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Vertebral hemangiomas are relatively com-

mon, benign dysplasias or vascular tumors affect-
ing the vertebral column. They account for
approximately 2% to 3% of all spinal tumors

and occur with an estimated incidence of 10% to
12% in the population based on large autopsy
series and reviews of plain spine radiographs
[1–5]. These lesions are usually asymptomatic

and often present as incidental findings on plain
radiographs [4] and on MRI. Rarely, they may en-
large and cause pain or neurological deficit be-

cause of spinal cord compression, vertebral body
or arch expansion, or pathologic fracture [5–7].
Radiation therapy or decompressive surgery

with or without postoperative radiation has been
the traditional means for treating lesions causing
spinal pain or spinal cord compression and neuro-

logical deficit. However, surgery is often associ-
ated with massive hemorrhage from these highly
vascular tumors [4,5,7–12]. Moreover, in a small
subset of patients, these lesions behave more ag-

gressively and lead to complete circumferential
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vertebral involvement, including anterior and pos-

terior elements. In these cases, more conservative
surgical strategies, such as canal decompression,
even with stabilization, do not always result in

a permanent cure, despite the reportedly benign
nature of this neoplasm. Preoperative transarterial
embolization of vessels feeding the hemangioma
has been shown to decrease intraoperative blood

loss and associated morbidity. These advances in
embolization and surgical strategies for spondy-
lectomy and reconstruction have made possible

the complete removal and reconstruction of all in-
volved vertebral segments with minimal morbidity
[13–18]. Conversely, management of painful le-

sions has traditionally relied on medical manage-
ment with analgesics or treatment by radiation
therapy [4,19]. Percutaneous vertebroplasty is

a relatively new technique that has been used to
treat lesions causing pain without neurological
deficit [13,16,20–26]. Transarterial particulate em-
bolization or ethanol injection have also recently

been reported to be effective in some cases in re-
lieving pain or reversing neurological deficit
[4,13,16,23,27–37].

This article focuses on the comprehensive
management of symptomatic and aggressive ver-
tebral hemangiomas based upon our experience at
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the University of California, San Francisco, with
22 patients over a 23-year period with an average
follow-up period of 65 months (range 2–240

months).

Diagnostic evaluation

The diagnostic evaluation should include
plain radiographs and CT scans demonstrating

the classical ‘‘honeycombing,’’ or vertically
oriented vertebral lucencies separated by thick-
ened trabecular bone, indicative of a vertebral

hemangioma (Fig. 1). MRI can be used to
characterize the degree of soft tissue extension,
fat content, and/or spinal cord compression
(Fig. 2). Finally, before decompression or verte-

brectomy, spinal angiography is performed for
preoperative embolization when the above stud-
ies suggest the presence of large feeding or drain-

ing vessels (Fig. 3).

Pathology

The histologic appearance of hemangiomas
consists of benign vascular proliferation with
normal capillary and venous structure [11,38,39].

Two types have been described: cavernous and
capillary. The most common type of vertebral
hemangioma is the cavernous type, which is char-

acterized by large sinusoidal spaces lined by a sin-
gle layer of epithelium. Only smaller vascular
channels distinguish the capillary type of vertebral

hemangioma from the cavernous type.
Experience at the University of California,

San Francisco

Table 1 summarizes the results of patients

managed surgically. Sixteen patients underwent
surgery for symptomatic vertebral hemangioma.
Fifteen of these patients presented with a neuro-
logical deficit and 1 presented with pain as the

chief complaint. Six patients presenting with neu-
rological deficit and 1 patient presenting with pain
underwent decompressive laminectomy. The

remaining 9 patients presenting with neurological
deficits with or without pain underwent intrale-
sional spondylectomy for hemangioma resection,

followed by anterior column reconstruction with
an expandable cage or fibular allograft. All 9 of
these patients had evidence of circumferential ver-
tebral involvement with extraosseous tumor

extension causing cord compression (Fig. 4). Ten
patients (1 laminectomy case and 9 vertebrectomy
cases) underwent preoperative embolization. In all

cases, preoperative embolization reduced expected
intraoperative blood loss. The mean estimated
blood loss for patients undergoing vertebrectomy

was 400 mL. One patient (#8) presenting with
painful myelopathy underwent two palliative
transarterial embolizations without pain relief

