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Modified En Bloc Spondylectomy for Tumors
of the Thoracic and Lumbar Spine
Surgical Technique and Outcomes
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Francis J. Hornicek, MD, PhD¥, and Joseph H. Schwab, MD, MS*

Investigation performed at Massachusetts General Hospital, Boston, Massachusetts

Background: Total en bloc spondylectomy (TES) for the treatment of spinal tumors decreases local recurrence and
improves survival compared with intralesional resection. TES approaches vary in both the number of stages to complete
the procedure and instruments with which osteotomies are performed.

Methods: We describe a 2-stage technique that employs the use of threadwire saws. We performed a retrospective
review of cases of primary tumors and solitary metastases involving the thoracic or lumbar spine treated with use of our
modified technique at our institution between 2010 and 2016, identifying eligible patients by searching for specific
phrases in operative reports found in our oncologic database. Clinical notes, operative notes, imaging reports, and pathology
reports were reviewed for all patients.

Results: Thirty-three patients underwent our modified technique, in which we pass a threadwire saw between the
vertebral body and the thecal sac. The most common tumor type was chordoma (64%), and tumors were most commonly
located in the lumbar spine (61%). There were no intraoperative injuries to the spinal cord or great vessels. One patient
experienced a dural tear secondary to the passage of a saw. Seventeen (52%) of the patients had perioperative com-
plications, with 1 death. Seven (22%) of the patients had complications occurring within 90 days after discharge, and
8 (25%) had complications occurring >90 days after discharge. Instrumentation failure was observed in 8 cases (25%).
Negative margins were obtained in 94% of the cases. Local recurrence was observed in 2 cases (6%). The majority of
patients had normal motor function at the time of the most recent follow-up.

Conclusions: Our modified en bloc spondylectomy represents an effective technique for the resection of spinal tumors
in selected patients, allowing for visualization of vessels anterior to the spine and the avoidance of spinal cord injury.

Level of Evidence: Therapeutic Level IV. See Instructions for Authors for a complete description of levels of evidence.

chieving negative tumor margins has long been | compared with piecemeal resection for primary spinal tu-
A a challenge in the surgical management of spinal tumors, | mors''".

as the proximity of the vertebral column to major
neurovascular structures makes achieving negative margins

Multiple TES approaches have been described: single-stage
posterior”*"?!, single-stage combined anterior-posterior**,

difficult'”. In the past, surgery was largely limited to curet-
tage and intralesional resection, which were associated with
high local recurrence rates*’. There has been a progression
toward the use of total en bloc spondylectomy (TES), which
involves removing the entire vertebral body and posterior
elements fully encased within a layer of healthy tissue, sim-
ilar to the management of bone tumors of the extremities®"°.
TES has been shown to improve survival and local control

and 2-stage approaches™*. Furthermore, there is variability
in the instruments with which osteotomies in these proce-
dures are performed (e.g., Gigli saws, osteotomes, high-speed
burrs, and threadwire saws)"”*****'. Damage to vessels ante-
rior to the vertebral column is a common cause of morbidity
associated with all TES procedures, particularly single-stage
posterior approaches, due to a lack of visualization of anterior

structures™”.

*Francis J. Hornicek, MD, PhD, and Joseph H. Schwab, MD, MS, contributed equally to the writing of this article.
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TABLE | Major and Minor Complications Defined*

Type of Complication Major

Minor

Pulmonary
Operative wound

Pneumonia, respiratory failure requiring intubation
Infection requiring operative debridement

Hematologic Deep-vein thrombosis

Operative Injury to great vessel

Neurologic New plegia, stroke, seizure

Renal Acute kidney injury requiring hemodialysis

Cardiac Cardiac arrest, catheterization, congestive heart failure

Transient hypoxia

Necrosis at the edge of wound

Multiple postop. transfusions

Dural tear

Transient dysesthesias, transient confusion
Acute kidney injury not requiring hemodialysis
Atrial fibrillation responding to medication

*Reproduced, with modification, from: McDonnell MF, Glassman SD, Dimar JR 2nd, Puno RM, Johnson JR. Perioperative complications of anterior
procedures on the spine. J Bone Joint Surg Am. 1996 Jun;78(6):839-47.

