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Oncosurgical Results of Multilevel Thoracolumbar
En-bloc Spondylectomy and Reconstruction
with a Carbon Composite Vertebral Body

Replacement System

Alexander Carl Disch, MD,* Klaus-Dieter Schaser, MD,* Ingo Melcher, MD,* Franco Feraboli, MD,§
Werner Schmoelz, PhD,t Claudia Druschel, MD,* and Alessandro Luzzati, MD#

Study Design. Retrospective clinical study for patients receiving
multilevel en-bloc spondylectomy resection for sarcomas and solitary
metastases of the thoracolumbar spine.

Objective. Assess the clinical and radiologic outcome after multilevel
en-bloc spondylectomy and reconstruction.

Summary of Background Data. Monolevel en-bloc
spondylectomies have proven their oncosurgical effectiveness
while reports on multilevel resections for extracompartmental tumor
localizations are rare.

Methods. Patients treated by multilevel en-bloc spondylectomy
and restoration with a carbon composite vertebral body
replacement system were investigated. Patient charts, and clinical
follow-up investigations were analyzed for histopathological tumor
origin, preoperative symptoms, surgical peri- and postoperative
data, applied adjuvant therapies, as well as the course of disease.
Solitary metastases time until occurrence and prognostic scores
were evaluated (Tomita/Tokuhashi Score). CT-scans were
performed and analyzed at follow up. Oncological status was
evaluated including local recurrence rates, cumulative disease
specific, and metastases-free survival.

Results. Multilevel (2-5 segments) en-bloc spondylectomy of the
thoracolumbar spine was performed in 20 patients (15 sarcomas
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and 5 solitary spinal metastases 9 male/11 female, mean age at
surgery: 54 = 15 years.). Wide and marginal surgical margins were
achieved in 7 and 13 patients, respectively. Mean follow-up period
was 25.0 (9-53) months. Thirteen patients received adjuvant therapy.
No implant breakage or loosening was observed. Local recurrence
occurred in one patient. Thirteen of the 18 surviving patients showed
no evidence of the disease, two died of systemic disease.
Conclusion. Multilevel en-bloc spondylectomy offers a radical
resection option for extracompartmental tumor involvement. It
provides oncologically adequate resection margins with low local
recurrence. However, the procedures are complex; the patient’s
stress is high and metastatic disease developed in one-third of
patients. A judicious patient selection and a realistic feasibility
evaluation must precede the decision for surgery. Reconstruction
using a carbon composite cage system showed low complication
rates and offers advantages for oncosurgical procedures.

Key words: en-bloc spondylectomy, multilevel, thoracolumbar
spine, primary tumors, solitary metastases, carbon composite cage.
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Ithough not a radical option, intralesional spinal tu-

mor resections were for decades considered the stan-

dard treatment as they were felt to be the only feasible
surgery. Yet even in solitary tumor lesions and despite ad-
equate adjuvant treatment strategies the associated oncologi-
cal outcome after these procedures showed poor results.!?
Total en-bloc spondylectomy (TES) offered a new therapeutic
approach. By enabling surgery to achieve marginal to wide
resection margins, it applied the radical oncosurgical con-
cepts of compartment-orientated resections to the spine.’
Indications for radical resections were initially restricted to
primary spinal tumors (i.e., vertebral sarcomas)*” and then
later expanded to solitary metastases of biologically favorable
tumors.®!! Today, high resolution radiologic imaging meth-
ods and precise histopathological diagnosis enable us to re-
liably specify tumor grading and to perform valid staging
procedures. These techniques assist in decision guidance
for adequate oncosurgical treatment regimens and for the
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planning of surgery.>!>'* The combination of standardized
surgical procedures and advances in technique have led to
decreased local recurrence rates, improved patient quality
of life and increased overall survival rates.!>'” These results
and improved oncological outcomes have meant that TES
are increasingly performed and published!'>!'® underscoring
the reliability of the technique. As surgical experience in
monosegmental procedures grew and encouraging oncolog-
ical results were observed, TES indications were expanded
to patients with spinal tumor growth beyond the compart-
ment borders of the vertebral body (i.e., large vessel, chest
wall, dural sac, visceral organ involvement). Although these
conditions present with a higher surgical risk and perioper-
ative morbiditiy multilevel and extracompartmental exten-
sion are no longer considered as an absolute limitation for
radical surgery. Still, multilevel resections do require careful
preoperative patient selection and preparation followed by
specific investigations. To allow preoperative visualization
of spinal cord perfusion (Adamkiewicz artery) and selective
embolization of hypervascular lesions, a spinal angiography
may be performed. In cases of thoracolumbar localizations
the lung function, topographic relation to and possible tu-
mor encasement of the aorta, caval and azygos vein as well
as other neighboring organs must be evaluated. Analysis
of the diagnostic results must be accurate and complete to
plan surgery and to maximize the patient’s security. How-
ever, there are few publications regarding multilevel en-bloc
resections, most of them case control studies.””?' Onco-
surgical reports assessing the results of multilevel TES in
larger series of patients are not present in the literature. In
particular, the prognostic benefit and the surgical feasibility
with possibly higher surgical complication rates especially
in comparison to one level en-bloc spondylectomies have
yet to be clearly shown.

