
Original Articles

 37

IMAJ • VOL 17 • JANUARY 2015

Background: Most spine tumors are resistant to radiation and  
chemotherapy. Complete surgical removal provides the best  
chance for long-term control of the tumor. Total en bloc spon- 
dylectomy (TES) is a radical new technique that entails total 
removal of the tumor and affected vertebras with clean margins.
Objectives: To review our initial experience with TES, focusing 
on feasibility, surgical challenges and the short-term outcome. 
Methods: We retrospectively reviewed the hospitalization 
charts and follow-up data of all patients treated with TES for 
spine tumors in the spine unit at Tel Aviv Medical Center.
Results: TES was performed in 12 patients aged 13–78 
years. Nine patients had primary spinal tumors and three 
had metastasis. Total en bloc removal was achieved in all 
cases with spondylectomy of one to three affected vertebras. 
There was no perioperative mortality and only one major 
intraoperative complication of injury to a major blood vessel. 
Late complications were mainly related to hardware failure. 
Conclusions: Total en bloc spondylectomy is feasible and effec- 
tive for the management of selected patients with extradural 
spinal tumors. Since the surgical procedure is demanding and 
carries significant risk, careful preoperative evaluation and 
collaboration with colleagues from other specialties are crucial.
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T umors of the spine are classified into three categories accord-
ing to their anatomic location: intramedullary (arising from 

neural cells within the spinal cord), intradural extramedullary 
(arising from the nerve root sheath or the meninges of the spinal 
cord), and extradural (located in the bony structures of the ver-
tebral column and comprising the largest group). Some of the 
extradural tumors are primary, either malignant or benign, but 
the vast majority of all spine tumors are metastatic. 

Surgery is the mainstay of spinal tumor management, 
followed by oncological treatment. The goals of surgery are 
oncological removal of the tumor, decompression of the spi-
nal cord to preserve neurological function, maintenance of 
mechanical stability, relief of pain, and histological diagnosis 
[1]. Surgical removal of these lesions was traditionally based on 
intralesional resection, where piecemeal removal of the tumor 
is performed with the resection margins actually made by the 
residual tumor rather than healthy tissue. Disadvantages of this 

technique are incomplete tumor removal and contamination 
of the surrounding tissues by tumor cells, leading to a high 
rate of local tumor recurrence [2]. In order to reduce the risk 
of local recurrence, several authors reported total spondylec-
tomy (corpectomy or vertebrectomy) for removal of vertebral 
tumors, with favorable results [3-6]. Although this technique 
represented significant progress, it provided only a partial solu-
tion to the clinical problem. 

To achieve better oncological results, several surgeons pio-
neered a new surgical procedure called total en bloc spondy-
lectomy (TES). This is a radical and complex operation defined 
as complete removal of the tumor and all the affected vertebras, 
with normal tissue as margins, without violation of the tumor 
capsule. During the last decade, this technique gained signifi-
cant recognition among spine surgeons and oncologists as the 
preferred method for certain patients with definite indications 
[7-11]. We present our experience with total en bloc sponylec-
tomy for resection of spinal tumor and report the short-term 
results. 

PATIENTS AND METHODS

Management strategy

All patients with extradural spinal tumors are first subjected 
to a computed tomography (CT)-guided needle biopsy of the 
lesion. In the rare cases where needle biopsy is not possible 
or inconclusive, an open incisional biopsy may be performed. 
The patient is then assigned to the most appropriate treatment: 
surgery, radiotherapy, chemotherapy, or a combination of these 
modalities. Total body CT scan is performed to rule out sys-
temic metastases. Surgical staging is then determined according 
to the Weinstein-Boriani-Biagini (WBB) staging system [12].

The surgical procedure suitable for the patient is elected 
based on the classification and recommendations published 
by Tomita et al. [13]. 

Indications

TES is reserved for a particular group of patients. This opera-
tion is indicated for malignant tumors (primary spine tumor, 
and solitary metastatic lesions in carefully selected patients) 
or aggressive benign tumors. Systemic investigation must be 
completed and multiple metastases excluded. The tumor must 
show no spread to adjacent visceral organs, with little or no 
adhesion to the great blood vessels, so that it can be dissected 
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off them without injury [8,13]. The general systemic condition 
of the patient, his functional status and life expectancy must be 
assessed before a strategy is chosen. 

Surgical technique

Technical details of the surgical procedure are beyond the scope 
of this manuscript but the main steps will be described briefly. 
Basically, the procedure consists of en bloc removal of the 
posterior vertebral elements (spinous process, laminas, facets, 
transverse processes) and en bloc removal of the anterior part 
(en bloc corpectomy). The operation may be performed with a 
single posterior approach, posterior anterior double approach, 
or anterior posterior double approach. Mechanical stabilization 
is achieved by placement of a cage prosthesis filled with bone 
graft or bone substitute at the site of the removed vertebral body 
and supported by screws and rods posteriorly [13,14]. 

