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ONCOLOGY (SPINE)

N.B. CSF emoval (lumbar puncture) in presence of spinal tumor may worsen cord compression!
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Spinal tumors:
extradurall 55%

intradural extramedullary 40%
intramedullaryi 5-10%

INTRAMEDULLARY
> 90% arenenign

FrequencyePENDYMOMAS (56-70%) >whole spectrum ofSTROCYTOMAS(30% but40-
70%in childrer) > HEMANGIOBLASTOMAS > GANGLIOGLIOMA, OLIGO, DERMOID,
EPIDERMOID, TERATOMA, LIPOMA

70% are associated witysts( s yr i nx wi t hout trauma / Chi ar
developmental tumors(dermoid, epidermoifimay be post LR]teratoma- lumbar predominance
can be associated with spinal dysraphismaerdhal sinus tract

1 metastasequnusual)i most commonly fronsmall cell lung carcinoma

1
1

Conus tumors
1) myxopapillary ependymoma
2) ganglioglioma

Cx: slowly (1) progressiveCentral Cord Syndrom@nimics syringomyelig)neurologic manifestations
commonlybegin unilaterally

1 dull, achingback pain characteristically at night

1 DExTROscoliosisor torticollis can be first sign in kids!

Dx - image entire neuraxismultifocal, leptomeningeal disseminatig¢drop metastasek)

1 MRI: fusiform enlargement of spinal cord over several le(ugsinflammatory lesionsnormal
or minimal increase in cord size)syrinx esp. WithEPENDYMOMA HEMANGIOBLASTOMAVS.
ASTROCYTOMA cord edema)

o0 enlarged vessels on cord surface (8@8ANGIOBLASTOMASLI0%EPENDYMOMAS
1 angiography - only if HEMANGIOBLASTOMAS suspected
- Rapid decline in leg function
- Zintradural or intramedullary lesion

- MRI not very definitive for tumor

- GET THE ANGIO

Rx: DEXAMETHASONE may improve neurologic function transiently
Benign tumorsY resection
Malignant tumors (poor prognosis despite treatmemadical surgery can lead to severe
neurologic impairmentY radiotherapy
Currently, no satisfactory modality is available for malignant astrocytomas!

Biopsy- essential prior tmonsurgicatreatment(look for norCNS biopsy sitdirst - high risk of

irreversible spinal cord damageiopsy is the last resort)

1 in selected situationgyatchful waitingcan be considered (elggh surgical risk and/or mild
neurologic dysfunction).

Surgical extirpation is treatment of choice fdrenign tumork(cures have been reported only after
complete surgical resectionsjp aggressive surgeigr high-grade tumork

| Total removal with preservation of neurologic function!
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N.B. if surgery is contemplated, better to operate ¢aoytcome depends on preop neurological status
i do not wait until myelopathy! (although COMPLETELa$ymptomatic patients may be watched
closely)

Neurological deficits preop correlate with poor outcome postidp not delay surgety

SURGERY PRINCIPLES

Preoperative

1 perioperativesteroids (start 24 h prior to surgery; begin taperin§ 8ays after surgeg).

1 baselineurodynamic studies

1 do preopVA balloon occlusion tesif anticipate vertebral artery sacrifice; if VA is nondominant,
one may consider sacrificing (e.g. coiling) VA preop.

Intraop
1T MAP > 85
1 IONM (incl. D-wave EMG of extremities 4anus +oulbocavernosus refléor conus tumors) +
TIVA
EMG, bulbocavernosusrefléxi| ost or retainedo
SSEP, MEP, Bwvavei decrease by 50%
Intraop alterations in evoked potentials-s e e fi | n tcin@cal)fpdioe ur o

1 depending on tumor locatianeither laminetomy* (posterior approach) or corpectomy (anterior
approach) *Dr. Jallodoeslaminoplasty for all adults (esp. true for kids)

1 tumor is localized withintraoperativeultrasound or spinal stereotaxy
Always use US to guide durotomy!

1 perfect hemostasibefore openingnidline durotomy
N.B. be mindful ofpotential adhesions of the spinal cord or vascular structtodhe
undersurface of the dura

1 cord can be released bytting thedentate ligameriilaterally
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Spinal Denticulate
Dura Matter Dorsal Roots Ligament

Dorsal Arachnoid :
Columns Spinal Cord

Dorsal View

1 midline myelotomy €lectrical mappingf the posterior columnsstimulate with bipolar fork
where it is safe to cut).

o
o

use#11 bladeor 16G needle

under microscope, linearhidline®* myelotomyat thinnest ar@ between tumor and
spinal cord visualize adjacent normal cord and follow midliaghe across the tumor
(some tumors may be growing further in one hemicord than the other and may actuall
rotate or shift the dorsal midlinejprsal median veirs another landmark.