The reconstructions of en-bloc spondylectomy defects are
a challenge because all load-bearing structures of the affected
segments are removed. As multiple spinal segments become
involved, spinal instability increases in proportions that are
greater than the number of additional segments removed. Dif-
ferent types of vertebral body replacement (VBR) systems have
been developed to secure the ventral column and posterior fix-
ation by pedicle screw fixation has been to be an essential part
in regaining primary stability.?»* Secondary bony integration
can be expected in nonpalliative surgical reconstructions and is
achieved with autologous bone graft mainly provided by filling
of the VBR system. Expandable VBR systems are technically
limited in graft volume whereas nonexpandable systems allow
more space for bone filling. As a cage construction material
for VBRs, carbon composite shows (especially in oncosurgical
indications) interesting features in terms of elastic vibration to
prevent stress-shielding and provide radiolucency for artifact-
free restaging with local MRI-/CT-imaging.

We report the oncosurgical outcome of patients who un-
derwent multilevel en-bloc spondylectomy because of primary
tumors or solitary metastatic spinal lesions and subsequent re-
construction with a carbon composite VBR interconnected to
posterior pedicle screw fixation system in two tumor centers.
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PATIENTS AND METHODS

Patient Selection
We retrospectively investigated 20 patients (9 male/11 female)
with a mean age of 54 (+16) years at surgery receiving mul-
tilevel en-bloc spondylectomy and subsequent reconstruc-
tion due to 15 primary tumors and five solitary metastases
of the spine (Table 1). Patients were treated in two centers
for musculoskeletal tumor surgery between 2001 and 2009.
To achieve the oncological diagnosis native radiographs, local
MRI-scans, CT-scans (local, thoracic/abdominal/pelvic), bone
scintigraphy (radionuclid imaging, technetium bone scan) and
in case of solitary metastases PET-CT-scans were performed.
All patients underwent open transpedicular biopsy before ul-
timate surgery.

Before surgery all patients underwent the following prepa-
ration and selection criteria:

1. Indication for multilevel en-bloc spondylectomy was
discussed and decided at the interdisciplinary muscu-
loskeletal tumor board

2. Treatment with standardized adjuvant and/or neoad-
juvant treatment protocols and the time point in the
course of treatment were evenly initiated in a com-
mon agreement by the musculoskeletal tumor board

3. Criteria for radical spinal surgery in the case of soli-
tary metastases were defined as
a. Biologically favorable tumor entities (e.g., breast

cancer, hypernephroma)

Radical resection of primary tumor

Long time period of disease free survival before

diagnosis of spinal metastases in relation to the

grading of the primary tumor

d. Identical histopathological pattern of the solitary

metastases and the primary tumor

e. Exclusion of additional metastatic lesions shown

by CT-, PET-CT scan and bone scan

f. Good expected survival according to established

clinical prognostic scores (e.g., Tokuhashi- or
Tomita score)

o o

Retrospective data were analyzed through detailed patients
chart review. For primary spinal tumors histopathological di-
agnosis, tumor grading and stage, in case of solitary metasta-
ses the origin and the oncological status of the spreading tu-
mor were reevaluated in relation to the initial biopsy. Previous
intralesional spinal surgeries (e.g., emergency laminectomy)
were documented. The treatment with neoadjuvant, adjuvant,
and radiation therapies was assessed. Compartmental tumor
involvement was classified according to the classification of
Tomita et al.** The Tokuhashi revised prognostic score’>* and
the Tomita score'* were evaluated for metastatic lesions.

Oncological Data and Follow-up

Overall and postoperative oncological follow-up was ana-
lyzed. The oncological status at the latest follow-up (NED = no
evidence of disease; AWD = alive with disease; DOD = dead
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of disease) was documented and further investigated for lo-
cal recurrence-free survival, metastases-free survival, and dis-
ease-specific overall survival. Neurologic symptoms and their
course after surgery were scored using the Frankel Scale. Each
resection was classified as follows:

e Wide when the distance between the tumor tissue and
excision margin was oncologically sufficient and/or
when an intact anatomic barrier (e.g., compartmental
cortical wall of the vertebra) was present

e Marginal if the margin was less then wide but more than
intralesional (thin tumor-free tissue layer or capsule)

o Intralesional if either visible tumor tissue was present,
the tumor was cut through during the operation, or the
excision margins were positive at the microscopic level*®

Local bidimensional radiograph control was performed 3,
6, and 12 months after surgery, CT-scans at a minimum period
of 6 months as well as at latest follow-up. They were analyzed
for implant failure, loosening or dislocation, VBR integration
and signs of local recurrence. Staging investigations included
CT-scans (thoracic/abdominal/pelvic) and bone scintigraphy
scans.