We use a modified approach that may reduce the risk of
damage to critical neurovascular structures. Our primary study
aim was to describe this technique in detail. Secondarily, we
describe intraoperative, perioperative, and long-term compli-
cations as well as oncologic outcomes among 33 patients who
underwent this procedure at our institution.

Materials and Methods

Study Design and Subjects

Our institutional review board approved this retrospective study. We in-
cluded all patients >18 years of age who underwent a 2-stage TES per-

formed with use of threadwire saws for the treatment of a spinal tumor,

between 2010 and 2016, at 1 tertiary care center. We excluded patients in whom

a single-stage posterior approach was used.

We identified our cohort from an oncologic database containing 59,039
unique patients who visited our clinic between 1979 and 2015. A computer search in
which we queried the patients’ operative notes for “threadwire saw” and its
synonyms yielded 43 potentially eligible patients. We consulted our surgery
schedule to identify 12 additional patients after 2015. After screening these 55
patients, 33 were found to have undergone the 2-stage procedure and were
included in this study. The other 22 patients had undergone a single-stage
procedure and were excluded.

Outcome and Other Variables

Data regarding patient age, sex, tumor histology, and neoadjuvant therapy were
obtained from a review of clinical notes. Tumors were staged according to the
system described in the recently published eighth edition of the AJCC
(American Joint Committee on Cancer) Cancer Staging Manual™. Motor

Fig. 1

Fig. 2
Fig. 1 Blunt dissection is performed to develop a plane between the vertebral body and the great vessels. (lllustration by Nicole Wolf, MS, ©2016.

Printed with permission.) Fig. 2 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 caudad to the tumor. (lllustration by Nicole Wolf,

MS, ©2016. Printed with permission.)
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Fig. 3 Fig. 4
Fig. 3 Decompressive laminectomies and the removal of posterior elements are performed using either threadwire saws or a high-speed burr and
Kerrison rongeurs. (lllustration by Nicole Wolf, MS, ©2016. Printed with permission.) Fig. 4 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. (lllustration by
Nicole Wolf, MS, ©2016. Printed with permission.)

Impairment Scale™. Performance status was scored according to the Eastern time were obtained from operative notes. We identified injury to the spinal

function was evaluated according to the American Spinal Injury Association ’ Estimated blood loss, intraoperative complications, and total operative
Cooperative Oncology Group system36. cord, vessels, and dura as potential complications that could plausibly be due to

Fig. 5 Fig. 6
Fig. 5 The ends of the threadwire saws are sutured in a loop and secured to the posterior hardware. (lllustration by Nicole Wolf, MS, ©2016. Printed
with permission.) Fig. 6 We resect the tumor in the second, anterior stage by crossing the hands to aid with the ergonomics of sawing, with
subsequent sawing in an anterolateral direction (i.e., away from the spinal cord). This is done for the cephalad and caudal osteotomies. (lllustration by
Nicole Wolf, MS, ©2016. Printed with permission.)
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TABLE Il Baseline Characteristics (N = 33)

Age* (yr) 58 (44-64)

Male sex (no. [%]) 20 (61)

Tumor histology (no. [%])

Chordoma 21 (64)
Chondrosarcoma 9 (27)
Othert 3(9.1)

Recurrent tumor (no. [%]) 7 (21)

Location of tumor (no. [%])

Lumbar spine (L1-L5) 20 (61)
Thoracic spine (T1-T12) 12 (36)
Thoracolumbar spine (T1-L5) 1(3.0)

No. of involved vertebral levels (no. [%])

1 16 (48)
2 7 (21)
3 9 (27)
4 0 (0)
5 0 (0)
6 1 (3.0)
Tumor stages (no. [%])
T1INOMO 7 (23)
T2NOMO 4 (13)
T3NOMO 1(3.3)
T4aNOMO 16 (53)
T4aNOM1a 1(3.3)
T4aNOM1b 1(3.3)
Extraosseous extension (no. [%])
Epidural space 18 (55)
Paraspinal muscles 5 (15)
Paravertebral soft tissue 5 (15)
Chest wall 2 (6.1)

Preop. radiation therapy (no. [%]) 29 (88)
Chordoma§ 21 (72)
Chondrosarcoma§ 7 (24)
Malignant solitary fibrous tumor§ 1(3.4)

Preop. radiation dose* (Gy) 50.4 (50.4-50.4)

Preop. chemotherapy (no. [%]) 4 (12)

