone position on a stan-
dard radiolucent spine table, such as a Jackson
table (Mizuho OSI | Union City, CA). A Wilson
frame (Mizuho OSI | Union City, CA) may be
used to open the interlaminar space at lumbar lev-
els but at thoracic levels may limit anteroposterior
(AP) fluoroscopy and complicate localization. In
the thoracic spine, we generally use a combina-
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tion of standard radiolucent chest, hip, and thigh
pads for this reason. With the patient positioned,
fluoroscopy is used to identify the appropriate
spinal level and mark the intended incision and
site of dilation.

Exposure

An approximately 3-cm paramedian skin incision
is made, typically 2-3 cm lateral to the midline.
The position of the lesion in the spinal canal dic-
tates the lateral extent of the incision, which can
be measured on MRI preoperatively. An incision
made too medial will prevent angulation of the
tubular retractor and limit exposure of the midline
and contralateral canal. Following skin incision,
the opening is carried through the subcutaneous
fat with monopolar cautery, achieving hemosta-
sis and leaving the thoracolumbar fascia intact.
The fascia can be cut sharply prior to dilation or
traversed upon dilation with the K-wire and tubu-
lar dilators. The former technique is preferred for
cervical spine cases.

Dilation with the tubular retractor system
then takes place in a stepwise fashion. The ini-
tial dilator should target the laminofacet junc-
tion (Fig. 28.1). Dilators of increasing caliber are
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then passed over each other to pass deep to the
fascia. Lateral fluoroscopic guidance is used to
ensure correct depth at the level of the joint. Once
the planned dilator width has been achieved and
the depth of dilation measured, the correspond-
ing tubular retractor can be placed and secured
to the system’s table-mounted articulating arm.
Fluoroscopy should be used judiciously during
minimally invasive surgery, given the cumula-
tive risk of radiation exposure to the operating
surgeon and ancillary staff. However, optimal
retractor placement is paramount to success in
MIS surgery for IDEM lesions, and fluoroscopy
should be used as needed until this can be confi-
dently achieved.

The choice of tubular retractor should be
based on the location and size of the IDEM
tumor, with the retractor diameter ideally
5-10 mm larger than the length of the lesion. We
have experience using fixed diameter tubes rang-
ing from 18 to 26 mm for intradural pathology,
which are significantly larger than the standard
18-mm diameter tubes commonly used for lum-
bar microdiscectomy. Expandable retractors can
be used for larger lesions, which are capable of
providing over 4 cm of longitudinal exposure.
Once the retractor is secured in place, the micro-
scope is brought into position and focused to the

Fig. 28.1 (a—c) Artist illustration of minimally invasive intradural tumor resection. (Reprinted with permission from

Mende et al. [35])
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depth of the operative site. We prefer a minimum
working distance of 350 mm to allow for facile
passing of instruments in and out of the tubular
dilator without interference from the operative
microscope.

At the depth of the tubular retractor, a soft-
tissue muscle plug is circumferentially sectioned
and removed with monopolar cautery, exposing
the underlying lamina and medial facet joint.
Using a high-speed burr, a standard ipsilateral
hemi-laminectomy is performed, exposing the
underlying ligamentum flavum which is pre-
served. With the ligament serving as a protective
barrier to the dura, the tubular retractor is then
redirected medially. The high-speed burr can
then be used to undercut the spinous process.
The inner cortex of the contralateral lamina is
then removed with a combination of drilling and
the use of a Kerrison punch until the contralat-
eral pedicle is visualized. This approach provides
access to both the ipsilateral and contralateral
sides of the spinal canal while maintaining the
integrity of the spinous process, interspinous lig-
aments, and posterior tension band.

Next, the ligamentum flavum, which has
served as a barrier to the dura during drilling, can
be efficiently removed. A straight curette can be
used to separate the two bellies of the ligament
in the midline, establishing an epidural plane.
The ligament can then be freed from its rostral
and caudal laminar attachments using a ball-
tip probe, angled curette, and Kerrison punch,
exposing the underlying dura.

Tumor Resection

Prior to initiating the dural opening, it is important
to ensure that meticulous hemostasis is achieved
to prevent blood running into the operative field
and subarachnoid space. We use a long-handled
no. 11 blade scalpel to initiate the durotomy in
the midline and then extend the opening rostrally
and caudally using a nerve hook. The dural edges
are then tacked up using 4-0 Nurolon or silk
sutures.