Oncosurgical Technique

All patients underwent en-bloc resection under general an-
esthesia (hypotensive anesthesia) in prone position from a
posterior approach by the technique described by Tomita
et al>¥ modified depending on tumor localization and in-
volvement of neighboring structures as already published by
our group.'>? In cases where the direct tumor affected neigh-
boring structures that were not safely reachable posteriorly,
an additional anterior approach was performed for tumor
release and to secure subsequent posterior en-bloc resection.
The extent of the posterior surgical approach was determined
by the number of involved segments scheduled for resection
including at least two to three cranial and caudal segments for
posterior pedicle screw fixation. According to the technique
after lateral preparation, that is, rib resection for thoracic lo-
cations, unilateral nerve root resection was required to enable
removal the tumor. After pedicle screw placement, the dural
sac was liberated by en-bloc resection of a unilateral lamina
part. This step creates a corridor through which the resected
segment can be passed while the dural sac is avoided to leave
the spinal cord untouched during the rotation maneuver. In a
key preparative step, both hands are used from the posterior
approach to make a careful, blunt dissection of the anterior
structures achieving a 360° circumferential liberation of the
segments scheduled for resection. After ventral release and
circumferential preparation of the dural sac the discs adjacent
to the segments to be resected were marked with K-wires and
controlled by intraoperative fluroscopy in the lateral plane.
Thereafter, malleable S-shaped retractors to be positioned
against the anterior spine were inserted from posterior to
protect the anterior central vascular/mediastinal structures
during disc excision. Using dura retractors to gently mobilize
the dural sac, the posterior ligament was cut and the discs
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dissected with either sharp chisels or a scissors. The anterior
longitudinal ligament was then cut. As the entire segment be-
came more mobile for the rotation maneuver of the resected
segment a unilateral working rod was secured to the pedicle
screws. This insured spinal column stability for the period
during final resection and subsequent reconstruction. Pedicle
screws were at times used to make a slight distraction for easi-
er disc dissection. As the dural sac was circumferentially liber-
ated and the segments affected by the tumor were completely
dissected from their adjacent discs and the surrounding liga-
mentous structures, the definitive rotation maneuver was per-
formed gently passing the resected segments around dural sac/
spinal cord through the previously created laminectomy gap
(laminectomy corridor). After endplate preparation the length
of the VBR was measured. A modular carbon composite cage
(Trabis in OstaPek, CoLigne AG, Zurich, Switzerland) was
assembled according to the required dimension. The system
allowed defect-specific reconstruction using different length-,
inclination- and endplate-sizes. The stackable modular VBR
parts were finally secured using a titanium bolt through the
length of the composite construct that was then copiously
filled with autologous bone harvested from the iliac crest.
Once the VBR was placed, artificial titanium pedicles were
implanted to rigidly connect the VBR to the rods of the poste-
rior fixation system. Furthermore VBR stability was achieved
by finally inducing compression on the reconstructed seg-
ments via the cranial and caudal pedicle screws.

To describe the perioperative course further information
and parameters were assessed. The number and type of previ-
ously performed surgery, the duration of surgery as well as
the intraoperative bloodloss were analyzed. The necessity for
a postoperative intensive care stay and the overall stay at the
hospital were documented. Peri- and postoperative complica-
tions divided into minor and major.

STATISTICAL ANALYSIS

Statistical analysis was performed using the SPSS software
package (Microsoft Windows release 12.0; SPSS Inc., Chicago,
IL). Data and results are presented as means, SD, and range.
Local recurrence free survival, distant relapse free survivals,
and disease-specific overall survival were assessed and ana-
lyzed according to the method of Kaplan-Meier using the SPSS
program (MicroSoft Windows release 6.1; SPSS Inc.). Survival
data were collected from the start of surgical treatment.

RESULTS

Out of the 20 patients 15 suffered from primary spinal tu-
mors, five from solitary metastases of biologic favorable enti-
ties. As for these five patients disease free survival before the
appearance of metastases was 68 (6-252) months. The mean
Tokuhashi Score of metastases patients was 10.8 (10-12)
points and 2.0 (1-3) for the Tomita Score, respectively. On-
cological data of all 20 patients investigated in the presented
study is shown in Table 1. Seven patients (one patient twice)
received emergency intralesional decompression of the spinal
cord in external hospitals at a mean of 12 (5-27) months be-
fore TES. After diagnosis 13 patients underwent neoadjuvant
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chemotherapy, seven preoperative radiation, and two after
surgery. All chemotherapies were conducted in accordance to
established therapy regimes.

