Extradural Spinal Tumors Vertebral Tumors
Last updatedFebruary 13, 2026

PATHOLOGY, EPIDEMIOLOGY ...vtttttiiiiiiiiiieeeeeeae s it e e e e e e e e e e e s s s s s s s nnns s s s s s s bbbse e e s emensssbeeeeee e 1
Loy 2 Ty k= ] ST PP UPPPTT 2

Primary Vertebral TUMOIS. ... ...t eeee e e 2

CLINICAL FEATURES. ...ttt ettt eeee ettt e e e e ettt smema s e e e e e e et e e e e eeet s s s e e e eennnnn e aaeeenes 2
37X N0 11 TP PP U TP PPPRTTR 3
YT L1 o o USRI 3

4= Vo 11 o SRR 3

=] T0] o )PP PPPPPPPPPP 4
DIFFERENTIAL DIAGNOSIS ...t ittt iieieiee ittt eees s s s s bbbttt enens bbbt s s et e e e e e e e e e e e e smmseeeeeeeaaeaeeeas 5
TREATMENT STRATEGY eittuuieeittttuueaaaeettumsesa e aeaeeeaaa s aaaeessmmmssssan s e eeeeessan e eaeeesbmmmeessanneeeeeennnnnnss 5
TREATMENT - PRIMARY SPINAL TUMORS ..tttitttitttttiiiaaaeaeaassiaateesesaeesasassssasassssssmnnsssssssssssssssssssnssnnes 6
EN BIOC FESECHION. ...ttt ereer e e e e e e e e e e e e e e e e e e s tnnneeeeeeeeaeeeees 8

oo Ttz LS o1 F= L 00 T £ 8
TREATMENT = M ETASTASES. .. ttttiieiett ettt ettt e e et e e e et e et et e s amemeeeta e e eetaeeeena e e ee s e eeennaeeennns 8
NOMS decision Making faClOrS.........ccuuuuiiiiiiiiiire e erem e e e e e e e eaes 9
Neurology- Spinal COrd COMPIESSION........cciiiiiiiiiiittireereieee bbb e e e eeees e e e e eeeaeeeeas 11
Bilsky classification epidural spinal cord compression (ESCC) scaring................. 11

LI CCE= 11T PP PP 11
Oncology- Control of 10Cal dISEASE........uuiiiiii e 13
Mechanical INStability SCOIES........uuuuiiiiiiie e 14
Spinal instability neoplastic SCOre (SINS)......uuuiiiiiiii e eeer 14
Taneichi INStabIlity SCOMES........uuiiiiiiiiiii e 14
SYSEMIC PrOgNOSTIC SCOMES. . uuuuuiiiiii e e e e e ei et e ieeei et et e e e e e e e ettt ee ettt enme e e e eeeeeeeaeeassa s emmenrenes 15
TREATMENT = SURGERY....ccttuueeitttttuaeeeetimmmtaeataa s aaeeeessa e eaeeannmeeeessaa s aeaeessann e aeesemnneaeesssnnnaaaeennen 17
StaDIlIZAION SUIMGEIY. ...ttt e e e e e e e e e e e smnn e e e e e aaaeaaes 18
ChoiCe Of MALEIIALS.........coiiieeeiee e e e e e e e eneea e e e 18
SEPArAtION SUIGEIY (SS) . euurruuuuuiiitiiieeeeeeaeeiiies s e st s e e e e eeeeeeeteesaeeeraaaeaeaaeeeeereeestssnsnn———eeeeesrrnnns 19
TREATMENT = RADIOTHERAPY ...ttt eetet e ettt e et emmmet e e e et e e eet e e e eea s emmeeeees e e eea e e eetaneeeesmmmsn e eeeenns 19
Conformal / Conventional external beam (CEBRT.)..........ooovviiiiiiiicccrieeeeee e 19
SRS / Stereotactic Body Radiotherapy (SBRT).....cccooiiiiiiiiiiiiieeee e 20
TREATMENT T THERMAL ABLATION ..iiiiiiiiiiuutiettttessennasssssssssssssssseeeeesesssnnsssssssseeeeesaasesesssssssnnns 21
TREATMENT | PERCUTANEOUS VERTEBROPLASTY ...uutitttuietetieeestnseaanneessneessnneassnnesesnmnaseeesnnns 21
TREATMENT T SYMPTOM CONTROL . ..ettttteteeieisissiasiitinnnssssssssssssssssssssssesannnsssssssssssseeeeeeaesssessmnnes 22
PROGNOSIS. ..ttt ettt ettt ettt e e e eme et e e e et e e et e s e e e et na e e e e e e e et e e e ean e e ennmr e s 22
Restoration of AMBDUIALION...........uuuiiiiiiiiiiii e 22
FFOLLOWUP. ..ttt ettt e e e e me et e e et e e e e e e e e et ammn s e e e e e e e et e e e et e e e enmmeenn s 23
SPECIFIC TUMOR TYPES (PRIMARY ) 1eutuiiiiiieiieeeeeee s et eteeee e e e e e e e e e e e eeeeeaaat s immme e e e eseeasssnnn e e e e e e emans 23
ENOSOSIS (BONE ISIANA)......coiiiiiiiiiieiiiei e e 23

(@51 (=T0] [0 J0 LY (=To] o1V S TPPPPP 23

(@153 =T0] o] F= 1S3 0] 1 - 24
Osteosarcoma (OSte0gENIC SATCOMA).......cceeeeeeeeeeeeiieeeiieeee e e e e e e e ee e e e e eeeearerneeeeaeaaeeeees 24

Giant cell tumor (0StEOCIASIOMA) .........ooi it ee e 26
Osteochondroma (solitary osteocartilaginous eX0StOSIS)............vveeiivieecvrevnnnnnnnnn. 27

(@4 gTo] g To [ 101 T= 11 o0 o 4= USSR 28
Aneurysmal bone CYSt (ABC)....coo oo s 29

EWING SAICOMI@ ... .uuuiiiiiiiiiiiiii ettt e e e e e e e e e e e ne e 30
E0SINOPhilic granUIOMaL...........ccoooiiiiiii e e enees 30
HEMANGIOMA. ...ttt e e e bbb ee e 30
V=] = VoL 1 4= VPP 32

F Y g o (0] {1 0 o] 1 4= T PP PP UTTPPPTPPPN 32

AV T=T a1 T o (0] o -V 32
SPECIFIC TUMOR TYPES (IMETASTASES) ....tutttttttttteeieetetteeeaaamseeeeeteaeaaaaaaaaaaasssssmmmeasaeesaaasassanaannnnes 32
Yo [0 B U T2 o] =TT PPPPPP 32
Norsmall Cell ITUNG CANCEL...........uuiiiiiiiiiii e 32

ReNal Cell CarCINOMIAL........uuuiiiiiiiiiiiii et 32
HemMAatolOGICAl TUMIOIS.......oiiiiiiiiiiiee e ee e e e 33
MUIIPIE MYEIOMAL.... .o e e e emen s 33

Solitary plasSmacylOMaL........coooiiiiiiiiieree e e e e 34
Y0 0] ] 1o . = VOSSP PPPPUPPRPPPIN 35

Chor domea. OYicds>e e
TUMORS OF SKULL Y see
GENERAL FEATURES OF BONE, CARTILAGE , SOFT TISSUETUMORS Y see

PATHOLOGY , EPIDEMIOLOGY

usually involve only few spinal segments.
occasionally, tumor extends through intervertebral foramina, lying partially within and partially
outside of spinal canafi(d u mb oré h b o r wma)s s o
1 epidural mass lesion can produce damage to spinal cord
a) mechanical distortioY demyel i nation, axonal dest
b) vascular compromis¥ venous congestion and vasc
myelin loss.
1 vast majority of metastases affectsgnal cord expand fromvertebral bodyor paravertebral
tissuednto epidural space
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Common distribution of spine lesions:
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METASTASES

PATHOLOGY Y

85% cases of epidural spinal cord compression ariseViestebral metastasés
10-15%- from tumors* spreadinghrough intervertebral foramina
*typically lymphoma or renal cell cancers

f spineis 39 most common site for metastasis (afterg andliver):
a) 94-98%- epiduraland/orvertebrae
T isolated epidural involvement is particularly common in lymphoma and renal cel
carcinoma.
b) 5-6% - intradural extramedullary
c) 0.51%- intramedullary
1 90% of all cancer patients have spinal metastasis at time of (@etth-30% of these patients are
symptomatig!
1 why metastases favor vertebrae
T largevolume of blood that slowly courses through bidirectional venous channels
(Batson plexus) in epidural space.
i rich concentration afrowth factors in bone marrow.
1 most common tumonsith predilection tanetastasize teertebrae
1 prostate
1 breast
1 lung
1 renal cell
1 gastric
1 primary sources for spinal metastases
1 lungi 1531%
1 breast 22-24%
1 Gltracti 9%
i prostate 8-10%
1 lymphomai 6-10%
1 multiple myeloma
T melanomd 4%
T unknowni 2%
1 kidneyi 1%
1 othesi 13%
1 spread from primary tumars
a) arterial route
b) retrograde spread throu@atson plexuqduring Valsalva maneuver)
c) direct invasionthrough intervertebral foramina
1 vertebral body is often involved first in metastasis;
posterior elementsare affected only onfifth to oneseventh as often as vertebral bodies.
1 70% symptomatic lesions are foundlioracic region(smalldiameter of candl 20%-
lumbosacral10%- cervical.
exceptions prostateandovariancancers metastasefavor sacral and lumbar vertebrae
(spread through Batson's plexus)
1 >50% cases haweveral level®f involvement(in 10-38% sites are noncontiguous)

PRIMARY VERTEBRAL TUMORS

(3-25 times less common than metastatic tumors!)
about specific tumor featuregse below
1. BONE producing tumors
1) OSTEOID OSTEOMA
2) OSTEOBLASTOMA
3) OSTEOSARCOMAOSTEOGENICSARCOMA

CARTILAGE producing tumors
1) OSTEOCHONDROMA
2) CHONDROSARCOMA

LYMPHOPROLIFERATIVE _tumors i most common primary vertebral tumors!
1) MULTIPLE MYELOMA PLASMACYTOMA
2) LYMPHOMA

Tumor of NOTOCHORDAL origin T CHORDOMA

Round cell tumor - EWING SARCOMA

CLINICAL FEATURES

- in course of hours, days or weeks

1. Most frequentnitial symptom- gradually worseningonstanfocal back pain, unresponsive to
rest(and may actually beost severgthen recumberdt night forcing some patients to sleep in
sitting position); exacerbated by Valsalva maneupercussion tendernesapvement such as
turning over in bed or rising from lying position may be painful; latexdicular pain may
develop;

*vs. degenerative joint diseasgyain may improve with recumbent position

N.B. neoplastic disease often presents with back pain indistinguishable from benign
causes!

Three types of spine pain:



http://www.neurosurgeryresident.net/USMLE%202/Musculoskeletal%20system%20(1000-1230)/1198%20(9).%20Non-soft%20tissue%20tumors.pdf
http://www.neurosurgeryresident.net/Onc.%20Oncology/Onc42.%20Chordoma.pdf

1. Local (biologic, oncologig pain - caused by tumor growilperiosteal stretching tumor
induced inflammatiop aching, deep during the nighte ndogenouand st er oi
improving with activity; elicited by palpation over the posterior spinal elements. H:
NSAIDs, corticosteroids,opioids, XRT, vertebral augmentation

2. Mechanical paini caused by fracture, instabilityariable with position and movement,
unresponsive to NSAIDs and corticosteroids.eiternal stabilization (brace), surgical
stabilization.

3. Radicular (neuropathic) pain - caused by direct tumor compsésn of nerve rootssharp,
shooting. HGABAPENTIN, tricyclic antidepressants, lidocaine patch, opioids.

1 obtain input frompain managemeispecialists
1 neurosurgical ablationgrhizotomy, spinothalamic tractotomy, cordotomy) aoé
commonly used in spinal metastases.

2. Neurologic complications- MYELOPATHY & RADICULOPATHY - Extramedullary Cord / Root
Compression
1 pain typically precedes signs of cord compression by weeks + months, but once cord
compression occurg,is always rapidly progressive (paraplegia may develop in lwours
even minutes
1 RADICULOPATHY may appear befon@yELOPATHY.

3. Constitutional symptoms(in malignant diseagghypercalcemia(polyuria, prerenal failure)

Best predictors adpinal levelof abnormality
1) focal pain
2) percussive tenderness
3) nerve root signs
4) LMN signs.