Preop. motor function (no. [%])

Normal 29 (88)
Preserved, muscle grade >3 below tumor level 4 (12)
Preserved, muscle grade <3 below tumor level 0 (0)

Preop. performance status (no. [%])

Fully active at predisease performance level 15 (45)
Active but restricted in strenuous activity 17 (52)
Ambulatory, unable to carry out work activities 0 (0)
Capable of only limited self-care 1(3.0)
Completely disabled 0 (0)

*The values are given as the median, with the interquartile range in

parentheses. TOther tumors included metastatic leiomyosarcoma (n =1),

metastatic mixed germ cell tumor (n = 1), and solitary fibrous tumor (n=1).

FStage provided for the 30 tumors with chordoma or chondrosarcoma

histology. §The percentage shown is of the number of patients (n = 29)

who had preoperative radiation therapy.

MODIFIED EN BLOC SPONDYLECTOMY FOR TUMORS OF THE
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the passage of saws. Long-term complications and oncologic outcomes were
assessed through follow-up clinical notes. Surgical margins were assessed
through pathology reports. Perioperative complications were categorized ac-
cording to the classification of perioperative complications of anterior spinal
procedures as described by McDonnell et al.”” (Table I). We evaluated patients
for recurrent disease through magnetic resonance imaging (MRI), which was
obtained every 3 months for the first 2 years post-discharge, followed by every
6 months. All patients had at least 6 months of follow-up.

Thirty patients had complete data regarding the variables recorded.
There were 2 patients for whom the total operative time was unavailable and
1 patient for whom surgical margins could not be obtained due to an aborted
tumor resection.

Treatment
There are important anatomical considerations based on tumor location. In the
upper thoracic spine, attention should be directed to venous structures (i.e., the
azygos and hemiazygos system), as arterial inflow is above the level of the aortic
arch. Care must be taken to identify radiculomedullary arteries that supply the
anterior spinal artery. There are fewer radiculomedullary arteries in the tho-
racic spine and they are more spread out than in other spinal regions, con-
tributing to poor collateral circulation potential®®,

Similarly, the unique anatomy of the lumbar spine must be considered.
The proximity of the vertebrae to the aorta, the inferior vena cava, and the iliac
veins poses a challenge for TES in this region. The large origin of the iliopsoas
muscles on the lumbar spine requires a trans-psoas approach for adequate
exposure of the spine. Furthermore, while lumbar nerve roots may be inten-
tionally sacrificed to ensure adequate margins, care must be taken to avoid
unintended injury when possible, given the importance of the lumbar plexus
for lower-extremity function. What follows is a generalized technique, but it is
crucial that the relevant local anatomy be considered in the approach to each
specific case.

Our technique consists of 2 stages. For the first stage, in which a pos-
terior approach is used, the patient is placed in a prone position. The surgeon
makes a midline posterior incision over the affected levels, and the paraspinal

TABLE Ill Hospital Course (N = 33)

Intraop. complications (no. [%]) 9 (27)

Dural tear* 9 (100)

Dural tear due to passage of saw* 1(11)

Vessel injury* 0 (0)

Spinal cord injury* 0 (0)
Intraop. dural plaque placement (no. [%]) 16 (48)
Periop. complicationst (no. [%]) 17 (52)

MajorF 11 (65)

Minor¥ 6 (35)

Total operative time§ (hr) 14.2 (12.2-17.6)
Estimated blood loss§ (L) 6.0 (4.2-7.5)
Intraop. radiation dose§ (Gy) 10 (10-10)
Hospitalization duration§ (days) 17 (13-26)

*The percentage shown is of the number of patients (n = 9) who
had intraoperative complications. tMcDonnell classification as
described in Table I. ¥The percentage shown is of the number of
patients (n = 17) who had perioperative complications. §The
values are given as the median, with the interquartile range in
parentheses.
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TABLE IV Perioperative Complications