Tumor expansion and localization was classified in accor-
dance to Tomita as type six (multilevel extracompartmental)
in all cases. Thirteen cases showed a thoracic, three thoraco-
lumbar and four a lumbar localization. Aside of spinal tumor
masses six patients showed further manifestation of adjacent
structures that were equally en bloc resected to achieve suf-
ficient margins. Three patients presented with an involve-
ment of the diaphragm, two of the chest wall or aorta, one
of the left lower lung lobe, or dural sac. For secure tumor lib-
eration and better control during resection from posterior in
13 patients an additional anterior approach was chosen (left
side thoracotomy n = 7, thoracophrenico-lumbotomy n = 2,
retroperitoneal approach n = 4). Seven patients underwent
TES solely by posterior surgery. Average duration of surgery
was 10 (6-15) hours, the mean intraoperative blood loss
4600 (500-10,000) mL. For posterior pedicle screw instru-
mentation a minimum of two and a maximum of three levels
below and above the defect were stabilized. Histopathological
reports of the resected pieces showed wide resection margins
in seven cases, marginal in 13 cases. After surgery patients
were surveyed on an intensive care unit ward for 2.8 (+2.6)
days. Investigated minor complications were local healing dis-
turbances in three cases, one patient with CSF leakage, two
temporary neurologic deficits completely relieving during
hospital stay, and one hematoma that did not have be revised.
Major complications showed a chylus fistula in two cases, one
postoperative ileus, one pancreatitis, one dural sac compress-
ing hematoma that needed to be revised surgically as well as
one persistent neurologic deficit. At the first contact (before
TES) four patients presented with neurologic deficits (two
Frankel C, two Frankel D). After surgery one patient with
a Frankel C deficit that suffered from spinal cord ischemia
developed additional neurologic symptoms to Frankel B. At
the latest follow-up 17 of 18 patients alive were ambulatory
without any walking aid. Both patients who died in the course
of disease were mobile without an aid after surgery.

At a follow-up (100%) time of 25 (9-53) months 13 pa-
tients showed no evidence of disease, five were alive with dis-
ease and two died of the disease. Oncosurgical results revealed
one local tumor relapse of a sarcoma patient 8 months after
surgery. Development of distant metastases (lung metastases
n = 6, axillary lymph node metastases n = 1) occurred in
seven patients (five out of the sarcoma group and two out of
the solitary metastases group) after an average period of 9.7
(3-23) months on which two of these patients died after 10
and 27 months (Figures 1-3), respectively.

No correlation was found between the achieved resection
margin and the oncological status at follow-up (r = 0.32) be-
tween preperformed surgeries and the oncological status (r =
0.12) as well as the treatment with adjuvant therapies and the
onoclogical status at follow-up (r = 0.21).

Local radiologic follow-up including CT-scans were avail-
able for all patients. Seventeen had a minimum follow-up of
1 year. Controls showed no implant failure, loosening, or dis-
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Figure 1. Local recurrence free survival showing one event in the
primary tumor group 8 months after index surgery.

location of the pedicle screw constructs. The interconnected
carbon-composite-VBRs showed no dislocation. The end-
plate interfaces evidenced no stress shielding or noteworthy
sintering (Figure 4).

DISCUSSION

Since the first descriptions of TES* various publications dem-
onstrated its oncosurgical effectiveness in regard to decreased
local recurrence rates, enhanced cumulative metastases free,
and disease specific survival.1516242%:30 The published results,
however, strongly depend on different influencing factors,
for example, inclusion criteria, underlying primary tumors,
surgical techniques and so on, emphasizing the heterogene-
ity in the patient groups that were considered to represent an
indication for TES. From the prognostic point of view the
entities of spinal primary tumors and solitary metastases are
mainly characterized by their biologic behavior. In addition
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Figure 2. Metastases free survival displayed as cumulative Kaplan-
Meier survival rates. Five patients out of the primary tumor and two
patients out of the solitary metastases group developed further distant
metastases.
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Figure 3. Disease specific survival displayed by cumulative Kaplan-
Meier survival rates. Out of each group one patient died as a result of
the disease.