Following the dural opening, tumor resection
begins with careful dissection of the arachnoid

layers overlying the mass and adjacent neural
elements. At this stage in the operation, standard
microsurgical techniques are used to remove the
lesion. We most frequently utilize micro-scissors
and Rhoton dissectors to create a plane around
the mass. When addressing tumors in the thoracic
and cervical spine, microdissection must free
extramedullary tumors from the spinal cord and
exiting nerve roots. In the lumbar spine, micro-
surgical technique must be similarly used to dis-
sect the tumor free from the nerves of the cauda
equina (Fig. 28.2).

Once an IDEM tumor has been dissected from
adjunct neural tissue, the size and location of
the mass dictate how it can be safely and effi-
ciently resected. Large extramedullary lesions
that deform the adjacent spinal cord, such as
large thoracic meningiomas, generally have to be
debulked prior to removal to avoid any additional
physical stress to the spinal cord. In some cases,
an ultrasonic aspirator with an MIS attachment
can be used to perform debulking. Importantly,
the ultrasonic aspirator must be used on low-
power settings to minimize the risk of collateral
mechanical injury to the adjacent cord. Although
piecemeal tumor removal is less efficient and
may increase the likelihood of subtotal resection,
it is occasionally necessary to avoid cord injury
and neurologic deficit.

Conversely, schwannomas and other nerve
sheath tumors at the level of the cauda equina can
often be safely removed en bloc, without internal
debulking [27]. For these lesions, microsurgi-
cal dissection is used to isolate the tumor and its
associated afferent and efferent fascicles from all
other roots in the thecal sac. Special care should
be taken to ensure that no traversing roots are
adherent to the ventral side of the mass, which
may be originally difficult to identify. Once iso-
lated, direct stimulation with a unipolar probe is
applied to both the afferent and efferent nerve
fascicles associated with the mass.

In the case of schwannoma, direct stimula-
tion will produce a motor response in only rare
cases. If a motor response is recorded, it is often
because the nerve stimulated was not the nerve
fascicle truly associated with the tumor but rather
a traversing nerve adherent to the mass. If there is
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Fig. 28.2 Intraoperative imaging and surgical technique
of minimally invasive intradural tumor resection. (a—c)
Laminectomy and midline dural incision. (d, e) Dural
retraction and blunt dissection of intradural lesion. (f, g)

no motor response, the afferent nerve is sectioned
first and then the efferent nerve. This is to pre-
vent rostral rebounding of the tumor mass above
the dural opening from rostral nerve tension.
Once the afferent and efferent roots are coagu-
lated and sectioned, the mass can be removed en
bloc. While performing microsurgery, surgeons
accustomed to using the operating microscope
may observe fewer differences than anticipated
between MIS and open approaches, even as the
operation is reduced to a small corridor.

Dural Closure

Dural closure represents one of the more tech-
nically challenging components of minimally
invasive surgery for intradural tumors. As with

Gentle mobilization and complete resection of intradural
extramedullary tumor. (h, i) Reapproximation of dural
edges with watertight closure and fibrin matrix sealant.
(Reprinted with permission from Mende et al. [35])

open surgery, a watertight dural closure is para-
mount to avoiding CSF leakage, pseudomeningo-
cele formation, infection, and wound breakdown
in the postoperative period. Prior to closing the
dura, it is again critical to ensure that hemosta-
sis is achieved, as the drainage of CSF during
surgery precipitates bleeding from stretched epi-
dural veins. Although a number of dural closure
devices have been developed [29], we prefer to
repair the dura with a running stitch. With elon-
gated instruments adapted for use through an
MIS tubular retractor, dural closure can be per-
formed in a manner similar to open techniques. A
Valsalva maneuver is performed at the end of the
closure to evaluate for any defects in the suture
line and to ensure a watertight closure. Hydrogel
or fibrin-based dural sealants can be used as an
adjunct to reinforce the suture line. At the conclu-
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sion of the case, the retractor system is removed
slowly, taking care to identify and cauterize any
sites of bleeding. The fascia and subcutaneous
layers are closed with absorbable sutures. We
close the skin with a topical adhesive glue.