Complication Major, N =11 No. Minor, N = 6 No.
Pulmonary Pneumonia 2 Pleural effusion requiring diuretic 1
Respiratory distress requiring intubation 2
Pneumothorax with chest tube placement 1
Pleural effusion with chest tube placement 1
Operative wound Infection requiring debridement 1 Infection treated with antibiotics
Neurologic Seizure requiring anticonvulsant 1 Cerebrospinal fluid leak 2
Renal Acute kidney injury requiring hemodialysis 1
Cardiac Myocardial infarction 1 Atrial fibrillation responding to rate control 1
Tachycardia responding to rate control 1
Death 1

muscles are dissected to expose the posterior osseous elements of the spine.
Blunt dissection is performed to develop a plane between the vertebral body
and the great vessels (Fig. 1). The aorta and its branches are relatively resistant
to tearing. In the lumbar spine, care must be taken to avoid tearing the inferior
vena cava or lumbar veins, given that the dissection around the lateral and
anterior aspects of the vertebral body is done blindly. Initial dissection can be
performed with a fine Adson clamp or right-angle clamp, and the tunnel can be
progressively enlarged with a blunter clamp. The dissection should stay to the
right of the vertebral body and the anterior longitudinal ligament and approach
the anterior aspect of the vertebral body from both the right and left sides.
Slowly, the tunnel is completed circumferentially and enlarged enough to ac-
commodate a large vascular clamp with a half-circle clamp configuration (e.g.,
DeBakey Aorta Clamp, item AL2125.1; Wexler Surgical). A quarter-inch
(0.64-cm) Penrose drain is then passed with a vascular clamp through this plane
anterior to the vertebral body but posterior to the great vessels; threadwire saws
(Mani Diamond Tomita-Saw, item 0106132; Mani) are then passed into the
sheath and tied together (Fig. 2). This is done at 2 levels: cephalad and caudad to
the tumor. After confirming on an intraoperative radiograph or computed
tomography (CT) image that the saws are in the appropriate position, de-
compressive laminectomies and removal of the posterior elements are per-
formed using either threadwire saws or a high-speed burr and Kerrison
rongeurs (Fig. 3).

For cases involving the thoracic spine, the ribs are cut to access the
thoracic cavity, where segmental nerve roots are identified and ligated. For
lumbar cases, we develop a plane lateral to the vertebral body and medial to the
psoas muscle, identifying and protecting traversing nerve roots. At this point
for lumbar or thoracic cases, we develop a plane anterior to the thecal sac and
posterior to the vertebral body. The Penrose drain is removed, and 1 end of each
saw is passed through this plane between the thecal sac and the posterior
longitudinal ligament. The saws are lassoed around the vertebral body (Fig. 4).
Posterior instrumentation is subsequently performed at least 2 levels cephalad
and caudad to the tumor. The ends of the threadwire saws are coiled and
sutured in a loop, and secured to the posterior instrumentation in preparation
for the second stage (Fig. 5). Closure is then performed. We obtain a CT image
between stages to document the location of the saws relative to major vessels.

One to 7 days after the first stage, the second stage, involving an
anterior approach, is performed. The patient is placed in a lateral position
and a thoracotomy (thoracic tumors) or flank incision (lumbar tumors) is
performed. We identify the saws anchored to the instrumentation and release
them by cutting the suture. We begin with the caudal or cephalad osteotomy
by crossing the hands to aid with the ergonomics of sawing, and saw in an
anterolateral direction, away from the spinal cord (Fig. 6). The hand pulling
the saw between the thecal sac and the intervertebral disc or vertebral body is
directed into the disc in order to prevent injuring the dura. This is repeated
for the remaining cephalad or caudal osteotomy. As the tumor is gently

mobilized, we dissect the thecal sac away from the vertebral body and tumor.
The specimen is removed en bloc and sent for pathologic analysis. For pa-
tients with dural disease, intraoperative irradiation is then performed via
dural plaque application. Finally, anterior spinal fusion with instrumentation
is performed, most commonly using a vascularized fibular autograft. The
vascularized fibula is removed and flushed copiously with heparinized saline
solution through the arterial inflow. The graft is sized to fit the spinal defect
and compressed between the end plates. Microvascular re-anastomosis is per-
formed, with subsequent closure. In certain cases, interbody cages or allografts are
used for anterior fusion.

