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ABSTRACT

En bloc resection in the spine is performed for both primary and metastatic bone lesions and has been proven to lengthen
disease-free survival and decrease the likelihood of local recurrence. It is a complex procedure, which requires a thorough
multi-disciplinary approach This article will discuss the role of the radiologist in characterizing the underlying tumor
pathology, staging the tumor and helping to predict possible intraoperative challenges for en bloc resection of primary bone
lesions. The postoperative appearances and complications following en bloc resection in the spine will be considered in
subseguent articles.

This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-Non
Commercial-Share Alike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as

long as appropriate credit is given and the new creations are licensed under the identical terms.

INTRODUCTION

The complex operation of en bloc excision of the
spine carries a high risk of morbidity and mortality.It
is not a surgery that is frequently done, so a thorough
multidisciplinary approach to each case is
essential.2lmaging plays a crucial role in correctly
staging the tumor and determining its suitability for
resection in addition to assisting in characterizing the
underlying tumor pathology.

The rationale for en bloc excision of the spine as well
as the oncological staging of spinal tumors will be
covered in this essay. It will also be discussed how the
surgical approach is affected by the surgery staging of
spinal tumors. The goal is to improve preoperative
planning by giving the radiologist a better grasp of the
surgeon's pre- and intraoperative considerations so
they can produce reports that are pertinent.

ENBLOCK

En bloc resection (EBR) is the name given to the
process that aims to eliminate a tumor in its entirety
along with a margin of healthy tissue surrounding it.*
En bloc tumor resection is based on oncological
principles that were originally well established for
bone tumors of the limbs. These principles later
inspired a standard procedure for tumors of the spine.

©2023Int. J. Life Sci. Biotechnol. Pharma. Res.

Stener published the first account of full vertebral
amputations for spinal tumors in 1989.% Roy Camille
and Tomita outlined another widely used standard
technique.* However, this method was only really
effective for the thoracic spine and was only suitable
if the tumor was located in the middle and completely
confined within the vertebral body. It was clear that a
staging system for spinal tumors was required, one
that would characterize the extent and location of the
tumor and enable a standard surgical procedure based
on oncological principles. The Weinstein-Boriani-
Biagini (WBB) staging method was created for this
purpose.!

WHICH TUMORS CAN BE REMOVED IN ONE
PIECE?

EBR's use is limited to specific tumor types due to the
high morbidity and mortality rates linked with it. It is
necessary to consider a tumor's behavior and
characteristics before determining whether EBR is
suitable for it. Applying the Enneking classification is
how this is accomplished.? This form of oncological
staging was initially created with regard to tumors of
the long bones but has since been used with regard to
spinal tumors.
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BENIGN TUMORS

Mesenchymal tumors classified as normal and
malignant are separated by the Enneking staging
system. According to how their borders appear on
radiographs, the benign tumors are divided into three
groups. More latent lesions are represented by clearly
defined boundaries than aggressive lesions are by
clearly defined borders.®> As the grade rises, the rate of
repetition rises as well. Giant cell tumors (GCTs) and
chondroblastoma are two examples of locally
aggressive benign lesions that can metastasize; this is
an uncommon occurrence.6 In instances of benign
aggressive (Enneking stage 3) tumors like GCTs,
chondroblastomas, and osteoblastomas, EBR s
deemed appropriate.

In the IR and EBR categories, the local recurrence
rates were 36.7 and 9.5%, respectively. Postoperative
incident rates for IR were 36.4% and for EBR were
11.1 %.®2 As it is likely that surgeons would favor
EBR in younger patients with fewer comorbidities and
less tumor extension, it is obvious that these findings
will be subject to a selection bias by the operating
surgeon. It is significant to remember that while IR
offers sufficient control of Enneking stage 2 tumors,
EBR is linked with better local control of Enneking
stage 3 GCTs.® This emphasizes how critical it is to
consider the border and breadth of the lesion's
radiological appearance when determining the
Enneking stage.

