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Objective : Spinal cord hemangioblastomas are rare tumors. Despite their benign, slow-growing nature, they can cause severe neurological conse-
quences. The purpose of this study was to evaluate variable factors, including clinical features, tumor findings, the extent of resection, and its recur-
rence or progression, which determine postoperative functional outcomes.

Methods : This study included sixteen patients at our institute who underwent microsurgical resection for sporadic spinal intramedullary hemangio-
blastomas and spinal intramedullary hemangioblastomas associated with von Hippel-Lindau (VHL) disease, between June 2003 and March 2012.
Results : A total of 30 operations were performed. Total resection (TR) of the tumor was achieved in 10 patients, and subtotal resection (STR) was
achieved in 6. Postoperatively, the initial presenting symptoms were improved in 18.7% of the patients and were unchanged in 56.3%, but 25%
were worse. Stable postoperative neurological functions were found in 83% of patients with preoperative McCormick grade |, and TR was achieved
in 75% of these patients. In the STR group, poorer neurological status was observed in one patient, despite multiple operations. There were no
poorer outcomes in the four cases of VHL disease. Various factors were analyzed, but only a correlation between the pre- and postoperative neuro-
logical status was verified in the TR-group patients.

Conclusion : Preoperative focal neurological impairment and meticulous microsurgical manipulation may be predictors of favorable outcomes for

solitary hemangioblastomas. In addition, the preservation of function is more important than the extent of resection in VHL disease.
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INTRODUCTION

Hemangioblastomas are highly vascular tumors of the central
nervous system®*'"*¥» and may develop in the cerebellum, spi-
nal cord, spinal nerves, brain stem, thalamus and pituitary
Sta1k3’4’l7’19).

Spinal cord hemangioblastomas are relatively rare, account-
ing for only 2% to 6% of all spinal cord tumors'. They are pri-
marily intradural tumors, most frequently localized at the level
of the cervical and thoracic vertebrae*'". On the axial plane, the
epicenters of hemangioblastomas are most commonly found in
the posterior aspect of the spinal cord, in the region of the dor-
sal root entry zone*'.,

Spinal cord hemangioblastomas may occur sporadically or in
association with von Hippel-Lindau (VHL) disease>**'. Where-
as sporadic spinal hemangioblastomas are almost always soli-

tary lesions, VHL disease is an autosomal dominant hereditary
disease that causes lesions in the central nervous system, in-
cluding the cerebellum, brain stem and retina, as well as tumors
in other organs, such as the kidneys, pancreas, adrenal glands,
paraganglia and epididymis*®'*!7. The association between spi-
nal cord hemangioblastomas and VHL disease is strong'" : ap-
proximately 20% to 45% of patients with spinal hemangioblas-
tomas have VHL disease®'".

Although spinal cord hemangioblastomas have benign fea-
tures, such as those associated with a World Health Organiza-
tion (WHO) grade I classification, and classically following a
slow-growing course'®), they may cause severe neurological con-
sequences through a mass effect by intramedullary lesions'*17).
However, a predictor of functional outcomes and the optimal
treatment strategy for spinal cord hemangioblastomas are not
yet fully clarified in the literature. Sporadic tumors are usually
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symptomatic at diagnosis, and these should be surgically re-
moved'). However, the decision about whether to operate or
only observe is less clear in patients who have VHL disease with
multiple spinal cord lesions®'>'7.

In this study, we reviewed our experiences with 16 patients and
retrospectively analyzed the clinical and radiological findings,
neurological status, surgical treatments, and postoperative out-
comes. The aim of this study was to determine whether there was
a correlation between preoperative neurological status and post-
operative functional outcomes, and to evaluate the efficacy of the
treatment strategy. To predict postoperative functional outcomes,
we investigated variable factors, including clinical features, tumor
findings, the extent of surgical removal, and the recurrence or
progression of the disease.