Operative risks

TES is an aggressive procedure that requires extensive dissec-
tion of the spine and adjacent structures. The main risks of the 
operation are: 
•	 Massive intraoperative bleeding that may result from tumor 

tissue, epidural veins and adjacent bones, or from injury to 
major vessels. Blood loss may be life threatening and blood 
transfusion is routinely required 

•	 Mechanical or vascular injury to the spinal cord

•	 Inadvertent violation of adjacent structures, depending on 
the anatomic location of the tumor

•	 Dural tears and nerve root injury
•	 sacrifice of nerve roots or blood vessels in some cases
•	 Mechanical instability of the spine 
•	 Contamination of surrounding tissues by tumor cells
•	 The general risks of anesthesia, postoperative infection, etc., 

are higher than usual due to the long duration of surgery, 
extensive dissection, hemodynamic changes and other issues. 

To reduce the complication rate, several steps are taken routinely: 
•	 Extreme caution in patient selection and meticulous preop-

erative evaluation
•	 Preoperative angiography for assessment of the blood supply 

to the tumor and embolization of supplying vessels. This is 
especially important for lesions with high vascularization 
such as hemangioma, renal cell carcinoma, thyroid carci-
noma and hepatocellular carcinoma 

•	 Collaboration with colleagues from other specialties: general 
surgeons, vascular surgeons, plastic and head and neck sur-
geons, and medical oncologists [9-11]. 

RESULTS

Twelve patients with spinal tumors underwent TES in our spi-
nal unit between April 2010 and December 2013. The age range 

Table 1. Patient characteristics

Patient 
no.

Age/
Gender Tumor type, extent Location

Previous  
treatment Complication Outcome

1 40/M Met. parotid Thoracic 
1 level

Intralesional resection Disease progression Died 
26 months

2 33/M Giant cell tumor Thoracic 
1 level

Intralesional resection Kyphosis Disease free 
29 months

3 33/M Osteogenic sarcoma Thoracic 
3 level

CTX, RTX Kyphosis Disease free 
31 months

4 32/F Chondrosarcoma Thoracic 
1 level

None None Disease free 
23 months

5 35/F Desmoid Lumbar 
2 level

None Recurrence Recurrence 
18 months, CTX

6 78/M Peripheral malignant  
nerve sheath tumor

Thoracic 
2 level

Intralesional resection Recurrence Died 
8 months

7 28/M Osteogenic
sarcoma

Cervicothoracic
2 level

Intralesional resection Recurrence CTX 
17 months

8 45/F Met.
liomyesarcoma

Cervical
1 level

None None Disease free
20 months

9 13/M Ewing sarcoma Lumbar
1 level

None Vena cava tear Disease free
12 months

10 52/F Chondrosarcoma Lumbar
1 level 

None None Disease free
9 months

11 59/M Met. hyperneophroma Lumbar 
1 level

None None Disease free
18 months

12 61/F Chondrosarcoma Thoracic
3 level 

None None 1 month

CTX = chemotherapy, RTX = radiotherapy, Met. = metastatic
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examination was normal. CT and magnetic resonance imag-
ing (MRI) of the lumbar spine revealed a tumor at the second 
lumbar vertebra [Figure 1]. CT-guided biopsy showed a giant 
cell tumor. Spinal angiography demonstrated a highly vascu-
larized tumor. The lumbar arteries L1 to L3 were occluded with 
onyx. Surgery was performed 2 days later. Starting with the 
anterior approach and assisted by a general surgeon, we dis-
sected the tumor off the blood vessels and made cuts through 
the L1-L2 and L2-L3 disks using a special saw. The operation 
was performed via the posterior approach: the laminas and 
facets were removed bilaterally as one unit, the nerve roots 
at L1 and L2 were cut bilaterally, the lateral aspects of the L2 
vertebral body were released, and the tumor with the involved 
vertebra was removed en bloc without violation of the tumor. 
Stabilization was completed with insertion of a titanium cage 
filled with bone graft into the intervertebral space from L1 to 
L3 and transpedicular screws from D12 through L4 [Figure 
2]. The patient was transferred to the intensive care unit where 
she remained on mechanical ventilation for 48 hours. After an 
additional 10 days in the hospital she was transferred to reha-
bilitation with proximal motor weakness of both legs, which 
was expected due to sacrifice of the nerve roots L1 and L2. 
At the last visit, 16 months after surgery, she was ambulatory 
without aid and her leg weakness had ameliorated significantly. 
CT scan showed no tumor recurrence and good spinal align-
ment with adequate position of the fixation hardware. 

DISCUSSION

Most of the primary malignant and metastatic spinal tumors 
are resistant to radiotherapy and chemotherapy, making sur-
gery the treatment of choice for these lesions. This is true also 
for some benign tumors with locally aggressive behavior, such 

of the 7 males and 5 females was 13–78 years. Nine patients 
had primary spinal tumors and the other three had metastatic 
tumors. The tumor was located at the cervical segment in one 
patient, at the cervicothoracic in one, at the thoracic level in 
six, and at the lumbar spine in four. The number of vertebras 
removed during surgery was as follows: one in seven patients, 
two in three patients and three in two patients. 