DIAGNOSIS

1 E S Ré&nemia
1 hypercalcemia al k al i n e-nqoplastEe pohesptoecessesy
1 serum (or urine) electrophoresisultiple myeloma, plasmacytoma.

| MAGING

Plain X-ray of entire spine what tumor is doing tboneandwhat bone is doing to tumor
N.B. 50% of vertebratancelloudone mass needs to be destroyed before it
becomes evident on plain-cays!
1 osteoblastic (osteosclerotic) changes
1) prostate cancer
2) Hodgkin disease
3) osteomas
4) sarcomas
5) occasionally breast cancetymphoma hemangioma
1 signs- pedicular erosior{enlarged intervertebral foramgnparaspinal soft tissue shadpw
vertebral collapsekyphoscoliosis
T fowlyed erosion of pediclésmiismsi AlBoharaoteridtic aff el)
metastatic disease!
1 intervertebral space is usually not involved by tunfidrdisk space is obliterated, infection is more
likely).
1 epidural disease cannot be confirmed or excluded by plaayX

Vertebral body collapsis highly specific indicator of epidural disease!
epidural disease is found in 87% cases with > 50% collapse of vertebra, 31% cases with pedicle erosic
without major vertebral collapse, 7% cases with tumor limited to vertebral body without collapse

MRI of entire spindsensitivity > 95%)on emergency basis if cord compression is present
radiculopathy without myelopathysafe to defer imaging for 248 h.

vertebral metastases are T1 hypointense (relative to normal bone marrow); gadolinium contrast

enhancement "normalizes" tumor appearance by increasing its intensity to that of normal bone

marrow.

1 contrastenhancedfat-suppressed T-MRI (differentiates contrast enhancement from bone

marrow fat)and especiallpTIR-sequencerovide exquisite sensitivity for pathology within

vertebral bodies.
I super bright STIR suspectvasculatumor (hemangioma, angiosarcoma, etc)
1 in contrast to infectionyertebral metastases do not cross disk dpace

=

CT delineates primary bone tumdrstter than MRI or plain Xay.

Myelography T tumordisplaces coravith narrowing of both ipsilateral and contralateral
subarachnoid spaces.
(VS.INTRADURAL EXTRAMEDULLARY tumori cord displacement with widening
ipsilateral subarachnoid space while narrowing contralateral space).
1 contrast outlines gentle curve around lesion.
T 6pushé technigue may be necessary to over cC
1 acute postmyelography decompensatbay occur with compressive
decompressive laminectomy.
1 emergencynyelography is still used if MRI is not available.

Whole body FDGPET( not all tumors appear fdhot o)
vs.bone scang99mTcMDP) are positive in 60% vertebralETASTASESarelow resolution
and low specificity (overlap with inflammatory conditions)

| f sur ger y ginalpréopedhiiv@mmibggaghy.Y s
1) localizingartery of Adamkiewicz
2) trial occlusion of larger radiculomedullary artege
e.g.vascular supply dictly from the vertebral artery 20-minute trial balloon
occlusion withserial neurologic examinatienif patient remains asymptomatic,
vessel may be sacrificed, significantly reducing both hemorrhage and the risk c
intraoperative neurologic decline
3) delineation &embolizationof vascular tumorse.g.METASTATIQrenal cel) thyroid,
hepatocellular, germ cell, neuroendoc)jmEMANGIOMA HEMANGIOBLASTOMAANEURYSMAL
BONE CYSTMULTIPLE MYELOMAGNAPLASMACYTOMMK surgery within a day or so.

N.B. > 60% of spinal metastase®)% of benign and 85% of malignant primary spinal neoplasms

hypervascular either attempts afadical surgenpr surgery withtumors extending into paraspinal

tissued risk of life-threatening bleeding (up to 6 liters EBL)

1 other risk factors of hypervascularitypurely lytic, rapidly growing, largélow voids / avidly
enhancing on MRI.

1 embolize segmental arterieb4evels below and above pathology; tumor has to be casted for
embolization to be effective.


http://www.neurosurgeryresident.net/Spin.%20Spinal%20Disorders/Spin1.%20GENERAL%20-%20Spinal%20Syndromes.pdf#Extramedullary_Cord_Compression
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(open or percutaneous imagaidedtranspediculgr- ultimate way to make diagnogisnnecessary in
patients with known preexisting canaerif other biopsy sit& / diagnostic methods** availablg)
hold steroids prior to biopsy due to oncolytic effect (unless cord compression requires steroids)

*e.g. lungmass
**e.g. multiple myeloma laboratory diagnosis and bone marrow biopsy

Avoid going to surgery without knowing diagnogsopsy role is paramount* iprimary tumors **
and inmetastases with unknown primary**)

*If acuteness of neurologic status permits

**some may need neoadjuvant treatmenme may nateed aggressive resection;
plus,avoid radiographic mimickers that do not need surgery @uatior radiologically
appearing as osteosarcoma could be hemangioma; tumor radiologically appearing as
chordoma could be schwannoma)

***need to know radiosensitivitychoose XRT modalify the need to embolize preop

N.B. for primary tumorschoose biopsy tract so it is resectable within definitive surgical approach!

1
1

biopsy tract should be placed in line with future incision site (can be excised with speaimen
bloc; interventional radiologist mayacea skinstitch at biopsy entry artdkephot9.
mostappropriatébiopsy technique transpedicular approach (as opposetb open surgical
biopsy, which would otherwiseoataminate other planes).
biopsy should not be performed when suspected tunteragsDOMA (or other aggressive primary
spine tumor that spreads via direct extension).
*ot her experts mandate FNA Dbi
preop proton beam)
meticulous hemostasiblpod can dissect soft tissue planes and contaminate adjacent
compartments)lrain must be placed to prevent hematddrain should exit skin in line with
incision).

N.B. CSF emoval (lumbar puncture) in presence of spinal tumor may worsen cord compression!

Primary tumors that benefit from neoadjuvant therapy (thus, need biopsy):

1. Osteosarcoma
2. Ewing sarcoma
3. Chordoma

Thoracic vertebral metastagiB1-MRI): normally bright signal of fatty marrow completely replaced by tumor of
intermediate signal intensity; tumor extension into spinal canal with compression of spinal cord.

LS

Metastases afenal carcinoma
A. T1-MRI - multiple levels of spinal involvement;lvertebra érrow) is collapsed with epidural extension.
B. CT - degree of bone destruction atlevel; note retropulsion of bone fragments into epidural spatev)):

Liposarcoma metastatic to L4 and:L5

A. T1-MRI T low-signatintensity marrow in L4 and L5 bodies and ventral epiduraltiegtie mass of similar
signal intensity at L5.

B. FSESTIRT tumor is much more conspicuous;-L8 and L4L5 discs are degenerated, but inversion recovery
image clearly excludes disc as source of epiduraltssite mass; additional sacral metastases.

¥

Epidural spinal cord compression duentetastatidreast carcinoma

A (T1-MRI), B (T2-MRI) - compression fracture df2 vertebral body with posterior displacement and
compressiomf upper thoracic spinal corthw-intensity bone marrow signal i signifies replacement by tumor.
C (T1-MRI through T2 vertebral body soft tissue masafrow) extending posteriorly and laterally from
vertebral body into epidural space.



Metastases fromrostate cancgradioisotope Multiple areas ofncreased uptakdédarker foci):
bone scan) increased radiotracer uptake
throughout skeleton, particularly in cervical spir

Extradural lymphom&CT myelogram): anterior and rightward displacement of cord and coetihanced
cerebrospinal fluid spacarfowhead caused by posterolateral epidural gfsue massafrow):

\

Metastatic breast carcinoni®RI) - three contiguous thoracic vertebral segments with vertebral marrow
replacement, compression fracture, spinal angulation, and epidural spinal cord compression:

DIFFERENTIAL DIAGNOSIS

1. Herniated disc materi@r degenerative spinal stenosimost common cause of epidural mass!
2. Epiduralabscesg hematoma
3. Epidurallipomatosis

TREATMENT STRATEGY

Metastatic tumors1 high likelihood ofdistant metastaséssurgery goal ipalliation through

intralesional resectiof (plus, adjuvant therapy options are often availablg. very effective XR)l
VS.

Primary tumors 1 low likelihood ofdistant metastaséssurgery goal isure throughen bloc

resection(plus, adjuvant therapy opticrisare limited)i especially true for chordomas,

chondrosarcomas.

*rare exception single metastatic lesion in which oncologic c(w&h en bloc
resection)nay be achieved

**adjuvant treatments are advancing rapidly (experts do less and less en bloc
resections!) all primary tumors should be presentedroltidisciplinary tumor
board



TREATMENT - PRIMARY SPINAL TUMORS

Avoid going to surgery without knowing diagnosisiopsy role is paramourit

Weinstein, Boriani, Biagini (WBB) Surqical Staging System

Boriani S, Weinstein IN, Biagini R. Spine Update. Primary Bone Tumors @iree:
Terminology and Surgical Staginfpine 22(9):10361044, 1997

- surgicalterminology andstrategy guidance

1 particularly suitedo thethoracolumbar spine (may not be easily extrapolated to the cervical
spine- the anatomy of the vertebral artery, the sympathetic chaithyh&d and parathyroid
glands, and the arterial anatomy compli¢hetechniques of surgical resecdion

requires CT, MRI, and angiography (if performed)

vertebra(in axial plane) isdivided in clock-face fashion into 12 equal segmeatsl 5 layers
from superficial to deep

E |

Vertebral body A: Extraosseous

Soft tissue soft tissues
: B: Intraosseous
a (superficial)
Pedicle P
C: Intraosseous
(deep)
D: Extraosseous
(extradural)
E: Extraosseous
(intradural)
Spinous
ey ¥ - process
P ,,--,“.; & s
rt“)’fli:'ﬁ?:tui%’:ﬁ’?%&sm?f;‘=’"r--:é.* b el
RIGHT LEFT
e Superior Articular A. g;ﬁaﬁiﬁggs
F:
B. Intraosseous
(Superficial)
C. Intraosseous
(Deep)
se D. E
| Process (Extradural)
Pedicle E. Extraosseous
(Intradural)
Vertebral
Body
M. Metastasis

1 longitudinal extent of the tumor is des@dby numbering the involved segments

1 system limitation$ SRS,minimally invasive trangsoas or oblique lateral approaches were
not available anaverenot included.

Terminology

"Curettage" - thepiecemeal removal of the tumdaks such, it is always an intralesional
procedure.

"En bloc" - an attempt teemove the whole tumor in opgece, together with a layer of healthy
tissue The specimen then must be submitted to careful gross and histologic studies to furthe
define the procedure as "intralesional,” "marginal,” or "wide." The term "intralesional" is
appropriate if the surgeon has cut within the tumor mass; "marginal"nep@te if the
surgeon has dissected along the pseudocapsule, the layer of reactive tissue around the tum
and "wide" is appropriate if separation leesurred outside the pseudocapsule, removing the
tumor with a continuous shell of healthy tissuee Wide en bloc procedure can be called
"excision” or "resection." Both of these terms are too widely used and interchanged for them
be separated. However, the authors of the present report prefer to define resection as "en bl
excision." To avoid confugn and to compare results, it is essential to distinguish the longer,
more difficult, and risky removal of the whole tumor in one piece (en bloc) frampes
intralesional procedure, even though this sometimes may mean the piecemeal removal of th
whole vertebra.

"Radical resection” - theen bloc removal of the tumor and the whole compartment of tumor
origin. It is obvious that this can be possible for a tumor arising in the scapula (scapulectomy
or in the tibia (above knee amputation), but &lisolutely impossible for a spine tumBven
if the spinal cord is sectioned above and below, the epidural space represents a compartmelt
extending from the skull to the coccyx.

"Palliation" - a surgical procedure performed with a functional purpose (cord decompression,
fracture stabilization), with or without partial or piecemeal removal of the tumor. In general its
purpose includes helping to establish the diagnosis, the control of papossidly an
improvement in function.

In isolation the term%vertebrectomy” or "spondylectomy" (removal of all the elements of the
vertebra) andcorpectomy” or"somectomy" (removal of the vertebral body) have no
oncologic meaning unless they are accompanied by an appropriate descriptor
(e.g.intralesional) as defined above.