and required a third embolization procedure fol-
lowed by vertebrectomy for definitive treatment
of pain symptoms. Thirteen of 15 patients experi-
enced complete resolution of both neurologic and

pain symptoms after initial surgical treatment.
One patient (#9) had recurrent myelopathy after
initial decompression and required a second
Fig. 1. Axial (A) and coronal (B) CT reconstruction of a verterbral hemangioma demonstrating the classic ‘‘honeycomb-

ing’’ pattern.
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Fig. 2. Axial fast spin echo T2-weighted MRI performed without fat saturation (A) shows a hemangioma (arrow) mark-

edly increased in signal representing both the adipocyte, edema and vascular content. Note this hemangioma extends

into the pedicle. Sagittal fast spin echo T2 sequence with fat saturation (B) demonstrates mild increased signal corre-

sponding to the vascular and water content (arrow). This patient with severe back pain went on to have successful trans-

arterial embolization.
decompressive operation without embolization. In
the second patient (#11), who did not undergo

preoperative embolization, excessive bleeding lim-
ited initial surgical treatment was limited to
decompressive laminectomy. Recurrent tumor
growth necessitated reoperation for vertebrec-
tomy and fusion made feasible by preoperative

embolization (Fig. 5). None of the patients under-
going vertebrectomy has experienced recurrent or
new symptoms to date.
Fig. 3. Anteroposterior spot views from a spinal angiogram via the left T8 intercostal artery show a prominent vascular

stain (A and B) with large venous pools predominantly within the left T8 vertebra. The stain is not visualized after micro-

catheterization and embolization performed with 250 to 350 mm polyvinyl acetate particles (C). (D) Postembolization

angiogram shows no residual vascular supply.
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Table 1

Patients with symptomatic vertebral hemangioma

Patient

no.

Age

(y) Sex

Presenting

symptom

Vertebral

level

Initial

treatment

Follow-up

(mo)

Time to

recurrence

(mo)

Outcome at

last follow-up

#1 70 F Pain L2 TA 21 - Asymptomatic

#2 78 F Radiculomyelopathy L5 Surgical 156 - Asymptomatic

#3 45 F Pain T4 TA 10 - Asymptomatic

#4 31 F Pain T9 VP 77 - Back pain

#5 27 M Pain T10 TA 183 - Asymptomatic

#6 83 F Pain T10 Surgical 156 - Asymptomatic

#7 54 M Pain T7 VP 52 - Back pain

#8 72 F Pain, myelopathy T5 TA 240 29 Asymptomatica

#9 44 M Radiculomyelopathy T11, 12 Surgical 144 132 Asymptomatic

#10 56 M Pain T8 VP 22 - Asymptomatic

#11 66 F Radiculomyelopathy T8 Surgical 44 34 Asymptomatic

#12 26 F Radiculomyelopathy T11 Surgical 2 - Asymptomatic

#13 32 F Pain L3 Surgical 88 - Asymptomatic

#14 29 M Pain L1 VP 6 - Asymptomatic

#15 83 F Radiculomyelopathy T7 Surgical 79 - Asymptomatic

#16 47 F Radiculomyelopathy T7 Surgical 13 - Asymptomatic

#17 50 M Radiculomyelopathy T10 Surgical 12 - Asymptomatic

#18 68 F Radiculomyelopathy T8 Surgical 24 - Asymptomatic

#19 24 F Pain, myelopathy T11 Surgical 18 - Asymptomatic

#20 24 F Radiculomyelopathy T10 Surgical 36 - Asymptomatic

#21 65 F Radiculomyelopathy T4 Surgical 18 - Asymptomatic

#22 27 M Radiculomyelopathy Surgical 29 - Asymptomatic

Abbreviations: F, female; M, male; TA, transarterial embolization; VP, vertebroplasty; -, no recurrence.
a With regard to back pain. Chronic myelopathy was unchanged.
Table 2 summarizes the results of patients
treated endovascularly. Four patients underwent
initial treatment with transarterial embolization.
Pain was the presenting symptom in three
patients, while one patient presented with pain
and myelopathy. All procedures were deemed an-
atomically ‘‘successful’’ in terms of obliterating
the feeding vessel. The patient presenting with
Fig. 4. Axial (A) and sagittal (B) T2-weighted MRI through a T8 hemangioma shows extension into both pedicles, the