Postoperative Care and Concerns

CSF leakage is the primary postoperative con-
cern specific to intradural spine tumor surgery.
To reduce the amount of pressure on the heal-
ing durotomy closure, patients have historically
been kept flat on bedrest following surgery.
Traditionally, open surgery postoperative pro-
tocols recommend that patients be kept flat and
immobilized until postoperative day 2. Following
minimally invasive surgery, this may not be nec-
essary [26]. Compared to open intradural surgery,
the minimal epidural dead space following MIS
surgery reduces the risk of postoperative CSF
leakage [4, 6, 26]. We occasionally keep patients
on bed rest the day of surgery but mobilize them
no later than first thing in the morning on postop-
erative day 1.

Case Presentation (Video 28.1)

The patient is a 55-year-old man who presents
with 4 weeks of progressive lower back and left
lower extremity pain in an L5 distribution. His
physical examination reveals diminished sensa-
tion in the left L5 dermatome. MRI reveals a right
paramedian intradural lesion that is hyperintense
on T2 with significant gadolinium enhancement
on T1 post-contrast sequences, suggestive of a
schwannoma. Of note, there is also a left para-
median lumbar disk herniation at L4/5, causing
significant lateral recess stenosis at the affected
level (Fig. 28.3). Given the patient’s clinical pre-
sentation and imaging findings, his symptoms are
thought to be due to a combination of the two
pathologies. The decision is made to address the
herniated disk first and then resect the intradural
tumor through one minimally invasive approach.

The patient is brought to the operating room
and prepped and positioned using standard MIS

techniques as described earlier. A 3-cm parame-
dian incision is made approximately 2 cm to the
left of midline at the level of the L4/5 joint. This
is approximately 1 cm more lateral than would
be used for a standard lumbar microdiscectomy,
facilitating a more lateral to medial trajectory to
access and resect the tumor. A 26-mm tubular
retractor is docked at L4/5 and used to dilate the
paraspinal musculature. A soft-tissue muscle plug
is circumferentially dissected and removed as
described earlier, exposing the underlying lamina
and medial portion of the L4/5 facet joint. Using
a high-speed burr, a standard laminectomy and
medial facetectomy are performed, exposing the
underlying ligamentum flavum. Under routine
conditions, the ligament would be preserved to
act as a dural barrier while undercutting the spinal
process and contralateral lamina. However, in this
case the ipsilateral ligamentum flavum is removed
to facilitate the discectomy. With the ligament
removed, the underlying dura and nerve root are
brought into site. The nerve root and thecal sac
are gently retracted medially and the microdiscec-
tomy performed in standard fashion.

Upon completion of the microdiscectomy, a
concerted effort is made to ensure reliable hemo-
stasis so that blood does not run into the sub-
arachnoid space during the intradural stage of the
case. The MIS tubular retractor is then redirected
medially, revealing the undersurface of the spi-
nous process, which is drilled with the high-speed
burr, exposing midline, the contralateral lamina,
and the entire dorsal thecal sac. A low-profile MIS
needle driver is used to place the initial tenting
stich and tack up sutures. A no. 11 blade is used to
initiate the durotomy, which is rostrally and cau-
dally extended with a nerve hook.

Tumor dissection begins with careful split-
ting of the arachnoid layers overlying the tumor.
Standard microsurgical techniques are used to
carefully separate the mass from the adjacent
nerve roots of the cauda equina. Once the tumor is
isolated and exposed, slight traction is used to her-
niate the mass partially through the dural opening
to facilitate easier manipulation and avoid trauma
to the other roots of the cauda equina.

Direct stimulation is applied to both the affer-
ent and efferent nerve fascicles, with no motor
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Fig. 28.3 Magnetic resonance imaging of a patient with
a concurrent herniated lumbar disc and intradural extra-
medullary lesion. The hypointense herniated disc (blue
arrows) on the left at L4-L5 can be well appreciated on

T2-weighted sagittal (a) and axial (b) images. The intra-
medullary lesion enhances avidly (green arrows), seen
here on sagittal (c¢) and axial (d) T1 post-contrast images
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response elicited. In most cases, the afferent
nerve is sectioned first and then the efferent
nerve. As mentioned above, this is to prevent ros-
tral rebounding of the tumor above the durotomy
from rostral nerve tension. However, in this case,
exposure of the afferent fascicle is limited, and
the tumor mass does not appear to be under ten-
sion rostrally. Accordingly, the efferent fascicle is
sectioned first, followed by the afferent fascicle.
The tumor is then rolled, exposing its ventral sur-
face and facilitating lysis of any remaining arach-
noid adhesions. With the mass dissected free,
it can be removed en bloc without the need for
internal debulking.