*to spare vertically running white matter tracts.

** between the sensofipers
eccentridesions may bapproachedhroughposterior intermediate sulcos dorsal
root entry zonéposterolateral sulcus)
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if tumor hasexophytic componenthis is initial area of approachi@ mateiis opened

directly over tumor), i.edebulkany exophytic component prior to addressing tumor
located within parenchyma

dorsal vasculatureis saved by dissecting it from the pia and rotatirig @ne side of
the spinal cord.

0 bloodvesselsrossing the dorsal midline or penetrating into the donsdline
are coagulated with fine bipolar forcepstbe lowest coagulation settifigdo
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it in strict midline!Dr. Jallocautions to minimize coagulation until cord is
opened.

7-0 Prolene stitches (to keep myelotomy open) suturing edge of pia* to edge dfrihy place
vascular Weck clips instead of tying knots).
*Dr. Jallorecommends no pial stitches (so cord can relax in areas where surgeon is not
working)
traction on the cordhould be avoided and kept tonenimum at all times
for vascular tumors (e.dnemangioblastoma) first needdontrot feeders bipolar them first,
then resect tumor.
*some experts recommend intral@pG angiographyo find feeding vessels;
ependymomas have ventral feeders famterior spinal artery

send frozenfor biopsyprovenhigh-grade/malignaritlesions, only biopsy and dural patch graft
(to enlarge space for spinal co(d)Y r a d i dobutsaferdabplking is recommended)
*rapid progression even after aggressive resections
N.B. wait for frozen pathologyédfore proceeding with resectigastrocytomd do not
do aggressive resection!)
o if pathologist is not sure of diagnosis, better stop and come back for a second
operation rather than to hurt the patient
nonvascular tumors can be removed in piecemasaion (vascular tumoiisen bloc)
try to find cleavage plando dissectiRhoton dissectoygumor around; may start where cyst is
better definition of plane.
tumors tend to be avascular and may have true capsule (or definable plane).
o ifill -definedplane is present, risto-benefit ratio for aggressive removal is not clear (e.g.
developmental tumors can be quite adherent to spinal cord).
debulking instrument$XlICO Myriad sidecutting dissectqrCavitron ultrasonic surgical aspirator
(CUSA), fine-tipped contactaser(CO,, KTP).
for hemostasis ugeigating bipolar cautery (e.g. MALIS)

N.B. extent of resection must be based on combination of presepleanefof-dissectionand

= =4

= =4

intraoperativamonitoring datg p | u s , exgetencgamdpd 6 = wishag!s

anycysts/syringesshould be drainedeptationglivided (spinal cord pulsationdemonstrating
adequate decompen are monitored).
when operating on tumors obnus medullarisfilum terminale should probably also be removed.
defect inneural tissuadoes not need to be closéal ( Spetzle); alternative- approximate
myelotomy edges with Prolene (but leave gaps prevent intramedullary hematoma).
watertightdural closure(may use dural graftirfg.
*esp. if unable to totallyesect tumor duraplasty gives room and time

i irrigate intradurallyi leave no blood

i simple running 4 silk / 50 Prolene suture (Herd®eal (HS7) needle)

i Valsalva maneuveY | a gf Surgicel+ DuraSeal / Tisseel / Adherus
placedrainabove muscles (tavoid pulling CSF).
consider instrumentation to prevent postoperative kyphosis.

i Dr. Jalloavoids it during original surgery to avoid hardware artefacts on MRI.

Check postop PVR Y catheterize PRN

Bladder functiori preop and postop!

HOLOCORD TUMORS

T

typically, low grade tumors.
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1 Dr. Jallooperates on upper end of tumor (to decompress arm area) and then chemoradiation for
rest of tumor.
POSTOP

9 ICU for 2448 hours.

1 postop flat for 13 days; then sleep prongotential forlate scarring of pia tdura with a tension
injury to the spimal cord.

f cervical tumorsY ¢ o n tmechanial ventilationin immediate postoperative period.

1 majority of patients have increased defauring immediate postoperative period (edema from
surgical manipulation, blooflow alteration)- typically transient andnost return to baseline within
3-6 months.