left lamina and transverse process, and the left T8 rib. The associated vertebral body expansion and epidural extension

results in severe circumferential cord compression with abnormal cord signal (arrow).
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Fig. 5. Anteroposterior (A) and lateral (B) radiographs after T8 corpectomy with implant of an expandable interbody

cage, T7–T9 lateral fusion plate, and T5–T11pedicle screws and rods. This patient’s initial surgery (without preoperative

embolization) was limited by excessive blood loss to a decompressive laminectomy. Extensive posterior fixation was per-

formed to prevent progression of a marked preoperative kyphotic deformity in this patient.
painful myelopathy (#8) underwent two ‘‘success-

ful’’ transarterial embolizations for palliation of
pain symptoms without relief. A third emboliza-
tion procedure followed by vertebrectomy was re-

quired for definitive pain relief. In one patient (#4)
presenting with pain only from a thoracic heman-
gioma, initial attempts at transarterial emboliza-
tion were aborted because there were bilateral

spinal arteries at the level of the hemangioma. A
successful vertebroplasty was performed soon
thereafter.

Percutaneous vertebroplasty became a treat-
ment option at our institution for symptomatic
vertebral hemangiomas beginning in 1998. Four

patients were treated with percutaneous polyme-
thylmethacrylate (PMMA) vertebroplasty (Fig. 6).
All of these patients presented with a chief com-

plaint of pain and had intraosseous lesions without
neurological deficit. Three patients had improve-
ment in pain after the initial vertebroplasty with-

out any further treatment. Two of these patients
had complete resolution of pain at final follow-
up. One patient (#4) who initially had improve-
ment in back pain after vertebroplasty complained

of mild back pain at last follow-up.

Comprehensive management

Most vertebral hemangiomas are asymptomatic
lesions discovered incidentally on screening radio-
graphs or CT scans [4,11,13,40]. Occasionally these
Table 2

Results of endovascular embolization according to presenting symptom (N ¼ 4)

Embolization

Presenting symptoms Number of patients Successful Unsuccessful Recurrent symptoms

Pain 3 3 0 0

Neurologic deficit and paina 1 1 0 1b

Successful/unsuccessful with respect to embolization of the feeding vessel.
a Transarterial embolization performed in this setting was for palliative purposes only.
b This patient had another subsequent embolization with persistent back pain and later underwent corpectomy (with

preoperative embolization) without recurrent pain symptoms.
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Fig. 6. Anteroposterior (A) and lateral (B) radiographs show the PMMA within the right L1 vertebral body status after

vertebroplasty/kyphoplasty. There is an associated mild compression fracture of the right L1 vertebral body.
lesionsmay become symptomatic by causing neural
arch expansion, vertebral body enlargement, or di-
rect compression of the thecal sac and/or nerve

roots by epidural tissue expansion or hemorrhage
[3,41]. Symptomatic vertebral hemangiomas have
been treated with surgery, transarterial emboliza-

tion, direct ethanol injection, and vertebroplasty,
each with varying degrees of success (Table 3)
[6,9,14,16,20,26–28,37,42].

Our experience with 16 cases of symptomatic

vertebral hemangioma treated by selecting surgi-
cal decompression and/or resection with stabiliza-
tion, percutaneous vertebroplasty, or transarterial

embolization, indicates that each of these modal-
ities can be effective when applied to a particular
subset of patients (Fig. 7).

Surgical management

It is generally agreed that surgical decompres-
sion should be undertaken if significant or pro-

gressive neurological deficit is present [4,7,43]. The
choice of surgical procedure and surgical ap-
proach (anterior versus posterior) is determined

by the location of the hemangioma and by the
rate of neurological decline [4,6,7,44,45]. Emer-
gency decompression with laminectomy should

be performed in all cases of rapid and progressive
neurological deficit [4,6,13,43]. Some investigators
have reported cure rates of 70% to 80% using
laminectomy alone to treat lesions involving
only the posterior elements without soft tissue ex-
tension [3–6,43,46,47]. In our series, six patients

initially underwent decompressive laminectomy
for progressive pain or neurological deficit. All
had vertebral body involvement with varying de-

grees of infiltration of the posterior elements and
no evidence of extraosseous tumor. Two patients
required reoperation for recurrent tumor growth,
while one patient underwent Cyberknife radiosur-