TABLE V Long-Term Complications (N = 32)*

Complications within 90 days after discharge 7 (22)
(no. [%])
Infectiont 2 (29)
Deep-vein thrombosist 2 (29)
Instrumentation failuret 1 (14)
Cerebrospinal fluid leakt 1 (14)
Fever of unknown origint 1 (14)
Complications >90 days after discharge (no. [%]) 8 (25)
Instrumentation failuref 7 (88)
Cerebrospinal fluid leak¥ 1 (13)
Reoperation required§ (no. [%]) 14 (44)
Indication for reoperation§ (no. [%])
Failure of instrumentation 8 (25)
Wound infection 6 (19)
Local recurrence 2 (6.3)
Time to instrumentation failure# (wk) 39 (23-42)

*One patient died perioperatively and thus had <6 months of
follow-up; the patient was excluded from this analysis. 1The per-
centage shown is of the number of patients (n = 7) with compli-
cations within 90 days after discharge. $The percentage shown is
of the number of patients (n = 8) with complications >90 days after
discharge. §0ne patient required reoperation for instrumentation
failure and a recurrent tumor, and 1 patient required reoperation
for instrumentation failure and a wound infection. #The values are
given as the median, with the interquartile range in parentheses.
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TABLE VI Oncologic and Long-Term Outcomes (N = 32)*

Negative margins (no. [%]) 30 (94)
Tumor recurrence (no. [%]) 2 (6.3)
New metastasis (no. [%]) 2 (6.3)
Motor function at last follow-up (no. [%])
Normal 25 (78)
Preserved, muscle grade >3 below tumor 7 (22)
level
Preserved, muscle grade <3 below tumor 0 (0)
level
Performance status at last follow-up (no. [%])
Fully active at predisease performance level 8 (25)
Active but restricted in strenuous activity 14 (44)
Ambulatory, unable to carry out work 8 (25)
activities
Capable of only limited self-care 1(3.1)
Completely disabled 1(3.1)
Direct clinical follow-upt (wk) 72 (33-104)
*0ne patient died perioperatively, and was thus excluded from this
analysis. TThe values are given as the median, with the inter-
quartile range in parentheses.

In thoracic cases, we generally separate the parietal pleura from the
vertebral body in order to pass the saws between the thecal sac and the vertebral
body. In this scenario, the pleura is not used as an oncologic margin. In cases in
which the lung is involved, however, the pleura is left on the tumor and is resected
with the tumor in a single en bloc specimen.

For tumors that extend into the epidural space, careful dissection must
be performed before placing the saws between the thecal sac and the vertebral
body. In cases in which the dura can be easily elevated, blunt dissection is
performed using a Penfield number-4 dissector. If the tumor is adherent to the
dura, sharp dissection with Stevens tenotomy scissors is performed. In both
cases, intraoperative radiation is indicated.

Ideal candidates for this procedure are patients with nonmetastatic
primary spinal tumors for whom there are no effective adjuvants and
who are medically well enough to undergo the surgery and be rendered
disease-free from it. Rarely, we operate on patients with solitary metas-
tasis to the spine who are well enough to undergo the procedure. Any
patient with multi-organ metastasis from a primary spinal tumor is not
a candidate.

Statistical Analysis

We present categorical variables as the number and frequency, and continuous
variables as the median and interquartile range (IQR). We used Stata/SE soft-
ware (version 12; StataCorp) for statistical analyses.

Results
Baseline Characteristics
e included 33 patients with a median age of 58 years
(IQR, 44 to 64 years). Twenty (61%) of the patients were
male. The tumor histology was as follows: chordoma (n = 21),
chondrosarcoma (n = 9), metastatic leiomyosarcoma (n = 1),
metastatic mixed germ cell tumor (n = 1), and solitary fibrous
tumor (n = 1). The primary site of the leiomyosarcoma was the

MODIFIED EN BLOC SPONDYLECTOMY FOR TUMORS OF THE
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tibia, and the primary site of the mixed germ cell tumor was the
anterior mediastinum. There were 20 lumbar tumors (61% of
the patients), 12 thoracic tumors (36%), and 1 spanning the
thoracolumbar junction (3%). Tumors most commonly in-
volved 1 vertebral level (48%). The most common primary
spinal tumor stage based on the AJCC system was T4aNOMO,
indicating extension into the epidural space. Eighteen (55%) of
the patients in total had epidural extension. Five patients had
extraosseous extension into the paraspinal muscles, 5 had ex-
tension into the paravertebral soft tissue, and 2 had chest-wall
involvement (Table II).