1 newonseturinary retentiormay require prolongebladder catheterization.

0 tumorsaroundconus counsel preop to expect home with catheter (or straight
catheterizatiorfor several weeks)

1 lifelong follow-up MRIs

1 residual recurrentumor.

a) repeat resectioffor ependymomp

b) radiotherapy(for astrocytomp

c) watchful waiting(e.g.developmental tumoysipomas- prolonged survival despite
residual tumor).

PROGNOSIS

1. Histology (aggressive tumoisave poor prognosis despite treatmenatdical surgery can lead to
severe neurologic impairment).

2. Preoperative deficit- those withadvanced neurologic compromigenerally have no worthwhile
improvement

3. Completeness of resection

SPECIFIC TUMOR TYPES

EPENDYMOMA

1 clear cleavage planecomplete excision is possiblery to resect en bloc

Ependymoma of distal spinabrd:
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1 surgically excised ependymomas neetundergo subsequent radiotherapy! (i r e si d u al
second looksurgery vs adjuvant panspinal radiation)
1 recurrence may be delayed for as lond &gears!(never stop followup MRISs)

MYXOPAPILLARY EPENDYM OMA

1 big tumors may seed CSF spéidey to resect en blocY adjuvant panspinal radiation
N.B. in WHO 2021 myxopapillary ependymoma is now grade &slikelihood
of recurrence is similar toonventional spinal ependymoma.

ave myxoid connective tissue core:
B AN LT

Myxopapillary ep
oMo o

endymomacells around papillations that h
Y Eavsy, ¢ g "3

3 =3
’ e >
J -

ASTROCYTOMA
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- most common intramedulbatumor inpediatricgroup!

1 PiLOCYTIC ASTROCYTOMWIth definable surgical plariepossible to remove surgically

1 otherLow-GRADE ASTROCYTOMASNfiltrative and impossible to remove grosé@but residual tumor
often has indolent course).

1 ANAPLASTIC ASTROQOMA, GLIOBLASTOMAAre rare; may seed CS#yrgery does not improve
course - death within 2 years.

GlioblastomaT1-MRI): Pilocytic astrocytomécontrasfT 1-MRI):

HEMANGIOBLASTOMA

9 associated witlron HippetLindau diseasi 30-80% cases.
9 cyst with tumor nodule (5@0%)- enhances strongly
1 characteristi@ngiography dense capillary bluslsupplying arteries are slightly enlarged
9 can be cured bgurgical excision
i surgical principles similar to AVMsfeeding arteries are coagulated, and tumor is dissected
andremoved en blofdo not remove in piecemeal fashiosignificant bleeding may ensue!).
i neuromonitoring has low valuesurgery should be guided by tissuengand tumor has to
come out!

BEVACIZUMAB T for surgically unresectableord hemangioblastoma.

Contrast MRI- enhancing hemangioblastoma in conus medullaris:
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DEVELOPMENTAL TUMORS [EPIDERMOID, DERMOID , TERATOMA]

9 can be associated with spinal dysraphismdardhal sinus tract
9 avoid operative spiling f (epi ) der moi d content (Y inflan

LIPOMA

- not true neoplasm!

i often associated witspinal dysraphismandcutaneous abnormalities

1 loss of total body fat may be necessary to reduce tumor mass.

1 fibrous adhesions to cord, no distinct cleavage plane mékieremoval difficult
N.B. removal is not goal of surgery (2@ser is particularly useful); goalde
tethering of cord, decrease mass effect

METASTASES

1 surgeryis reconmended fosolitary metastasis and limited can(ean be completely resected
through definitive cleavage plane).

L YMPHOMA

1 treatment
1) if imagingissuggsti ve of spinal eampleof CSHnppommlyna VY
startsTEROID Y marked improvement in symptoms and a dramatic reduction of lesion size
on imaging
2) high dosdV chemotherapyi mainstay asgll repored case achieved full regsion

MAIN DIFFERENTIAL
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MS
incl. tumefactive multiple sclerosis

Devic disease

(Acute) transverse myelitis

Cord infarct

Subacute combined degeneration of the cord

INTRADURAL EXTRAMEDU LLARY

1 most are benign (vs. epidural tumors).