MATERIALS AND METHODS

Between June 2003 and March 2012, 16 patients underwent
microsurgical treatment for spinal cord hemangioblastomas at
our institute, and their medical records and radiologic studies

S

S

Fig. 1. Case 5. Preoperative MRI : T2-weighted sagittal image (A) showing a hyperintense lesion
with spinal cord swelling from C2 to T1. Gadolinium-enhanced T1 sagittal image (B) revealing a het-
erogeneous well enhancing mass at the C3-4 spinal cord level. Preoperative angiography (C) show-
ing a hypervascular intramedullary mass at the C3 level fed by the posterior spinal and Lt ascend-
ing cervical artery. Postoperative MRI : enhanced T1 sagittal image (D) showing no residual

enhanced mass and nearly disappeared cervical cord swelling.

were analyzed retrospectively. Nine patients were new cases and
seven patients had a recurrence or progression of residual lesions.

All patients had magnetic resonance imaging (MRI) taken
pre- and postoperatively (Fig. 1A, B, D, 2). A routine evaluation
for VHL was performed on all patients, including a family his-
tory, abdominal and cranial imaging studies and an ophthal-
mological examination. A preoperative angiography (Fig. 1C)
was performed in 10 cases, and preoperative embolization was
performed in three.

All patients underwent surgical removal using the posterior ap-
proach, and were classified into total resection (TR) and subtotal
resection (STR) groups. TR is defined as complete removal of the
tumor by intraoperative microsurgical findings and postopera-
tive MRI The neurological status and functional outcomes of the
patients were evaluated preoperatively, at discharge and at the last
follow-up, according to the functional scale described by McCor-
mick et al.'”? (Table 1). SPSS 19.0 (SPSS, Chicago, IL, USA) was
used for statistical analysis. The non-parametric test was calculat-
ed by Mann-Whitney’s U test or Spearmans method. A p value of
<0.05 was considered to be statistically significant.

RESULTS

Clinical features and radiological
findings

The clinical features and radiological
findings are summarized in Table 2. Of
the 16 patients, ranging in age from 23
to 81 years (mean age, 45.2 years), 12
were male and four were female. Four
patients fulfilled the criteria for VHL
disease. The mean follow-up duration
was 90 months (range, 4 to 290 months).
The most common presenting symp-
toms on admission were motor weak-
ness (n=8) and pain or paresthesia of the
limbs (n==8). Preoperatively, eight pa-

gittal image (A) showing multiple variably sized, well-enhanced subpial nodules at the first operation site.
Sequentially enhanced T1 sagittal image (B) revealing the recurrent lesion at the level of T11. Postoperative enhanced T1 sagittal image (C) showing the
presence of small residual nodules. Contrast-enhanced brain sagittal image (D) showing asymptomatic cervical lesions. Image of the tumor increasing
in size and becoming symptomatic (E). Postoperative enhanced T1-weighted image (F) showing no residual tumor at the operation site.
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tients (50%) showed mild focal sensory changes and were classi-
fied as McCormick grade 1. Five patients (31.3%) were classified
as grade II, two (12.5%) as grade II1, and one as grade IV. Because
the mean duration between the initial symptom and admission
was 36.8 months (range, 1 day to 120 months), clinical progres-
sion was relatively slow.

The spinal cord hemangioblastomas showed a strong homoge-
neous enhancement on the T1-weighted MRI images (WI) with
gadolinium administration and hyper-intensity with surrounding
edema, cysts or syrinxes on T2-WI. The tumors were located in
the cervical spine in 5 patients, the thoracic spine in 3 patients, the
cervico-thoracic junction in 2 patients, and the thoraco-lumbar
junction in 2 patients, with multiple lesions in 4 cases. The mean
tumor size was 22.5 mm (range, 9.6 mm to 78.6 mm), excluding
the four VHL cases with multiple spinal lesions. Cystic compo-
nents, including syrinxes and cysts, were observed in 13 cases
(81.3%), and peritumoral edema was observed in all patients.

Table 1. McCormick functional classification scale

Surgical Outcome of Spinal Cord Hemangioblastomas | CH Park, et al.

