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a  b  s  t  r  a  c  t

Spinal  cord  hemangioblastomas  are  benign  vascular  tumors  arising  sporadically  in approximately  70–80%
of cases.  They  can  also be manifestations  of  von Hippel-Lindau  (VHL)  disease,  as  these  patients  will
often  have  multiple  spinal  hemangioblastomas.  Historically,  surgical  management  of symptomatic
intramedullary  hemangioblastomas  has  been  considered  the  treatment  of  choice.  However,  recently,
stereotactic  radiosurgery  has been  utilized  as an  adjuvant  therapeutic  modality,  and  some  have  sug-
gested it may  have utility  as the primary  treatment  option  for these  tumors.  Because  of the  rarity  of
spinal  hemangioblastomas,  management  options,  clinical  outcomes,  and  prognostic  factors  have  not  yet
been  fully  elucidated.  The  National  Institutes  of  Health  (PubMed)  was queried  to identify  all  studies
describing  treatment  of  spinal  hemangioblastomas.  Focus  was  narrowed  to institutional  retrospective
reviews,  and  comparisons  were  drawn  regarding  outcomes  of  both  stereotactic  radiosurgery  and  surgi-
cal  resection.  Stereotactic  radiosurgery  achieves  stable  or reduced  tumor  size  with  relatively  little  adverse
clinical  outcome  long-term.  Meanwhile,  surgical  resection  results  in  successful  removal  of  the  tumor  with
enign
umor

approximately  96%  stable  or improved  long-term  clinical  effect.  Cross-platform  analysis  has  been  chal-
lenging  when  comparing  efficacy  amongst  treatment  modalities  for this  rare  tumor.  For  the  institutional
retrospective  reviews  that  exist,  researchers  tend to collect  and  record  data  in  a multitude  of fashions,
making  direct  comparisons  problematic.  As  such,  the  authors  propose  use  of a national  registry  to  input

data prospectively  about  spinal  cord  hemangioblastomas.

© 2017  Elsevier  B.V.  All  rights  reserved.
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. Introduction

Spinal cord hemangioblastomas are benign vascular tumors
ccounting for 3% of central nervous system tumors, and com-
rising 2–6% of all tumors within the spinal cord [1–3,41].
emangioblastomas arise sporadically in approximately 70–80% of
ases, however 20–30% of these lesions are manifestations of von
ippel-Lindau (VHL) disease, a heritable multisystem cancer syn-
rome [1,3–5,39,40,42]. Hemangioblastomas are the most common

esions associated with VHL, and patients with this disease will fre-
uently have multiple spinal cord hemangioblastomas with risk of
eveloping additional tumors throughout their lifetime [2,6].

Although histologically benign, intramedullary hemangioblas-
omas can result in significant neurological symptoms as a result
f their size, location, and venous congestion with associated peri-
umoral edema [3,7,8]. More than 50% of these spinal cord tumors
ave accompanying syringomyelia, which may  also contribute to
eurological sequelae [9].

Surgical management of symptomatic intramedullary heman-
ioblastomas has been considered highly effective and is the
reatment of choice [5,6,8,10–23]. However, surgical resection can
arry high risk with potential for poor prognosis, especially in the
pper cervical spinal cord [7]. More recently, stereotactic radio-
urgery has served as a therapeutic adjuvant, optimizing tumor
ose while sparing the spinal cord [24,25]. It provides a noninvasive
lternative to surgery and has been increasingly utilized in pri-
ary management of central nervous system hemangioblastomas

26]. Conversely, radiation-induced myelopathy has been reported
n patients undergoing stereotactic radiosurgery to the spine with
otential permanent neurological detriment [27–31].

Because of the rarity of spinal hemangioblastomas, manage-
ent tactics, clinical outcomes, and risk factors affecting prognosis

ave not yet been fully realized. The aim of the present study was
o review the outcomes of both radiosurgery and surgical resection
f spinal cord hemangioblastomas. By performing cross-platform
nalysis and comparing these two groups, our goal was  to provide

 means in which the medical community can determine the safest,
ost efficacious treatment options for spinal hemangioblastomas.

. Methods

.1. Data source

The National Institutes of Health (PubMed) was queried to iden-
ify all studies describing treatment of spinal hemangioblastomas.
nitial search terms included, “spine,” “spinal,” “hemangioblas-
oma,” “benign,” “tumor,” “radiation,” “radiosurgery,” “surgery,”
nd “surgical.” Article reference lists were additionally utilized to
dentify other pertinent studies. Criteria for final selection included

 demonstration of qualitative and quantitative data specifically
egarding spinal hemangioblastoma treated either by stereotac-
ic radiosurgery or surgical resection. Focus was narrowed to
nstitutional retrospective reviews of their own data. When data
ombined all benign spinal tumors, including low grade astrocy-
omas and ependymomas, this information was excluded unless
etailed data could be isolated specifically for hemangioblastoma.

ase reports were excluded. Ultimately, our analysis consisted of 4
rticles assessing radiosurgical treatment of spinal hemangioblas-
oma, and 10 articles assessing surgical resection of a total of 538
umors. However, all radiosurgery manuscripts were from a sin-
 . . .  . .  . . . . .  . . . .  . . . .  . . .  . . .  . . .  .  .  . . .  . . . .  .  . . . . . . .  . . . . .  .  . . .  . . . . . .  .  . .  .  .  .  .  . . . .  . . .  . . . 65

gle institution, and, known via personal correspondence, there was
some overlap in patients.

3. Results

3.1. Stereotactic radiosurgery

Our literature review yielded 4 manuscripts in which authors
performed retrospective institutional reviews of stereotactic radio-
surgery specifically for spinal hemangioblastomas, (Table 1)
[6,29,32,33]. However, all 4 reports were from a single institu-
tion, and some patient overlap exists (personal communication).
No statistics can therefore be calculated for all patients and tumors
presented. Rather, data has been calculated separately for each of
the individual studies. Averages of each study were calculated, after
which overall averages were determined. All treatment utilized the
CyberKnife system (Accuray Incorporated, Sunnyvale, California,
United States of America). Authors did not routinely include max-
imum and average tumor sizes nor whether the locations were
intramedullary, extramedullary, or combined. When tumor loca-
tion was reported, an average of 65% involved the cervical spine,
32% involved the thoracic spine, and 3% involved the lumbar spine.
Treatment plans typically included an average dose of 21 Gy over
1–3 fractions. Of those reported, an average of 56% of tumors
reduced in size, 42% remained stable, and 2% progressed at the time
of follow up, which ranged from 1 to 3 years. While three studies
reported no complications, the largest study (27 tumors treated)
identified 3 (11%) complications [29]. One patient developed uni-
lateral foot drop 5 months after radiosurgery, and two patients
had “sensory deficits,” although further details were not reported.
In a study involving 16 tumors treated, post-radiation edema was
seen in two  C7 lesions; however, no clinical radiation toxicity was
appreciated [6].

3.2. Surgical resection

Our literature review yielded 10 studies in which authors per-
formed retrospective institutional reviews of surgical resection
specifically for spinal hemangioblastomas, totaling 538 tumors
(Table 2) [1–3,5,7,9,16,34–36]. However, given the variability in
data presented in each study, there exists a different number of
tumors or patients for each variable assessed. As such, this resulted
in differing denominators for each data point reviewed.

3.3. Tumor characteristics and extent of resection

When tumor location was  reported, 50% (227/457) were in
the cervical spine, 42% (192/457) were in the thoracic spine, and
8% (38/457) were in the lumbar spine. Most authors did not
clearly identify if the tumor was  intramedullary, extramedullary,
or a combination of the two. When specified, involvement was
intramedullary in 33% (119/361) cases, extramedullary in 30.7%
(104/339) cases, and combined in 40% (137/339) cases. Of note, one
study did not specify whether non-intramedullary tumors were
extramedullary or combined. This study was  excluded when com-
paring extramedullary and combined values. This resulted in varied

denominators and subsequent percentages.

Total resections were achieved in 92% (493/538) of tumors.
Subtotal resections were often attributed to intraoperative bleed-
ing, while other causes were loss of somatosensory evoked
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potentials (SSEPs), ventral position of the tumor, and poor clini-
cal status [3,9,34,35]. The authors did not routinely include tumor
size, use of pre-operative embolization, and levels involved in the
surgical resection.