Once hemostasis is achieved, dural closure
commences. A 6-0 running Gore-Tex suture is
used with adapted MIS instruments. The assistant
stays actively involved by helping advance each
suture throw down to the knot. A dural sealant is
then placed prior to removal of the tubular dila-
tor. Adjacent soft tissue collapses upon removal
of the tubular dilator, effectively obliterating
the epidural dead space and reducing the risk
of pseudomeningocele formation and CSF leak.
Several stitches are placed to close the fascia and
subcutaneous tissue. Finally, the skin edges are
sealed with topical adhesive glue.

The patient’s left lower extremity radiculopa-
thy improved immediately after surgery. He was
kept on bedrest overnight but mobilized the next
morning. His postoperative course was uncom-
plicated, and he was discharged home in stable
condition. Final pathology confirmed a diagnosis
of schwannoma.

Discussion

Since first reported by Treadway and colleagues
in 2006, a growing body of evidence has demon-
strated the safety and efficacy of minimally inva-
sive surgery for intradural extramedullary spinal
tumors [3—15]. Neurosurgeons who have become
facile using MIS retractors for degenerative dis-
ease may be well-equipped to adapt MIS tech-
niques for intradural tumors. However, success
is contingent on an understanding of the proper
indications and advantages/disadvantages related

to these techniques. MIS approaches work par-
ticularly well for well-circumscribed dorsal and
lateral extramedullary tumors. Lesions that lie
ventral to the spinal cord or span more than two
spinal segments may be better approached with
traditional open surgery.

In properly selected patients, minimally inva-
sive surgery for IDEM tumors has been shown
to offer a number of potential benefits over open
surgery. These benefits are well summarized in a
recent meta-analysis by Pham and colleagues in
which data for 114 patients were pooled from 9
retrospective studies and analyzed [4]. Compared
to open surgery, patients receiving MIS surgery
for IDEM tumors experienced reduced CSF leak-
age, blood loss, length of hospital stay, and post-
operative pain without an increased incidence of
complications [4].

The most common complication in this MIS
meta-analysis was CSF leakage and/or pseudo-
meningocele formation, occurring in 5.3% of
patients [4, 30]. Yet compared to open surgery,
MIS approaches are generally protective against
CSF-related complications [9, 15, 16]. This is due
to a reduction in tissue destruction and displace-
ment that allows for re-expansion of the para-
spinal musculature upon removal of the tubular
retractors. This re-expansion obliterates much of
the dead space that remains following open sur-
gery and creates a physical barrier to CSF leak-
age. In a retrospective series directly comparing
MIS to open surgery for IDEM tumors, Wong
and colleagues report a significant difference in
the number of postoperative CSF leaks between
patients treated with MIS (one patient, 3.7%) ver-
sus open approaches (three patients, 16.7%) (6).
In a study similarly comparing MIS to open sur-
gery for IDEM lesions, Raygor et al. report that 1
of 25 (4%) MIS patients had a CSF leak or pseu-
domeningocele, while 3 of 26 (11.5%) patients
in the open cohort experienced CSF leaks [7].
In our own retrospective study of 23 consecu-
tive patients with an MIS dural closure following
intended durotomy, we did not experience any
cases of CSF leakage or symptomatic pseudo-
meningocele [26]. All patients were allowed full
activity less than 24 h after surgery in this study,
further suggesting that prolonged bed rest after
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successful primary dural closure appears unnec-
essary after MIS surgery.

Reports of MIS approaches to IDEM lesions
have also consistently found reductions in esti-
mated blood loss (EBL) compared to open sur-
gery. In the meta-analysis conducted by Pham
et al., blood loss from MIS cohorts ranged from
134 to 153 ml, while EBL in open surgeries
ranged from 320 to 558 ml [6, 7, 31]. In the com-
parative series by Wong and colleagues, three
open surgery patients required blood transfusions
but no MIS patients did [6]. Similarly, in the study
by Raygor et al., three patients in the open group
received a blood transfusion compared to one
MIS patient [7]. This difference can be attributed
to the decreased muscle cutting and soft-tissue
destruction caused by an MIS approach, as well
as the tamponading effect of muscle re-expansion
in the surgical cavity following retractor removal.