OSTEOBLASTOMA

Osteoblastoma lesions (OBL) make up 40% of spine-
related tumors, mostly in the cervical and lumbar
areas.”* OBL are usually found in the posterior
elements of the vertebra, primarily the pedicle or
lamina.’® 80% of patients with OBL present before the
age of 30, with OBL usually occurring in the second
decade of life.'®*> OBL can manifest at Enneking
stages 2 or 3, just like GCT. Stage 3 Enneking OBL,
also known as the "aggressive" variety, is linked to a
50% post-IR recurrence rate, whereas stage 2 OBL, or
the "less aggressive" variant, is linked to a recurrence
rate of between 10% and 15%.%" Because of this, IR is
advised for "active" OBL (Enneking stage 2), while
EBR is advised for "aggressive" OBL (Enneking stage
3), when physically possible. This emphasizes the
significance of examining the radiological appearance
of the lesion's borders.

The staging of malignant tumors includes surgical
grade, local extent, and presence of metastasis. Low
nuclear to cytoplasmic ratio, low mitotic rates, and
restricted pleomorphism in low surgical grade lesions
all indicate a low chance of distant spread. High-grade
lesions are characterized by mitotic figures, prominent
nucleoli, and pleomorphism and have a greater
incidence of metastasis.> However, some tumors, such
as dedifferentiated chondrosarcoma, automatically fall
into the high-grade group. Most lesions are graded
based on their histology.®
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Radiology is crucial in determining the existence of
regional or distant metastases as well as the location
of the tumor (intra- or extrac- ompartmental). In low-
grade malignant tumors (Enneking stages 1A and 2B),
like chordomas and chondrosarcomas, EBR is deemed
suitable. Chemotherapy and radiotherapy should be
taken into account for high-grade malignancies
(Enneking stage 2). (RT). EBR has a very limited
function in spine metastasis (Enneking stage 3), and it
is only taken into consideration in a small number of
cases where the multidisciplinary team believes it
would enhance local control and lessen local
recurrence. This won't be covered in this piece.

CHORDOMA

Rare bone tumors called "chordomas" that primarily
affect the vertebrae, sacrum, and base of the skull are
developed from embryonic notochord remnants.®®
They are aggressive tumors that can metastasize
locally and frequently return locally.?

Male patients experience them twice as frequently as
female patients do, and they most frequently manifest
in the sixth decade.’® Total EBR with a margin of
unaffected tissue around its perimeter was originally
thought to be the only course of treatment linked to a
5-year disease-free survival rate.?! Due to its ability to
further reduce local recurrence after maximum
resection, proton beam radiation therapy has recently
replaced other forms of radiation therapy as the first
line of defense in the treatment of spinal chordomas.??

CHONDROSARCOMA

Less than 10% of all instances of chondrosarcoma, a
low-grade malignant chondroid lesion, involve the
spine.?® Although they can happen anywhere along
the mobile spine, they are most frequently found in
the thoracic and lumbar areas.® Men are more
frequently impacted than women, with an average age
of 42 at diagnosis.®® Radiation and chemotherapy are
notoriously ineffective in treating the growth.

With EBR being the gold standard of treatment, the
degree of surgical resection is correlated with the total
survival benefit.?” En bloc has a lower relative risk
(RR) for mortality and recurrence compared to other
surgical methods of 78.8% (RR, 0.21; p 0.001) and
80.7% (RR, 0.19; p 0.001, respectively).252628

OSTEOSARCOMA

Although osteosarcoma is one of the more frequent
primary bone malignancies, only 0.85 to 3% of all
osteosarcomas affect the spine. Instead, they typically
affect the limbs.® It manifests around the fourth
decade *°, later than extremity osteosarcoma, and is
most frequently found in the thoraco-lumbar spine,
particularly the posterior components.® Surgery is
essential for the treatment of spinal osteosarcoma,
even though adjuvant chemotherapy and radiation
therapy are crucial.?’” Total en bloc resection with
broad or marginal margins has been shown to have a
better long-term prognosis and less local recurrence
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than intralesional or "piecemeal™ resection throughout
the spine.?’2