3.4. Clinical outcomes

With regards to clinical outcomes, the McCormick clinical
grading scale was  almost always assessed by clinicians pre- and
post-operatively (Table 3) [37]. However, outcomes were typi-
cally reported in the literature as stable, improved, or deteriorated
without further qualifying the extent of improvement or deterio-
ration. Furthermore, only a few authors specified data for all three
outcomes. One study only reported deterioration, while another
remarked solely on improvement rates. Two other studies reported
stable and improved outcomes without commenting on deterio-
ration. Given this, the data calculated in our study only included
data where it was  explicitly clear whether the outcome was stable,
improved, or deteriorated. As such, the denominators for each of
these outcomes varied. When explicitly reported, 37% (64/171) of
patients demonstrated clinical improvement, 14% (40/276) demon-
strated deteriorated neurological status at long-term follow-up,
and 59% (87/148) of patients were noted as stable. Mehta et al.
remarked that of the 108 patients treated in their series, 6% (6) had
improved outcomes, 80% (86) were stable, and 15% (16) had wors-
ened outcomes at time of final follow-up [2]. Of note, timing of
reported outcomes varied dramatically as well, ranging anywhere
from 17 months to 7 years.

Few authors discussed early post-operative neurological con-
sequences in comparison to long-term outcomes. Li et al. noted
that “several” patients had new or worsening symptoms in their
post-operative course, including weakness, hypoesthesia, pares-
thesias, radicular pain, limb spasticity, bowel/bladder dysfunction,
and dyspnea. However, all patients had McCormick scores of I
or II at final follow up, which was an average 21 months post-
operatively [7]. Mehta et al. reported 61% of patients had new or
worsening neurological signs and symptoms immediately post-
operatively, most of which were mild in severity and did not result
in a decrease in McCormick grade. Most symptoms resolved within
2 days to 6 weeks. For those with worsening McCormick grade
(15%), 70% resolved within 5 days to 4 months post-operatively,
and patients returned to their pre-operative baselines. At 6 months
post-operatively, 96% had stable or improved outcome [2]. Parker
et al. noted that 5% of patients had worsening McCormick clas-
sifications in the early post-operative period (48 h post-surgery).
However, at final follow-up, there was no deterioration in the non-
VHL patients but 24% worsened McCormick grades in the VHL
patients, many of whom had multiple resections [5]. For all patients
combined within that study, 17% had a decline in McCormick grades
at final follow-up. Pietila et al. reported transient deterioration in
17% (5) tumors resected. Transient formication, in which patients
experienced sensations resembling small insects crawling on their
skin, was experienced in 6.7% (2) of tumors resected [16].

3.5. Post-operative complications

Few of the papers discussed post-operative complications.
Of those reported, complications occurred in 11.3% (30/265) of
the tumors surgically treated. Liu et al. reported a 23% (5/22)
rate of post-operative complications including cerebrospinal fluid
leakage, failed extubation requiring a tracheostomy, epidural
hematoma requiring surgical evacuation, and wound dehiscence

[36]. Mehta et al. reported complications in 6% (13/218) of patients.
These complications included cerebrospinal fluid leakages, super-
ficial wound infection, and both intra- and extradural hematomas
requiring surgical evacuation [2]. Serban and Exergian reported 1
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Table 2
Tumor and Treatment Characteristics in Spinal Hemangioblastomas treated with Surgical Resection.

Study Data
Collected (years)

Tumors
treated (n)

Patients (n) Average
Age (years)

Tumor Location;
spinal cord level (n,
%)

Tumor Location (n,
%)

Extent of
Resection (n, %)

Post-
operative
complications
(rate 11.3%)

Recurrence
(rate 5.5%)

Clinical outcome
(n, %)

Average or
Median time of
last follow-up

Liu, Jain, Sankey
et al. (2016)

1996–2014 22 21 45 Cervical (13, 59%)
Thoracic (9, 41%)
Lumbar (0)

Intramedullary (20,
91%)

Total (21, 95%)
Subtotal (1, 5%)

5 (23%) 2 (10%) Improved
symptoms (9, 43%)
Long-term
dysfunction (12,
57%)

17 months

Deng,  Wang, Wu
et al. (2014)

2007–2011 116 92 33 Cervical (58, 50%)
Thoracic (49, 42%)
Lumbar (9, 8%)

Intramedullary (48,
41%)
Extramedullary
(25, 22%)
Combined (43,37%)

Total (109, 94%)
Subtotal (7, 6%)

Improved (38, 41%)
Stable (40, 44%)
Deteriorated (14,
15%)

50 months

Parker,  Aghakhani,
Ducati et al.
(2009)

1985–2002 60 (34
treated)

34 Cervical (28, 47%)
Thoracic (25, 42%)
Lumbar (7, 11%)

Total (29, 85%)
Subtotal (5, 15%)

Deteriorated (6,
17%)

Mehta,  Asthagiri,
Bakhtian et al.
(2010)

1984–2008 218 108 33 Cervical (102, 47%)
Thoracic (96, 44%)
Lumbar (20, 9%)

Intramedullary (46,
21%)
Extramedullary
(78, 36%)
Combined (94,
43%)

Total (217, 99.5%) 13 (6%) Improved (6, 6%)
Stable (86, 80%)
Deteriorated (16,
15%)

7  years

Li,  Wang, Niu et al.
(2016)

2008–2013 25 37 Total (25, 100%) 0 All patients were
McCormick Grade I
or  II at final
follow-up

21 months

Joaquim,  Ghizoni
et  al. (2015)

2000–2014 37 16 34 Cervical (11, 69%)
Thoracic (5, 31%)

Total (37, 100%) Improved (2, 13%)
Stable (13, 81%)
Deteriorated (1,
6%) at 6 months

48 months

Bostrom,  Kanther,
Grote et al.
(2014)

1987–2007 5 5 Total (4, 80%)
Subtotal (1, 20%)

2 (40%) Improved (1, 20%)
Stable (3, 60%)
Deteriorated (1,
20%)

Serban  & Exergian
(2013)

2003–2009 5 40 Cervical (2, 40%)
Thoracic (3, 60%)

Intramedullary (5,
100%)

Total (4)
Subtotal (1)

1 (20%) Stable (4, 80%)
Deteriorated (1,
20%)

Harati,  Satopaa,
Mahler et al.
(2012)

1997–2011 20 17 43 Cervical (13, 65%)
Thoracic (5, 25%)
Lumbar (2, 10%)

Total (16)
Biopsy (1)

2 (10%) 0 Improved (4, 24%)
Stable (13, 76%)

57 months

Pietila,  Stendel,
Schilling et al.
(2000)

1995–1999 30 15 27 Total resection (30,
100%)

Improved (6, 20%)
Stable (17, 6%)

20 months
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Fig. 1. MRI  of the cervical spine following gadolinium injection. Imaging reveals a
5  mm superficial dorsally located homogenously enhancing lesion with associated
K.J. Bridges et al. / Clinical Neurolo

ase of his 5 patients (20%) who had motor deficits after an intraop-
rative hemorrhage, which resolved at 4 months [3]. Lastly, Harati
t al. reported complications in 10% (2/20) of patients, including
ne patient with a wound infection, and a second patient who
eveloped post-operative hematoma and spinal instability requir-

ng additional surgery [35].

.6. Recurrence rates

In contrast to the radiosurgery papers, authors reviewing sur-
ical outcomes routinely reported clinical outcomes yet rarely
eported recurrence rates. Of those reported, this would account
or an overall recurrence rate of 5.5% (4/73) of tumors surgically
reated. Liu et al. reported 9% (2/22) recurrences, one of which
ccurred 6 months post-operatively, and the other 1 month post-
peratively [36]. Bostrom et al. reported 2 recurrences within
he same patient, which was the only patient who had subtotal
esection [34]. Li et al., and Harati et al., specifically reported no
ecurrences at follow-up at 21 months and 57 months, respectively
7,35].

.7. Effects on syringomyelia

Only two studies reported post-operative effect on associated
yringes. Deng et al. experienced a syrinx reduction in 83.1% (59/71)
f patients with a syrinx [9]. Mehta et al. achieved a syrinx reduction
n 96% (127/132) of syringes [2]. From these two  studies, an average
f 91.6% (186/203) of syringes decreased in size following surgical
umor resection.

. Discussion

Spinal cord hemangioblastomas are rare, benign vascular
umors originating from embryonic remnant tissues of mesoder-

al  origin [7,38]. They are composed of stromal cells and capillaries
nd are highly vascularized [1,6,32]. They tend to be solid tumors
ith varying degrees of associated spinal cord edema and dilation

f the central canal [7]. According to the World Health Organization
lassification system, these are classified as Grade I lesions [1,32]
Fig. 1).