Preoperative Characteristics

Twenty-nine (88%) of the patients received preoperative ra-
diation therapy. The typical dose was 50.4 Gy, as established in
a previous study by our treatment team™. All 21 cases of
chordoma as well as 7 of the chondrosarcoma cases received
preoperative radiation. Twenty-nine (88%) of the patients had
normal motor function at the time of surgery. Patients had high
activity status preoperatively, with 32 (97%) either fully active
at the predisease performance level or restricted only in phys-
ically strenuous activity (Table II).

Hospital Course

Nine (27%) of the patients experienced an intraoperative
dural tear. No patient had injury to the spinal cord or great
vessels. One tear occurred as a saw was passed between the
thecal sac and the posterior longitudinal ligament. The me-
dian combined estimated blood loss was 6.0 L (IQR, 4.2 to 7.5 L).
Sixteen (48%) of the patients underwent intraoperative dural
plaque placement, with a median dose of 10 Gy. The median
operative time for both stages was 14.2 hours (IQR, 12.2 to 17.6
hours).

Seventeen (52%) of the patients experienced periopera-
tive complications, with 1 death (5.9% of the 17 patients).
According to the McDonnell classification, 11 (65%) of the 17
patients experienced a major complication and 6 (35%), a
minor complication (Table IIT). Most of the major complica-
tions were pulmonary complications, while cerebrospinal fluid
leaks were the most common minor complication (Table IV).
One patient died perioperatively. The patient had an L3 to L5
chordoma that abutted the great vessels and was unable to
tolerate ligation of the inferior vena cava that was required to
safely remove the tumor. The patient developed bowel necrosis
postoperatively and died.

Long-Term Complications

Seven (22%) of the patients had complications that occurred
within 90 days after discharge, most commonly infection and
deep-vein thrombosis. Eight (25%) of the patients had com-
plications occurring >90 days after discharge, with instru-
mentation failure (7 patients) being the most common cause.
In total, 8 (25%) of the patients experienced instrumentation
failure, with a median time to hardware failure of 39 weeks
(IQR, 23 to 42 weeks). Fourteen (44%) of the patients required
reoperation, with all cases of instrumentation failure requiring
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TABLE VII Comparison of Total En Bloc Spondylectomy Studies ) o

Study

Tumor Location

Boriani et al.® (2010)
Amendola et al.*® (2014)
Kawahara et al.”® (2011)

Krepler et al.”* (2002)
Fourney et al.”? (2001)

Lilienqist et al.?® (2008)

Sciubba et al.”® (2016)

Cervical, thoracic, lumbar

Cervical, thoracic, lumbar

Lumbar

Thoracic, lumbar

Thoracic, lumbar

Thoracic, lumbar

Lumbar

Tumor Type No. of Included Patients Study Design*
Primary malignant, solitary 134 R
metastases
Primary malignant, primary 103 R
benign
Primary benign, solitary 10 R
metastases
Primary malignant 7
Primary malignant, solitary 26
metastases
Primary malignant, solitary 21 R
metastases
Primary malignant, primary 23 R

benign

*R = retrospective.

surgery. Six patients had wound infection that required surgical
drainage, and 2 patients underwent resection for local recur-
rence (Table V).

Oncologic Outcomes

Surgical margins free of cancer cells as confirmed on pathologic
evaluation were obtained for 30 (94%) of the patients. Local
recurrence was observed in 2 (6%) of the patients. Two (6%) of
the patients developed new metastases (Table VI).

Long-Term Outcomes

The median direct clinical follow-up was 72 weeks. Twenty-five
(78%) of the patients had normal motor function with at least
6 months of follow-up, and 7 (22%) had preserved motor func-
tion with mild weakness. Thirty (94%) of the patients remained
ambulatory with the ability to provide self-care (Table VI).

Discussion
iévre et al.® and Stener and Johnsen™" were the first to
describe spondylectomy for spinal tumors in the 1960s and
1970s. In 1994, Tomita et al.' and Fidler*® reported on TES, a
technique resulting in prolonged survival and reduced recur-
rence rates compared with intralesional resection''".

We describe a staged en bloc spondylectomy employing
threadwire saws as well as a cohort of patients who underwent
this procedure and the associated safety and outcome profile. We
hypothesize that the combination of passing the saws between
the thecal sac and the vertebral body in the first, posterior stage
and sawing in an anterolateral direction in the second, anterior
stage protects major vessels and the spinal cord from injury. Our
findings support this hypothesis, as we observed only 1 case of
dural injury secondary to the passage of the saws.