This reduction in dead space may also contrib-
ute to lower infection rates in MIS intradural sur-
gery, as the volume of hematomas and seromas
that may act as an infectious nidus is minimized.
There is evidence suggesting that MIS surgery for
degenerative spinal conditions may reduce post-
operative wound infections as much as ten-fold
[32]. In their meta-analysis, Pham and colleagues
found evidence of a postoperative infection in
only 1 of the 114 patients analyzed (0.88%), a
significantly lower rate compared to previous
studies of open surgery for IDEM lesions [4, 33].

One of the primary reported benefits of mini-
mally invasive surgery is reduced length of hos-
pital stay (LOS), which often translates into cost
reduction [34]. There is evidence that these ben-
efits can be achieved when MIS techniques are
applied to intradural spinal tumors. In a compari-
son between MIS and open surgery for IDEM
tumors, Lu and colleagues reported shorter
hospital stays for patients in the MIS cohort
(4.9 days vs. 8.2 days, p = 0.003) [31]. Wong and
colleagues similarly found patients undergoing
MIS resection to have a shorter LOS compared to
patients receiving open surgery (3.9 vs. 6.1 days,
p<0.01) (6). However, Raygor et al. found no sig-
nificant difference between MIS and open groups
(6.2 vs. 6.0 days, p = 0.78) [7]. In our own cohort
of patients with IDEM lesion, LOS and time

spent in intensive care were both significantly
reduced in the MIS cohort compared to patients
receiving open surgery [5]. This shortened length
of stay and intensive care unit (ICU) time helped
account for a nearly 30% reduction in cost in the
MIS group [5]. As the emphasis on cost control
in our healthcare systems continues to grow, the
cost efficacy of MIS approaches to IDEM lesions
may become increasingly important.

Conclusion

The use of minimally invasive retractor systems
in the resection of intradural spinal tumors has
been shown to be both safe and effective. There
is increasing evidence from retrospective data
that MIS techniques can be used to reduce the
morbidity and cost of IDEM tumor resection,
without compromising extent of resection or
safety. Due to the growth of minimally invasive
spine surgery in residency training and an ever-
increasing emphasis on cost effectiveness, more
neurosurgeons are likely to adopt MIS techniques
for IDEM pathology in the future.
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Love’s approach, 289
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CT scan, 99
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posterior approach, 102
post-operative course, 105
procedure, 101
staging, 99, 100
surgical planning, 100, 101
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exposure, 295
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Love’s approach, 289
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operating room setup, 292
paramedian minimally invasive approach, 290
paramedian transmuscular lumbar fusions, 290
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postoperative MRI, 300, 301
preoperative considerations, 291, 292, 298
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intralesional resection
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lytic metastases, 208
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Lytic metastases, 208
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Magnetic resonance imaging (MRI)
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intralesional sacrectomy, 240
intralesional tumor resection, 207
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posterior subaxial cervical approach, 131, 132
Mandibular osteotomy, 23
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Manubriotomy
alternative vascular corridors, 60, 61

cerivcothoracic junction, 58
cervical sympathetic trunk, 62
low anterior approach, 59
modified anterior approach, 59
patient positioning, 58
sternal splitting approach, 59, 60
thoracic duct, 62
upper back pain and Horner’s syndrome, 62
examination and imaging, 62
postoperative course, 65, 66
procedure, 64, 65
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post-operative imaging, 243, 246
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hypothermia, 283
intralesional debulking, 284
intraoperative physiological parameters, 283
lumbar cerebrospinal fluid drainage system, 284
meningiomas, 284
MEP, 283
micro-cottonoids, 284
microdissection technique, 284
pars interarticularis, 283
perineurium, 284
SSEP, 282
static or dynamic retraction, 282
surgical intervention and retraction, 283
trans-dural intraoperative ultrasound, 282
ventral and en plaque calcified meningiomas, 284
Posterior lumbar interbody fusion (PLIF), 187
Posterior MIS thoracic tumor surgery
positions and incisions, 170
post-operative care, 175
preoperative evaluation, 169—-170
surgical scope, 170
surgical technique
costotransversectomy approach, 172—173
lateral approach, 175
lateral-extracavitary approach, 173-174

mini-open transpedicular approach, 171-172
Posterior nerve sparing sacrectomy, 241
Posterior subaxial cervical approach
anterior decompression
and reconstruction, 130

cervical spinal tumors, management of, 129
clinical evaluation, 130
clinical scenario, 131, 132
closure technique, 137
complications, 137, 138
decompression and tumor resection, 133
fusion procedures, 133-137
neurological symptoms, 129
nonoperative treatments, 130
positioning, 131
stabilization, 130
surgical approach, 130-132
tumor types, 129