to their response to systemic therapies, the initial localization,
tumor aggressiveness, and growth tendencies in relation to
anatomic borders present decisive factors that guide and de-
termine further surgical treatment. Therefore, sufficient tumor
resections must be oriented on biologic barriers represented
by an anatomic compartment. On the basis of the oncosur-
gical work of Enneking et al’'? for peripheral tumor local-
izations (e.g., extremities, pelvis) it was demonstrated that a
systematic compartmental resection in preexisting anatomic
borders enables surgeons to perform limb-salvage procedures
with successful adequate local and systemic tumor control.?
Weinstein and co-workers transferred this system to the spine
based on a schematic classification showing the intra- or ex-
tracompartmental localization of a tumoral lesion relative to
the vertebral body compartment.®**3° Tumor growth be-
yond the boundaries of an anatomic compartment, that is,
conversion from intra- to extracompartmental extension sig-
nals a decisive deterioration for the course of tumor disease.
On the basis of their fair results Sakaura et al'” followed that
an extracompartmental vertebral metastatic tumor extension
is a contraindication for TES because of the technical de-
mands and potential risks. For tumors with paraspinal exten-
sions they found a high incidence for local recurrences and re-
duced disease specific survival. In a previous study our group
was able to demonstrate' that patients with solitary metas-
tases and extracompartmental tumor localization treated by
TES did not develop local recurrence while one third of the
patients presented with distant metastases. In the presented
study all tumors were classified according to Tomita et al'*** as
type 6, that is, multisegmental extracompartmental exten-
sion. No local recurrence was found in the solitary metastases
group. But in this study all solitary metastases patients re-
ceived local radiation therapy combined with radical surgery
and showed excellent local tumor control. Thus, these results
seem to be comparable with studies investigating results after
monolevel intracompartmental TES.%’ Although local on-
cosurgical results are encouraging, systemic disease control

E652 www.spinejournal.com

Figure 4. Example of a patient (42 yr/male) suffering from low-grade
chondrosarcoma T7-T9. (A) First consultation at an external clinic due
to persistent pain of the thoracic spine: CT/MRI images. (B) Radiographs
and CT-scan revealing local recurrence 1 year after intralesional anterior-
posterior resection in an external clinic. (C) On the basis of the local
tumor board decision a four level en-bloc spondylectomy was performed
after neoadjuvant chemotherapy: tumor specimen and corresponding
radiographs; histopathological tumor transection. (D) radiograph and
CT-scan control at follow-up showing a good reconstruction result.

seems to be unsolved. Despite their treatment with common
chemotherapy regimes about 40% of metastases patients
developed additional metastases in the course of the follow-
up period. Among them one patient is already dead of disease.

The primary tumor group showed a local relapse in one
patient (7%) with a neurofibrosarcoma and marginal resection
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who underwent preoperative radiation therapy. In paral-
lel to the group of patients with solitary metastases, distant
metastatic disease development was seen in one-third of
patients undergoing TES for primary multilevel tumors. The
notion, that TES for multilevel extracompartmental tumor
localization at the thoracolumbar spine represents a highly
effective local therapy concept is furthermore emphasized by
the absence of the following correlations: First, the histopath-
ological status of resection margins (wide vs. marginal) did
not demonstrate a correlation to the oncosurgical midterm
outcome in this study. This however, may be because only
wide and marginal resection margins were reached and no
intralesional resections have been performed. Nevertheless,
the importance of tumor-free and -contaminated margins for
local and systemic tumor control has been shown.?® Second,
even a previously performed intralesional surgery did not cor-
relate with the oncological status at follow-up. This may be
due to the nature of the principle of TES as all structures of
the vertebral segments affected by tumor growth are resected
en bloc, including the circumferential border of the spinal
canal, the laminae, and the former biopsy tract. In addition
all these patients were treated by adjuvant radiochemothera-
peutic protocols.

The described technique represents a radical resection op-
tion. On the basis of a multidisciplinary treatment concept its
combination with radiation and (if available) chemotherapy
is a sufficient solution for local tumor control. Nevertheless,
in patients with entities typically nonresponsive to systemic
adjuvant therapies (e.g., chordomas, chondrosarcomas etc.)
the successful combination of surgery and adjuvant therapy
does not make prognostic sense. In these situations the surgi-
cal part of therapy, that is, the tumor resection with onco-
surgical adequate margins, has major importance. In turn,
these constellations could be more likely to result in local and
systemic tumor relapse.

In one-third of the investigated patients tumor involvement
of adjacent paraspinal structures was seen, making interdisci-
plinary cooperation with thoracic or vascular surgeons essen-
tial for successful results. Performing an approach to attain
tumor-free margins, multilevel TES required the chest wall,
diaphragm, lung, dural sac, or aorta to be included into the
en-bloc resection. Thus, the surgical margins—and conse-
quently, the invasiveness of the procedure had to expanded.
Surprisingly, this increase in surgical risk and morbidity did
not result in the expected increase in complications.>® This is
even more remarkable with the high number of previously
performed surgeries, preoperative chemotherapies and local
radiation. In this context exact pre-, intra- and perioperative
management is of tremendous importance and needs to be
described as key steps and triggering factors to prevent severe
complications typically found with radical surgery.?**>3” In
this study resection of the diaphragm, chest wall, aorta, dural
sack, or parts of the lung lobes were combined with TES. All
major and minor complications that appeared due to the ex-
tensive resections were reversible in the course of the hospital
stay except in one case of a persisting neurologic deficit based
on a spinal cord ischemia. Angiography was performed in all
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cases before surgery. Though the Adamkiewicz artery was
not affected intraoperatively, in the mentioned patient, neu-
rologic deficits occurred due to spinal cord ischemia and was
evidenced by postsurgical MRI. Our experiences demonstrate
a subordinated role of the Adamkiewicz artery as already sug-
gested by other publications.’® Therefore, spinal cord isch-
emia in TES rather results from a summation of blood flow
interruption of certain spinal levels.*>*! In contrast, no neu-
rologic deficits occurred in a five level resection comprising
unilateral ligation of minimum five segmental vessels. We sug-
gest a highly individualized spinal blood supply can only in
part be predicted even with spinal angiography. Nevertheless,
knowing that decrease in nerve root ligation-associated spinal
cord perfusion may become a problem, preservation of nerve
roots not involved in tumor extension should be attempted
if oncosurgically possible, preferentially those roots with the
dominant spinal arterial inflow.