gery for residual T7 vertebral body tumor extend-
ing into the mediastinum. All other laminectomy
patients had complete recovery of pain or neuro-

logic function without further surgical or radia-
tion treatment. In our experience, tumors
without extravertebral extension do not have a sig-

nificant destabilizing effect on the structural integ-
rity of the involved vertebrae. To date, we have
had no cases of late instability in patients treated

with laminectomy alone for these types of tumors.
Thus, we have found that decompressive laminec-
tomy alone is useful for treating progressive neu-
rological decline from neural canal stenosis due

to osseous tumor growth involving the vertebral
body and/or posterior elements, with only a mi-
nority of patients requiring a second surgical pro-

cedure for recurrent tumor growth. Radiation
therapy was used in one postoperative patient to
prevent progression of extravertebral tumor

growth.
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ary of the management and outcome of patients with symptomatic vertebral hemangioma

Presenting symptoms
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patients Radiculomyelopathy Pain Surgical Embolization Vertebroplasty Ethanol Su

t al 1993 11 11 0 11 (plus

radiation
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0 0 0 3
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l

2002 13 12 1 8 1 0 4 2
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2004 31 Not reported 31 0 0 31 0 0

man,

l

2000 11 11 0 0 0 0 11 0

Two patients developed pathologic compression fractures due to excessive intravertebral ethanol injection.
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Radiographic evidence of

vertebral hemangioma Asymptomatic Observation

Symptomatic

Pain Neurological deficit

Percutaneous

vertebroplasty

Transarterial

embolization

Extraosseous
tumor extension

Tumor limited
to vertebral body
and/or posterior
elements

Transarterial embolization +

vertebrectomy with 360-degree

reconstruction 

Transarterial embolization +

decompressive laminectomy

Recurrent neurological deficit
and/or pain

Tumor limited
to vertebral body
and/or posterior
elements

Radiation therapy

Residual or recurrent
extra-vertebral tumor
without neuro deficit

Recurrent pain

Radiation therapy

Fig. 7. Treatment algorithm for symptomatic vertebral hemangiomas. Surgical decompression, resection, vertebro-

plasty, transarterial embolization, and radiation therapy are included.
In cases where there is vertebral body involve-
ment with extraosseous extension of tumor into

the spinal canal causing cord compression and
neurological deficit, a more radical surgical
resection via corpectomy or intralesional spondy-

lectomy has been advocated [4,9,14,16,48,49]. All
nine patients who underwent vertebrectomy in
this study had hemangiomas involving the circum-

ferential vertebral body with extension into the
spinal canal. Although patients undergoing cor-
pectomy for vertebral body hemangiomas have
traditionally reconstructed with anterior strut

grafts without posterior stabilization [4,50], with
advancements in pedicle screw-rod instrumenta-
tion, supplemental posterior fixation is now a rela-

tively well tolerated and safe procedure that can
provide increased spinal stability after anterior
column reconstruction [51–53]. Thus, we now

perform 360� fixation with a posterior pedicle
screw-rod construct in all patients undergoing ver-
tebrectomy (Fig. 8).

One of the main causes of perioperative
morbidity for patients undergoing surgical treat-
ment for vertebral hemangioma is excessive
intraoperative blood loss and postoperative epi-
dural hematoma [4,6,9,15,16,50]. Preoperative

transarterial embolization has been found to
reduce complications related to intraoperative
blood loss and postoperative bleeding [3,13–15,

50]. In our series, two patients experienced signif-
icant intraoperative blood loss. Neither patient
was embolized preoperatively. All patients under-

going vertebrectomy underwent preoperative
embolization and none had unmanageable intrao-
perative blood loss.

Transarterial embolization

Apart from the preoperative setting, endovas-

cular embolization has been used by some as a sole
therapy for vertebral hemangioma [29,30,32,37]. In
1972, Hekster and colleagues [54] showed that

transarterial embolization could relieve spinal
cord compression from vertebral hemangioma.
Other investigators have shown that embolization

alone can reduce hemangioma size, provide pain re-
lief, and relieve subarachnoid block [30,37,55,56].
However, there are few long-term studies on
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Fig. 8. Sixty-eight-year-old female presenting with left leg weakness and pain due to a T8 vertebral hemangioma status

after T7–T8 laminectomy. (A) Plain anteroposterior radiograph demonstrates loss of height at T8. Axial (B) and sagittal