The available literature has echoed a common consensus that
icrosurgical extirpation is highly effective and is the treatment

f choice for symptomatic intramedullary hemangioblastomas
5,6,8,10–23]. However, management has become more controver-
ial in patients with VHL disease who often have multiple lesions
7]. In this setting, when removal or even observation may  be prob-
ematic, the primary goal may  be symptomatic palliation [43]. Due
o the highly vascularized nature of hemangioblastomas, and given
heir location within the spinal cord, surgical resection can carry a
igh complication risk, especially in the upper cervical spinal cord
7]. Preoperative embolization may  be utilized to reduce perioper-
tive blood loss, optimizing opportunity for total resection while
reserving spinal cord function [6,44]. While surgical resection of
pinal hemangioblastomas has traditionally been the mainstay of
anagement, radiation has served as a therapeutic adjuvant [24].
ore specifically, conventional radiotherapy has been used to treat

emangioblastomas in the adjuvant, recurrent, or inoperable set-
ings [25,26,45,46]. This includes multiple tumors with extensive
pinal cord disease as well as post-operative residual disease or
ecurrence [26]. This is of particular utility in patients with VHL
nd multiple lesions throughout their spine [6]. However, radi-
tion dose is limited by spinal cord tolerance, as radiation field

rrangements do not discriminate between tumor and spinal cord
25].

In contrast to conventional radiotherapy, stereotactic radio-
urgery minimizes the amount of normal tissue irradiated, thus
intramedullary hypointensity. This was resected and pathologically proven to be
WHO  I hemangioblastoma.

minimizing long-term neurological side effects of radiation [6].
Stereotactic radiosurgery improves local control by delivering
large cumulative doses of radiation in fewer fractions with steep
reduction in dose beyond the treatment region [24]. Stereotac-
tic radiosurgery on spinal tumors is relatively new. It was first
investigated in the mid-1990s, and in 1996, Hamilton et al., first
reported the use of stereotactic radiosurgery for spinal pathol-
ogy utilizing a linear accelerator (LINAC) [24,47]. In 2001, the
Food and Drug Administration granted clearance for CyberKnife
prototypes to be used in extracranial lesions, and studies have
shown that CyberKnife as well as other radiosurgery platforms
are accurate within 1 mm [48]. More recently, in 2011, a sur-
vey of 551 practitioners using stereotactic radiosurgery revealed
that 67.5% were performing spine radiosurgery [24,45]. That
being said, radiation-induced myelopathy has been reported in
patients treated with stereotactic radiosurgery [27–31]. Manage-
ment of radiation-induced myelopathy includes corticosteroids
with possible combination of vitamin E and pentoxifylline, a phos-
phodiesterase inhibitor commonly prescribed to treat claudication
symptoms in peripheral artery disease [24,49,50]. Hyperbaric oxy-
gen, gabapentin, and/or physical therapy has also been utilized,
and approximately half of patients’ symptoms improve after treat-
ment [24]. However, risk of radiation-induced myelopathy has been
less than 1% when treated with a maximum spinal cord dose of
13 Gy in a single fraction or 20 Gy in three fractions [51]. More
recent published spinal cord limits range from 10 to 14 Gy for
the maximum dose or a partial volume tolerance of 10 Gy [29].
Given these findings, Moss et al. suggests that stereotactic radio-

surgery “offers an attractive treatment alternative for inoperable
lesions of VHL patients wishing to avoid the morbidities and mor-
tality associated with multiple surgical resections” [6]. However,
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Table  3
McCormick Clinical Grading Scale for Neurological Function (McCormick, 1990).

Grade Definition

I neurologically normal; mild focal deficit not significantly
affecting function of involved limb; mild spasticity or
reflex abnormality; normal gait

II neurologically normal; mild focal deficit not significantly
affecting function of involved limb; mild spasticity or
reflex abnormality; normal gait

III more severe neurological deficit; requires cane/brace for
ambulation or significant bilateral upper-extremity
impairment; may  or may  not function independently

IV  severe deficit; requires wheelchair or cane/brace with
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bilateral upper-extremity impairment; usually not
independent

any authors continue to recommend conservative management
f spinal hemangioblastomas that are asymptomatic [16,52].

The goal of the present study was to evaluate outcomes of both
adiosurgery and surgical resection of spinal cord hemangioblas-
omas. By performing cross-platform analysis and comparing these
wo groups, our objective was to determine the optimal treatment
ecommendations for spinal hemangioblastomas. Currently, only
ne institution has published radiosurgery outcomes for these rare
umors, and relatively few institutions have reported their surgical
utcomes. To our knowledge, none have attempted comparing the
wo modalities.

The outcomes reviewed in this study demonstrate that stereo-
actic radiosurgery achieves stable (42%) or reduced (56%) tumor
ize with relatively little adverse clinical outcome long-term, while
% of tumors progressed. Meanwhile, surgical resection results in
uccessful removal of the tumor with just 5.5% local recurrence rate.
ong-term clinical effect is approximately 96% stable or improved.
tatistical comparisons between the two groups could not be cal-
ulated due to patient overlap in the radiosurgery manuscripts
Table 4).

This study does have limitations. For instance, the indication
or stereotactic radiosurgery, in lieu of surgical resection, was not
eported in each paper, but could certainly play a role in outcomes.
yu et al. noted that patients treated with radiosurgery either
ad recurrent tumors, had undergone several previous surgeries,
ad medical contraindications to surgery, or had declined open
esection [33]. In Daly’s study, 30% of tumors had undergone pre-
ious attempt at surgical resection, and radiosurgery was utilized
or residual or recurrent disease [29]. Furthermore, cross-platform
nalysis has been challenging when comparing efficacy amongst
reatment modalities. Spinal hemangioblastoma is a rare entity, and
s such, there are few studies assessing the treatment modalities
nd outcomes for this specific tumor (Table 4). Of the institutional
etrospective reviews that are available, authors tend to collect and
ecord data in a multitude of fashions, making direct comparisons
roblematic. Moreover, important data such as tumor size was
ot routinely reported, and this information would be highly valu-
ble when considering options for treatment. For instance, there is

 possible size constraint on intramedullary tumors treated with
tereotactic radiosurgery due to the potential for spinal cord toxi-
ity. On this same note, larger tumors resected surgically may  also
ncrease risk of operative complications. This information would
ndoubtedly prove useful, and it is certainly an area for future
tudy.

Although we have made some generalizations about the treat-
ent modalities, a more detailed, accurate assessment would

equire standard outcomes analyses for these groups. The authors

ropose use of a national registry to input data prospectively about
hese tumors. Data to be recorded could include, but is not limited
o, the list provided in Table 5. We  plan to assemble this registry
ith hopes of performing more accurate data analyses in the future, Ta
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Table  5
Proposed data fields for a prospective spinal cord hemangioblastoma national
registry.

Data field Field definition

Age Years
Gender Male, Female
Date of treatment Date
Spinal cord hemangioblastomas number
Spinal cord hemangioblastomas treated number
Location of each spinal tumor cervical, thoracic,

lumbar
Location of each tumor treated cervical, thoracic,

lumbar
Spinal cord involvement of each tumor intramedullary,

extramedullary,
combined

Spinal cord involvement of each tumor treated intramedullary,
extramedullary,
combined

Is patient symptomatic from the tumor being
treated?

(yes/no)

Duration of symptoms prior to treatment months
Volume size of tumor being treated centimeters
Is there associated syringomyelia? (yes/no)
Does patient have Von Hippel Lindau? (yes/no)
Is stereotactic radiation being performed for
primary or adjuvant therapy?

(yes/no), if yes, state
primary or adjuvant

Stereotactic radiation dose (if applicable) GY
Radiation fractions (if applicable) number
Surgical resection plan (e.g.: how many levels
of laminectomy, fusion?), if applicable

number

Resection outcome if applicable total resection, subtotal
resection, biopsy

Peri-operative complications, if applicable
Pre-treatment McCormick Scale number
Post-treatment McCormick Scale within:2
weeks, then 3 months, 6 months, 12 months,
1 year, annually thereafter

number

Post-treatment complications: Less than 2
weeks, then 3 months, 6 months, 12 months,
1 year, annually thereafter
Radiographic (MRI) findings of tumor
post-treatment at: 3 months, 12 months,
1  year, annually thereafter

gone, reduced size,
stable, progressed,
recurred

Radiographic findings of syrinx post-treatment
at: 3 months, 12 months, 1 year, annually
thereafter

gone, reduced size,
stable, progressed,
recurred

Follow-up time months

t
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[

[

[

[

[

[

Event free survival (EFS) time Number, Not
applicable

hus providing additional insight to the pros and cons of both sur-
ical and stereotactic radiosurgery treatment modalities for spinal
emangioblastoma.