The majority (72%) of the investigated patients received
chemotherapy and/or local radiation as part of the interdis-
ciplinary oncological concept. Even with this limitation*>**
in healing capacity, no implant failure, subsidence, or loos-
ening was radiologically evidenced in this study. In addi-
tion, no resorption of the transplanted autologous bone was
seen. Therefore, the VBR volume uptake capacity for osteo-
inductive and -conductive materials, that is, autologous bone
grafts, seems to be a key point for successful preservation of
reconstructions after highly unstable multilevel en-bloc spon-
dylectomy defects. Increased appearance of stress shielding at
the bone implant interface has been shown® for constructs us-
ing maximized rigidity. To allow local remodelling stress has
to be conducted through the anteriorly localized graft and this
was demonstrated for reconstructions using posterior fixation
and VBR implantation. In contrast, additional anterior fixa-
tion methods enhanced stress shielding and should therefore
be avoided.* Biomechanically, postimplantational stability
after en-bloc spondylectomy reconstruction, that is, before
a secondary bony integration will be achieved, is mainly in-
fluenced by the number of adjacent segments used for poste-
rior pedicle screw fixation. Additional anterolateral fixation
devices—as shown to enhance stress shielding—has only a
minor influence on construct stability if more than one adja-
cent segment is included in the posterior fixation.?>?3 All pa-
tients in this study received posterior pedicle screw fixation
including a minimum of two cranial and caudal adjacent seg-
ments and anterior reconstruction with a VBR system per-
haps explain the lack of stress shielding in radiograph and
CT-scan control investigations. Remarkably, primary stability
does not differ biomechanically either with the implantation
of an expandable or a nonexpandable VBR system indepen-
dent from the length of the posterior pedicle screw fixation.
As a result, the advantage of expandable devices is avoidance
of dislocation by a secure endplate anchorage. Conversely, the
expansion mechanism itself limits the volume of bone graft.
The carbon-composite-VBR system used in this series is rigid-
ly fixed to the posterior fixation rods by artificial pedicles and
offers thereby a maximized ratio between uptake graft vol-
ume and implant stability. Over the investigation time period
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there was no implant failure observed either of the carbon
composite VBR or the pedicle screw rod fixation system. The
importance of long-term stable spinal reconstruction becomes
even more evident as avoidance of spinal instability after sur-
gery is a precondition for the excellent functional outcome of
the presented study as well as for the low postoperative pain
level we had observed in our patients.

However, the statistical power of the presented study is
limited due to the relatively low number of patients suffering
from malignant spinal tumors. In addition the patient co-
hort is heterogeneous regarding, for example, tumor entities,
tumor size and location, type of adjuvant therapies. This limi-
tation may be addressed with a multicenter study including a
substantial larger number of patients.

CONCLUSION

Extracompartmental and multisegmental tumor localizations
of sarcomas and solitary metastases at the thoracolumbar
spine can effectively be resected by TES. By achieving wide to
marginal resection margins the combination of surgical proce-
dure and adjuvant therapies demonstrated low local recurrence
rates. Development of metastatic disease in contrast was seen in
one-third of the patients at the midterm follow-up underscores
the necessity for further advances in (neo-) adjuvant therapies
aiming at prevention of systemic tumor spread. Without de-
nying the intraoperative and surgical risks of that challenging
procedure and the relative high patients stress, postoperative
oncosurgical results confirm and support the importance and
efficiency of this procedure. However, careful patient selection,
interdisciplinary surgical planning and cooperation, aggressive
management of complications together with extensive experi-
ence in spine tumor surgery and reconstruction are essential
prerequisites for good oncological results, low complication
rates, and acceptable functional results. Defect reconstruction
with the described carbon-composite-VBR and the intercon-
nected pedicle screw system demonstrated minimal complica-
tions, good healing capacity, and significant advantages for
artifact-free imaging for local MRI- or CT- restaging studies.