(C) thoracic MRI show recurrent stenosis and epidural extension of the lesion. Axial CT (D) demonstrates the classic

trabecular thickening (honeycombing) of the affected segment. Postoperative anteroposterior (E) and lateral (F) radio-

graphs indicate adequate positioning of the T8 expandable cage following corpectomy and T7–T9 anterior fusion with

T5–T11 posterior fusion.
outcome of vertebral hemangiomas treated with
embolization alone. Smith and colleagues [37]

found that two patients treated with transarterial
embolization alone for vertebral hemangioma
causing neurological symptoms failed to improve

clinically. They recommended transarterial emboli-
zation only as an adjunct to surgical treatment for
symptomatic vertebral hemangioma. In our series,

three of four patients who underwent technically
successful transarterial embolization for vertebral
hemangioma had a resolution of pain symptoms

without further treatment. Thus, transarterial
embolization may be effective as a sole therapy
for selected patients presenting with pain referable
to an intraosseous vertebral hemangioma. Those
with extensive lesions causing neurologic symp-

toms require embolization only in preparation for
surgery.

Vertebroplasty

Percutaneous vertebroplasty, in which acrylic

cement (usually polymethylmethacrylate [PMMA])
is injected into a vertebral body, is a relatively new
technique that has been shown to provide pain

relief in patients with vertebral hemangiomas
[20,21,23,25,26,57–59]. The mechanism by which
vertebroplasty results in pain relief is unknown,
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but may be related to stabilization of microfrac-
tures and prevention of further compression or
deformity, as well as a PMMA-induced chemical

ablation of pain-sensitive nerve endings within
the vertebral body [21,60–62]. Vertebroplasty,
however, does not obliterate the hemangioma,
and progressive expansion into the spinal canal

can cause recurrent cord compression [42]. There
have also been reports of spinal cord damage
from leakage of PMMA into the spinal canal af-

ter vertebroplasty [58,61]. We used PMMA ver-
tebroplasty in only four patients with painful
hemangiomas of the vertebral body. Three of

four patients experienced improvement after treat-
ment. We recommend vertebroplasty as a poten-
tially effective treatment for pain. The long-term
efficacy of this procedure is unknown and requires

further study. Because of the risk of reexpansion
into the spinal canal and recurrent cord compres-
sion, vertebroplasty is not indicated for patients

presenting with neurological deficit from an
expansile vertebral hemangioma.

Other modalities (radiotherapy, ethanol injection)

Vertebral hemangiomas are radiosensitive
lesions that have been shown to respond to low-
dose radiation, typically 30 to 40 Gy [4,19]. Al-

though most often used to treat lesions causing
pain [4,19,63], radiotherapy has also been re-
ported to effectively reverse neurological deficit
from vertebral hemangiomas [19,64]. The use of

radiotherapy as the sole treatment for vertebral
hemangioma causing neurological symptoms,
however, remains controversial, and most investi-

gators recommend surgical decompression
[4,7,47,56]. Because the operative morbidity and
mortality associated with complete tumor resec-

tion in the past were unacceptably high, subtotal
tumor removal for spinal cord decompression fol-
lowed by postoperative irradiation was the tradi-

tional treatment protocol for these types of
lesions [4,6,8,13–15,43,50,63,65,66]. However,
modern techniques, such as preoperative transar-
terial embolization, advanced anesthesia and peri-

operative care, and improved design and safety of
spinal instrumentation, have made feasible aggres-
sive surgical resection and reconstruction for spi-

nal tumors. Moreover, the effects of radiation
therapy are delayed and radiation carries the
risk of radionecrosis [7,64,67] and skin ulceration

[7,64,68]. None of the three cases of vertebrec-
tomy and gross total tumor resection in our series
was treated with postoperative irradiation.
In 1994, Heiss and colleagues [69] reported re-
lief of spinal cord compression from vertebral
hemangioma after percutaneous ethanol injection

in two patients. Since then, there have been re-
ports of ethanol vertebroplasty effectively treating
both pain and neurologic deficit from vertebral
hemangioma [27,28,33,42]. Nevertheless, there

have also been serious complications associated
with ethanol vertebroplasty, including posttreat-
ment Brown-Sequard syndrome [70] and patho-

logic fracture [27,28]. Because of this potential
for significant morbidity, we have not used intra-
lesional ethanol injection to treat symptomatic

vertebral hemangioma.