EWING'S SARCOMA

The second most frequent primary malignant bone
cancer in children and teenagers, after osteosarcoma,
is Ewing sarcoma (ES).® The spine is only impacted
in 5% of instances; the pelvis, femur, and tibia are
most frequently affected.3* When the spine is affected,
ES typically affects the thoracolumbar spine and
typically begins in the posterior components before
extending into the vertebral body.*® In the spine, the
outlook is worse, and there is discussion over the best
strategy for local management. RT has typically been
regarded as the main element of local therapy;
however, this is constrained in lumbar spinal tumors
due to the close proximity of the spinal cord and the
kidneys.®® The impact of total en bloc resection (TER)
on local recurrence and disease-free survival has only
been examined in a small number of trials. Combining
these small studies, it has been established that,
whenever feasible, TER combined with RT offers
better local control compared to RT alone. Better local
control is shown by %7 IR or EBR with IL borders than
by RT and chemotherapy put together.3®

STANDARDIZATION OF APPROACH
(WBB STAGING) SURGICAL STAGING

To aid in and standardize the planning of EBR, the
WBB surgical staging system was developed in
1997.1 It has since been submitted to clinical
evaluation and is the system used in most spinal
oncology studies and has been implemented by most
spinal oncology centers. The surgical strategy is then
determined by this staging system, which classifies
tumors according to their position in terms of zones
and layers.? There are detailed a total of ten different
surgical tactics.? The radiologist should be aware of
the three primary approaches to help tailor their
reports, but it would be outside the scope of this piece
to provide an in-depth explanation of all 10. The
following are the three primary strategies.

VERTEBRECTOMY (MARGINAL/WIDE EN
BLOC EXCISION OF THE VERTEBRAL
BODY)

This method works well for tumors that are centered
in the vertebral body and have at least one preserved
pedicle. (confined to zones 4-8 or 5-9). It begins with
the healthy posterior components being removed
using a posterior approach. This allows for the
sectioning of the posterior longitudinal tendon and
annulus fibrosis. The segmental arteries at the
operative level above and below can then be ligatured
using a subsequent anterior approach. Next, the
vertebral column is extracted in one piece. A passage
through the nearby vertebral bodies or proximal and
distal discectomies are used to accomplish this.
Therefore, it's crucial that the radiologist correctly
describes the tumor's longitudinal extent and specifies
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whether the nearby intervertebral disc is involved.
With this procedure, the complete vertebra—
including the body and posterior components—is
removed.

SAGITTAL RESECTION (MARGINAL/WIDE)
When a tumor is situated eccentrically in the vertebral
body, pedicle, or transverse process, this is the best
course of action. (confined to zones 3-5 or 8- 10). If
required, more than one level and one or more ribs
may be removed. The healthy posterior elements,
including the unaffected pedicle, are removed in the
first stage using a posterior approach. The nerve roots
at the impacted layers are then strangled. The
eccentric tumor in the vertebral body or transverse
elements is then approached anteriorly while the
patient is in a lateral decubitus posture. The vertebral
body is sliced through through at least one zone that is
remote from the tumor using a chisel or osteotome.
The affected components are then entirely eliminated.
A tiny portion of the healthy vertebral body will be
preserved using this method.

RESECTION OF THE POSTERIOR ARCH
(MARGINAL/ WIDE)

The tumor can be removed in one piece using only the
posterior approach when it is restricted to the
posterior components (zones 10-3). In order to reveal
the dural sac, a wide laminectomy is initially done at
the vertebral level above and below the tumor. The
next step involves sectioning the pedicles with an
osteotome or Gigli saw to remove the posterior
components at the affected level all at once.

THE RADIOLOGICAL REPORT

The following is a recommended method for reporting
preoperative planning aging for EBR after taking into
account the surgical options.

LONGITUDINAL EXTENT OF THE TUMOR

It should be stated at which vertebral level the tumor's
location is located. To prevent wrong level surgery,
transitional vertebrae should be given special
consideration, and it should always be obvious in the
report whether the radiologist is counting the
vertebrae from the sacrum up or from C2 down. The
longitudinal expansion of the tumor should also be
covered in the report. The location of the longitudinal
borders is a crucial surgical choice. The physician will
perform a resection through the vertebral body above
if the tumor is invading the disc above or below.
Superior and inferior discectomies can be used to
resect the damaged spinal body if the disc is
unharmed.