> Key Points

O Multilevel thoracolumbar en-bloc spondylectomies
for primary tumors and solitary metastases enables
to achieve wide or marginal margins even in
extracompartmental tumor involvement.

O On the basis of an exact patient selection and
perioperative planning multilevel thoracolumbar
en-bloc spondylectomy is a feasible and safe surgical
procedure.

U In combination wit adjuvant therapies multilevel
en-bloc spondylectomy showed low local recurrence
rates whereas distant metastases developed in
one-third of patients.

U Defect reconstruction using a carbon composite VBR
system showed low complication rates and offers
advantages for oncosurgical procedures.

E654 www.spinejournal.com

References

1. Boriani S, De Iure E Bandiera S, et al. Chondrosarcoma of the
mobile spine: report on 22 cases. Spine 2000;25:804-12.

2. Chi JH, Sciubba DM, Rhines LD, et al. Surgery for primary verte-
bral tumors: en bloc versus intralesional resection. Neurosurg Clin
N Am 2008;19:111-7.

3. Roy-Camille R, Saillant G, Bisserie M, et al. [Total excision of
thoracic vertebrae (author’s transl)]. Rev Chir Orthop Reparatrice
Appar Mot 1981;67:421-30.

4. Stener B. Total spondylectomy in chondrosarcoma arising from the
seventh thoracic vertebra. | Bone Joint Surg Br 1971;53:288-95.

5. Lievre JA, Darcy M, Pradat P, et al. [Giant cell tumor of the lumbar
spine; total spondylectomy in 2 states]. Rev Rbhum Mal Osteoartic
1968;35:125-30.

6. Boriani S, Weinstein JN, Biagini R. Primary bone tumors of the
spine. Terminology and surgical staging. Spine 1997;22:1036-44.

7. Abe E, Sato K, Tazawa H, et al. Total spondylectomy for pri-
mary tumor of the thoracolumbar spine. Spinal Cord 2000;38:
146-52.

8. Abe E, Sato K, Murai H, et al. Total spondylectomy for solitary
spinal metastasis of the thoracolumbar spine: a preliminary report.
Tohoku | Exp Med 2000;190:33-49.

9. Tomita K, Kawahara N, Baba H, et al. Total en bloc spondylectomy
for solitary spinal metastases. Int Orthop 1994;18:291-8.

10. Tomita K, Toribatake Y, Kawahara N, et al. Total en bloc spondy-
lectomy and circumspinal decompression for solitary spinal metas-
tasis. Paraplegia 1994;32:36-46.

11. Yao KC, Boriani S, Gokaslan ZL, et al. En bloc spondylectomy
for spinal metastases: a review of techniques. Neurosurg Focus
2003;15:E6.

12. Sundaresan N, Rothman A, Manhart K, et al. Surgery for solitary
metastases of the spine: rationale and results of treatment. Spine
2002;27:1802-6.

13. Tokuhashi Y, Matsuzaki H, Oda H, et al. A revised scoring system
for preoperative evaluation of metastatic spine tumor prognosis.
Spine 2005;30:2186-91.

14. Tomita K, Kawahara N, Kobayashi T, et al. Surgical strategy for
spinal metastases. Spine 2001;26:298-306.

15. Melcher I, Disch AC, Khodadadyan-Klostermann C, et al. Primary
malignant bone tumors and solitary metastases of the thoracolum-
bar spine: results by management with total en bloc spondylectomy.
Eur Spine | 2007;16(8):1193-202.

16. Krepler P, Windhager R, Bretschneider W, et al. Total vertebrec-
tomy for primary malignant tumours of the spine. | Bone Joint Surg
Br2002;84:712-5.

17. Sakaura H, Hosono N, Mukai Y, et al. Outcome of total en bloc
spondylectomy for solitary metastasis of the thoracolumbar spine.
J Spinal Disord Tech 2004;17:297-300.

18. Liljenqvist U, Lerner T, Halm H, et al. En bloc spondylectomy in
malignant tumors of the spine. Eur Spine ] 2008;17:600-9.

19. Aryan HE, Acosta FL, Ames CP. Two-level total en bloc lumbar
spondylectomy with dural resection for metastatic renal cell carci-
noma. | Clin Neurosci 2008;15:70-2.

20. Hardes J, Gosheger G, Halm H, et al. Three-level en bloc spon-
dylectomy for desmoplastic fibroma of the thoracic spine: a case
report. Spine (Phila Pa 1976) 2003;28:E169-72.

21. Samartzis D, Marco RA, Benjamin R, et al. Multilevel en bloc
spondylectomy and chest wall excision via a simultaneous anterior
and posterior approach for Ewing sarcoma. Spine (Phila Pa 1976)
2005;30:831-7.