Three major methods for performing en bloc excisions in the thoracolumbar spine:
A. Vertebrectomy - performed for lesions largely confined to the vertebral qdey or 59

zone$. En bloc tumor excision of the vertebral body can be performed with appropriate "margins" if the
tumor is confined to zones 4 to 8 or 5 to 9 (Figure 4A), which means that it is centrally located and that at
least one pedicle is free from tumor. The procedure can be performed in two stages (Figure 4B) or in one
stage. The posterior approach (with patient in the prone position) involves excision of the posterior
elements, which enables the anulus fibrosus and the posterior longitudinal ligament to be sectioned. It
also allows careful hemostasis of the epidural venous plexus to be achieved and posterior stabilization to
be performed. The anterior approach (transpleural thoracotomy, retroperitoneal abdominal, or
thoracoabdominal approach) allows the ligature of segmental vessels (at the lesional level, above and
below), proximal and distal discectomies (or the section by chisel through the neighboring vertebrae
according to the preoperative planning), the en bloc removal of the vertebral body (Figures 1, 5A, and
5B), and anterior reconstruction.22 The main advantages of performing the vertebrectomy through a
bilateral approach are that ligation of the segmental vessels is made easier and that it permits dissection
of the tumor from the anterior elements entirely under direct vision, thus achieving a better margin when
the tumor has expanded anteriorly.

12 1

///////mm,m/ 4

n

,/{
W
W,

O

\

Y
/

N

D/

(/

W
5
»‘/,
%

A
Pt
4
/////,

/

%

v

A
%

o
= -

7

///
\

/

.


http://ovidsp.tx.ovid.com.libproxy.uams.edu/sp-3.32.2a/ovidweb.cgi?&S=ALKPFPIMHGDDLIDBNCDKGAOBCEMJAA00&Link+Set=S.sh.22.23.27.37%7c20%7csl_10#FF4
http://ovidsp.tx.ovid.com.libproxy.uams.edu/sp-3.32.2a/ovidweb.cgi?&S=ALKPFPIMHGDDLIDBNCDKGAOBCEMJAA00&Link+Set=S.sh.22.23.27.37%7c20%7csl_10#FF4
http://ovidsp.tx.ovid.com.libproxy.uams.edu/sp-3.32.2a/ovidweb.cgi?&S=ALKPFPIMHGDDLIDBNCDKGAOBCEMJAA00&Link+Set=S.sh.22.23.27.37%7c20%7csl_10#FF1
http://ovidsp.tx.ovid.com.libproxy.uams.edu/sp-3.32.2a/ovidweb.cgi?&S=ALKPFPIMHGDDLIDBNCDKGAOBCEMJAA00&Link+Set=S.sh.22.23.27.37%7c20%7csl_10#FF1
http://ovidsp.tx.ovid.com.libproxy.uams.edu/sp-3.32.2a/ovidweb.cgi?&S=ALKPFPIMHGDDLIDBNCDKGAOBCEMJAA00&Link+Set=S.sh.22.23.27.37%7c20%7csl_10#90

\/MM NoTEs EXTRADURAL SPINAL TUMORS, VERTEBRAL TUMORS Onc56 ()

B. Sagittal resection- this approach is most appropriate when the tumor occupies zones 3 to 5 (or 8 to
10), which means that it arises and develops eccentrically within the body, the pedicle, or the transverse
process (Figure 6A). En bloc excision of more than one level can be performed and may include, if
necessary, one or more ribs. A combined anterior and posterior approach allows 300 degrees of the
circumference of the thoracic and lumbar vertebrae to be viewed (Figure 6B). The first step is the same
as in vertebrectomy. The posterior healthy structures are removed (Figures 6B and 7A), including the
pedicle to make room for the dural displacement. The nerve root or roots of the affected segment are
ligated, if necessary. Then the patient is placed in a lateral decubitus position. In the thoracic spine, the
midline posterior incision is combined with an oblique thoracotomy incision on the rib of the affected
level, producing a T-shaped incision. In the lumbar spine and at the thoracolumbar junction, a classic
retroperitoneal (abdominal or thoracoabdominal) approach is performed. The vertebra is cut by chisel or
osteotome far from the tumor (at least one zone is free from tumor) after protecting the major vessels
(isolated by the anterior approach), obtaining an en bloc excision (Figure 7B).
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C. Resection of the posterior arch when the tumor is located between the zones 10 and 3, en bloc
excision can be performed by a posterior approach (Figures 8A, 8B, 9A, and 9B).4 To achieve this result,
a wide laminectomy must expose the dural sac above and below the tumor. Lateral dissection must
expose the pedicles, which are sectioned by osteotome or Gigli saw (Figures 8B and 9B).

Benign tumors

(a) Stage 1- tumor isinactiveand contained within its capsul®).

(b) Stage 2- tumor isgrowing, and the capsule (1) is thin and borddrggseudocapsule of
reactive tisae (2).

(c) Stage 3- aggressiveneds evident by the wide reaction of healthy tissue (2), and the capsule
(2) is very thinand discontinued.

Sl lesions- observation (unless palliation is needed for decompressiostalilizatior).

S2 lesions intralesional curettage + adjuvant therapy.

S3 lesionqgaggressive behavior includimgvasion of the surroundingpmpartments):
a) intralesional curettage + adjuvant therapy(despite digh risk of recurrence)
b) marginal en bloc excision

Malignant tumors:
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(d) Stage IA- capsule, if any, is very thin (1), and gheeudocapsule (2) is wide and d¢aming an
island of tumor (3).

(e) Stage IBi1 same as IA but tumoral massji®wing outside the compartment of occurrence

(f) Stage lIA - pseudocapsul) is infiltrated by tumoi3), and the island of tumor can be found
far from the main tumoral masskip metastasi@).

(g) Stage IIB - pseudocapsule is growing outside the vertastand of tumor can be found far
from the main tumotanass- skip metastasisy.
Stages IlIA and IlIB - the same lesions as IIA and 1IB, but witistant metastasis

Lower-grade malignancieqStage IA and IB)

a) marginal resection + adjuvant therapy

b) en-bloc excision
Higher-grade malignancieqStage IIA andIB) - wide resection + adjuvant therapy(radical
margins are not achievable in the spile to the flowing tissue plane of the epidural space

EN BLOC RESECTION

Yamazaki T, McLoughlin GS, Patel S, Rhines LD, Fourney DR. Feasibility and safety of en blo
resection for primary spine tumors: A systematic review by the Spine Oncology Study Group.
Spine (Phila Pa 1976). 2009; 34(22 Suppl): $&38.

Best chance of disea$ee survival
1 high risk of complications.
1 ok to useCell Saver(but onlyfor en bloc resections useleukocytetrap.
1 bothopen biopsyas opposed to Gguided biopsypandpreviously attempted intralesional
resectiorare associated with decreased likelihood of achieving acceptable margins and
decreased disea$®e survival, and are therefore strongly discouraged.

Primary Bone Tumors: Lessons from Long Bones

« High propensity for local
recurrence

e Usually due to
incomplete surgical
resection via
intralesional techniques

* En bloc technique is
superior for primary |
malignant bone tumors ‘

outside the spine 4> AOSPINE

PARASPINAL TUMORS

Type | — Dumbbell tumors

Type Il — Anterior
paraspinal, lateral para-
spinal

Type lll — Anterior
paraspinal with minor
foraminal intrusion

Type IV — Significant
vertebral, epidural, and
paraspinal involvement,
e.g. metastasis

Mc Cormick, PC Neurosurgery 38 67-75,
1996

Cervical: | ami nect omy Y anterol ater al approach v
Thoracicc: | ami nectomy Y | ateral extracavitary /
For type IIT thoracoscopy alone

TREATMENT - METASTASES

Chemotherapy agents that need tdbkel perioperatively
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Avoid going to surgery without knowing diagnasis
i if forced to operate without diagnosis (e.g. symptomatic cord compression with
paraplegia) and encounter primary tumor, do intralesional GTR.

What are the goals?

TUMOR
CONTROL
SPINE
STABILITY
1B0¢ JE8)

Palliation - functional purposengural decompressigrspinestabilization painalleviation) + partial
tumor removal as intermediary procedure.

H PATIENT

2024 trend:
1. Stereotactic body radiotherapyrevolutionized spinal oncology through delivery of
durable local tumor contrekgardless of tumor histology
2. Major surgical indications include
1) mechanicainstability
2) high-grade spinalcord compression when applicable
Surgical trends includkess invasive surgery
Growing emphasis on patient reportadintenance or improvememealth-related quality
of life.

NOMS DECISION MAKING FACTORS

Multidisciplinary approach surgical decisioamaking for metastases is based on NOMS features:

B w

NOMS, neurologic (N), oncologic (O), mechanical (M), and systemic (S) disease flowchart:

1. Neurologic categorytakes into consideratiaadiographic findingsuch asamount ofepidural
spinal cord compressipas well aglinical findingssuch asnyelopathyplegiai ESCC score

2. Oncologiccategoryi concerndocal disease contrdl accounts fotumor histology
(sensitivity to radiatiopand whethepatient has received radiation to this area before.

3. Mechanical instability accounts for spinahstability andfracturesi SINS score

4. Systemic diseaseonsiders overall metastatic disease buidenrvival overallprognosig it
is the last question before proceeding with surgegn patient tolerate surgef/(lung
metastatic burden is the most important factor prognosticalg/ariousprognostic scores

* Intractable pain (despitebrace + medications however, it is good indication for either
radiotherapyor thermal ablatior-> with vertebral augmentation

i radiotherapy controls pain well (in > 80% patients) but it takes days + weeks

I radiotherapy has 280% risk of compression fracture developm@sp. SRS).

i medications for spine mts symptom control

May addi genotypingandmolecular profiling of primary tumor.
ESCC, epidural spinal cord compression; IGRT, imggieled radiation therapy; MM, multiple
myeloma; NSCL Ca, Ndrsmaltcell lung cancer; RCC, renal cell carcinoma; ROI, region of interest.

Prognostic algorithms and predictive
modeling

Low-grade ESCC
No myelopathy Radiation

High-grade ESCC ————————
+/- myelopathy > CEBRT

SRS

Radiosensitive

Radioresistant/ T A

previously radiated

——> Separation surgery €9
Stable

Unstable > Stabilization

Mechanical

Able to tolerate
surgery

Unableto [slerate
surgery Laufer et al The Oncologist 20

Systemic
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Management Algorithm (NOMS)

Neurologic Oncologic Mechanical Systemic Treatment Decision
(Cord (Is the tumor (Is the spine | (Can the patient
compression) | radiosensitive stable?) tolerate surgery?)
(cEBRT)?)
Low-grade Yes Yes External beam radiation (cEBR)
No Surgical stabilization -> cEBR
No Yes Stereotactic radiosurgery (SRS)
No Stabilization ->SRS
High-grade Yes Yes cEBR
No Stabilization -> cEBR
No Yes Yes Separation surgery -> SRS
No cEBR
No Yes Stabilization & Sep surgery ->SRS
No Stabilization (cement) -> cEBR

Modified from Laufer, | ef al. The Oncologist 2013

. Performance Status
|

- Systemic Disease J

—ﬁ Palliative Care I

v

Extensive

v ' v
—{ Progressing ]

Controlled

Spine Stability J
|

-
Stable (SINS 0-6

Neural Compression ]

v
Bilski 1B-2

v

Bilski 0-1A

Histology

Dexamethasone
4 mg tid or fid

1

\ Spine Radiosurgery ‘ i 3D-CRT/IMRT I

Neurologic

No/Minimal ESCC
= myelopathy
High-grade ESCC
+ myelopathy

Oncologic nQJs-’
Radioenactive )
(Lymphoma, MM) o
> =
Radioresistent =
(RCC, NSCL Ca) 3
or radiat ®» 3
Prior radiation ROI = E E
5> @
Mechanical @'é— <
instability o T
T o
Burst or compression > o O
fracture’ 5. =<

Y

Gross spinal
instability?

Systemic
disease

>
Limited / 1 Axial load pain in the abscence of gross instability
Extensive 2 (a) Atlantoaxial: >3.5 mm subluxation >11° angulation or >5 mm subluxation

(:
(b) Subaxial cervical: burst or compression with extension into unilateral joint
(
(

Thoracic: burst or compression with extension into unilateral joint
Lumbar: mechanical radiculopathy

a
b
c
d

Laufer et al. 2013

Game changes in spinal metastases treatment (in historical order)
1. Decompressive surgery

2. SRS

3. Separation surgery

Modern approach to metastatic spirednceptofi s e p ar at i =ancrosungicagrestonation
(circumferential decompression) of anatomical distane rifin) between the tumor and the cord (1
allow SRS without attempting extensive tumor debulking and reconstruttigrercutaneous

instrumentatiorabove and below the level of decompression to provide biomechanical stability




Historicat radical surgical resectiah low-dose conventional radiotherapy

Modern separation surgefy SRS

NEUROLOGY - SPINAL CORD COMPRESSION

Etiology, clinical features, diagnodissee

BILSKY CLASSIFICATION - EPIDURAL SPINAL CORD COMPRESSION (ESCC)SCORING

- 6-pointsystem:
Low gradei no cord compression (no cord deformation)
(A) Grade 0- boneonly disease.
(B) Grade 1a- epidural impingementyithout deformation of the thecal sac
(C) Grade 1b- deformation of the thecal sagijthout spinal cord abutment
(D) Grade 1c- deformation of the thecal sac with cord abutmentybtitout cord compression
High grade i cord compression
(E) Grade 2- spinal cord compression, but witSF visible around the card
(F) Grade 3- spinal cord compressionp CSF visible around the cord

APPENDIX B - Epidural Spinal Cord Compression Scale (ESCC)

Schematic representation of the 6-pomnt ESCC grading scale

Grade 0 Bone-only dizease

Grade 1a Epidural mmpingement, without deformation of thecal sac
Grade 1b Deformation of thecal sac. without spinal cord abutment
Grade 1c Deformaton of thecal sac wath spinal cord abutment, without cord compression
Grade 2 Spinal cord compression, with cerebral spmnal fluid (CSF) visible around the cord
Grade 3 Spinal cord compression, no CSF visible around the cord

Grade 0 Grade 1a

Grade 1b

Epidural Spinal Cord Compression (ESCC) grading scale
Grade 0: osseous disease only.
\

Grade 1a: epidural involvement without thecal sac deformation.