TRANSVERSE EXTENT OF THE TUMOR

The radiologist will need to precisely describe the
position and extent of the tumor in the transverse
plane in order to enable application of the WBB
staging system and to aid in the planning of approach.
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To do this, describe the tumor's position in terms of
the WBB zones and layers. The location and size of
the tumor can be determined by dividing the vertebrae
into five layers (A-E) and twelve radiating zones (1-
12) in a clockwise direction. For instance, any

ISSN: 2250-3137

retroperitoneal structures in the lumbar spine, or the
mediastinum, pleura, or lung at the thoracic level, are
examples of structures that should be mentioned when
a tumor invades layer A (extra osseous soft tissue).

T2 sagittal (A) and axial (B) showing large chordoma with epidural component (small arrow). Tumor is
compressing but not encasing the inferior vena cava (long arrow) (Weinstein-Boriani- Biagini4—10,a—d).

INVOLVEMENT
STRUCTURES

Knowing whether the tumor has spread into the
vertebral canal is a crucial consideration for the spine
surgeon. This can be characterized as extending into
layer D (extra-osseous extra-dural) or layer E using
the WBB staging system. (extraosseous intradural).
An extraosseous intradural tumor will clearly have
fewer options for removal than an extraosseous
extradural tumor, even though the latter may be able
to be peeled from the spinal cord and achieve
adequate margins (Fig. 2).Any invasion of the tumor
into the vertebral canal will result in contamination of
that compartment when treating the resection of a
spinal tumor using the same oncological rules as
treating a mass in the long bones. Since it is obvious
that the entire compartment cannot be removed,

OF NEURAL

©2023Int. J. Life Sci. Biotechnol. Pharma. Res.

patients should be informed of any potential
consequences for their prognosis and the requirement
for adjuvant treatment. It might be necessary to
sacrifice  neurological  structures in  extreme
circumstances where there has been a substantial
invasion. Even the sacrifice of the cauda equina has
been mentioned.®® This is obviously not a decision
that is taken lightly, and the patient, as well as the
larger multidisciplinary team, needs to be informed
about the advantages and disadvantages.

It's crucial to characterize any invasion or encasement
of the segmental nerves by the tumor mass in addition
to the cord itself. Once more, the physician will have
to weigh the advantages of obtaining clear oncological
margins against the functional loss brought on by
sectioning these nerves.
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Fig. 3 Axial computed tomography angiogram image showing tumor displaced left carotid vessels anteriorly and

encasing left vertebral artery (arrow).

INVOLVEMENT
STRUCTURES
When feasible, it's important to describe how the
tumor has invaded or engulfed any nearby vascular
structures (Fig. 3). The aorta or vena cava
involvement would be the most apparent, and in most
cases, this would rule out EBR as a viable treatment
option. Figures 2 and 4. A case report of a successful
combined procedure that included the EBR of an
osteosarcoma and the replacement of a damaged
portion of the aorta is available.®® Therefore, it is
crucial to describe the size and length of the involved
region when reporting vascular involvement. Due to
their closeness to the aortic and venous (IVC)
bifurcations, the lumbar vertebrae present unique
difficulties. Because of this, specific surgical
techniques are outlined for lumbar tumors and tumors
at L5.2

The vertebral artery's involvement in the cervical
spine is of particular worry. Of course, it is crucial to
characterize any tumor invasion and to note whether
the vessel has been extensively encased, as this may
make it challenging to resect a lesion in its entirety.
Again, this might completely prevent EBR, but there
might be methods to get around it. There have been
instances of effective en bloc removal of a lesion
without neurological damage being hampered by
unilateral vertebral artery ligation. It would be prudent
to perform a thorough computed tomography (CT)
angiography in these circumstances to check for
variations within the Willis circle and to conduct an
occlusion test (Fig. 3).

OF VASCULAR

©2023Int. J. Life Sci. Biotechnol. Pharma. Res.

Due to their small size and potential disruption by the
surrounding lesion, assessment of the smaller
segmental/radicular arteries on CT or magnetic
resonance imaging (MRI) is unlikely to be feasible. In
several of the methods mentioned above, it is essential
to ligate the segmental artery at the affected level as
well as at the levels above and below the lesion. When
the tumor is anticipated to be highly vascular, it may
also be essential to embolize these vessels prior to
surgery in an effort to reduce intraoperative blood loss
or the danger of massive hemorrhage.