Posterior vertebrectomy, 113

Posterolateral thoracotomy, 69
anatomy, 69
positioning, 70
procedure

closure, 72, 73

corpectomy, 72

exposure, 70

localization, 70, 72

post-operative care, 73

rib resection, 71
Post-sacrectomy reconstruction, 262, 264
Post-thoracotomy pain syndrome, 73
Prevertebral fascia, 7, 24
Primary lumbar spine tumor, 93

anterior lumbar retroperitoneal approach

complications, 99

indications for, 94

L4-L5 disc, access to, 97

L5-S1 level, 97

retroperitoneal dissection, 98

surgical anatomy of, 95

low back pain

anterior retroperitoneal approach, 103, 104

CT scan, 99

diseased vertebra, removal of, 104, 105

posterior approach, 102

post-operative course, 105

procedure, 101

staging, 99, 100

surgical planning, 100, 101

planning principles, 93, 94
Primary thoracic spine tumor, 157
Pseudoarthrosis, 66, 264

R

Radiation therapy, 112, 113

Radicular pain, 207

Radiculopathy, 99

Radiotherapy, 130, 137

Rectus abdominis muscle paralysis, 99
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Recurrent laryngeal nerve (RLN), 44, 61, 62
Retraction portal, 78
Retrograde latissimus dorsi myocutaneous flap, 89, 91
Retro-odontoid space, 11
Retroperitoneal lymphatics, 83
Retroperitoneal space, 96, 97
Rheumatoid arthritis pannus, 21
Rhoton dissector, 277
Rib

disarticulation, 148

dissection, 147

resection, 147, 148

S
Sacral malignancy, 253
Sacral metastasis, 240, 241
Sacrospinous ligaments, 258
Sacrotuberous ligaments, 258
Sagittal resection, 114
Schwannomas, 276, 277, 281, 284, 319
Segmental arteries, embolization of, 87
Selective arterial embolization (SAE), 112
Separation surgery, 179
Single-lung ventilation, 76
Skull base reconstruction, 4, 8
Smith-Robinson approach, 32, 59
Somatosensory evoked potentials (SSEP), 123, 282, 311
Sphincter dysfunction, 311
Spinal canal
decompression, 79
meningiomas, 281
Spinal cord decompression, 188
Spinal deformity, 312
Spinal implants, 76
Spinal instability, 196
Spinal Instability Neoplastic Score (SINS), 47, 48, 178,
196, 198, 240
Spinal navigation systems, 180
Spinal neoplastic instability score, 170
Spinal stereotactic radiosurgery (SSRS), 182
Spinal tumors, primary, 47
Spinal vascular malformations, 316
Spine Oncology Study Group, 47, 48
Spinopelvic reconstruction, 261, 263
Standard laminectomy/osteoplastic laminoplasty, 272
Stereotactic radiosurgery (SRS), 46, 47
Sternal splitting approach, 59, 60
Sternocleidomastoid (SCM), 59
Sternotomy
alternative vascular corridors, 60, 61
cerivcothoracic junction, 58
cervical sympathetic trunk, 62
low anterior approach, 59
modified anterior approach, 59
patient positioning, 58
sternal splitting approach, 59, 60
thoracic duct, 62
upper back pain and Horner’s syndrome, 62
examination and imaging, 62

postoperative course, 65, 66
procedure, 64, 65
upper thoracic spine, to access, 61
vagus and recurrent laryngeal nerves, 61, 62
Subaxial spine, 11
Subtotal sacrectomy, 262
Suction irrigation portal, 78