Grade 1b: thecal sac deformation without cord contact.

\> (,)/
W - Grade 1c: thecal sac deformation with cord contact.
Grade 2: cord compression with preservation of some CSF.

Grade 3: cord compression with complete effacement of CSF.

Grades 23 require separation surgery before radiation!

TREATMENT

Spinal cord compression is emergéenkierapy will not reverse fixed paralysis of > 48 h duration)

Cord compression results @alema, venous congestion, and demyelinatfdhe
compression is of short duration, the effects are reversible; remyelination and redovery


../Spin.%20Spinal%20Disorders/Spin1.%20GENERAL%20-%20Spinal%20Syndromes.pdf#Extramedullary_Cord_Compression
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of function is possible. However, with prolonged compressienpndary vascular
injury occurs withcordinfarction- no meaningful recovery is possible

Steroids give immediately prior to imaging study if clinical suspicion is strong (may help to

preserve spinal cord function!)
1 current recommendatiolow-doseDEXAMETHASONE (16 mg daily)
Pending results gfrospective cohort studyl TRON (Metastatic
Tumor Research and Outcomes Network).
1 historic recommendatiomEXAMETHASONE 10-1 0 O  mg 4-24 Yng gbhor
METHY LPREDNISOLONE in Bracken protocol
1 steroid is continued untibdiotherapy is completed.

High-dose dexamethasone vs. no steroids for metastatic spinal cord compression treated

with radiother apy
Sorensen PS , Helwigarson S, Mouridesen H Hansen HH . Effect of tdgke dexamethasone
in carcinomatous metastatic spinal cord compression treated adtiotherapy: a randomized
trial. Eur J Cancer 1994; 3 0A : 2227

I 57 patients, class Il evidence.
I exclusion lymphoma; surgical decompressiomeningeal carcinomatosis.
i dexamethasone 96 mg IV bol¥s 96 mg PO fo3 days

Dexamethasone No steroids Statistical significance
Return of gait function at 81% 63% None
3 months
Percentage ambulatory at 59% 33% p = 0.05
6 months

i steroiddamprove chances afmbulation
I no difference in survivdbetween the two groups.
I 11%of those receiving steroids experienced side effects

Emergencyadiotherapy (combined with higidose steroiddpr radiosensitive etiologies;
radioresistant etiologies with higirade cord compression need separation surgery fest (t
SRS)

1 immediate salutary effect of radiotherapy may be seen ia&H, at best.

1 if effectivechemotherapyis available it should be used with radiotherapy.

Indications forsurgical decompression

1) high-gradecord compression witradioresistantumork separdbn surgery.

2) cord compressioworsenglespite radiotherapy

3) maximum tolerated dose cddiotherapyhas been delivereateviouslyto site

4) bony compressio(e.g. vertebral fracturekyphosig contributes to cord
compression.

1 approach must be tailored to anatomical site of compression within spinal canal (e.g.
indiscriminate use daminectomyi n al | patients Y afhterierq u
approachis now used for many cases of vertebral body lesionsi:

1 paraplegic patients are rarely operated on because of significantly low rate of recover
particularly after 24 hours

*N.B. laminectomy (removal of posterior elements) might be haimanterior

compression cases:

1) does not remove tumoudoes not radt in immediate decompression.

2) can cause destabilization because often only the posterior elements are intact and
removal of these elements causes instability

Patchell: Decompressive surgery + radiotherapy vs. radiother apy alone for metastatic
spinal cord compressidnclass | evidence.

Patchell RA et alDirect decompressive surgical resection in the treatment of spinal cord
compression caused by metastatic cancer: a randomised trial. Lancet 2005; 3 66 6483

1 randomised, mukHinstitutional, norblinded trial
50 patients surgery + XRT
51 patients XRT alone
9 exclusionsparaplegia > 48 hradiosensitive tumor (lymphomas, leukermayltiple
myeloma, germ cell tumarbnly cauda equina compression, > 1 areas of compression,
expected survival < 3 months.
9 steroidsall patients were given 100 mg dexamethasone immediately, then §8hmg
until the start of radiotherapy or surgery
1 surgery protocol did not specify operativeahniques or fixation devicespWwever, the
aim of surgery was to providenmediate direct circumferentiatord decompression
T cervical anteriorlylocated tumours anterior approach.
I thoracic and lumbar anteriorlpcated tumours approach was through
a transersectomy or anterior approach.
T laterally-located tumours lateral approach.
i posteriorlylocated tumours laminectomy was done and any other
posteriorelements involved were removed.
T stabilization was performed if spinal instability was pregemgthyl
methacrylate, metallic rods, bone grafting, or other fixation deyices
1 radiotherapygiven in 10 fractions of 3 Gyeficompassed one vertebral body above and
below the visible lesion}iming:
T in radiation group, radiotherapy was started within 24 h after
randomization.
T surgical patientsvere operated on within 24 h after randomization and
received radiotherapy within 14 days of surgery

Outcome Surgery + DXT DXT alone  Statistical significance
Patients with ability to walk after 84% 57% p = 0.001

treatment

Pat|entsrecovermgabmtytowalk ............... L 19%,02001 ..................................
Patients retaining ability to walk 94% 74% p = 0.02
Med|ant|mepat|ent5ab\e o 122day5 R days p: ooes

after treatment

1 significantly more patients in theirgerygroup than in the radiotherapy group were
able to walkat 3 monthsfter treatmengodds ratio & [95% CI 207 19.8] p=0.001)and
retained ambulatiosignificantly longer (122 vs. 13 days).

9 surgery allows most patients to remaimbulatory for the remainder of their lives
(leads to increased survivalyhereas patients treated with radiation alone spend a
substantial proportion of their remaining time paraplegic.

1 surgical patientsalsodid significantly better in alkecondary outcomegeontinence,
functional scores, muscle strength, lepgid andsteroid usgsurvival time.

1 surgerydid not result in prolonged hospitalizatiothe median hospital stay was 10
days in both the surgery group (IQR5A days) and theadiation group (041 days;
p=086).
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Post-op ambulatory rate 57% 0.001
Retain the ability to walk (time) 13 days 122 days 109 days (3.5 months)  0.003
Remained ambulatory (if ambulatory at 74% 94% 20% 0.020
baseline)

Retain the ability to walk (time) 54 days 153 days 99 days (3.25 months)  0.005

*A patient was deemed ambulatory if he or she could take at least two steps with each foot unassisted (4 steps total), even if a cane or walker was needed

32 patients were completely unable to walk at study entry (16 in each group)

19% (3 of 16) regained the ability to walk in the RT group versus 62% (10 of 16) in the
surgery group (p = 0.012)

Radiationgroup  Surgerygroup  Relativerisk*  95%CI* P Significant predictors**
(n=51) median (n=50) median
Maintenance of continence 17 days 156 days 047 0-25-0-87 0016 Surgery RR=0-51 (0-29-0-90)
Baseline Frankel Score RR=0-56 (0-3-0-73)
Maintenance of ASIA score 72 days 566 days 0-28 0-13-0-61 0-001 Surgery RR=0-30 (0-14-0-62)
Stable Spine RR=0-43 (0-22-0-83)
Cervical Spinal Level RR=0-49 (0-26-0-90)
Baseline Frankel Score RR=0-65 (0-46-0-91)
Maintenance of Frankel score 72 days 566 days 0-24 0-11-0-54 00006  Surgery RR=0-26 (0-12-0-54)
Stable Spine RR=0-39 (0-20-0-75)
Cervical Spinal Level RR=0-53 (0-74-0-98)
Baseline Frankel Score RR=0-62 (0-44-0-88)
Survival time 100 days 126 days 0-60 0-38-0-96 0033 Surgery RR=0-60 (0-40-0-92)

Breast Primary Tumour RR=0-29 (0:13-0-62)
Lower Thoracic Spinal Level RR=0-65 (0-43-0-99)

*Based on a Cox model with all covariates included. **Based on a Cox model with only significant predictors included (stepwise selection).

Table 2: Secondary endpoints

100+
75—
® 50
25—
0 T | T ]
0 500 1000 1500 2000
Days
Number at risk
Surgery 50 16 10 7 3 3 2 1 1
Radiation 51 7 2 1 1 0 0 0

Figure 2: Kaplan-Meier estimates of length of time all study patients remained ambulatory after treatment

100
75—
® 50—
25—
| S————
0 T T T ]
0 500 1000 1500 2000
Days
Number at risk !
Surgery 34 12 6 3 2 2 2 i 1
Radiation 35 6 2 1 1 0 0 0 0

Figure 3: Kaplan-Meier estimates of length of time patients who were ambulatory at study entry remained
ambulatory after treatment

Critique:

o study used conventional XH€&.g. renal cell carcinoma is radioresistant); modern
radiotherapy (SRS) is much more powerful.

o studyexcluded highly radiosensitive tumashere results oKRT may be more
comparable to surgery

EPOSO
Barzilai O, Fehlings MG, Gokaslan ZL, et al; AO Spine Knowledge Forum Tumor. Patient
Reported and Clinical Outcomes of Surgically Treated Patients With Symptomatic Spinal
Metastases: Results From Epidemiology, Process, and Outcomes of Spine Oncology)(BPOSO
Prospective, Multinstitutional and International Study. Neurosurgery. 2024 Nov 1;95(5).

1 goal- long-term clinical outcomesincluding healthrelated qualityof-life (HRQOL)
measures, using spine canspecific patienteportedoutcome (PRO) measures.

9 prospectiveobservational cohort study that included 10 specialist centers in North
America and Europ&80 patients with symptomatic spinal metastases who underwent
surgical management

i at presentation, the mean Charlson Comorbidity Index was 6.0, 35.7% had neurologic
deficits as defined by the American Spinal Cord Injury Association scores, 47.2% had
high-grade epidural spinal cord compressiof8f2and 89.6% had impending or frank
instability SINSO 7 .

1 median overall survival postsurgery was 501 days, and-ylea2progressiciree-
survival rate was 38.4%.

9 significant and durable improvements in HRQOL were observed atwezk, 12
week, 26week, tyear, and Z/ear followrup assessments.

9 surgical decompression and/or stabilizajppovidesmeaningful and durable
improvements in multiple HRQOL domains.

ONCOLOGY - CONTROL OF LOCAL DISEASE




1. Radiotherapy (procedure of choice in most patieifs improveslocal control, neurologic
function, pain

2. SurgeryT role in local control in modern SRS times is secondaistorically- earlyradical
surgical resectiofspondylecton]yY st e r eadidtharapy. iurc

3. Thermal ablation + cement

MECHANICAL -INSTABILITY SCORES

Neoplastic spinal instability-il oss of spinal integrity as a
associated with movemerglatedpain symptomatic or progressiveformity, and/omeural
compromisainder physiologic | oadso.