Angiograms were initially used in these instances to
establish the connection between the segmental
vessels and the spinal arteries, particularly the artery
of Adamkewitz. However, it has since been shown
that neurological defects are extremely rare even
when the main segmental artery feeding into the
artery of Adamkewitz is severed. This is thought to be
caused by the anterior spine artery's collateral supply.
The number of segmental arteries that are severed is
considered to be more important, with the risk of
neurological issues greatly increasing when more than
three pairs of segmental vessels are severed. An
angiography could be helpful in these situations if the
surgeon believes that it may be essential to do so prior
to surgery. In a preliminary small study, the role of
electrophysiological ~ monitoring  during  major
radicular artery embolization in guiding choices
regarding the permanent occlusion of these vessels
was evaluated. This information may be helpful in
particularly difficult cases.*°
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Fig. 4 Axial short tau inversion recovery (A), T1 (B and C) showing large chordoma that is closely related to the
aorta with loss of fat plane between the tumor and aorta on image (C) (arrow). The tumor extends and involves
the left psoas. (Weinstein-Boriani-Biagini 3-10, a—d).

Fig. 5 Ewing’s sarcoma. Sagittal T2 (A), axial T2 (B), T1 (C), post chemotherapy axial T2 (D), T1 (E), and
sagittal T2 (F) showing tumors in the canal and extending into the left psoas (arrow). (Weinstein-Boriani-
Biagini 2-5, A-E). The tumor has decreased significantly post chemotherapy and blue lines denote the resection
margin.

STABILITY OF THE VERTEBRA

The best way to evaluate this is with prior CT imaging. The degree of bony encroachment should be discussed,
particularly the destruction of cortical structures. The bony integrity of the involved spine as well as the
vertebral levels above and below can be inferred from this. This is crucial in order to facilitate reconstruction
after the EBR.
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Cases: Figs. 5, 6, 7, and 8.

Fig. 6 Chondrosarcoma. Coronal short tau inversion recovery (STIR) (A) T1(B), axial computed tomography
(C), axial STIR (D) and T1 (E) showing resection margins (blue lines). Arrow showing the tumor is close to the
aorta. (Weinstein-Boriani-Biagini 2-6, A).

Fig. 7 Aneurysmal bone cyst. Sagittal computed tomography (CT) (bone windows) (A), sagittal CT
angiogram (B), axial CT angiogram bone window (C),and soft tissue window (D) showing site of resection
(bluelines).TheleftvertebralarteryandleftCénerverootneedtobe resected. (Weinstein-Boriani-Biagini 2-9,a—

c).
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Fig. 8 Chordoma. Sagittal T2 (A) and axial T2 (B) showing resection marking(blue lines).The arrows
demonstrate that the psoasmuscleis closely related to the tumor and might have to be resected. (Wein- stein-

Boriani-Biagini 4-9,a—d).

Table 3: Reporting template

Template

1. Longitudinal extent of tumor

2. Transverse extent of tumor as per WBB

cT)

3. Stability—extent of bony destruction (best assessed on

4. Neural structure involvement—cord and nerve roots

5.Vascularstructures,inparticularvertebralartery,seg-
mental artery, aorta, inferior venacava

Abbreviations: CT, computed tomography; WBB, Weinstein-Boriani- Biagini.

CONCLUSION

The complex and difficult EBR procedure for
vertebral tumors has the ability to significantly
increase disease-free survival and reduce local
recurrence. The Enneking staging system is used to
forecast the behavior of the lesion in issue when
evaluating the appropriateness of EBR. After that, the
surgical approach is planned using the WBB staging
scheme. The radiologist should concentrate on five
key areas when describing preoperative planning for
EBR, including the tumor's longitudinal extent,
transverse extent, involvement of neurological
structures, involvement of vascular structures, and
vertebral stability (Table 3). The physician can use
this to help plan the surgical strategy and anticipate
any intraoperative complications. The creation of
three-dimensional models for use in surgical planning
and guidance can also be aided by preoperative MRI
and CT.
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