. Conclusion

The standard treatment for spinal hemangioblastoma remains
urgery. The value of radiosurgery as an upfront treatment modal-
ty cannot be assessed based on data available at the present time.
ross-platform analysis has been challenging when comparing effi-
acy amongst treatment modalities for this rare tumor, given the
elative paucity of data and the varying ways in which the records
re reported. As such, the authors propose use of a national registry
o input information prospectively about spinal cord hemangiomas,
llowing for more detailed and accurate assessment of risks and
enefits of stereotactic radiosurgery as well as surgical resection.
he medical community can then determine the safest, most effi-
acious treatment options for spinal hemangioblastomas.
onflict of interest

None.

[

 Neurosurgery 154 (2017) 59–66 65

Disclosure of funding

None.

Other disclosures

The authors have no personal financial or institutional interest
in any of the drugs, materials or devices described in the article. All
authors certify that this manuscript is a unique submission.

Acknowledgements

The authors thank Shirley McCartney, PhD, for editorial assis-
tance, Andy Rekito, MS,  for figure optimization and James Obi
Obayashi, BS, for data statistical analysis.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.clineuro.2017.01.
012.

References

[1] A.F. Joaquim, E. Ghizoni, M.J.d. Santos, M.G.C. Valadares, F.S.d. Silva, H.
Tedeschi, Intramedullary hemangioblastomas: surgical results in 16 patients,
Neurosurg. Focus 39 (2) (2015) E18, http://dx.doi.org/10.3171/2015.5.
focus15171.

[2] G.U. Mehta, A.R. Asthagiri, K.D. Bakhtian, S. Auh, E.H. Oldfield, R.R. Lonser,
Functional outcome after resection of spinal cord hemangioblastomas
associated with von Hippel-Lindau disease, J. Neurosurg. Spine 12 (3) (2010)
233–242, http://dx.doi.org/10.3171/2009.10.spine09592.

[3] D. Serban, F. Exergian, Intramedullary hemangioblastoma – local experience
of a tertiary clinic, Chirurgia (Bucur.) 108 (3) (2013) 325–330.

[4] R.R. Lonser, G.M. Glenn, M.  Walther, E.Y. Chew, S.K. Libutti, W.M.  Linehan, E.H.
von Oldfield, Hippel-Lindau disease, Lancet 361 (9374) (2003) 2059–2067,
http://dx.doi.org/10.1016/s0140-6736(03)13643-4.

[5]  F. Parker, N. Aghakhani, L.G. Ducati, A. Yacubian-Fernandes, M.V. Silva, P.
David, S. Richard, M.  Tadie, Results of microsurgical treatment of medulla
oblongata and spinal cord hemangioblastomas: a comparison of two distinct
clinical patient groups, J. Neurooncol. 93 (1) (2009) 133–137, http://dx.doi.
org/10.1007/s11060-009-9861-0.

[6] J.M. Moss, C.Y.H. Choi, J.R. Adler, S.G. Soltys, I.C. Gibbs, S.D. Chang, Stereotactic
radiosurgical treatment of cranial and spinal hemangioblastomas,
Neurosurgery 65 (1) (2009) 79–85, http://dx.doi.org/10.1227/01. neu.
0000348015.51685.d2.

[7] X. Li, J. Wang, J. Niu, J. Hong, Y. Feng, Diagnosis and microsurgical treatment of
spinal hemangioblastoma, Neurol. Sci. 37 (6) (2016) 899–906, http://dx.doi.
org/10.1007/s10072-016-2508-y.

[8] C. Roonprapunt, V.M. Silvera, A. Setton, D. Freed, F.J. Epstein, G.I. Jallo, Surgical
management of isolated hemangioblastomas of the spinal cord, Neurosurgery
49 (2) (2001) 321–328, http://dx.doi.org/10.1097/00006123-200108000-
00012.

[9] X. Deng, K. Wang, L. Wu,  C. Yang, T. Yang, L. Zhao, J. Yang, G. Wang, J. Fang, Y.
Xu, Intraspinal hemangioblastomas: analysis of 92 cases in a single
institution, J. Neurosurg. Spine 21 (2) (2014) 260–269, http://dx.doi.org/10.
3171/2014.1.spine13866.

10] T.R. Browne, Hemangioblastoma of the spinal cord, Arch. Neurol. 33 (6)
(1976) 435, http://dx.doi.org/10.1001/archneur.1976.00500060041009.

11]  L. Cristante, H.D. Herrmann, Surgical management of intramedullary
hemangioblastoma of the spinal cord, Acta Neurochir. (Wien.) 141 (4) (1999)
333–340, http://dx.doi.org/10.1007/s007010050308.

12] R. Jeffreys, Clinical and surgical aspects of posterior fossa
haemangioblastomata, J. Neurol. Neurosurg. Psychiatry 38 (2) (1975)
105–111, http://dx.doi.org/10.1136/jnnp.38.2.105.

13] D.K. Lee, W.J. Choe, C.K. Chung, H.J. Kim, Spinal cord hemangioblastoma:
surgical strategy and clinical outcome, J. Neurooncol. 61 (1) (2003) 27–34,
http://dx.doi.org/10.1023/a:1021297622944.

14] G. Maira, P. Amante, L. Denaro, A. Mangiola, C. Colosimo, Surgical treatment of
cervical intramedullary spinal cord tumors, Neurol. Res. 23 (8) (2001)
835–842, http://dx.doi.org/10.1179/016164101101199432.

15] H.P. Neumann, H.R. Eggert, R. Scheremet, M.  Schumacher, M. Mohadjer, A.K.
Wakhloo, B. Volk, U. Hettmannsperger, P. Riegler, P. Schollmeyer, Central

nervous system lesions in von Hippel-Lindau syndrome, J. Neurol. Neurosurg.
Psychiatry 55 (10) (1992) 898–901, http://dx.doi.org/10.1136/jnnp.55.10.898.

16] T.A. Pietilä, R. Stendel, A. Schilling, I. Krznaric, M.  Brock, Surgical treatment of
spinal hemangioblastomas, Acta Neurochir. (Wien.) 142 (8) (2000) 879–886,
http://dx.doi.org/10.1007/s007010070073.