SPINAL INSTABILITY NEOPLASTIC SCORE (SINS)

- helps to assess tumor related instability of the vertebral colwseful in guiding the mobilization

or operative management of patients with neoplastic spinal disease.
CG Fisher et al. A Novel Classification System for Spinal Instability in Neoplastic Disease An
EvidenceBased Approach and Expert Consensus From the Spine Oncology Study Group.
SPINE 2010, Volume 35, Number 22, pp EIEAP29

1. Pain:
mechanicapain* (pain with movement or spinal loading or upright position [postural]

or pain improves with recumbency): 3 points
*differentiates from other types of pain not indicative of instability, such as pain
associated with periosteal stretching or nerve root/spinal cord comprésgaaen
with recumbency (venous congestion), improve with steroids (edema)

occasional pain but not mechanical: 1 point
painlesdesion: 0 points
2. Bone lesion(on CT):
lytic: 2 points
mixed: 1 points
blastic(sclerotic) O points
3. Location:
junctional(occiputC2, C#T2, T1%L1, L5-S1): 3 points
mobile spingC3-C6, L2L4): 2 points
semirigid(T3-T10): 1 point
rigid (S2-S5): 0 points
4. Alignment:
subluxation/translatiard points
kyphosis/scoliosis: 2 points
normal alignmentO points
5. Vertebral body collapse(anterior andmiddle columns):
> 50% collapse3 points
< 50% collapse: 2 points
no collapse with > 50% vertebral body involvédpoint
none of the above: 0 points
6. Posterior spinal element involvemeni{pedicles, facets, and/or costovertebral joints):
bilaterat 3 points
unilateral: 1 point
none 0 points

1 (pain) is the only feature that need to ask patient; other feafi@safe radiological.

T low bone mineral densitfin unaffected spine) should also be considered as strong risk
factor for instability.

T in the case of multiple spine lesiosability scores are not summed

T previous laminectomiear other surgical procedures and previous radiation therapy
(including radiosurgery) may also influence the fracture risk.

T body weightandactivity levelmay also influence spinal loading and impending

instability.
Treatment and prognosis )
score@6: stable Y radiotherapy [/ ther mal abl
score 712 potentially wunstable (warrant surgi

thermal ablation+cement
score 1318: unstable (warrant surgical consultation to assess for instability prior to proceedir
with any planned radiation treat ment

*IR thermal ablation kills tumors cells and will cause collapse, thus,
needs to be combined with vertebral augmentation

N.B. tumor radiosensitivity does not affect decision maki@ig. radiosensitive tumor with
SINS O 13 needs operative stabilizations

1 if score 712 and elect nonoperative treatment (e.g. brace), verify stability with upright XR.

TANEICHI INSTABILITY SCORES

Risk of pathologic vertebral collapgéth thoracic lytic lesion

Gk % TO 30 60 30 60 30 60
S Costo-vertebral joint = = + + + 4+
C Pedicles = = - - + +
P b Posterior elements o - - - _ i

Probability of collapse 0.13 0.68 0.57 0.96 0.71 0.98

Risk of pathologic vertebral collapseth lumbar lytic lesion



A B C D E F G

% TO 20 30 40 40 60 5 20
Pedicles = = 5 + 5t n +
Posterior elements = o - - + 4 +

Probability of collapse 0.07 0.25 0.60 0.99 0.99 0.06 0.38

SYSTEMIC - PROGNOSTIC SCORES

No treatment increases life expectancy in spinal metasfass$astatic disease is incurable)

N.B. oncologists very often cannot predict life expectgasymany patients with spine mts
were excluded from trials so nobody knows how they will fare); more important is to discuss

and see patientds perspective for treat me
SORG nomogram
Hemoglobin (in g/dL) r r T T T T 1
18 16 14 12 10 8 6

White Blood Cell Count (in K/uL) r——v—

L] Ll L] ,

L] L)
2 4 6 8 10 12 14 16 I8

Al Al L L)

T T T T
20 22 24 26 28 30 32 34

Age (ln ears) r T T T T T 1
8 Y 20 30 40 50 60 30 80 90
: : Yes
Previous Systemic Therapy r -
No
y : Lung/Liver
Visceral/Brain Metastases r A "
None Brain
2 : : Yes
More than 1 Mobile Spine Metastasis r -
],
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Revised Tokuhashi score

Tokuhashi Y, Matsuzaki H, Oda H, et al. A Revised Scoring System Ryetperative
Evaluation of Metastati§pine Tumor PrognosiSpine 30(19):21862191,2005

- prognostic andurgical strategy guidander metastatic spinal tumors.

1
1

multiple myelomaandlymphomaareexcluded.
original scoring system (199@)asbased on six parameters: general condition, nuiber
extraspinal bone metastases, number of metastases in the vertebraidtagyases to major
internal organs, site of the primary cancer, and the sevénisisy
Tokuhashi score underwervision in 2005

- to assigrgreater weight to the primary cancén the overall score.

- application of the score tmnservatively managepatients (the original

scoring system only evaluated surgically treated pajients




Predictive factor Score (points)

General conditions (KPS)

Poor (KPS 10-40%) 0
Moderate (KPS 50-70%)

Good (KPS 80-100%) 2
Number of extraspinal bone metastatic foci

>3 0
1-3

0 2
Number of metastasis in the vertebral bodies

>3 0
1-3

0 2
Metastases to major internal organs

Resectable 0
Unresectable 1
No metastases 2

Primary site of the cancer

Lung, osteosarcoma, stomach, bladder, esophagus, pancreas 0

Liver, gallbladder, unidentified 1

Others 2

Kidney, uterus 3

Rectum 4

Thyroid, prostate, breast, carcinoid tumor 4

Spinal cord palsy

Complete (Frankel A, B) 0

Incomplete (Frankel CD) 1

None (Frankel E) 2

Total points Mean survival

0-8 <6 months

9-11 >6 months

12-15 >12 months

Predicted prognosis

Total Score Prognosis Treatment strategy

0-8 87% pati ent gconservativdreatment

(n [ tn

9-11 87% pati ent gpalliativesurgicalprocedures (stabilization +
laminectomy); except score ofld with a
single spinal lesion and no metastases to mg
organs Y excisional
with stabilization).

12-15 95% pati ent dexcisional surgery

N.B. Zoccali et al. determined that the accuracy of the revised Tokuhashi score has statistice
significant decrease over time for patients with an expected survival of < 12 months, likely
secondary to evolvingnoderntreatments.

As an alternative to these rigid classificatizaised approaches, Patonlepablished a
principle-basedlecision frameworkalledL M NOP (addresses clinical factoasid isadaptable
to changes in technoloyy

(L) locationof disease (anteor/posteior columns, spinal level)

(M) mechanical instabilitpy SINS score

(N) neurology

(O) oncology (histopathological diagnosis)

(P) patient fitness, patient wishg@spgnosiqlargely dependent on tumor type), and

response to prior therapy.

Tomita score
Tomita K, Kawahara N, Kobayashi T, Yoshida A Murakamkbhmaru T. Surgical Strategy for
Spinal Metastase$pine 26(3):29806, 2001

- prognostic andurgical strategy guidander metastatic spinal tumors.

Three factors
1) malignant grade of primary tumor (as déermined by tissue of originj1) slow
growth, (2) moderate growth, (3) rapid growth
2) visceral metastases to vital organg1) none, (2) present but treatable, (3) present
untreatable
3) bone metastaseq1) isolated to spine or (2) n@blated b spine

Total Score Prognosis Treatment strategy
2-3 49.9 months (range 1®4) | wide or marginal excision
4-5 23.5 months (range-57) | intralesional excision + marginal excision wh
possible
6-7 15.0 months (rangg33) | palliative decompression and stabilization
8-10 5.9 months(range 114) nonoperative palliative care

Limitations noreportonimpact of radiotherapy and chemotherapy on patient suyvival
comorbidities are not included in decision making.

Tomita classification
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Intracompartmental lesion Extracompartmental lesion Multiple, skip lesion
A B
Type 1 Type 4 D
Type 2 : Type 5
% % % Type 7
Type 3 Type 6

Sar copenic index (frailty) - psoas muscle area at the L4 level / L4 vertebral body area
Zakaria HM et al. Sarcopenia Predicts Overall Survival in Patients with Lung, Breast, Prostate,
or Myeloma Spine Metastases Undergoing Stereotactic Body Radiation Therapy (SBRT),
Independent of Histology. Neurosurgery 86:7056, 2020 DOI:10.1093/neurosZ®/16

i sarcopenia predicts overall survival in lung cancer, breast cancer, prostate cancer, and multiple
myeloma metastases to the spine, independent of tumor histology and after multivariate analysi
accounting for demographic, oncologic, functional, and thettaptactors.

provides objective, simple, and effective way to assess longevity.

can be used to help with surgical decision making in patients with the same burden of disease,
patients with small psoas sizes are at higher risk of death

= =

Kaplan-Meier Survival Estimates
With Number of Subjects at Risk

109 Logrank p=0.0005
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Scoring system (vear) Score categories (Survival) Prognostic factors

*General Condition (KPS)

*Number of Extraspinal Bone Metastases

*Foci Number of Metastases in the Vertebral Body
*Metastases to the Major Intemal Organs

*Primary Site of Cancer

« Spinal Cord Palsy

0 -5 (= 3 Months)
Original Tokuhashi (1990)" 6 -8 (< 12 Months)
9-12 (= 12 Months)

*Visceral Metastasis

0 -1 (1-year survival rate=0%) *Pathological Fracture
Original Bauer (1995) 2 = 3 (1-year survival rate=25%) *Solitary Skeletal Metastasis
4 — 5 ((1-year survival rate=50%) *Lung Cancer

*Primary Tumor

2-4(>2 Years)
4-6(1-2Years)
6~ 8 (6 — 12 Months)
8 — 10 (< 3 Months)

* Primary Tumor
* Visceral Metastases
* Bone Metastases

Tomita (2001)°

*General Condition (KPS)

*Number of Extraspinal Bone Metastases Foci
*Number of Metastases in the Vertebral Body
*Metastases to the Major Intemnal Organs
*Primary Site of Cancer

*Spinal Cord Palsy

0 -8 (< 6 Months)
Revised Tokuhashi (2005)* 9 - 11 (= 6 Months)
12 - 15 (> 12 Months)

*Primary Lesion

0-2 (12 Month Survival Rate = 89.1%) *Visceral or Cerebral Metastases
Katagiri (2005)° 3-5 (12 Month Survival Rate = 48.8) *Performance Status (ECOG)
6-8 (12 Month Survival Rate = 48.8%) *Multiple skeletal metastases
*Chemotherapy

*Visceral Metastasis
*Solitary Skeletal Metastasis
*Lung Cancer

*Primary Tumor

0 -1 (Median Survival 4.8 Months)
Modified Bauer (2011)¢ 2 (Median Survival 18.2 Months)
3 - 4 (Median Survival 28.4 Months)

*Age
*ECOG performance status
0-2 (1-year Survival HR=0.81) *Primary cancer
SORG Classic (2016)" 3-4 (1-year Survival HR=0.62) *White blood-cell count
5-12(1-year Survival HR=0.28) *Hemoglobin level

*Merastases to lungs. brain. or liver
*Systemic therapy

*Age

*ECOG performance status
*Primary cancer

SORG Nomogram (2017)% 365 -day Survival Probability from 0-1 *White blood-cell count
*Hemoglobin level

*Metastases to lungs. brain. or liver
+Systemic therapy

Predictive score on I-year survival:

New England Score Spinal Score of 3 - Reference *Modified Bauer
;ncmsns-is sco;t l‘Oi gp’Q ) Score of 2 [ OR=0.41; 95% (0.23 t0 0.75)] *Ambulatory Status
asta L=U1s Score of 1 [OR=0.22; 95% (0.11 t0 0.43)] *Albumn

Score of 0 [OR=0.10: 95% (0.04 10 0.22)]

TREATMENT - SURGERY

Boards: avoid big surgeries*; only palliative actions to treat sympiomgltidisciplinary approach!
Isolated vertebral body mass, neuro stéldétain biopsy.
*if still contemplating corpectomy (e.g. to restore anterior support and alignment),
always consider preop embolization (+ have TXA, blood ready and tamponade locally)
Modern sirgical trends includkess invasive surgery



\

Avoid going to surgery without knowing diagnogsopsy role is paramount* imetastases with
unknown primary **)

*if acuteness of neurologic status permits
**need to know radiosensitivity (choose XRT modality), the need to embolize preop

N.B. hematological tumorglymphoma, multiple myeloma) treatment isnedical, surgery
indications are rare:

1) acute neurological deficit with unknown diagnosis

2) cement augmentation for intractable pain

Always completanetastatic workup preop
1. PanspineMRI
2. ChestabdomerpelvisCT
3. PET/bonesca( not all tumors appear fAhot 0)

Do not forget the role géreoperative embolization in vascular turmors
*blood loss usually liters
1 considefTXA; avoid CellSaver.