FrequencyNEUROFIBROMAS> SCHWANNOMAS > MENINGIOMAS > MTS (systemic, drop),
LIPOMA, DERMOID, EPIDERMOID, TERATOMA

CX: RADICULOPATHY(esp. nerve sheath tumdrsypically arise from drsal roots)Y Extramedullary
Cord Compressiol compl et e spinal cord transection

Dx: MRIT most enhance brightly

1 enhancing tumowith bothintradural andextraduralcomponent¢ i hour gl ass o wi t
expansion)s most likely nerve sheath tumor!

1 calcificationis rare (heavily calcified intraspinal mass is usually extruded disc material).

1 CSFi cytology is key diagnostic test fOEPTOMENINGEAIMETASTASES not treated surgically

Rx: DEXAMETHASONE may improve neurologic function transiently
Benigntumors Y resection
MetastasesY radiotherapy

Angiography is performed for surgical planning if tumor is in lower thoracic regitmlocate artery

of AdamkiewicZ' must be preserved during surgery (supplies spinal cord!).

1 sectioning of dentate ligameemsures access to tumor; dorsal roots can also be sectioned.

1 excise involvederve root* (NEUROFIBROMASCHWANNOMA almost always originate from
sensory rootletsstimulate and ciit *frequently nonfunctional
at time of surgery

1 evenventralmeningiomadikely to be excised viaosterior approacfup to coste
transversectomy, no need for instrumentation)mor tends to be excentric (check axial images)
cut dentate ligaments and dorsal rootlets to allow gentle cord rotation but cordaritantbe
detrimentall

vs.ventral extradural tumorsneedanterior spinal approaackith instrumentation

N.B. spinal meningiomas havewver recurrence ratgthan cranial meningiomas)do not resect dura

but rather do watertight dural closure!

EXTRADURAL / VERTEBRAL

Common distribution of spine lesions:



Intro%20(clinical).pdf#MS
Intro%20(clinical).pdf#Devic
Intro%20(clinical).pdf#Transverse_myelitis
Intro%20(vascular).pdf#Cord_stroke
Intro%20(spine).pdf#Subacute_combined_degeneration
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Pedicle
Vertebral Body Vertebral \ Posterior Elements
Anterior Body :
( ) Osteoid Osteoma
Metastases ‘
) | Osteoblastoma®
Multiple Myeloma*

Osteochondroma

Plamocytoma*

Lymphoma “\)

Foramen
Chordoma A

Aneurysmal Bone Cyst*
Chondrosarcoma*

Osteosarcoma*
Hemangioma .

9 Ewing Sarcoma*
Posterior

Eosinophilic Granuloma Fldinants

Giant Cell Tumor* |

* Common extension to the posterior elements * Common extension to the vertebral body

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

Worsening constant fochhck pain unresponsive to re¥ rapidly progressivéExtramedullary Cord
/ RootCompression
91 pain usually precedes the development of neurologic symptoms by several weeks or
even months.

CORD COMPRESSION

Rx: emergenDEXAMETHASONE (101 0 0  mg 4-24 ¥hg g6h or METHYLPREDNISOLONE in
Bracken protocol
Beni gn traseston s Y
Malignantt u mor s, meatlictherapyses Y
0 indications forsurgical decompression
1) cord compressioworsenglespite radiotherapipr maximum tolerated dose
of radiotherapyhas been delivereateviouslyto site
2) bony compressio(e.g. vertebral fractureontributes to cord compression.
i 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 haim@anterior compression
cases:
1) does t remove tumour does not radt in immediate decompression.
2) can cause destabilization because often only the posterior elements are intact and
removal of these elements causes instal{gityeast add pedicle screws).
o surgery igollowed (> 2 weeks after surgerto prevent dehiscengbey radiotherapy

Decompressive surgery + radiotherapy vs. radiother apy alone for metastatic spinal cord

compressiofi class | evidence.
PatchellRA et al Direct decompressive surgical resection in the treminof spinal cord
compression caused by metastatic cancer: a randomised trial. L20@B&t

I randomised, muklinstitutional, norblinded trial
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50 patients surgery(immediate direct circumferential decompressijon XRT
within 14 days
51 patients XRT alone
1 significantly more patients isurgerygroup than irXRT group wereable to walkat 3
monthsafter treatment (odds ratioxp=0.001)andretained ambulatiosignificantly
longer (122 vs. 13 days).
Critique
1) study useatonventional XRT(e.g. renal cell carcinoma is radioresistant); modern radegier
(SRS) is much more powerful.
2) studyexcluded highly radiosensitive tumashere results oKRT may be more comparable to
surgery

WORKUP

Multimodal imaging studies is mandatdor evalwation of spinal tumors and surgical planning!