http://dx.doi.org/10.1016/j.clineuro.2017.01.012
http://dx.doi.org/10.1016/j.clineuro.2017.01.012
http://dx.doi.org/10.1016/j.clineuro.2017.01.012
http://dx.doi.org/10.1016/j.clineuro.2017.01.012
http://dx.doi.org/10.1016/j.clineuro.2017.01.012
http://dx.doi.org/10.1016/j.clineuro.2017.01.012
http://dx.doi.org/10.1016/j.clineuro.2017.01.012
http://dx.doi.org/10.1016/j.clineuro.2017.01.012
http://dx.doi.org/10.1016/j.clineuro.2017.01.012
http://dx.doi.org/10.1016/j.clineuro.2017.01.012
http://dx.doi.org/10.1016/j.clineuro.2017.01.012
dx.doi.org/10.3171/2015.5.focus15171
dx.doi.org/10.3171/2015.5.focus15171
dx.doi.org/10.3171/2015.5.focus15171
dx.doi.org/10.3171/2015.5.focus15171
dx.doi.org/10.3171/2015.5.focus15171
dx.doi.org/10.3171/2015.5.focus15171
dx.doi.org/10.3171/2015.5.focus15171
dx.doi.org/10.3171/2015.5.focus15171
dx.doi.org/10.3171/2015.5.focus15171
dx.doi.org/10.3171/2009.10.spine09592
dx.doi.org/10.3171/2009.10.spine09592
dx.doi.org/10.3171/2009.10.spine09592
dx.doi.org/10.3171/2009.10.spine09592
dx.doi.org/10.3171/2009.10.spine09592
dx.doi.org/10.3171/2009.10.spine09592
dx.doi.org/10.3171/2009.10.spine09592
dx.doi.org/10.3171/2009.10.spine09592
dx.doi.org/10.3171/2009.10.spine09592
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0015
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0015
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0015
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0015
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0015
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0015
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0015
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0015
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0015
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0015
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0015
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0015
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0015
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0015
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0015
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0015
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0015
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0015
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0015
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0015
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0015
dx.doi.org/10.1016/s0140-6736(03)13643-4
dx.doi.org/10.1016/s0140-6736(03)13643-4
dx.doi.org/10.1016/s0140-6736(03)13643-4
dx.doi.org/10.1016/s0140-6736(03)13643-4
dx.doi.org/10.1016/s0140-6736(03)13643-4
dx.doi.org/10.1016/s0140-6736(03)13643-4
dx.doi.org/10.1016/s0140-6736(03)13643-4
dx.doi.org/10.1016/s0140-6736(03)13643-4
dx.doi.org/10.1016/s0140-6736(03)13643-4
dx.doi.org/10.1007/s11060-009-9861-0
dx.doi.org/10.1007/s11060-009-9861-0
dx.doi.org/10.1007/s11060-009-9861-0
dx.doi.org/10.1007/s11060-009-9861-0
dx.doi.org/10.1007/s11060-009-9861-0
dx.doi.org/10.1007/s11060-009-9861-0
dx.doi.org/10.1007/s11060-009-9861-0
dx.doi.org/10.1007/s11060-009-9861-0
dx.doi.org/10.1007/s11060-009-9861-0
dx.doi.org/10.1007/s11060-009-9861-0
dx.doi.org/10.1227/01. neu.0000348015.51685.d2
dx.doi.org/10.1227/01. neu.0000348015.51685.d2
dx.doi.org/10.1227/01. neu.0000348015.51685.d2
dx.doi.org/10.1227/01. neu.0000348015.51685.d2
dx.doi.org/10.1227/01. neu.0000348015.51685.d2
dx.doi.org/10.1227/01. neu.0000348015.51685.d2
dx.doi.org/10.1227/01. neu.0000348015.51685.d2
dx.doi.org/10.1227/01. neu.0000348015.51685.d2
dx.doi.org/10.1227/01. neu.0000348015.51685.d2
dx.doi.org/10.1227/01. neu.0000348015.51685.d2
dx.doi.org/10.1227/01. neu.0000348015.51685.d2
dx.doi.org/10.1007/s10072-016-2508-y
dx.doi.org/10.1007/s10072-016-2508-y
dx.doi.org/10.1007/s10072-016-2508-y
dx.doi.org/10.1007/s10072-016-2508-y
dx.doi.org/10.1007/s10072-016-2508-y
dx.doi.org/10.1007/s10072-016-2508-y
dx.doi.org/10.1007/s10072-016-2508-y
dx.doi.org/10.1007/s10072-016-2508-y
dx.doi.org/10.1007/s10072-016-2508-y
dx.doi.org/10.1007/s10072-016-2508-y
dx.doi.org/10.1097/00006123-200108000-00012
dx.doi.org/10.1097/00006123-200108000-00012
dx.doi.org/10.1097/00006123-200108000-00012
dx.doi.org/10.1097/00006123-200108000-00012
dx.doi.org/10.1097/00006123-200108000-00012
dx.doi.org/10.1097/00006123-200108000-00012
dx.doi.org/10.1097/00006123-200108000-00012
dx.doi.org/10.1097/00006123-200108000-00012
dx.doi.org/10.1097/00006123-200108000-00012
dx.doi.org/10.3171/2014.1.spine13866
dx.doi.org/10.3171/2014.1.spine13866
dx.doi.org/10.3171/2014.1.spine13866
dx.doi.org/10.3171/2014.1.spine13866
dx.doi.org/10.3171/2014.1.spine13866
dx.doi.org/10.3171/2014.1.spine13866
dx.doi.org/10.3171/2014.1.spine13866
dx.doi.org/10.3171/2014.1.spine13866
dx.doi.org/10.3171/2014.1.spine13866
dx.doi.org/10.1001/archneur.1976.00500060041009
dx.doi.org/10.1001/archneur.1976.00500060041009
dx.doi.org/10.1001/archneur.1976.00500060041009
dx.doi.org/10.1001/archneur.1976.00500060041009
dx.doi.org/10.1001/archneur.1976.00500060041009
dx.doi.org/10.1001/archneur.1976.00500060041009
dx.doi.org/10.1001/archneur.1976.00500060041009
dx.doi.org/10.1001/archneur.1976.00500060041009
dx.doi.org/10.1001/archneur.1976.00500060041009
dx.doi.org/10.1007/s007010050308
dx.doi.org/10.1007/s007010050308
dx.doi.org/10.1007/s007010050308
dx.doi.org/10.1007/s007010050308
dx.doi.org/10.1007/s007010050308
dx.doi.org/10.1007/s007010050308
dx.doi.org/10.1007/s007010050308
dx.doi.org/10.1136/jnnp.38.2.105
dx.doi.org/10.1136/jnnp.38.2.105
dx.doi.org/10.1136/jnnp.38.2.105
dx.doi.org/10.1136/jnnp.38.2.105
dx.doi.org/10.1136/jnnp.38.2.105
dx.doi.org/10.1136/jnnp.38.2.105
dx.doi.org/10.1136/jnnp.38.2.105
dx.doi.org/10.1136/jnnp.38.2.105
dx.doi.org/10.1136/jnnp.38.2.105
dx.doi.org/10.1136/jnnp.38.2.105
dx.doi.org/10.1023/a:1021297622944
dx.doi.org/10.1023/a:1021297622944
dx.doi.org/10.1023/a:1021297622944
dx.doi.org/10.1023/a:1021297622944
dx.doi.org/10.1023/a:1021297622944
dx.doi.org/10.1023/a:1021297622944
dx.doi.org/10.1023/a:1021297622944
dx.doi.org/10.1179/016164101101199432
dx.doi.org/10.1179/016164101101199432
dx.doi.org/10.1179/016164101101199432
dx.doi.org/10.1179/016164101101199432
dx.doi.org/10.1179/016164101101199432
dx.doi.org/10.1179/016164101101199432
dx.doi.org/10.1179/016164101101199432
dx.doi.org/10.1136/jnnp.55.10.898
dx.doi.org/10.1136/jnnp.55.10.898
dx.doi.org/10.1136/jnnp.55.10.898
dx.doi.org/10.1136/jnnp.55.10.898
dx.doi.org/10.1136/jnnp.55.10.898
dx.doi.org/10.1136/jnnp.55.10.898
dx.doi.org/10.1136/jnnp.55.10.898
dx.doi.org/10.1136/jnnp.55.10.898
dx.doi.org/10.1136/jnnp.55.10.898
dx.doi.org/10.1136/jnnp.55.10.898
dx.doi.org/10.1007/s007010070073
dx.doi.org/10.1007/s007010070073
dx.doi.org/10.1007/s007010070073
dx.doi.org/10.1007/s007010070073
dx.doi.org/10.1007/s007010070073
dx.doi.org/10.1007/s007010070073
dx.doi.org/10.1007/s007010070073


6 gy and

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[51] J.P. Kirkpatrick, A.J. van der Kogel, T.E. Schultheiss, Radiation dose-volume
effects in the spinal cord, Int. J. Radiat. Oncol.*Biol.*Phys. 76 (3) (2010)
S42–S49, http://dx.doi.org/10.1016/j.ijrobp.2009.04.095.

[52] P. Decq, Guidelines for the maintenance of Hippel-Lindau disease in daily
practice, Fr. Soc. Neurosurg. Neurochir. 44 (4) (1998) 273–274.
6 K.J. Bridges et al. / Clinical Neurolo

17] C. Rajaraman, J.G. Rowe, L. Walton, I. Malik, M.  Radatz, A.A. Kemeny,
Treatment options for von Hippel?-?Lindau’s haemangioblastomatosis: the
role of gamma knife stereotactic radiosurgery, Br. J. Neurosurg. 18 (4) (2004)
338–342, http://dx.doi.org/10.1080/02688690400004944.

18] Richard Campello, Parker Taillandier, Resche Haemangioblastoma of the
central nervous system in von Hippel-Lindau disease, J. Intern. Med. 243 (6)
(1998) 547–553, http://dx.doi.org/10.1046/j.1365-2796.1998.00337.x.

19]  I.E. Sandalcioglu, T. Gasser, S. Asgari, A. Lazorisak, T. Engelhorn, T. Egelhof, D.
Stolke, H. Wiedemayer, Functional outcome after surgical treatment of
intramedullary spinal cord tumors: experience with 78 patients, Spinal Cord
43  (1) (2004) 34–41, http://dx.doi.org/10.1038/sj.sc.3101668.

20] S. Takeuchi, R. Tanaka, Y. Fujii, H. Abe, Y. Ito, Surgical treatment of
hemangioblastomas with presurgical endovascular embolization, Neurol.
Med. Chir. (Tokyo) 41 (5) (2001) 246–252, http://dx.doi.org/10.2176/nmc.41.
246.

21] H.A. Trost, V. Seifert, D. Stolke, Advances in diagnosis and treatment of spinal
hemangioblastomas, Neurosurg. Rev. 16 (3) (1993) 205–209, http://dx.doi.
org/10.1007/bf00304329.

22] C. Wang, J. Zhang, A. Liu, B. Sun, Surgical management of medullary
hemangioblastoma, Surg. Neurol. 56 (4) (2001) 218–226, http://dx.doi.org/10.
1016/s0090-3019(01)00590-0.

23] M.G. Yasargil, J. Antic, R. Laciga, J. de Preux, R.W. Fideler, S.C. Boone, The
microsurgical removal of intramedullary spinal hemangioblastomas: report of
twelve cases and a review of the literature, Surg. Neurol. (3) (1976) 141–148.