Modern ndicationsfor surgeryin spine metastaséssituationswhen radiation isiot feasible
A. Symptomatiqeg. acute paraplegi@igh-grade(Bilsky grade 23) cordcompressionwith:
a) bone / disk fragmentsradiation is ineffectivéas opposed tradiosensitivaumor tissué
can be treated with XRK) decompression
b) radioresistanhistology(with high-grade cord compressibhi need SR®ut risk for cord
K separation

*Iif SRS is not available at your center, thgnoss total excisiormay be
indicatedfor local control regardless of cord compression degree
c) previous radiatiok decompression

B. Spinalinstability ( S| NS scal ¥ Oedt poatni cthbilivational i gn men

1 prerequisite life expectancy> 3 (or 6) months
< 3 monthg only palliative pain control measures

Historic indications
1) uncertain diagnosisthat requires tissue diagnogmow replaced by biop3y
2) singlelesionandno systemicdiseasa& spondylectomyf gingle metastasis is not the same as
primary spine tumay.)
3) intractable pain kK radiotherapy, vertebral augmentation (kyphoplasty) as long as it is not
directly related to instability
1 spondylectomy / en bloc resections are not anymore indi¢asenpposed to primary vertebral
tumors); corpectomy with cage support (or vertebral augmentation with cement via Jamshidi
needle) can be done if needed for structural support in solitary metastasis.

Neurological improvemerwith:
Witham TF, Gokaslan ZL et al. Surgery insight: current management of epidural spinal cord
compression from metastatic spine dise&&.Clin Pract Neurol(2006) 2:87 94. doi:
10.1038/ncpneuro0116

XRT - 36%

laminectomyi 42%

laminectomy plus fusioin 64%

anterior corpectomy plus fusiery5%
+ surgical morbidity21i 26%, mortality 5 6% for posterior corpectomy arkD% foranterior
corpectomy

1 tumor in posterior epidural space or posterior bony elements is best treatestdayor
decompressio(laminectomy; laminectomy is not good solution for anteriorly based
lesions (posterior decompression may further destabilize spiatleast add short
segment instrumentatipn

1 anterior approaches

1) cervicomedullary junctiontransoral or transcervical retgarapharyngeal
approach

2) lower in neck- anterolateral cervical gpoach.

3) thoracic- thoracotomy

4) lumbar- retroperitoneal approach.

Considemparamedianincisionsi not in radiation field:

Hemostasis is very important for surgery outcome!
- preop embolization
- preop induction chemotherapy
- preop SRS (> 2 weeks prior to surgery)
- intraop Aquamantys coagulates
- intraop CellSaver (for dissections outside tumor)
- intraop TXA
- intraop early treatment of blood loss (FFP, platelets)

STABILIZATION S URGERY

- if spinal instability has resulted from the tumor or the surgical treatment of the tumor, it is necessa
to supplement the surgical proced withinstrumentation
- it is independent surgical component (regardless of neurological and oncological factors)

N.B. immediate stabilization is often important for quality of life (duknited

life expectancy+ chemoradiationarthrodesis / fusion is not importénno role

for biologics; if long term survival is a goalautografts are the best)

i over time, instrumentation constructs fatigue, loosen, aihdrless bony fusion
ensues;n the case of malignant disease, the limited life expectancy may, in fact,
makebony fusion unnecessary

N.B. aim for hardware to maintain stability for 2 years; some experts put lots of
weight on cement supplementation (and use PMMA almost routinely)

i anteriorstabilizationis achieved witlpolymethylmethacrylate (PMMApr

hardwarecage
*preferred if spine bone qualitg poor(e.g. due to
multiple myeloma infiltration)

1 avoidcobalt chromé causes significant XRT beam scattbus altering the tumor dase
1 titanium implantsshould be standafdr spine tumor reconstruction.
1 carbon fiberhave been adopted to lessen artitatimaging- readily show tumor recurrence, as
well as osseointegration of bone graft, on imaging
0 combine carbon screws with cement injection for better purchase
N.B. metallic implantshave a detrimental effect on local tumor control gftetontherapy!


http://www.neurosurgeryresident.net/Op.%2520Operative%2520Techniques/200-299.%2520Spine/Op220.%2520Thoracolumbosacral%2520Spine%2520Surgery%2520(techniques).pdf#Posterior_incisions
http://www.neurosurgeryresident.net/Op.%2520Operative%2520Techniques/Op140.%2520Surgical%2520Instruments,%2520Materials.pdf#AQUAMANTYS

EXTRADURAL SPINAL TUMORS, VERTEBRAL TUMORS Onc56 (9

SEPARATION SURGERY (SS)

- indicated forhigh-grade cord compression with radioresistant tumor
- separating cord away from SRS target,d@yngrading epidural diseaseconverting highgrade
epidural diseasaléformation othe spinal cord with or without persistence of visiBeR into low-
grade, i.erestoring CSF cuff around the cord see Bilsky classification >>
N.B. separation surgery is for ventral disease! (for dorsal disease, complete tumor
removal is recommended)
Goal ofseparation surgery is to credt® mm distancebetween tumor and spinal cord
posterior approach just to decompress cord; can be done with laser (LITT).
SS is done through posteri@:.g.transpedicularapproach
1 SSisnot just a simple laminectorfy also need (bilateral) pediculectomy, PLL
section/resectiomgemoval of ventral epidural tumor without sificant vertebral body
resectiori thus, neednstrumentation to provide biomechanical stabifftyr anterior
column, consider vertebral augmentation with cement)
*refrain from hemilaminectomies even if tumor is one side drigk of postop
epidur al hemat oma that may get dAtrappe
1 check withintraop US that thecal sac is reconstituted (neegl@m of CSF)
N.B. separation surgery is for ventral disease! (for dorsal disease, complete
tumor removal is recommended)
1 SRS is done-3 weeks after SS (at least 2 weeks, in rare cases with ongoing cord compromise
within 5 days).
1 1-year local control aftesSfollowed by singlefraction SRS was 91% and when followed by
high-dose hypofractionated SRS (i.e G9 x 3) was 96%.

E |

SSis not just a simple laminectormyeed bilateral pediculectomy, PLL resection, pushing epidural
tumor ventrally:

Instrumentation Insertion of pedicle or lateral mass screws and connecting rods typically 2 levels above and 2 levels below the index level. This is
usually performed prior to decompression.

Decompression Posterior elements are drilled with a high-speed 3-mm match-stick burr to expose ligamentum flavum and dura.

Lateral exposure The facet joints and bilateral pedicles are drilled until flush with vertebral body.

Dural exposure Tenotomy scissors are used to dissect normal dural planes and resect ligament and tumor from the dura.

Resection of the PLL The plane between the ventral dura and the PLL is clearly defined using Woodson dissector. The epidural venous plexus
coagulated. The PLL is resected with care using tenotomy scissors to sharply divide the epidural ligament of Hoffman.

Ventral separation Woodson dissector used to depress the epidural tumor component ventrally. When a large cavity is created in the vertebral
body, intraoperative cement augmentation can provide anterior column support.
Confirmation Ultrasound may be helpful in determining when adequate separation is achieved.
Studies

Laufer |, Bilsky MH et al.Local diseasecontrol for spinal metastases following "separation
surgery” and adjuvant hypofractionated or highse singldraction stereotactic radiosurgery:
outcome analysis in 186 patients. J Neurosurg Spine. 2013 Mar;18(3)£203oi:
10.3171/20121.SPINE12111. Epub 2013 Jan 22.

186 patients with ESCC from spinal metastases
Surgical decompression, instrumentation and STR
Single fraction: 24Gy in 40/186

High hypofractionated: 24-30Gy (3) in 37/186

Low dose hypofractionated: 18-36Gy(5-6) 109/185

Local progression Low Dose: 16,4 % in 1 year
Local Progression Single fraction: 10 % in 1 year
Local Progression High Dose: 4,1 % in 1 year

TREATMENT - RADIOTHERAPY

To minimize wound complications

1 adjuvant: > 2 weeksafter surgeryideally, at3-4 weeks; in rare cases with ongoing cord
compromisd within 5 days).

1 neoadjuvant delay elective surgery f@&@ weeks

Radiation is mainstay of treatment based on NOMS concept (unless need separation or stabilizatio

Conformal / Conventional external beam (CEBRT)

Indicaion i mainstay of treatment fordiosensitivemetastases

favorable(radiosensitivehistologies
1) hematologicmalignancies (lymphoma, multipfayeloma, and plasmacytoma)
2) freproductives y st e m sSerainmomadvaldan,lfreast, and prostate)

unfavorable histologiek sarcomas, melanomas, renal cell carcinomas, gastrointestinal
carcinoma(colon, hepatocellularjhyroid,and norsmall cell lung cancer (NSCLC).

1 if thereis instability, stabilization surgery first.

Radiosensitive Radioresistant

Lymphoma

Seminoma
Gilbert F U U U U U U U
Maranzano F F F U U U U U
Rades F I | | U | U |
Rades F F F U U U U U
Katagiri E F F U U U U u
Maranzano F k F U U U U U
Rades F I | | 9) [ U |

Favorable, Intermediate, Unfavorable
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Radiosensitive Radioresistant

Median Response

Duration Duration
Gilbert U U U
Maranzano 11 months U 3 months U U
Rades F I I I U I U I
Rades 2-year LCR u 2-year LCR T
Katagiri 86% U 30% U U
Maranzano F F F U U U U U
Rades F | | | U I U |

Favorable, Intermediate, Unfavorable

Contraindication prior radiation.

Methodology
1 30 Gyin 10-15 daily fractions.

i traditional treatment plan is to include 2 vertebral bodies above and 2 below lesion.
i studies failed to demonstrate that déveetionation schedle has an impact on ambulation; some
data suggesthat alonger course(> 1 week) offers better motor function searompared to a
shorter course(< 1 week), lbwever, a shorter course may still be indicated for patients with a

limited life expectancy

Outcomes

60-80% d ambulatorypatientsremain ambulatory

19-33% of nonambulatorgatientsregain ability to walk

50-70% of patients demonstrgtain improvemenfvs. 85100% with SRS)

61-89% of patients achievecal controldefined as the absence of recurrent cord compression
tumor histologyrepresents an important prognostic factor:

XRT appears to bsafe(1 case of radiation myelopathy has beescribedl

= =4 =4 -4 -8 -1

SRS/ Stereotactic Body Radiotherapy(SBRT)

- overcomes tumor radioresistance through safe delivery of high doses of radiation to the tumor whi

minimizing radiation dose to spinal cord.

SBRT revolutionized spinal oncology through delivery of durable local tumor camtreldless of
tumor histology volume, prior radiation history!

Indicationi mainstay of treatment fordioresistant histology

1 extent of the disease should be limiteét® contiguous vertebral levels

9 if high-grade cord compression exisprecede witlseparation surgery>>
N.B. high-gradeepidural compressiowith radiosensitive etiologg cEBRT (no need for
separation adose and risk for cord are lower with cEBRT)

*Ryu et al(2010)performed singlesessiorSRSon 85 lesions (6patientsX mean epidural
tumor volume reduction 65%t 2 monthgN.B. several patientexperienced neurologic
deteriorationthus,SBRT for highgrade MESCC is limited texperimental protocao)s

1 local control rate of solitary met with SRS is similar to en bloc rese(gian solitary renal
metastases:-63%yvs. 7.5%),thus, Bilsky et alhave been advocating f8IRSas a first line of
treatment as a way of avoiding the morbidity of an en bloc resection.

Radiosensitive

Lymphoma

Seminoma
Gilbert F U U U U U U U
Maranzano F F F U U ) ) U
Rades F | | 2-year LCR [ U |
Katagiri F F F u U U U U
Maranzano F F E U U ) ) U
Rades F | | | U | U |

Favorable, Intermediate, Unfavorable

Dose 16-24 Gyin 2 fractions(or 810 Gy x3 or 6 Gy x5}higher dose = better local control)

RTOG 0631

Treatment Planning/Target Volumes

= Target volume
Solid black (a) includes vertebral| (b)
: ;Prt esents body and both

e wymor

neJﬂQL

N

Diagram of Spine Metastatic lesions Target volume
Metastasis and Target can be more extensive includes spinous
volumes including pedicles process and laminae
b3 Clevetand Clinic
Qutcomes

1 local control rates of up to 98% over 4 ye@famada et al- response rates were irrespective of
tumor histology orvolume but rather dosgependent
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)l
)l

85-100%o0f patients demonstratgxhin improvement (vs. 5800% with XRT) even with radie
resistant histologies

in the setting of progressive neurologic deficit where surgery was contraindica&@o5at the
patient experienced neurologic improvement.

Complications

1
1

E_ |

LITT for C1 lateral mass:

gL

radiation myelopathihas been reportdulit is believed to be rarpdtients who were followed for
at least 5 years after SBRT exhibiteddrate of gradex?2 toxicity)
vertebral compression fractures (VChayve been documented as a late complicdfi®#0% vs
5% after cCEBRYT;

A most of these fractussccurwithin 4 months

A risk factors: lytic lesion, malalignmer®20 Gyper fraction.