Surgical results

All hemangioblastomas were located on the dorsal or dorso-
lateral surface of the spinal cord and were removed using the
posterior approach. A total of 30 operations were performed on
the 16 patients (Table 3).

Total resection of the tumor was achieved in 10 patients
(62.5%), and nine were sporadic spinal hemangioblastomas.
STR of the tumor was performed in 6 patients (37.5%), three of
whom had VHL disease. Recurrence after total resection or
progression of the residual mass after STR was observed in
eight patients, who underwent a total of 22 operations (mean,
2.8 operations per person). Three patients (cases 8, 11, and 15)
in the TR group (n=10) had recurrences, and 5 patients (cases
9, 10, 13, 14, and 16) in the STR group (n=6) had progression
of the residual tumor and also showed progression of motor
deficits. All patients who had recurrent or progressive lesions
underwent a second operation. After the second surgery, the

Grade Definition

I Neurologically normal, mild focal deficit not significantly affecting the function of the involved limb, mild spasticity or reflex
abnormality, normal gait

I Presence of a sensorimotor deficit affecting the function of the involved limb, mild to moderate gait difficulty, severe pain due to
dysesthetic syndrome impairing the patient’s quality of life, ability to function and ambulate independently

III More severe neurological deficit, requires a cane/brace for ambulation or has a significant bilateral upper extremity impairment,
may or may not function independently

% Severe deficit, requires wheelchair or cane/brace, has bilateral upper extremity impairment, usually cannot function independently

Table 2. Clinical and radiological features of the 16 cases

Gender/ Duration

Patient . Tumor . Follow-u; .
No. ( ;:f:s) Presenting symptoms (;,);Sr};) location t(l::rlr?)r Syrinx (mon thsﬁ) VHL disease
1 F/81  Gait disturbance 1 T6-7 20 N 7 N
2 M/27  Neck pain and Rt-side paresthesia 2 C3 10.89 Y 91 N
3 M/36 Rt UE paresthesia & hypoesthesia 5 Co6 20 Y 22 N
4 M/74  Rt-side hypoesthesia & paresthesia 2 C1-2 46 Y 33 N
5 M/34 Rt UE paresthesia 8 C3-4 13 Y 15 N
6 M/23  LBP 2 T10-L1 78.6 N 6 N
7 M/41  Tingling sensation in both UEs lday C7-T1 9.6 Y 4 N
8 F/44  RtLE paresthesia & monoparesis 10 T7 10 Y 128 N
9 M/45  Neck pain 1 C6-T1 20 Y 227 N
10 M/63 Lt hemiparesis 2 T2 12 Y 27 N
11 F/73 Rt UE monoparesis 2 C5-6 15 Y 290 N
12 M/57  LBP and Lt LE paresthesia I month L1-2 15 N 25 N
13 M/27  LBP and paraparesis 1 C2,C3,C7, Multiple Y 120 Cerebellum, medulla oblongata and
T2, T3, T4, multiple cysts in the kidney and
T5,T7 pancreas, angiomas in both retina
14 M/23  Paraparesis and gait disturbance 2 T8-T10, Multiple Y 139 Cerebellum, multiple cysts in the
T12 kidney and pancreas, retinal angioma
15 M/50  Paraparesis and Rt paresthesia 3 C1-5,T3-4, Multiple Y 203 Medullar oblongata, RCC
T10-12
16 F/25  Paraparesis and gait disturbance 8 C3-4, Multiple Y 105  Cerebellum, multiple pancreatic cysts
T9-11,L1-2 or cystic neoplasms

No : number, M : male, F : female, Rt : right, Lt : left, Sx : symptoms, VHL : von Hippel-Lindau, LBP : low back pain, UE : upper extremity, C : cervical, T : thoracic, L :

lumbar, Y : present, N : absent, RCC : renal cell carcinoma
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Table 3. Surgical results of the spinal cord hemangioblastomas