24] H.-K. Park, J.-C. Chang, Review of stereotactic radiosurgery for intramedullary
spinal lesions, Korean J. Spine 10 (1) (2013) 1, http://dx.doi.org/10.14245/kjs.
2013.10.1.1.

25] M.  Dahele, J.D. Zindler, E. Sanchez, W.F. Verbakel, J.P. Kuijer, B.J. Slotman, S.
Senan, Imaging for stereotactic spine radiotherapy: clinical considerations,
Int. J. Radiat. Oncol. Biol. Phys. 81 (2) (2011) 321–330, http://dx.doi.org/10.
1016/j.ijrobp.2011.04.039.

26] E.S. Koh, A. Nichol, B.A. Millar, C. Menard, G. Pond, N.J. Laperriere, Role of
fractionated external beam radiotherapy in hemangioblastoma of the central
nervous system, Int. J. Radiat. Oncol. Biol. Phys. 69 (5) (2007) 1521–1526,
http://dx.doi.org/10.1016/j.ijrobp.2007.05.025.

27] M.  Baumann, V. Budach, S. Appold, Radiation tolerance of the human spinal
cord, Strahlenther. Onkol. 170 (3) (1994) 131–139.

28] G. Boden, Radiation myelitis of the cervical spinal cord, Br. J. Radiol. 21 (249)
(1948) 464–469, http://dx.doi.org/10.1259/0007-1285-21-249-464.

29]  M.E. Daly, C.Y.H. Choi, I.C. Gibbs, J.R. Adler, S.D. Chang, R.E. Lieberson, S.G.
Soltys, Tolerance of the spinal cord to stereotactic radiosurgery: insights from
hemangioblastomas, Int. J. Radiat. Oncol.*Biol.*Phys. 80 (1) (2011) 213–220,
http://dx.doi.org/10.1016/j.ijrobp.2010.01.040.

30] B. Emami, J. Lyman, A. Brown, L. Cola, M.  Goitein, J.E. Munzenrider, B. Shank,
L.J. Solin, M. Wesson, Tolerance of normal tissue to therapeutic irradiation,
Int. J. Radiat. Oncol.*Biol.*Phys. 21 (1) (1991) 109–122, http://dx.doi.org/10.
1016/0360-3016(91)90171-y.

31] T.E. Schultheiss, The radiation dose-response of the human spinal cord, Int. J.
Radiat. Oncol.*Biol.*Phys. 71 (5) (2008) 1455–1459, http://dx.doi.org/10.
1016/j.ijrobp.2007.11.075.

32] S.D. Chang, J.A. Meisel, S.L. Hancock, D.P. Martin, M.  McManus, J.R. Adler,
Treatment of hemangioblastomas in von Hippel-Lindau disease with linear
accelerator-based radiosurgery, Neurosurgery 43 (1) (1998) 28–34, http://dx.
doi.org/10.1097/00006123-199807000-00018.

33] S.I. Ryu, D.H. Kim, S.D. Chang, Stereotactic radiosurgery for hemangiomas and
ependymomas of the spinal cord, Neurosurg. Focus 15 (5) (2003) 1–5, http://

dx.doi.org/10.3171/foc.2003.15.5.10.

34] A. Boström, N.-C. Kanther, A. Grote, J. Boström, Management and outcome in
adult intramedullary spinal cord tumours: a 20-year single institution
experience, BMC  Res. Notes 7 (1) (2014) 908, http://dx.doi.org/10.1186/1756-
0500-7-908.
 Neurosurgery 154 (2017) 59–66

35] A. Harati, L. Mahler, A. Elsharkawy, J. Hernesniemi, J. Satopää, R. Billon-Grand,
M.  Niemelä, Early microsurgical treatment for spinal hemangioblastomas
improves outcome in patients with von Hippel-Lindau disease, Surg. Neurol.
Int. 3 (1) (2012) 6, http://dx.doi.org/10.4103/2152-7806.92170.

36] A. Liu, A. Jain, E.W. Sankey, G.I. Jallo, C. Bettegowda, Sporadic intramedullary
hemangioblastoma of the spine: a single institutional review of 21 cases,
Neurol. Res. 38 (3) (2016) 205–209, http://dx.doi.org/10.1179/1743132815y.
0000000097.

37] P.C. McCormick, B.M. Stein, Intramedullary tumors in adults, Neurosurg. Clin.
N.  Am.  1 (3) (1990) 609–630.

38] V. Van Velthoven, P.C. Reinacher, J. Klisch, H.P.H. Neumann, S. Glassier,
Treatment of intramedullary hemangioblastomas, with special attention to
von Hippel-Lindau diseas neurosurgery, 1306e, Neurosurgery (2003)
1306–1314, http://dx.doi.org/10.1227/01.neu.0000093497 81390.29.

39] F. Latif, K. Tory, J. Gnarra, M. Yao, F. Duh, M.  Orcutt, T. Stackhouse, I. Kuzmin,
W.  Modi, L. Geil, et al., Identification of the von Hippel-Lindau disease tumor
suppressor gene, Science 260 (5112) (1993) 1317–1320, http://dx.doi.org/10.
1126/science.8493574.

40] R.R. Lonser, R.J. Weil, J.E. Wanebo, H.L. Devroom, E.H. Oldfield, Surgical
management of spinal cord hemangioblastomas in patients with von
Hippel—Lindau disease, J. Neurosurg. 98 (1) (2003) 106–116, http://dx.doi.
org/10.3171/jns.2003.98.1.0106.

41] D.J. Miller, I.E. McCutcheon, Hemangioblastomas and other uncommon
intramedullary tumors, J. Neurooncol. 47 (3) (2000) 253–270.

42] B.C. Chu, S. Terae, K. Hida, M.  Furukawa, S. Abe, K. Miyasaka, MR findings in
spinal hemangioblastoma: correlation with symptoms and with angiographic
and surgical findings, AJNR Am.  J. Neuroradiol. 22 (1) (2001) 206–217.

43] C.H. Park, C.-H. Lee, S.J. Hyun, T.-A. Jahng, H.-J. Kim, K.-J. Kim, Surgical
outcome of spinal cord hemangioblastomas, J. Korean Neurosurg. Soc. 52 (3)
(2012) 221, http://dx.doi.org/10.3340/jkns.2012.52.3.221.

44] C.E. Mandigo, A.T. Ogden, P.D. Angevine, P.C. McCormick, Operative
management of spinal hemangioblastoma, Neurosurgery 65 (6) (2009)
1166–1177, http://dx.doi.org/10.1227/01.neu.0000359306.74674. c4.

45] H. Pan, D.R. Simpson, L.K. Mell, A.J. Mundt, J.D. Lawson, A survey of
stereotactic body radiotherapy use in the United States, Cancer 117 (19)
(2011) 4566–4572, http://dx.doi.org/10.1002/cncr.26067.

46] S.R. Smalley, P.J. Schomberg, J.D. Earle, E.R. Laws Jr., B.W. Scheithauer, J.R.
O’Fallon, Radiotherapeutic considerations in the treatment of
hemangioblastomas of the central nervous system, Int. J. Radiat. Oncol. Biol.
Phys. 18 (5) (1990) 1165–1171.

47] A.J. Hamilton, B.A. Lulu, H. Fosmire, L. Gosset, LINAC-based spinal stereotactic
radiosurgery, Stereotact. Funct. Neurosurg. 66 (1–3) (1996) 1–9, http://dx.doi.
org/10.1159/000099658.

48] R. Nomura, I. Suzuki, Cyberknife radiosurgery–present status and future
prospect, Brain Nerve 63 (3) (2011) 195–202.

49] D.M. Essayan, Cyclic nucleotide phosphodiesterases, J. Allergy Clin. Immunol.
108 (5) (2001) 671–680, http://dx.doi.org/10.1067/mai.2001.119555.