This study had limitations. First, there may have been
selection bias, as most patients had normal preoperative neu-

rologic status and high performance status. Including patients
with worse preoperative scores might have resulted in worse
outcomes. Therefore, we are not able to state that this technique
is indicated for all patients with spinal tumors. Furthermore, we
are not able to compare our technique with a single-stage pos-
terior approach or a staged approach performed without the use
of threadwire saws. Finally, our retrospective review of compli-
cations likely underestimated the overall complication rate.

Staged resection of spinal tumors decreases morbidity
and the duration of stay in the ICU (intensive care unit)
compared with single-stage approaches®. Furthermore, a 2-
stage procedure allows for dissection of the tumor from ante-
rior structures under direct visualization, reducing the risk of
damage to major vessels anterior to the vertebral column™*'.
Although our approach can be performed in a single day—we
have performed some in this fashion that are not included in
this study—the rationale for separating the stages by 1 to 7 days
is to allow the patient to recover from the systemic inflam-
matory response initiated by the first stage®.

As described by Tomita and colleagues®*, we use mul-
tifilament diamond saws that cut bone and may reduce the risk
of tumor cell contamination during vertebral osteotomy™. The
saws are placed anterior to the vertebral body, as described by
Tomita et al.". The key difference from their approach is that we
pass 1 end of each saw between the thecal sac and the posterior
longitudinal ligament (Fig. 4). This enables us to saw in an
anterolateral direction in the second stage, potentially reducing
the risk of vascular complications by allowing for visualization
of the great vessels.

We performed this technique in 33 patients with primary
spinal tumors and solitary metastases of the thoracic and lumbar
spine. There have been multiple reports of TES in the thoracic
spine"*"***, Because of the challenging nature of lumbar tumors,
there are relatively few studies of TES in the lumbar spine***,

31,42
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TABLE VII (continued)

No. (%) of Patients No. (%) of Patients
with Perioperative with Hardware Percentage with No. (%) of Patients with
TES Approach Complications Failure Negative Margins Tumor Recurrence

Combined anterior- 47 (35%) 10 (7%) — 35 (26%)
posterior, single-stage
posterior
Combined anterior- 43 (42%) 10 (9.7%) 82% 34 (33%)
posterior, single-stage
posterior
Combined anterior-posterior 6 (60%) 2 (20%) 100% 0 (0%)
Single-stage posterior 3 (43%) 2 (29%) 100% 0 (0%)
Combined anterior-posterior 12 (46%) 1 (3.8%) — 2 (7.7%)
Combined anterior- — 1 (4.8%) 71% 2 (9.5%)
posterior, single-stage
posterior
2-stage posterior-anterior 15 (65%) 9 (39%) 74% 2 (8.7%)

TES in the lumbar spine requires a 2-stage approach; the dis-
eased vertebral body cannot be safely removed from a single-
stage posterior approach because of the lack of space between
bridging lumbar roots™***. Our series included 20 lumbar tu-
mors and 1 tumor spanning the thoracolumbar junction.

The morbidity of TES is considerable because of the ma-
nipulation of neurovascular structures required in these proce-
dures’. Our perioperative complication rate (52%) is in line with
rates in the literature (35% to 65%) (Table VII). Infection and
deep-vein thrombosis were the most common complications
encountered within 90 days after discharge. Impaired wound-
healing with subsequent infection is a known complication
of TES in patients with a history of radiation therapy"'. Our
instrumentation-failure rate (25%) is consistent with published
reports of failure of varying TES approaches (3.8% to 39%)**
(Table VII). Diminished tissue vitality from preoperative radia-
tion and intraoperative vascular dissection make successful long-
term instrumentation challenging in these patients®.

The most important aspect of TES is its superior oncologic
outcomes. In line with other studies, we achieved a high negative
margin rate (94%) and low tumor recurrence rate (6.3%). The 2
patients with positive surgical margins had tumor extension into
the epidural space, with a positive margin on the anterior aspect
of the dura. All patients had preserved motor function and 94%
of the patients remained ambulatory with the ability to provide
self-care with at least 6 months of follow-up.

In conclusion, our 2-stage modified en bloc spondy-
lectomy employing threadwire saws is a complex but effec-
tive technique for the resection of primary spinal tumors and
solitary metastases involving the thoracolumbar spine in
selected patients. B
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