A majority are asymptomati¢H: kyphoplasty, some consider everphylactic

preSRS cement augmentatjon

TREATMENT 1T THERMAL ABLATION

RF or microwave (better for osteoblastic tumans)ITT i treats the tumor itself! (and still does
not preclude other treatment modalities).

mainindicationi pain control when radiotherapy is not an optinadioresistant tumor, previous
XRT, etc).

for weight bearing bones (such as spimeyd tofollow with vertebroplastyor else vertebra will
collapse in 3 months.

curved probe.

cord protectionthermocouple insertion into epidural space, saline injection into epidural space,
SSEP / MEP.

B

Transverse
Process

Superior Articular
Facet

Spinous
Process

Targeting Zone

4-6 or 7-9 Transpedicular
3-5or 8-10 Vertical
10-3 Translaminal

TREATMENT T PERCUTANEOUS VERTEBROPLASTY

(injection of acrylic surgical cement)r more see p. TrS9 >>

Indications

a) pain control


http://www.neurosurgeryresident.net/TrS.%2520Spinal%2520trauma/TrS9.%2520Vertebral%2520Column%2520Injury%2520(SPECIFIC%2520INJURIES).pdf#Vertebroplasty
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b) structural support (e.go compression fracturet® prevent posERS pathological
fracture)

Contraindications
1) fracture of posterior wall
2) 0O 75% height | oss
3) epidural disease
4) radiculopathy

1 cementioes not interferavith radiotherapyand can be dorngefore or after radiotherapy (but not
during).

Safety and Efficacy of Balloon-Assisted Kyphoplasty Followed by

Stereotactic Body Radiation Therapy for Pathological Fractures

Background and Objectives Results Case Presentation
In patients experiencing pain secondary to
pathological compression fractures, balioon-
assisted kyphoplasty (BAK) and subsequent
stereotactic body radiation therapy (SBRT)
may allow for restoration of vertebral height l
and irradiation of the underlying malignancy.

Kyphoplasty
70 patients
75 lesions

SBRT
72 single-fraction lesions at 20 Gy
Key Question 3 multifraction lesions
Does a combination BAK and SBRT

treatment regimen alleviate pain and
control local disease progression?

SBRT treatment plan after BAK for a 70-year-old
woman with L2 and L3 pathological fractures due
to metastatic renal cell carcinoma. The 80%
isodose line represents a prescnbed dose of 22
Gy delivered 1o a tumor volume of 73.4 c?®

Methods Local Control Toxicity

A i peais Of metastal 88% at 6 months, 3% adverse c lusi
prospective analysis of metastatic 1 year, and 2 years radiation efiects onclusion

and benign spinal lesions that A regimen consisting of BAK followed by

underwent BAK before SBRT at Pain SBRT avoids morbidity associated with open

the [BLINDED FOR REVIEW] from 88% improved or surgery and provides fracture fixation while

2002 to 2023 was conducted. remained stable administering a tumoricidal radiation dose.

Neurosurgery Adida et al

Rolein pain control

Weill A1, Chiras J, Simon JM, Rose M, SMartinez T, Enkaoua E. Spinal metastases:
indications for and results of percutaneous injection of acrylic surgical cement. Radiology. 199¢
Apr;199(1):2417.

i vertebroplasty was performed for analgesia in 29 procedures,
stabilization of the vertebral column Srprocedures, and both &
procedures

I 72% cleamain improvement21% moderate pain improvement; 6% no
improvement; improvement was stable in 73% of patients at 6 months.

i in the procedure performed for stabilization, displacement of treated
vertebraewas observed (mean folleup, 13 months).

i 3 patients had transient radiculopathy due to cement extrusion, and 2
patients had transient difficulty in swallowing

TREATMENT 7T SYMPTOM CONTROL

1. Bone pain controt also see above >>
1) NSAIDs
2) steroids(DEXAMETHASONEL O mg | oading dose Y 4 mg g6
3) spinalorthoticsandphysiotherapy
4) irradiation (for bone pain due to stretching of periosteum).
5) percutaneousertebroplastyinjection of acrylic surgical cement)>

2. Neuropathic pain control: antiepileptics (e.gsABAPENTIN), tricyclic antidepressantsdbcaine
patch, opioid. also see above >>
1 neurosurgical ablationgrhizotomy, spinothalamic tractotomy, cordotomy) are not
commonly used in spinal metastases.

3. Hypercalcemia IV hydration, steroid, bisphosphonate (inhibits osteoclast function).
9 can result in cardiac or kidney dysfunction, and even death.

PROGNOSIS

Tokuhashi score see above>
Tomita score see above>

Harvard web application to prognosticat€0-day postoperative mortality in spinal metastases
https://sorgapps.shinyapps.io/spinemets/

90-Day and 1Year Postoperative Mortality
KarhadeAditya V.et al. Predicting 9€Day and tYear Mortality in Spinal Metastatic Disease:
Development and Internal Validation. Neurosurgery 85:E&@81, 2019

1 732 patients90-d and tyr mortality rates of 18125.1%) and 385 (54.3%),
respectively

9 albumin, primary tumor histology, and performance status wer& mhest important
predictors of 9ad mortality.
https://sorgapps.shinyapps.io/spinemetssurvival/

Spine metastases do not affect survigalyival/ outcome $ most dependent on

1. Lung metastatic burden

2. Pretreatment neurological stafesp.ability to ambulate importance of early diagnosis!!!)
91 rapidly progressingleficits carry worse prognosis (than slowly evolving ones).
9 loss of bowel / bladder function is usually irreversible.

RESTORATION OF AMBULATION

Strongest prognostic indicators of ambulation recovery after surgery:
1) durationof ambulation loss
2) bladderdysfunction
3) Medical Research Council (MR@)uscle strength < IlI

1 ambulatory patients sunatonger than patients who have lost the ability to ambulate

Hauser Ambulation | ndex



https://sorg-apps.shinyapps.io/spinemets/
https://sorg-apps.shinyapps.io/spinemetssurvival/

*The use of a wheelchair may be determined by lifestyle and motivation. It is expected that patients

Hauser SL et al. Intensive immunosuppression in progressive multiple sclerosis. A randomized

threearm study of higdose intravenous cyclophosphamide, plasma exchange, and ACTH. N
Engl J Med. 1983 Jan 27;308(4):1-R%.

0 = Asymptomatic; fully active.
1 = Walks normally, but reports fatigue that interferes with athletic or other demanding
activities.

2 = Abnormal gait or episodic imbalance; gait disorder is noticed by family and friends; able 1

walk 25 feet (8 meters) in 10 seconds or less.
3 = Walks independently; able to walk 25 feet in 20 seconds or less.

4 = Requires unilateral support (cane or single crutch) to walk; walks 25 feet in 20 seconds ¢

less.

5 = Requires bilateral support (canes, crutches, or walker) and walks 25 feet in 20 seconds ¢

less; or requires unilateral support but needs more than 20 seconds to walk 25 feet.

6 = Requires bilateral support and more than 20 seconds to walk 25 feet; may use wheelcha

on occasion.

7 = Walking limited to several steps with bilateral support; unable to walk 25 feet; may use
wheelchair* for most activities.

8 = Restricted to wheelchair; able to transfer self independently.

9 = Restricted to wheelchair; unable to transfer self independently.

Grade 7 will use a wheelchair more frequentntthose in Grades 5 or 6. Assignment of a grade in
the range of 5 to 7, however, is determined
the extent to whickhe patient uses a wheelchair.

)l

FOLLOW -UP

PET scans to ronitor status of spinal disease for recurrence.

SPECIFIC TUMOR TYPES (PRIMARY)

about analogous tumors$RULLY s e @

ENOSTOSIS(BONE | SLAND)

I mass of proliferating bone tissue within bone (i.e. calcified medullary defects of lamellar compact
bone with haversian systems foundhintcancellous portion of bonagpresent either hamartomatous
lesions or failure of osteoclastic activity during bone remodeling

)l

Not a tumor!
Osteopoikilosis - rare inherited benign condition characterized by multiple
benignenostosesmportance is predominantly in correct diagnosis so that it is not
mistaken for pathology

one of most common spine lesidifisund in 14% autopsies).

mostfrequent inthoracicandlumbarspine.

remain stabl¢some may slowly increase in size).

discovered incidentally:

I X-ray, CTT circular or oblong osteoblastic lesions wajhiculated margirabrupt
transition from normal to sclerotic bgrexlerotic bone lesion can be diagnosed as
abone metastasigersus bone island if its mean attenuation is < 885 HU and maximum
attenuation is < 1060 HU with a 95% sensitivity and a 96% specificity for both values

I bone scari normal (vs. osteoblastic metastases!).

i MRI T low signal intensity wit normal surrounding intensity.

considered one Qf the skelefald o n 6 t t o; f exhibits diameter increase > 25% in 6
mo n t hb®psy

OSTEOID OSTEOMA

)l
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histologically identical t@STEOBLASOMA* - microscopic weHorganized trabecular bone with
vascular fibrous connective tissue stroma surrounded by reactive cortical bone
*but behaviorally very differerit osteoid osteoma iscally seltlimited.
diameter< 1.5 cm (VSOSTEOBLASOMA - typically > 2.0 cm).
only 10%of body osteoid osteomasvolve axial skeleton
I 59% spinal osteoidsteomasre found inumbar region
i 75% occur imposteriorelements (pedicles, facets, laminae), 18#transverse and
spinous processes, 7in vertebral body.
present in children Q0 years
actively symptomatie painful scoliosig60%), radicular painmuscular atrophy.
N.B. nocturnal pain is classicallglievedwith NSAIDs or salicylates
X-ray - round or ovatadiolucent nidus, with stounding rim of sclerotic bon(elassicarea of
central calcification may be obscured by complex spinal architgcture
bone scan marked increased uptaky nidus(central lucent nidus is "cold" and sclerotic rim
"hot") - allows confirmation of complete removal intraoperatively (with radioactive counter).
CT (criterion standard for radiographic diagngsigell-defined low attenuationiduswith or
without central calcification surrounded agea of sclerosis.
MRI - vividly enhanced nidus.
treatmeni completenidus resection(open surgry or percutaneous Gguided resectioor
percutaneous radiofrequency ablati@tpolicsis resolves spontaneously with time

CT of thoracic vertebra:

)
.-

OO0 in long bones:


http://www.neurosurgeryresident.net/Onc.%20Oncology/Onc40.%20Skull%20Tumors.pdf
https://radiopaedia.org/articles/enostoses?lang=us
https://radiopaedia.org/articles/sclerotic-bone-metastases?lang=us
https://radiopaedia.org/articles/skeletal-do-not-touch-lesions-1?lang=us

OSTEOBLASTOMA

1 histologicallysimilar (but not so well organize@dsoSTEOID OSTEOMA - expansile lesion with
interconnecting trabecular bone and fibrovascular stroma, multiple small calcifications and
peripheral scalloped and sclerotic rim.

*but behaviorally very different osteoblastoma iscally aggressivgbone
destruction, infiltration of surrounding tissue)

nd igh magn

fication:
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Hlstolgggy at low a

10-15% haveaANEURYSMAL BONE CySiomponent.
can attain consetable sizetypically >1.52.0 cm.(vs. OSTEOID OSTEOMA
35% of all body ostddastomas occur in spine.
I equaldistributionthroughout spinal column.
i 55% case@volve posterior spinal elemen®#2%- vertebral bodies.
2-3" decade of lifgi.e. peak incidence below 30 years).
2:1 maleto-female predominance.
dull aching pains (neither nocturnal nor relieved by aspirin), local scoliosis, spinal stiifness;
tumor islarge enougly encroaching ospinal cord!
X-ray: central radiolucent area surrounded by sclerotic rim.
CT - areas of mineralization, expansile bone remodeling, and sclerosis or thin osseous shell at i
margins.
MRI (nonspecificenhancemeint
bone scan marked radionucleotide uptake.
treatmenbf choice- wide local resectiorwith spine stabilizationboth anterior and posterior
proceadures may be required for total removal.
i not radiosensitive #radiation may cause malignant transformation.
 10-20%recurrencerate.

E | = =4 - = —a =
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Osteoblastoma in posterior elements of C3 and CagX MRI):

OSTEOSARCOMA (OSTEOGENIC SARCOMA

1 most common sarcoma of the spinel&% of all primary tumors of the spine
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1 0.63.2% of all body osteosarcomascur in spine (50% represent metastases);
I most common ilumbosacral segments
i eccentric involvement of vertebral body with extension into posterior elements is
common.
median age of presentatied0 yearsslight male predominance.
the most common primary malignant bonmar in the pediatric populatiooie of thdowest
survival rates among pediatric cancers
9 risk factors Paget's diseagPagetpatients make up as much as 50% of the pajigmsvious
irradiation.