22. Disch AC, Luzzati A, Melcher I, et al. Three-dimensional stiffness
in a thoracolumbar en-bloc spondylectomy model: a biomechanical
in vitro study. Clin Biomech (Bristol, Avon) 2007;22:957-64.

23. Disch AC, Schaser KD, Melcher 1, et al. En bloc spondylectomy
reconstructions in a biomechanical in-vitro study. Eur Spine |
2008;17:715-25.

24. Tomita K, Kawahara N, Murakami H, et al. Total en bloc spondy-
lectomy for spinal tumors: improvement of the technique and its
associated basic background. | Orthop Sci 2006;11:3-12.

25. Tokuhashi Y, Matsuzaki H, Toriyama S, et al. Scoring system for
the preoperative evaluation of metastatic spine tumor prognosis.

Spine 1990;15:1110-3.
May 2011

Copyright © 2011 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



00N SURGERY

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Multilevel Thoracolumbar En-bloc Spondylectomy e Disch et al

Talac R, Yaszemski MJ, Currier BL, et al. Relationship between
surgical margins and local recurrence in sarcomas of the spine. Clin
Orthop Relat Res 2002:127-32.

Tomita K, Kawahara N, Baba H, et al. Total en bloc spondylec-
tomy. A new surgical technique for primary malignant vertebral
tumors. Spine 1997;22:324-33.

Disch AC, Melcher I, Luzatti A, et al Surgical technique of en bloc
spondylectomy for solitary metastases of the thoracolumbar spine.
Unfallchirurg 2007;110:163-70.

Boriani S, Biagini R, De Ture E et al. En bloc resections of bone
tumors of the thoracolumbar spine. A preliminary report on 29 pa-
tients. Spine 1996;21:1927-31.

Stener B. Complete removal of vertebrae for extirpation of tumors.
A 20-year experience. Clin Orthop Relat Res 1989:72-82.
Enneking WE, Spanier SS, Goodman MA. Current concepts review.
The surgical staging of musculoskeletal sarcoma. | Bone Joint Surg
Am 1980;62:1027-30.

Enneking WE, Spanier SS, Goodman MA. A system for the sur-
gical staging of musculoskeletal sarcoma. Clin Orthop Relat Res
1980:106-20.

Sluga M, Windhager R, Lang S, et al. Local and systemic control af-
ter ablative and limb sparing surgery in patients with osteosarcoma.
Clin Orthop Relat Res 1999:120-7.

Weinstein JN. Surgical approach to spine tumors. Orthopedics
1989;12:897-905.

Weinstein JN, McLain RE Primary tumors of the spine. Spine
1987;12:843-51.

Boriani S, Bandiera S, Donthineni R, et al. Morbidity of en bloc
resections in the spine. Eur Spine J. 2009;19(2):231-41.

Taniguchi T, Ohta K, Ohmura S, et al. Perioperative management
for total en bloc spondylectomy—the effects of preoperative

Spine

38.

39.

40.

41.

42.

43.

44.

45.

embolization and hypotensive anesthesia. Masui 2000;49:
168-71.

Kawahara N, Tomita K, Baba H, et al. Cadaveric vascular anatomy
for total en bloc spondylectomy in malignant vertebral tumors.
Spine (Phila Pa 1976) 1996;21:1401-7.

Nambu K, Kawahara N, Kobayashi T, et al. Interruption of the
bilateral segmental arteries at several levels: influence on vertebral
blood flow. Spine (Phila Pa 1976) 2004;29:1530-4.

Fujimaki Y, Kawahara N, Tomita K, et al. How many ligations of
bilateral segmental arteries cause ischemic spinal cord dysfunction?
An experimental study using a dog model. Spine (Phila Pa 1976)
2006;31:E781-9.

Kato S, Kawahara N, Tomita K, et al. Effects on spinal cord blood
flow and neurologic function secondary to interruption of bilat-
eral segmental arteries which supply the artery of Adamkiewicz:
An experimental study using a dog model. Spine (Phila Pa 1976)
2008;33:1533-41.

Bouchard JA, Koka A, Bensusan ]S, et al. Effects of irradia-
tion on posterior spinal fusions. A rabbit model. Spine 1994;19:
1836—41.

Emery SE, Brazinski MS, Koka A, et al. The biological and biome-
chanical effects of irradiation on anterior spinal bone grafts in a
canine model. ] Bone Joint Surg Am 1994;76:540-8.
Castiglione-Gertsch M, Gelber RD, O’Neill A, et al. Systemic
adjuvant treatment for premenopausal node-negative breast can-
cer. The International Breast Cancer Study Group. Eur | Cancer
2000;36:549-50.

Akamaru T, Kawahara N, Sakamoto J, et al. The transmission of
stress to grafted bone inside a titanium mesh cage used in anterior
column reconstruction after total spondylectomy: a finite-element
analysis. Spine 2005;30:2783-7.

www.spinejournal.com E655

Copyright © 2011 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