T
Tazobactam, 264
Temporary rod, 148, 149
Test balloon occlusion (TBO), 49, 54
Thermal ablation, 112
Thermogard XP Temperature Management System, 283
Thoracic duct, 62
Thoracic lateral-extracavitary approach, 173-174
Thoracic spine, intradural extramedullary tumors
costotransversectomy approach, 285
intralesional lesional debulking, 287, 288
lateral extracavitary approach, 285
meningiomas, 281, 282
posterior laminectomy approach (see Posterior
laminectomy approach)
schwannomas, 281
sterile intraoperative ultrasound probe, 287
T5-6 meningioma, 285, 286
thoracic 5-6 laminectomy, 285, 287
transpedicular approach, 285
transthoracic approach, 285
ventral meningioma, 287, 288
Thoracic vertebral body, 142
Thoracoabdominal approach, for thoracolumbar spine
tumors
anatomic and biomechanical considerations, 81, 82
closure, 83
decompression, 83
ipsilateral thoracolumbar pain and abdominal
numbness, 83, 86-89, 91
patient positioning, 82
reconstruction and instrumentation, 83
surgical approach, 82
thoracoabdominal exposure, 82, 83
Thoracoabdominal exposure, 82, 83
Thoracolumbar junction access, 78
Thoraco-lumbar metastases
epidural spinal cord compression, 178
ESCC, 178
intra-operative monitoring, 180
mechanical instability, 178
minimally invasive separation surgery, 179, 180
Neurologic, Oncologic, Mechanical and Systemic
framework, 177
pre-operative MRI, 178, 179
Spinal Instability Neoplastic Score, 178
spinal navigation systems, 180
stabilizing construct, 181
stage IV non—small cell lung cancer, 177
thecal sac, 181, 182
Thoracolumbar region, 81
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Thoracolumbar spine tumors
anatomic and biomechanical
considerations, 81, 82
closure, 83
decompression, 83

ipsilateral thoracolumbar pain and abdominal

numbness, 83, 86-89, 91
patient positioning, 82
reconstruction and instrumentation, 83
surgical approach, 82
thoracoabdominal exposure, 82, 83
Thoracoscopic spinal surgery
endoscopic spinal reconstruction, 76
endoscopic tools, 75, 76
video imaging system, 75
Threadwire saws, 159-162
Thrombin-soaked GelFoam®, 284
Titanium expandable cage, 151
Tongue swelling, 20
Total en bloc spondylectomy (TES), 167
Tracheostomy, 20, 22

Transcranial motor evoked potentials (TcMEP), 123
Transforaminal lumbar interbody fusion (TLIF), 187

Transoral transpharyngeal approach, 20, 21
Transpedicular (TP) approach, 142, 285
Transpedicular corpectomy, 171
Transpedicular drilling, 210
Transpedicular resection, 149
Transperitoneal vertebrectomy, 114
approach, 114, 115
en bloc corpectomy, 115
reconstruction, 115
Transthoracic approach, 285
Tri-corticated iliac-crest bone graft, 102
Tubular retractor system, 33, 171, 315-318

U
Ultrasound, IMSCTs, 304
Unicortical osteotomy, 256
Unilateral hemilaminectomy approach, 289
Unilateral laminotomy approach, 272, 289
Upper back pain, 62
examination and imaging, 62
postoperative course, 65-67
procedure, 64, 65
Upper thoracic vertebrae, 57, 58, 63
Ureter peristalsis, 95

\Y%
Vagus laryngeal nerves, 61, 62
Valsalva maneuver, 26, 148
Vancomycin, 116, 137
Venous congestion, 207
Ventral and right lateral epidural disease, 196
Ventral cord decompression, 19
Ventral meningioma, 51, 52, 288
Ventral thoracic spine, 69
Vertebral artery injury, 20
Vertebral body

exposure, 78

resection of, 150
Vertebral hemangioma, 50, 52
Vertebrectomies, 113
Vertebroplasty, 186, 188
Video imaging system, 75
Vocal cord paralysis, 61
Von-Hippel-Lindau syndrome, 100

W
Waldeyer’s fascia, 255
Weinstein-Boriani-Biagini (WBB) surgical system, 93,
94,111, 221
anterior, posterior, and simultaneous anterior
(contralateral) and reopening of posterior
approach, 222, 228, 229
combined approach, 222, 225-227
first posterior approach and simultaneous anterior and
reopening of posterior approach, 222, 227,
228
first posterior approach, both side anterior
approaches, 221, 222,227, 228
posterior approach first and anterior approach as
second step, 222, 229, 230
single anterior approach, 222, 223
single posterior approach, 222-225
Well-defined encapsulated tumors, 273
Whipples procedure, 105
Working portal, 78
‘Wound closure and postoperative management, 277-279
Wound dehiscence, oncologic sacrectomy, 264
Wound infections, 137

X
X-rays, posterolateral thoracotomy, 70
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