E |

PathologyHistology

1 firm and calcified and consist mostly of sarcomatous connective tisduertina osteoid tissue or

bone.

blasticmalignant spindleells produceosteoidmatrix.

conventional osteosarcomathree subtypes based on the matrix produced: osteoblastic (55%),

fibroblastic (23%), and chondroblastic (22%)

1 telangiectatic osteosarcoma® a separate classification of osteosarcomartbed closely
resembles an ABCir{iaddition to the production of an osteoid matrix, there arenaiseerous
bloodilled sinusoids).

1 small-cell osteosarcomasmall cells with hyperchromatic nucleositive for CD99; esmetimes
confused for a Ewing sarcomaytcan be distinguished by the presence of an osteoid matrix.

1 epitheloidosteosarcomasometimes mistaken for a carcinorbatthe presence of an osteoid
matrix leads to a correct diagnosis.

1
1

Clinical features
1 pain and palpable mass; neurologic symptoms are found8%0patients.
1 locatiort more commonri the thoracic spine and sacrugpically arise in the posterior elements.

Diagnosis

1 X-ray, CT - osteolytic or osteoblasticchangegge ns el y minerali zed mat
loss of vertebral height with sparing of adjacent disc.

1 MRI 1 if large amount of mineralized matrix is present, lesion may appear with low signal
intensity on all sequences.

Treatment SpineOncology Study Group recommends:
Sciubba D, Okuno S, Dekutoski M, Gokaslan Z: Ewing and osteogenic sarcoma: evidence for
multidisciplinary managemenspine34:S58 S68, 2009.

1 all patients with osteosarcoma of the spimgst betreated withneoadjuvant chemotherapy

i high-dose methotrexate and doxorubicin in combination with a variety of other agents
(cisplatin, ifosfamide, bleomycin, actinomycin D, and aifeerferor).

I osteogenic sarcomsa unique* tumor showingood results witlthemotherapy: aprospective
randomized trial demonstratedy8ar evenfree survival rates of 71% and 78% for patients
treated with either cisplatin, doxorubicin, and methotrexatenuramyl tetrapeptide following
resection, respectively

*another ischordoma(sensitive to tyrosine kinase inhibitors)
1 surgical resectionshould be attempted when it is felt a complete resection can be achieved
associated with an improvement in survival and local control.

i emergency decompressidollowed bymore radical resection is also possible.

1 postoperative radiationshould be considered to improve survival.
i e.g.conventional external photon beam irradiation (median tumor dose 45 Gy).
I radiation as the primary treatment modality prodysmor results

Prognosis poor (in old series median survival of 10 months from diagnggi®operative

Osteosarcoma Study Group (CO$&)orted median survival of 23 montingw long term survivors

are reported

1 poor prognostic factorsnetastasefp = .004),argetumors(> 10 cm) (p = .010), ansacraltumors
(p =.048)

Chondroblastic osteosarcommd2 MRI (20 yo M patient underwent thoracic laminectomy; resistant to chemotherapy;
eventually developed paraplediaot operative candidate):
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Source of ftures: Viktoras Palys, MD >>

GIANT CELL TUMOR (OSTEOCLASTOMA

1
1
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benignhighly vascula(5% malignant related to previous irradiation), but locally aggressive
multinucleated giant cells with fibrous stroma consisting of amtlear cellsno active matrix
production.
7% of all GCTs in body (spine id"4nost common site).
I most occur irsacrum thoracic spine
occur in3-5" decades of life; more common in women.
candramaticallyincrease during pregnandiyormonal influencés
pain with neurologic impingement
X-ray - largeosteolyticexpansile lesiogi fisoap bubble®(in sacrum- destruction ofacral
foraminal linescan extend past sacroiliac joints bilaterplly
bone scan diffuse radionucleotide uptake with areas of central photopexiagnareased
peripheral uptake.
angiography - hypervascular lesions.
CT - soft tissue attenuation with wealefined margins anthin rim of sclerotic bone.
MRI - heterogeneous lowo-intermediatesignalintensity(on both T1 and TR
treatment (arterial embolization +yomplete resectiofbetteren blog or curettage radiation
reserved fosurgically inaccessible tumors (another effective optipeENOSUMAB).
recurrence rates 460%.



mailto:vpalys@vcu.edu

ContrasfT1-MRI - C2 is replaced btumorand large extraosseous mass is compressing spinal cord
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OSTEOCHONDROMA (SOLITARY OSTEOCARTILAGINOUS EXOSTOSIS

1
1
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etiology - trapping of physeal cartilage outside growth plate during skeletal development.

I 7-9% patients withmultiple hereditary exostoses (MHE)have multiple spinal lesions.
pathology- benign lesiori pedicle of normal bone (protruding from cortexjh proliferating
cartilaginous capbone is normal, but abnormal growth occurs at and as result of cartilage cap;
continuity of lesion with marrow and cortex of underlying bone is presmiaty;be sessile or
pedunculatedtypically do not increase in sizdter skeletal maturity occursrfmvth after skeletal
maturity, especially when accompanied by pain and bony destruction on imaging should prompt
concern for malignant transformatjon
4% of all solitary spine tumors.

I more common ircervical spingesp. C2).

i posterior elements usually are involved.
typically in males < 30 yeafgounger in MHE).
neurologic deficitaremore frequenin MHE (77%vs. 34%.

X-ray (normal in 15%) round bony exostosis with radiolucent cartilaginousprapruding
posteriorly from spinous process.

CT - study of choicecalcified masspften attached to aolny surface via a bony pediclgpically
no bony destruction unless malignant transformation has occurred (a rare finding).

T1-MRI - centralarea of high signal intensitgpresents marro@intermediate intensity on T2);
cortex of exostosislow signal intensityhyaline cartilage caplow signal intensityhigh intensity
on T2; postcontrast enhancement usually spares the cartilaginoug captilage caps >2 cm-
suspect malignant transformationd@ONDROSARCOMAVery rarely, OSTEOSARCOMA
treatmentcomplete surgical resectiowithout radiationis curative

Study

Study

Study Time:11:2C
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CHONDROSARCOMA

1 malignant (butow-grade)cartilage producing tumors (round cellular stroma in chondroid matrix).

= = -4 A

= = =

Histology at 40 times magnification:

i lungs are most frequent sites of metastasis.

second most common nonlymphoproliferative tumosmhe(7-12% of all spine tumorsgpine is
primary site in 312% of allbody chondrosarcomas.
i thoracic spinds most common site.
I typically involve vertéral bodies.
i 35% involve adjacent vertebral levels @@ytension through diyc
men: women =2-4: 1.
mean age of presentatied5 years.
pain is frequent and constant finding.
X-ray - bone destruction; mineralization in soft tissue component of lesi@macteristic
chondroid matrix in form of rings and ar¢&%).
I tumorsthat arise from malignant transformation of osteochondromas are observed as
thickening ofcartilaginous cap.
bone scan intenseheterogeneous uptake.
angiography - very vascular tumor.
treatmenten blocsurgical resection(vertebral corpectomy and strut bone grafting sometimes may
be necessary for complete excigion
i adjunctivechemaadotherapy is controversial and limited (sorgery is the only
chance!).
i ifwidemargim|l r esecti on c tumarm@durrebcanddeathin 7% e d
cases.
mean survivat 5.9 years.

X-ray, CT, MRI of same patient:

Recurrent chondrosarcoma of C44{A1; B - T2-MRI): large mixed signal mass invading spinal canal; previous
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ANEURYSMAL BONE CcYST (ABC)

Benign, proliferative, nomeoplastic lesion that can occur in any part of the skeleton
1 etiology.
Primary ABC (65-95%)- result from micretrauma to bone with local circulatory disturbance.
Secondary ABC- result from underlying neoplasmsosinophilic granulomasjiant cell
tumors, osteoblastomas, chondroblastomas, osteosajconeaplasms produce
venous obstruction and possible arteriovenous malformations and set stage for ABC
formation.
1 macro- expansilglocally aggressivearea of bone remodeling, septations within mass, thin outer
periosteal rim of bone.
1 micro- multiloculated blooefilled cysticspaces not lined by endothelium (i.e. not vascular

e O T o~ P e A 2 T e
1 may extend into adjacent vertebrae, discs, ribs, and paravertebral soft tissues.
1 typically affect young patients (80% < 20 years).
1 10-30% of all bodyABCs occur in sping
i thoracicand lumbarspineareaffected most commonly.
i predilection forposterior elemeni¥5% extend into vertebral body.

Clinical features
1 back painpathologic fracturegainful scoliosis; 60% cause neurologic deficits.
9 course progresses slowly over months, with rapid growth and progression rare but.possible

Diagnosis

X-ray - honeycomitrabeculated pattern wittggshelithin cortical margin

bone scan peripheral uptakewith central "cold area(’ doughnuto sign).

angiography - hypervasculamass(multiple vascular "lakes").

CT/MRI -isoap bubbl e, thobuatedldsionwith intgrhal septationggdsheH
thin boneand lakes caminingfluid levels(blood of various stagessualized on MRY);
enhancement of periosteal rim and septatirisiot cystic spaces.

9 if biopsy is requiredqrare, given characteristic imagingpen biopsyare preferred to alloior
adequate control of hemorrhage and to provide adequate tissue sampling

= —a - A

Sourceofpicrt'ureBenzeI ASpine Surgery: Techniques, C o mp | Sauncets;iASIN: Av o
BOOE6TOOMK>>


http://www.amazon.com/Spine-Surgery-Set-Techniques-Complication/dp/B00E6TO0MK/
http://www.amazon.com/Spine-Surgery-Set-Techniques-Complication/dp/B00E6TO0MK/

Treatment

T
T

spontaneous resolution has been reported, thus incidentally discovered lesions may warrant an
initial course of conservative management
embolization (+ radiation ? preoperativer postoperativeY complete resectiorwith thin
margin( si mpl e curettage Y rapid recurrence).
successful treatment with stafadbne arterial embolization has been reported, with repeated rounc
of embolization advocated an effort to avoid open surgery (esp. in childievoids
instrumentation)
i eggshelithin cyst of reactive subperiosteal bone is observed as the extent of the lesiot
its removal ofterassociated with brisk bleedifigrenous blood under higher than
normal pressurgCellSaver!)
i interior of the lesion is often soft, fleshy, and vascular with unclotted blood
I instrumented fusion as necessary.

Four-step surgical program curettage, higispeed bur, electrocautery, and bone grafting,
with stabilization via short posterior fusion with instrumentation as needed

Prognosis

M

recur r en e3e%(comsider rep@at entbolizations if no neural compression or spine
instability).

EWING SARCOMA
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etiology- 11;12 chromosomal translocation.
malignantround cell tumor (large sheet of homogenous small, round, blue dallded by septa;
abundant collaggnareas of osteonecrosis are found.
most common nonlymphoproliferative primary malignant tumor of spine in children.

i 3-10% of all body Ewing sarcomas occur in spine (most commonly metastatic foci thar

primary lesions).

I most commonlysacrococcygeal region

i centered primarily in vertebral body.
patients 120 years.
X-ray - permeative bone lysisseeous expansionifilise sclerosig69%)is associated with
osteonecrosis.
treatment radiation & chemotherapy almost 100% local control with 86% lotstgrm survival
rate(butsacral tumordave 62% local control and only 25% letegm survival rate because of
tendency for delayed clinical presentation and larger tumoy. size

N.B. Ewing sarcoma very chem#/radiosensitivé neoadjuvant therapy may curgmay avoid
surgery)!
*e.g. VIDE chemotherapy

EOSINOPHILIC GRANULOMA
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one end of spectrum of ggsnic diseases, including Lettet®@iwe and HanéchillerChristian
disease.
micro - bone is infiltrated and destroyed bigtiocytesand eosinophils.
most common benign bone tumor of children.
vertebral involvement occurs in 115% cases.

i frequently inthoracic spine
peak incidence-80 years.
acute onset of chest or back pain, focal sprain, torticollis, kyphoscoliosis, aatg, maurological
compranise.
X-ray - classicfivertebra plana (symmetrically flattened and thinned vertebral body)
treatmentcuretageY low-doseradiotherapy multiregimenchemotherapyor systemic
eosinophilic granulomas.

HEMANGIOMA

T
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T

T

benign tumor ohewly formed blood vesselgithin vertebral body and arch
most common benign bone tumorX9% autopsies).
in 33% cases, multiple vertebra are involved.
i confined to vertebral bodies but can extend into neural arches.
usually* do not produce symptomsisually discovered incidentally.
*pathologic vertebral fractures or epidural extension can occur
most frequently in thoracic region of teenaged girls.


