50] K. Salhiyyah, E. Senanayake, M.  Abdel-Hadi, A. Booth, J.A. Michaels,
Pentoxifylline for intermittent claudication, in: Cochrane Database of
Systematic Reviews, Wiley-Blackwell, 2012.

dx.doi.org/10.1080/02688690400004944
dx.doi.org/10.1080/02688690400004944
dx.doi.org/10.1080/02688690400004944
dx.doi.org/10.1080/02688690400004944
dx.doi.org/10.1080/02688690400004944
dx.doi.org/10.1080/02688690400004944
dx.doi.org/10.1080/02688690400004944
dx.doi.org/10.1046/j.1365-2796.1998.00337.x
dx.doi.org/10.1046/j.1365-2796.1998.00337.x
dx.doi.org/10.1046/j.1365-2796.1998.00337.x
dx.doi.org/10.1046/j.1365-2796.1998.00337.x
dx.doi.org/10.1046/j.1365-2796.1998.00337.x
dx.doi.org/10.1046/j.1365-2796.1998.00337.x
dx.doi.org/10.1046/j.1365-2796.1998.00337.x
dx.doi.org/10.1046/j.1365-2796.1998.00337.x
dx.doi.org/10.1046/j.1365-2796.1998.00337.x
dx.doi.org/10.1046/j.1365-2796.1998.00337.x
dx.doi.org/10.1046/j.1365-2796.1998.00337.x
dx.doi.org/10.1046/j.1365-2796.1998.00337.x
dx.doi.org/10.1038/sj.sc.3101668
dx.doi.org/10.1038/sj.sc.3101668
dx.doi.org/10.1038/sj.sc.3101668
dx.doi.org/10.1038/sj.sc.3101668
dx.doi.org/10.1038/sj.sc.3101668
dx.doi.org/10.1038/sj.sc.3101668
dx.doi.org/10.1038/sj.sc.3101668
dx.doi.org/10.1038/sj.sc.3101668
dx.doi.org/10.1038/sj.sc.3101668
dx.doi.org/10.2176/nmc.41.246
dx.doi.org/10.2176/nmc.41.246
dx.doi.org/10.2176/nmc.41.246
dx.doi.org/10.2176/nmc.41.246
dx.doi.org/10.2176/nmc.41.246
dx.doi.org/10.2176/nmc.41.246
dx.doi.org/10.2176/nmc.41.246
dx.doi.org/10.2176/nmc.41.246
dx.doi.org/10.2176/nmc.41.246
dx.doi.org/10.1007/bf00304329
dx.doi.org/10.1007/bf00304329
dx.doi.org/10.1007/bf00304329
dx.doi.org/10.1007/bf00304329
dx.doi.org/10.1007/bf00304329
dx.doi.org/10.1007/bf00304329
dx.doi.org/10.1007/bf00304329
dx.doi.org/10.1016/s0090-3019(01)00590-0
dx.doi.org/10.1016/s0090-3019(01)00590-0
dx.doi.org/10.1016/s0090-3019(01)00590-0
dx.doi.org/10.1016/s0090-3019(01)00590-0
dx.doi.org/10.1016/s0090-3019(01)00590-0
dx.doi.org/10.1016/s0090-3019(01)00590-0
dx.doi.org/10.1016/s0090-3019(01)00590-0
dx.doi.org/10.1016/s0090-3019(01)00590-0
dx.doi.org/10.1016/s0090-3019(01)00590-0
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0115
dx.doi.org/10.14245/kjs.2013.10.1.1
dx.doi.org/10.14245/kjs.2013.10.1.1
dx.doi.org/10.14245/kjs.2013.10.1.1
dx.doi.org/10.14245/kjs.2013.10.1.1
dx.doi.org/10.14245/kjs.2013.10.1.1
dx.doi.org/10.14245/kjs.2013.10.1.1
dx.doi.org/10.14245/kjs.2013.10.1.1
dx.doi.org/10.14245/kjs.2013.10.1.1
dx.doi.org/10.14245/kjs.2013.10.1.1
dx.doi.org/10.14245/kjs.2013.10.1.1
dx.doi.org/10.14245/kjs.2013.10.1.1
dx.doi.org/10.1016/j.ijrobp.2011.04.039
dx.doi.org/10.1016/j.ijrobp.2011.04.039
dx.doi.org/10.1016/j.ijrobp.2011.04.039
dx.doi.org/10.1016/j.ijrobp.2011.04.039
dx.doi.org/10.1016/j.ijrobp.2011.04.039
dx.doi.org/10.1016/j.ijrobp.2011.04.039
dx.doi.org/10.1016/j.ijrobp.2011.04.039
dx.doi.org/10.1016/j.ijrobp.2011.04.039
dx.doi.org/10.1016/j.ijrobp.2011.04.039
dx.doi.org/10.1016/j.ijrobp.2011.04.039
dx.doi.org/10.1016/j.ijrobp.2011.04.039
dx.doi.org/10.1016/j.ijrobp.2007.05.025
dx.doi.org/10.1016/j.ijrobp.2007.05.025
dx.doi.org/10.1016/j.ijrobp.2007.05.025
dx.doi.org/10.1016/j.ijrobp.2007.05.025
dx.doi.org/10.1016/j.ijrobp.2007.05.025
dx.doi.org/10.1016/j.ijrobp.2007.05.025
dx.doi.org/10.1016/j.ijrobp.2007.05.025
dx.doi.org/10.1016/j.ijrobp.2007.05.025
dx.doi.org/10.1016/j.ijrobp.2007.05.025
dx.doi.org/10.1016/j.ijrobp.2007.05.025
dx.doi.org/10.1016/j.ijrobp.2007.05.025
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0135
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0135
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0135
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0135
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0135
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0135
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0135
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0135
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0135
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0135
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0135
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0135
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0135
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0135
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0135
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0135
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0135
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0135
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0135
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0135
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0135
dx.doi.org/10.1259/0007-1285-21-249-464
dx.doi.org/10.1259/0007-1285-21-249-464
dx.doi.org/10.1259/0007-1285-21-249-464
dx.doi.org/10.1259/0007-1285-21-249-464
dx.doi.org/10.1259/0007-1285-21-249-464
dx.doi.org/10.1259/0007-1285-21-249-464
dx.doi.org/10.1259/0007-1285-21-249-464
dx.doi.org/10.1259/0007-1285-21-249-464
dx.doi.org/10.1259/0007-1285-21-249-464
dx.doi.org/10.1259/0007-1285-21-249-464
dx.doi.org/10.1259/0007-1285-21-249-464
dx.doi.org/10.1016/j.ijrobp.2010.01.040
dx.doi.org/10.1016/j.ijrobp.2010.01.040
dx.doi.org/10.1016/j.ijrobp.2010.01.040
dx.doi.org/10.1016/j.ijrobp.2010.01.040
dx.doi.org/10.1016/j.ijrobp.2010.01.040
dx.doi.org/10.1016/j.ijrobp.2010.01.040
dx.doi.org/10.1016/j.ijrobp.2010.01.040
dx.doi.org/10.1016/j.ijrobp.2010.01.040
dx.doi.org/10.1016/j.ijrobp.2010.01.040
dx.doi.org/10.1016/j.ijrobp.2010.01.040
dx.doi.org/10.1016/j.ijrobp.2010.01.040
dx.doi.org/10.1016/0360-3016(91)90171-y
dx.doi.org/10.1016/0360-3016(91)90171-y
dx.doi.org/10.1016/0360-3016(91)90171-y
dx.doi.org/10.1016/0360-3016(91)90171-y
dx.doi.org/10.1016/0360-3016(91)90171-y
dx.doi.org/10.1016/0360-3016(91)90171-y
dx.doi.org/10.1016/0360-3016(91)90171-y
dx.doi.org/10.1016/0360-3016(91)90171-y
dx.doi.org/10.1016/0360-3016(91)90171-y
dx.doi.org/10.1016/j.ijrobp.2007.11.075
dx.doi.org/10.1016/j.ijrobp.2007.11.075
dx.doi.org/10.1016/j.ijrobp.2007.11.075
dx.doi.org/10.1016/j.ijrobp.2007.11.075
dx.doi.org/10.1016/j.ijrobp.2007.11.075
dx.doi.org/10.1016/j.ijrobp.2007.11.075
dx.doi.org/10.1016/j.ijrobp.2007.11.075
dx.doi.org/10.1016/j.ijrobp.2007.11.075
dx.doi.org/10.1016/j.ijrobp.2007.11.075
dx.doi.org/10.1016/j.ijrobp.2007.11.075
dx.doi.org/10.1016/j.ijrobp.2007.11.075
dx.doi.org/10.1097/00006123-199807000-00018
dx.doi.org/10.1097/00006123-199807000-00018
dx.doi.org/10.1097/00006123-199807000-00018
dx.doi.org/10.1097/00006123-199807000-00018
dx.doi.org/10.1097/00006123-199807000-00018
dx.doi.org/10.1097/00006123-199807000-00018
dx.doi.org/10.1097/00006123-199807000-00018
dx.doi.org/10.1097/00006123-199807000-00018
dx.doi.org/10.1097/00006123-199807000-00018
dx.doi.org/10.3171/foc.2003.15.5.10
dx.doi.org/10.3171/foc.2003.15.5.10
dx.doi.org/10.3171/foc.2003.15.5.10
dx.doi.org/10.3171/foc.2003.15.5.10
dx.doi.org/10.3171/foc.2003.15.5.10
dx.doi.org/10.3171/foc.2003.15.5.10
dx.doi.org/10.3171/foc.2003.15.5.10
dx.doi.org/10.3171/foc.2003.15.5.10
dx.doi.org/10.3171/foc.2003.15.5.10
dx.doi.org/10.3171/foc.2003.15.5.10
dx.doi.org/10.3171/foc.2003.15.5.10
dx.doi.org/10.1186/1756-0500-7-908
dx.doi.org/10.1186/1756-0500-7-908
dx.doi.org/10.1186/1756-0500-7-908
dx.doi.org/10.1186/1756-0500-7-908
dx.doi.org/10.1186/1756-0500-7-908
dx.doi.org/10.1186/1756-0500-7-908
dx.doi.org/10.1186/1756-0500-7-908
dx.doi.org/10.1186/1756-0500-7-908
dx.doi.org/10.1186/1756-0500-7-908
dx.doi.org/10.1186/1756-0500-7-908
dx.doi.org/10.4103/2152-7806.92170
dx.doi.org/10.4103/2152-7806.92170
dx.doi.org/10.4103/2152-7806.92170
dx.doi.org/10.4103/2152-7806.92170
dx.doi.org/10.4103/2152-7806.92170
dx.doi.org/10.4103/2152-7806.92170
dx.doi.org/10.4103/2152-7806.92170
dx.doi.org/10.4103/2152-7806.92170
dx.doi.org/10.4103/2152-7806.92170
dx.doi.org/10.1179/1743132815y.0000000097
dx.doi.org/10.1179/1743132815y.0000000097
dx.doi.org/10.1179/1743132815y.0000000097
dx.doi.org/10.1179/1743132815y.0000000097
dx.doi.org/10.1179/1743132815y.0000000097
dx.doi.org/10.1179/1743132815y.0000000097
dx.doi.org/10.1179/1743132815y.0000000097
dx.doi.org/10.1179/1743132815y.0000000097
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0185
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0185
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0185
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0185
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0185
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0185
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0185
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0185
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0185
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0185
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0185
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0185
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0185
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0185