\Metastatic wor k up Y biopsy Y embolization

1. Panspine MRI

1 discspace is not involve(if yes,infection is more likely).

i contrastenhancedfat-suppressed T-MRI (differentiates contrast enhancement from bone
marrow fat)and especiall8TIR provide exquisite sensitivity for pathology within
vertebral bodies.

I super bright STIR suspectvasculatumor (hemangioma, angiosarcoma, etc)

Chestabdomenpelvis CT

Wholebody FDG-PET( not al |l tumors appear f@Ahot o)

vs.bone scan@9IMmTcMDP) are low resolution and low specificity (overlap with
inflammatory conditions)

4. Biopsy (transpedicular) ultimate way to make diagnosis (unnecessary in patients with known
preexisting caceror if other biopsy sites* / diagnostic methods** availapleld steroids prior to
biopsy due to oncolytic effect (unless cord compression requires steroids)

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

W

Avoid going to surgery without knowing diagnogisopsy role is paramount* iprimary tumors **

and inmetastases with unknown primary**)
*If acuteness of neurologic status permits
**some may need neoadjuvant treatment, some may not need aggressive resection;
plus, avoid radiographic mimickers that do not need surgery at all (tumor radiologicall:
appearing as osteosarcoma could be hemangioma; tumor radiologically appearing as
chordoma could be schwannoma)
***need to know radiosensitivity (choose XRT modality)etheed to embolize preop

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

Primary tumors showingood results witlmeoadjuvanthemotherapy(thus, need biopsy):
1. Osteosarcomd cisplatin, ifosfamidebleomycin, actinomycin D, and aHaterferon
2. Chordomai tyrosine kinase inhibitors
3. Ewing sarcoma

| f sur ger y gdinal preopedativaribggaghy.Y s
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1) localizingartery of Adamkiewicz
2) delineation &embolizationof vascular tumors METASTATI((renalcell, thyroid,
hepatocellulargerm cel|] neuroendocrine HEMANGIOMA HEMANGIOBLASTOMAANEURYSMAL
BONE CYSTMULTIPLE MYELOMAANOPLASMACYTOMAY s ur gery wi.t hin a
1 trial occlusion of larger radiculomedullary artege
e.g.vascular supply dicly from the vertebral artery 20-minute trial balloon
occlusion withserial neurologic examinationf patient remains asymptomatic,
vessel may be sacrificed, significantly reducing both hemorrhage and the risk c
intraoperative neurologic decline
N.B. > 60% of spinal metastase®)% of benign and 85% of malignant primary spinal
neoplasmsre hypervasculdr either attempts afadical surgerpr surgery withtumors
extending into paraspinal tissuiessk 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.

Surgical deci®n-making is based on two features:
1. Neurological symptoms s. cord compressidnESCC(Bilsky) score
2. Spine stabilityi SINS score

+ Intractable back pain (despitebrace+ medication- indicaion for radiotherapyor thermal
ablationY vertebral augmentation

Three types of spine pain:

1. Local (biologic, oncologig pain i caused by tumor growilperiosteal stretchingy tumor
induced inflammatiop aching, deep duringthe nighte ndogenouasd 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® NSAIDs and corticosteroids. Hrace, surgical stabilization

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

9 obtain input fronpainmanagemengpecialists
1 neurosurgical ablationgrhizotomy, spinothalamic tractotomy, cordotomy) ané
commonly used in spinal metastases.

Multidisciplinary approach NOMS
NOMS, neurologic (N), oncologic (O), mechanical (M), and systemic (S) diseagehfirt:
1. Neurologic category takes into consideratiadiographicfindings such as epidurapinal
cord compressigras well aglinical findings such asyelopathyi ESCC score
2. Oncologiccategory accounts for
1) tumorhistology(may add’ genotypingandmolecular profiling of primary tumor)
2) sensitivity to radiatiomnd whethereceivedradiation to this area befare
3. Mechanical instability accounts for spinal instability and fractuieSINS score
4. Systemic diseaseoverall metastatic disease burdesurvival overallprognosis
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 irmpbig to discuss
and see patientdés perspective for treat me
If surgery is considered, last question reméican patient tolerate surgery?
1 prerequisite life expectancy> 3 (or 6) months
< 3 monthg only palliative pain control measures

Do not forget the role gfreoperative embolization in vascular tunfors
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*blood loss usually liters
1 use TXA, avoid CellSaver.