Patient  Pre-op Pre-op : : No. of Functional scale
No.  angiography embolization SN o operations Recurrence Pre-op Post-op  Last follow-up
1 N N TR 1 N I 1 I
2 Y N TR 1 N I I I
3 Y N TR 1 N I I I
4 Y N TR 1 N I I I
5 Y N TR 1 N I I I
6 Y N TR 1 N I I I
7 N N TR 1 N I 11 I
8 Y N TR/TR 2 Y 1I I I
9 Y Y STR/TR/TR 3 Y I I I
10 N N STR/TR 2 Y I I 1I
11 N N TR/TR 2 Y 1I v I
12 N N STR 1 NC I I I
13 N N STR/STR 2 Y III I I
14 Y Y STR/TR/STR/TR 4 Y II 1II II
15 Y Y o shunt fo;fngR 3 Y v I I
16 Y N STR/TR/TR/TR 4 Y III I I

Functional scale according to the McCormick classification (Table 1). No : number, Y : present, N : absent, NC : no interval change, TR : total resection, STR : subtotal

resection, SS shunt : syringo-subarachnoid shunt, RT : radiation therapy

Table 4. Comparative analysis of the postoperative functional outcomes

At the last follow-up

p-value
Improved or unchanged ~ Aggravated
TR (n=10) 7 3 0.582
STR (n=6) 5 1

TR : total resection, STR : subtotal resection

Table 5. Distributional analysis of preoperative McCormick grade

ﬁ,lflrcet?(g:f ;:de TR (n=10) STR (n=6) Total cases (n=16)
I (n=8) 6 2 8
II (n=5) 3 2 5
I (n=2) 0 2 2
IV (n=1) 1 0 1

TR : total resection, STR : subtotal resection

tumor recurred or progressed again in 3 patients (cases 9, 14,
and 16). All four VHL patients (cases 13, 14, 15, and 16) had tu-
mor progression and underwent serial surgeries. A syringo-
subarachnoid shunt with postoperative radiation therapy was
performed on one patient (case 15), but the tumor progressed
with neurological deterioration. The lesion was completely re-
moved in the second operation, but recurred again after 9
years. Another operation was performed, and neurological sta-
tus improved postoperatively; however, the patient died due to
an aggravated renal cell carcinoma.

Functional outcomes
At the final follow-up, the initial presenting symptoms had
markedly improved in 3 patients (18.7%, cases 8, 13, and 15).

There was no change in the neurological status of 9 patients
(56.3%), but 4 patients (25%, cases 1, 3, 9, and 11) were worse.
The extent of resection made no statistical difference in postop-
erative functional outcomes (Table 4).

In the TR group (n=10), six patients were classified as Mc-
Cormick grade I, and three were classified as grade II (Table 5).
At the final follow-up, seven patients had an improved or un-
changed neurological status, but the remaining three patients
(cases 1, 3, and 11) exhibited greater motor deficits (Table 4).
Two of these three patients were preoperative McCormick
grade II (Table 3). The statistical analysis revealed a notable ten-
dency for the postoperative functional grade in the TR-group
patients to be correlated with the preoperative neurological sta-
tus (rho 0.718, p<0.019). A statistical trend was observed be-
tween the patients’ age in the TR group and the postoperative
functional outcomes; however, the size of the tumor, the dura-
tion of symptoms, the incidence of recurrence, the number of
operations, and presence of syrinx did not affect the postopera-
tive functional outcomes (Table 6).

Despite the multiple operations in the STR group (n=6), a
poorer neurological status was only observed in one patient with
a sporadic lesion (case 9), and the other patients had either im-
proved or had an unchanged functional status at the last follow-
up (Table 4). Before the surgery, three patients with VHL dis-
ease had a mild to moderate degree of motor weakness, and of
the three sporadic hemangioblastoma cases, two were McCor-
mick grade I, and one was grade II (Table 3). The extent of re-
section (TR or STR) was correlated with recurrent lesions or tu-
mor progression (Table 7), but the presence of recurrence, the
progression of the lesion and the number of repeated surgeries
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were not associated with surgical functional outcomes in the
STR group.