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0185
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0185
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0185
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0185
dx.doi.org/10.1227/01.neu.0000093497 81390.29
dx.doi.org/10.1227/01.neu.0000093497 81390.29
dx.doi.org/10.1227/01.neu.0000093497 81390.29
dx.doi.org/10.1227/01.neu.0000093497 81390.29
dx.doi.org/10.1227/01.neu.0000093497 81390.29
dx.doi.org/10.1227/01.neu.0000093497 81390.29
dx.doi.org/10.1227/01.neu.0000093497 81390.29
dx.doi.org/10.1227/01.neu.0000093497 81390.29
dx.doi.org/10.1227/01.neu.0000093497 81390.29
dx.doi.org/10.1227/01.neu.0000093497 81390.29
dx.doi.org/10.1126/science.8493574
dx.doi.org/10.1126/science.8493574
dx.doi.org/10.1126/science.8493574
dx.doi.org/10.1126/science.8493574
dx.doi.org/10.1126/science.8493574
dx.doi.org/10.1126/science.8493574
dx.doi.org/10.1126/science.8493574
dx.doi.org/10.1126/science.8493574
dx.doi.org/10.3171/jns.2003.98.1.0106
dx.doi.org/10.3171/jns.2003.98.1.0106
dx.doi.org/10.3171/jns.2003.98.1.0106
dx.doi.org/10.3171/jns.2003.98.1.0106
dx.doi.org/10.3171/jns.2003.98.1.0106
dx.doi.org/10.3171/jns.2003.98.1.0106
dx.doi.org/10.3171/jns.2003.98.1.0106
dx.doi.org/10.3171/jns.2003.98.1.0106
dx.doi.org/10.3171/jns.2003.98.1.0106
dx.doi.org/10.3171/jns.2003.98.1.0106
dx.doi.org/10.3171/jns.2003.98.1.0106
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0205
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0205
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0205
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0205
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0205
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0205
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0205
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0205
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0205
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0205
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0205
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0205
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0205
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0205
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0205
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0205
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0205
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0205
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0210
dx.doi.org/10.3340/jkns.2012.52.3.221
dx.doi.org/10.3340/jkns.2012.52.3.221
dx.doi.org/10.3340/jkns.2012.52.3.221
dx.doi.org/10.3340/jkns.2012.52.3.221
dx.doi.org/10.3340/jkns.2012.52.3.221
dx.doi.org/10.3340/jkns.2012.52.3.221
dx.doi.org/10.3340/jkns.2012.52.3.221
dx.doi.org/10.3340/jkns.2012.52.3.221
dx.doi.org/10.3340/jkns.2012.52.3.221
dx.doi.org/10.3340/jkns.2012.52.3.221
dx.doi.org/10.3340/jkns.2012.52.3.221
dx.doi.org/10.1227/01.neu.0000359306.74674. c4
dx.doi.org/10.1227/01.neu.0000359306.74674. c4
dx.doi.org/10.1227/01.neu.0000359306.74674. c4
dx.doi.org/10.1227/01.neu.0000359306.74674. c4
dx.doi.org/10.1227/01.neu.0000359306.74674. c4
dx.doi.org/10.1227/01.neu.0000359306.74674. c4
dx.doi.org/10.1227/01.neu.0000359306.74674. c4
dx.doi.org/10.1227/01.neu.0000359306.74674. c4
dx.doi.org/10.1227/01.neu.0000359306.74674. c4
dx.doi.org/10.1227/01.neu.0000359306.74674. c4
dx.doi.org/10.1227/01.neu.0000359306.74674. c4
dx.doi.org/10.1002/cncr.26067
dx.doi.org/10.1002/cncr.26067
dx.doi.org/10.1002/cncr.26067
dx.doi.org/10.1002/cncr.26067
dx.doi.org/10.1002/cncr.26067
dx.doi.org/10.1002/cncr.26067
dx.doi.org/10.1002/cncr.26067
dx.doi.org/10.1002/cncr.26067
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0230
dx.doi.org/10.1159/000099658
dx.doi.org/10.1159/000099658
dx.doi.org/10.1159/000099658
dx.doi.org/10.1159/000099658
dx.doi.org/10.1159/000099658
dx.doi.org/10.1159/000099658
dx.doi.org/10.1159/000099658
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0240
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0240
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0240
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0240
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0240
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0240
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0240
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0240
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0240
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0240
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0240
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0240
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0240
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0240
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0240
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0240
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0240
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0240
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0240
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0240
dx.doi.org/10.1067/mai.2001.119555
dx.doi.org/10.1067/mai.2001.119555
dx.doi.org/10.1067/mai.2001.119555
dx.doi.org/10.1067/mai.2001.119555
dx.doi.org/10.1067/mai.2001.119555
dx.doi.org/10.1067/mai.2001.119555
dx.doi.org/10.1067/mai.2001.119555
dx.doi.org/10.1067/mai.2001.119555
dx.doi.org/10.1067/mai.2001.119555
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0250
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0250
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0250
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0250
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0250
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0250
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0250
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0250
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0250
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0250
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0250
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0250
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0250
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0250
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0250
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0250
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0250
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0250
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0250
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0250
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0250
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0250
dx.doi.org/10.1016/j.ijrobp.2009.04.095
dx.doi.org/10.1016/j.ijrobp.2009.04.095
dx.doi.org/10.1016/j.ijrobp.2009.04.095
dx.doi.org/10.1016/j.ijrobp.2009.04.095
dx.doi.org/10.1016/j.ijrobp.2009.04.095
dx.doi.org/10.1016/j.ijrobp.2009.04.095
dx.doi.org/10.1016/j.ijrobp.2009.04.095
dx.doi.org/10.1016/j.ijrobp.2009.04.095
dx.doi.org/10.1016/j.ijrobp.2009.04.095
dx.doi.org/10.1016/j.ijrobp.2009.04.095
dx.doi.org/10.1016/j.ijrobp.2009.04.095
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0260
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0260
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0260
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0260
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0260
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0260
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0260
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0260
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0260
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0260
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0260
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0260
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0260
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0260
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0260
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0260
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0260
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0260
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0260
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0260
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0260
http://refhub.elsevier.com/S0303-8467(17)30012-4/sbref0260

	Stereotactic radiosurgery versus surgical resection for spinal hemangioblastoma: A systematic review
	1 Introduction
	2 Methods
	2.1 Data source

	3 Results
	3.1 Stereotactic radiosurgery
	3.2 Surgical resection
	3.3 Tumor characteristics and extent of resection
	3.4 Clinical outcomes
	3.5 Post-operative complications
	3.6 Recurrence rates
	3.7 Effects on syringomyelia

	4 Discussion
	5 Conclusion
	Conflict of interest
	Disclosure of funding
	Other disclosures
	Acknowledgements
	Appendix A Supplementary data
	References