Modern ndicationsfor surgeryin spine metastasésnstability or neuro when radiation is not
feasible
a) Symptomatiqeg. acuteparaplegiahigh-grade(Bilsky grade 23) cordcompressionwith:
i.  bone/disk fragmentsradiation is ineffectivéas opposed to radiosensitive tumor tissue
can be treated with XRTY decompression
ii.  radioresistant histologfe.g. melanomaRCC, sarcomas)need for SRS but risk for cord
Y separation+ perc stabilization
ii.  previous radiatiolY decompression
b) Spinalinstability ( S| NS scal ¥ ©Oedt poamnit stabilivafional i gnmen

Historic indications
1) uncertain diagnosisthatrequires tissue diagnogisow replaced by biop3y
2) singlelesionand no systemic disea¥%e s pondy !l ect omy

1 spondylectomy / en bloc resections are not anymore indi¢aaspposed to primary vertebral
tumors); corpectomy with cage support yertebral augmentation witementvia Jamshidi
needlg can be done if needed for structural support in solitary metastasis.

N.B. tumor radiosensitivity does not affestrgical decision making(i.e. radiosensitive tumor with
S| NS needsloferative didizationsv s. mor e favorable SI NS Y bt

BILSKY CLASSIFICATION - EPIDURAL SPINAL CORD COMPRESSION (ESCC)SCORING

- 6-pointsystem:
Low gradei no cord deformation

Grade 0- boneonly disease.

Grade 1a- epidural impingementyithout deformation of the thecal sac

Grade 1b- deformation of the thecal sagithout spinal cord abutment

Grade 1c- deformation of the thecal sac with cord abutmentybtitout cord compression
High grade i _cord compression

Grade 2- spinal cord compregm, but withCSF visible around the card

Grade 3- spinal cord compressionp CSF visible around the cord

0 la : 1b

1c - 2 - 3 o
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Grades 23 require separation surgery before radiation!

SPINAL INSTABILITY NE OPLASTIC SCORE (SINS)
1. Pain:
mechanicapain* (pain withmovemenor spinal loading or upright positiopgstural

or pain improves with recumbency): 3 points
*vs. periosteal stretching or nerve root/spinal cord compregsori worsens with
recumbency (venous congestion), improve with steroids (edema)

occasimal 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
semrigid (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 involvddpoint
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@sfe radiological.

T low bone mineral densitfin unaffected spineglsostrong risk factor for instability.

T in the case of multiple spine lesios&ability scores are not summed

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

i body weightandactivity levelmay also influence spinal loading and impending
instability.

Treatment and pro@sis

scoreG6: stable Y radiotherapy / thermal abl

score 12 potentially unstabl e s@rges vsrragiotheragyl r g i
thermal ablatio cement+ brace

score 1318 unstable¥ surgery Y radiotherapy

SURGICAL ASPECTS

Do not forget the role of preoperative embolization in vascular tumors!
1 experts use TXA,; avoid CellSaver (fik en bloc resectionsuseleukocytetrap)
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1 overtime, instrumentation constructs fatigue, loosen, aihdiiless bony fusion ensuesiie
case of malignant disease, the limited life expectancy may, in fact,bmakdusion unnecessary
(no role for biologics; if long term survival is a géahutograftsare the best).

T titanium implantsshould be standarfdr spine tumor reconstructionarbon fiberhave been
adopted to lessen artifamh imaging (esp. for primary tumors).

FoLLow -up

1 PET scans to monitor status of spinal disease for recurrence.

METASTASES

 spineis 3¢ most common site for metastasis (afterg andliver).
1 most commonumors with predilection to metastasize to vertebrae
1 prostate
1 breast
1 lung
1 osteoblastic (osteosclerotic) changes
1) prostate cancer
2) breast cancer
3) osteomas
4) sarcomas
5) occasionally lymphomahemangioma

85% cases of epidural spinal cord compression ariseViestabral metastasés
T isolated epidural involvement is particularly common in lymphoma and renal cel
carcinoma.

Metastatic tumorsi high likelihood ofdistant metastaséssurgery goal is palliatiothrough
intralesional resectiofplus, adjuvant therapy options are often available)
1 rare exception single metastatic lesion in which oncologic c(weh en bloc resection)
may be achieved

Modern approach to metastatic spirmnceptofi s e p a r a U r=gnécrosurgical restoration
(circumferential decompression) G6F cuff(2-3 mm) between tumor and cord (to all@RS
without attempting extensive tumor debulking and reconstrustigrercutaneous instrumentation
above and below to provide biechanical stability

Historical: radical surgical resectio¥i low-dose conventional radiotherapy
Modern: separation surge¥y SRS
1 spondylectomys no longer indicated (as opposed to primary vertebral tumors);
corpectomy with cageementsupport can be done if needed for structural support.