Pregnancy-related hemangioma

Pregnancy is a recognized risk factor for

developing a rapid onset of symptoms from these
normally silent lesions [71,72]. Symptoms most of-
ten occur during the third trimester of pregnancy

and most commonly affect the thoracic spinal
levels, beginning as radicular or back pain and
leg paresthesia, and progressing to spastic paresis

with incontinence within weeks [13,38,73,74]. Di-
agnostic imaging reveals compression of the spi-
nal cord from a vertebral and/or extradural

hemangioma. Treatment of these lesions requires
consideration of multiple factors, including the
location of the spinal cord compression, the speed
of neurologic decline, the stage of pregnancy, and

the potential risks to the fetus from treatment
modalities [71].

Treatment options for symptomatic hemangi-

oma include radiation therapy, embolization,
percutaneous sclerotherapy, vertebroplasty, and
surgery. Radiation therapy is the treatment of

choice for lesions causing pain only. Recent case
series using radiation therapy (20–40 Gy over 2–4
weeks) demonstrate a symptom-improvement rate

of up to 77% [13,19,39,75], including improve-
ment in neurologic conditions in patients present-
ing with neurologic deficits. Risks include delayed
radiation-induced myelopathy, which occurs with

doses over 45 Gy to 50 Gy. Pregnancy is a relative

contraindication to radiation therapy, though
newer stereotactic radiosurgery may play a role

in increasing the safety of radiation therapy dur-
ing pregnancy [76]. Embolization has been re-
ported in several case reports to improve

symptoms in patients with pain and neurologic
deficits [13,30,40,47], but is typically used as an
adjunct to surgery to aid in minimizing blood
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loss [77]. Complications include vascular injury
and radiation exposure to the fetus during fluoros-
copy. No cases of antepartum embolization for
vertebral hemangioma have been reported. Percu-

taneous vertebral sclerotherapy and vertebro-
plasty is a promising new technique that seems
to be effective for patients with both pain and

neurologic deficits [22–24,28], but its use has yet
to be reported in a pregnant patient. Surgery is
the preferred treatment for patients with neuro-

logic deficits, especially with rapid onset of symp-
toms. Surgery provides immediate and direct
decompression of the spinal canal and avoids

exposing the fetus to excessive radiation. Disad-
vantages include high intraoperative blood loss
and the usual risks of surgery and anesthesia for
a pregnant patient.

During pregnancy, treatment options have
included (1) induction of preterm delivery, which
places the fetus at a nearly 50% risk of morbidity

or mortality if earlier than 32 weeks, (2) expectant
observation and postparturition treatment, or (3)
surgery. Because of the aggressive nature of

pregnancy-related vertebral hemangiomas, surgi-
cal decompression is usually subtotal. Incomplete
resection has been reported to result in up to 20%

to 30% recurrence rates [47], arguing that adjunct
therapy is warranted as soon as safely possible.
Some patients may experience spontaneous im-
provement in symptoms postpartum without

treatment, which allows for less urgent manage-
ment of the lesion. However, future recurrence
and deterioration is frequent and argues for early

postpartum intervention.

Summary

Transarterial embolization followed by lami-
nectomy is a safe and effective procedure for the
treatment of cord compression by intraosseous

vertebral body and posterior element hemangi-
omas. Vertebral corpectomy or intralesional spon-
dylectomy preceded by embolization is used to
treat cord compression from circumferential ver-

tebral involvement with epidural extraosseous
tumor extension, pathological fracture, and
kyphotic deformity. Gross total resection obviates

the need for postoperative irradiation and mini-
mizes the likelihood of recurrence. Simultaneous
anterior column reconstruction with an expand-

able cage and anterolateral plate fixation, supple-
mented with a posterior pedicle screw-rod
construct implant makes this approach feasible.
Transarterial embolization can be used without
decompression to effectively alleviate pain symp-
toms only. Vertebroplasty is useful in improving
back pain in the short term, but is less effective in

providing complete and long-term pain relief.
Radiation therapy and radiosurgery can be used
as a second-line treatment for painful intraosseous

lesions and for residual or recurrent extravertebral
disease. Reoperation for circumferential verte-
brectomy should be used to treat recurrent

myelopathy, progressive deformity, or refractory
painful lesions.
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