The surgical approach was posterior only in four patients 
and combined anterior and posterior in eight. Total en bloc 
removal was achieved in all cases. The only major intraopera-
tive complication was a tear of the inferior vena cava which 
occurred in a child with Ewing sarcoma at a lumbar vertebra. 
The tear was managed by the vascular surgeons and neces-
sitated closure of the vessel. However, the patient made a good 
recovery without late sequelae. Late complications included 
hardware failure leading to kyphotic deformity in two patients 
and deep wound infection that required surgical revision in 
one patient. Tumor recurrence occurred in three patients at 8 
months, 12 months and 18 months after surgery, respectively. 
Two of these patients had previously undergone intralesional 
resection before TES. All three patients underwent chemother-
apy with good response in two of them; the third patient died 
9 months after surgery. Another patient died 26 months after 
surgery due to systemic disease progression. Seven patients 
remain disease free at 1 to 39 months after surgery. 

Case presentation

A 47 year old woman suffered from low back pain radiating 
to the right leg for 2 years before admission. Neurological 

Figure 1. MRI with gadolinium

[A] Sagittal 
view shows 
the tumor with 
pathological 
fracture at L2

[B] Axial view shows the tumor invading the vertebral body and 
left pedicle
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In our small series, en bloc spondylectomy was performed 
successfully in all the cases that were planned after careful 
preoperative assessment. We encountered one major intra-
operative complication – injury to the inferior vena cava that 
was managed by closure of the vessel – but the patient made 
a good recovery. There was no neurological deterioration in 
any patient, except for radiculopathy secondary to intentional 
sacrifice of involved nerve roots. 

The main shortcomings of our study were the small number 
of patients and the short follow-up. However, the goal of this 
study was to report our initial experience with a challenging 
relatively new surgical technique that provides the best chance 
for cure or local control of disease in this particular group of 
patients with spine tumors.

Conclusions

Total en bloc spondylectomy for spinal tumors is feasible and 
can be performed safely. It has an acceptable complications rate 
and a favorable outcome. 
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Animation defines life, and the three-dimensional (3D) 
imaging of dynamic biological processes occurring within 
living specimens is essential to understand life. However, in 
vivo imaging, especially in 3D, involves inevitable tradeoffs 
of resolution, speed, and phototoxicity. Chen and team 
describe a microscope that can address these concerns. 
They used a class of non-diffracting beams, known as 2D 
optical lattices, which spread the excitation energy across 
the entire field of view while simultaneously eliminating out-

of-focus excitation. Lattice light sheets increase the speed of 
image acquisition and reduce phototoxicity, which expands 
the range of biological problems that can be investigated. 
The authors illustrate the power of their approach using 20 
distinct biological systems ranging from single-molecule 
binding kinetics to cell migration and division, immunology, 
and embryonic development. 

Science 2014; 346: 10.1126/science.1257998
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From single molecules to embryos in living color

Modern strains of Mycobacterium tuberculosis from the 
Americas are closely related to those from Europe, supporting 
the assumption that human tuberculosis was introduced 
post-contact. This notion, however, is incompatible with 
archaeological evidence of pre-contact tuberculosis in the New 
World. Comparative genomics of modern isolates suggests that 
M. tuberculosis attained its worldwide distribution following 
human dispersals out of Africa during the Pleistocene epoch, 
although this has yet to be confirmed with ancient calibration 
points. Bos et al. present three 1000 year old mycobacterial 
genomes from Peruvian human skeletons, revealing that 

a member of the M. tuberculosis complex caused human 
disease before contact. The ancient strains are distinct from 
known human-adapted forms and are most closely related to 
those adapted to seals and sea lions. Two independent dating 
approaches suggest a most recent common ancestor for the 
M. tuberculosis complex less than 6000 years ago, which 
supports a Holocene dispersal of the disease. These results 
implicate sea mammals as having played a role in transmitting 
the disease to humans across the ocean. 

Nature 2014; 514: 494
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Pre-Columbian mycobacterial genomes reveal seals as a source of New World human tuberculosis

Interested in a pill to extend life span and delay the onset 
of age-related diseases? The answer may lie in targeting the 
enzyme NAD-dependent deactylase sirtuin 1 (SIRT1): Animals 
with enhanced activity of SIRT1 show some of these effects. 
To study the effects of long-term SIRT1 activity, Mercken et 
al. fed mice a synthetic activator of SIRT1 from 6 months of 
age for the rest of their (∞3 year) life span. The treated mice 

had 5% and 10% increases in maximum and mean life span, 
respectively. They also resisted many problems associated 
with human aging. The mice had more stable blood glucose 
levels, better muscle endurance and balance, less fat, and 
suppressed inflammatory responses. 

Aging Cell 2014; 10.1111/acel.12220 
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A drug fights off ravages of aging in mice