Boards: avoid big surgeriesonly palliative actions to treat symptoiinsnultidisciplinary approach!
Isolated vertebral body mass, neuro staldbtain biopsy
*if still contemplating corpecton(g.g. to restore anterior support and alignment)
always consider preop embolization (+ havéA, blood ready and tamponade locally)



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 <€
Stable

Unstable > Stabilization

Mechanical

Able to tolerate
surgery

Unableto [slerate
surgery Laufer et al The Oncologist 20

Systemic

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, | et al. The Oncologist 2013

Radiotherapy
To minimize wound complications

1 adjuvant: > 2 weeksafter surgery (ideally, at-8 weeks; in rare cas with ongoing cord
compromisd within 5 days).
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1 neoadjuvant delay elective surgery f& weeks

Radiation is mainstay of treatment based on NOMS concept (unless need separation or stabilizatio
*for sick patients just cement

CONFORMAL EXTERNAL BE AM (CEBRT)

Indicaion i mainstay of treatment fordiosensitive metastases
1 if thereis instability, stabilization surgery first.

Contraindicatiorr prior radiation.

Methodology
1 30 Gyin 10-15 daily fractions.

Outcomes

1 60-80% d ambulatory patientssmain ambulatory

1 1933% of nonambulatorgatientsregain ability to walk

1 50-70% of patients demonstrgtain improvemengvs. 85100% with SRS)

1 61-8%% of patients achieviecal controldefined as the absence of recurrent cord compression

1 tumorhistologyrepresents important prognostic factor:
favorable histologieslymphoma, myeloma, seminomageast cancer, prostate cancer
small cell lung cancer
unfavorable histologiessarcomas, melanomas, renal cell carcinomas, gastrointestinal
carcinomaand nonsmall cell lung cancer (NSCLC).

1 XRT appears to bgafe(1 case of radiation myelopathy has been described)

SRS

Indicationi mainstay of treatment fordioresistant histology
1 extent of disease should k€3 contiguous vertebral levels
1 if high-grade cord compression exist, precede w&paration surgery
N.B. high-gradeepidural compressiowith radiosensitive etiologfy ¢ EBRT (no ne
separation adose and risk for cord are lower with cEBRT)
1 local control rate of solitary met with SRSsimilar to en bloc resectiofe.g. solitary renal
metastases:-63%yvs. 7.5%),thus, Bilsky et alhave been advocating f8RSas a first line of
treatment as a way of avoiding morbidity of en bloc resection.

Dose 16-24 Gy(or 810 Gy x3 or 6 Gy x5) (lgher dose = better local control)
1 SRS has risk of complicationsadiation myelopathyertebral compression fracturas a
late complicatior{within 4 months prophylaxis:pre- SRS cement augmentatjon

(converting highgrade epidural dieasento low-gradei.e. downgrading epidural diseasee.
restoring CSF cuff around the cordlY SRS i 8 wekksmafer S5
1 SSis done through posterior approach
1 SSisnot just a simple laminectoniyalsoneed(bilatera) pediculectomy, PLL
sectionfesectionfemoval of ventral epidural tumor without sificant vertebral body
resectiori thus, neednstrumentation to provide biomechanical stability
1 check withintraop US that thecal sac is reconstitutgteed 23 mm of CSF)
N.B. separation surgery for ventral disease! (for dorsal disease, complete
tumor removal is recommended)
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PROGNOSTIC AND SURGICAL STRATEGY GUIDANCE SYSTEMS

No treatment increases life expectancy in spinal metastasis!

30-day postoperative mortality8.5%
median survival 10 nonths
Revised Tokuhashi scor e (2005)

1 multiple myelomaandlymphomaareexcluded.

Characteristic

Score

General condition (performance status)

Poor (PS 10%-40%) 0
Moderate (PS 50%-70%) |
Good (PS 80%-100%) 2
No. of extraspinal bone metastases foci

>3 0
1-2 1
0 2
No. of metastases in the vertebral body

>3 0
2 1
1 2
Metastases to the major internal organs

Unremovable 0
Removable 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, breast, prostate, carcinoid tumor 5
Palsy

Complete (Frankel A, B) 0
Incomplete (Frankel C, D) 1
None (Frankel E) 2

Predicted prognosis
Total Score Prognosis Treatment strategy

0-8 87% patient
9-11 87% patient

conservative treatment

palliative surgical procedures (stabilization +
laminectomy); except score ofld with a single
spinal |l esi on and no
excisional surgery (tumor excision with
stabilization).

12-15 95% pat i ent gexcisional surgery

(n | tNn

Tomita scor e - 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 the spine or (2) neblated b the spine
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Total Score Prognosis Treatment strategy

2-3 49.9 months (range 1®4 | wide or marginal excision
months)

4-5 23.5 months (range-57 intralesional excision = marginakcision when
months) possible

6-7 15.0 months (range palliative decompression and stabilization
5-33 months)

8-10 5.9months(range 114 nonoperative palliative care
months)

Game changes in spinal metastases treatment (in historical order)
1. Decompressiveurgery
2. SRS
3. Separation surgery

Pretreatment neurological statusis one of most important prognostic factor affecting outcome
(importance of early diagnosis!!!)

1 rapidly progressingleficits= worse prognosis (than slowly evolving ones).
1 loss of bowel / bldder functionis usually irreversible.

STEROIDS

Indications:
1) oncolytic effect (lymphoma, myeloma)
2) biologic pain control
3) control of vasogenic cord edema in higtade cord compression (e.g. periop, during XRT)

HYPERCALCEMIA

1 can result in cardiac or kigy dysfunction, and even death.
1 H: IV fluid rehydration + bisphosphonates.

L YMPHOMA

1 tends to spread in epidural space, through foramina (but not destroying bone)
1 biopsy only

MULTIPLE MYELOMA , PLASMACYTOMA

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

1) acute neurological deficit

2) intractable painwithout neurological deficit¥ v er t ebr al (softtumane n t
allows impressive cement filling with good pain reljefRT

1 very soft vascular tumer(nearfluid consistency).
1 back pain thatight be relieved by recumben(different than other metastases).

Plasmacytoma

I solitary benign nedasm of monoclonal plasma cells (no signs of myeléraaemia /
hypercalcemia / ren@anpairment,serum/urine monoclonal proteiother lesions)
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1 up to 50%dedifferentiatento MULTIPLE MYELOMA(monitor for 20 years following original
diagnosis).

1 CT/MRI T pathognomoni@mini-braino appearance (curvilinear low signal intensity areas
within the lesion, giving an appearance of sulci in the hrain

1 may neediopsy for definitive diagnosis
i treatmentradiation 35-50 Gy(highly radiosensitive tumormost effective for local disease
control incl. neurological deterioration with epidural involvemamiibracing
o if pathologic fracturé r i s k o f stabilizationdKyghdplastyy &dj uvant
radiotherapy
o if progressivaeneurological compromigeY s u r eg-blac aekectior(consider preop
embolization givensabontdanmtt vadisthersgya dij u
*vs. if neurological compromise just because of epidural tumor
(and not due to bony elememtiskyphosis), then XRT alone is
effective treatment

Multiple Myeloma

I disseminated malignant foraf plasmacytoma, potentially fatalhemotherapy, palliative
irradiation to affected spinéMM is radiosensitivé radiotherapy can be used if cord compres is
due to epidural disease)

i osteolytic bonalestruction "punchedout” or "motheaten” appearances
1 look for other lesions:
1) serum and urine protein electrophorg¢8isnce Jones montonal antibody protein in
urine)
2) bone marrow evaluation
3) skeletalsurvey
4) bone scaii in 33% cased) ¢ o | d 0 (sd fase hegatives riskMM is exclusively
osteolytiq
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N.B. hematological malignanciésno oncological indications for surgery!

RENAL CELL CARCINOMA

1 most expertagreethat in RCC treatment is palliative (urologist may not even perform
nephrectomy) but life expectancy may be prolon@ed yrs)

PRIMARY VERTEBRAL TUMORS

(3-25 times less common than metastatic tumors!)

Primary tumors 1 low likelihood ofdistant metastaséssurgery goal igure throughen bloc
resection(plus, adjuvant therapy options* are limitédgspecially true for chordomas,
chondr@arcomas.
*adjuvant treatments are advancing rapidly (experts do less and less en bloc resectiol
i all primary tumors should be presentedrtoltidisciplinary tumor board


http://www.neurosurgeryresident.net/0.%20INTRO/00.%20ABNS%20vignettes.pdf#S4




















