In the cases with recurrence or progressive disease (n=8),
three patients remained stable and three cases recovered to a
better status during the follow-up period. In addition, there was
neither postoperative aggravation nor a poorer functional out-
come in the patients with VHL disease who experienced recur-
rence (Table 8).

Some of our cases exhibited immediate postoperative function-
al outcomes that were different from the final follow-up results.
In nine patients, the functional outcomes at the final follow-up
were unchanged compared with the preoperative neurological
status. However, the motor function of 4 patients (cases 2, 6, 7,
and 14) worsened in the immediate postoperative period, but
gradually improved to that of the preoperative period through
active rehabilitation.

Three patients over 70 years of age underwent TR. Two of the
patients (cases 1 and 11) were grade II preoperatively, and one
was grade I. The motor dysfunctions in two patients worsened to
McCormick grade IIT or IV in the immediate postoperative peri-
od, and these patients could not walk independently. Thus, active
rehabilitation was not successful in older patients, and their func-
tional outcomes were not improved at the final follow-up.

Comparison between sporadic lesions and VHL disease

This study showed the differences between sporadic heman-
gioblastomas and VHL disease-related hemangioblastomas,
which are summarized in Table 8. The mean age of symptom
onset in patients with VHL disease was 31.3 years, in the fourth
decade of life, and the mean duration between the initial symp-
tom and admission was 42 months. There were no patients who
were preoperative McCormick grade I, and the four VHL pa-
tients suffered from mild to moderate paresis. The preoperative
motor dysfunctions of the patients gradually worsened, and
VHL disease was diagnosed after the initial evaluation. Cere-
bellar lesions (n=3) and multiple cysts in the kidney (n=3) and
pancreas (n=3) were commonly found
in this study.

Surgical Outcome of Spinal Cord Hemangioblastomas | CH Park, et al.

proved postoperatively in 2 VHL patients, and the other two pa-
tients experienced unchanged functional outcomes.

Due to the small number of VHL disease cases, it was not sta-
tistically validated that a patient’s age, preoperative neurological
status, tumor location and size, presence of a syrinx or progres-
sive lesions or the number of resected tumors were correlated
with postoperative functional outcomes.

DISCUSSION

Principles of surgical resection

Generally, spinal cord hemangioblastomas are encapsulated,
non-infiltrative tumors™'*'¥, and total removal is therefore fea-
sible in most cases. However, the capsule of the tumor is fragile,
and violation of the capsule can induce massive intraoperative
bleeding!®'®). Poor delineation of the feeding arteries and drain-
ing veins may also lead to profuse intraoperative bleeding®.

Table 6. Analysis of factors affecting favorable postoperative functional
outcomes in TR groups

Factor p-value
Age at surgery 0.082**
Size of tumor 0.508
Duration of symptoms 0.760
Preoperative McCormick grade 0.019*
Recurrence 0.209
Number of operations 0.165
Presence of syrinx 0.680

*Statistically significant difference, **Statistical trend. TR : total resection

Table 7. Correlation of recurrence or progression with the extent of re-
section

No interval Recurrence or
. p-value
change progression
TR (n=10) 7 3 0.041
STR (n=6) 1 5

TR : total resection, STR : subtotal resection

Table 8. Comparison between sporadic and VHL-related hemangioblastomas

Total resection was achieved in only Sporadiclesions ~ VHL disease Total cases
one case, with the remaining three pa- (n=12) ) =)
tients undergoing a subtotal resection. Mean age (years) 498 313 452
After the operations, the progression of Gender predominance M:F=9:3 M:F=3:1 M:F=12:4
the residual tumors and neurological Mean duration (months) 348 42 36.8
deterioration were noted. There were Preoperative McCormick grade
relapses of the tumors in all four VHL [(n=8) 8
patients, and all of these patients un- IL L IV (n=8) 4
derwent subsequent operations, with Functional outcomes at last follow-up
an average of 3.25 operations each. Improved and stationary (n=12) 8 4 12

Notably, there was neither postopera- Worsened (n=4) 4
tive aggravation nor a poorer functional Extent of resection
outcome in the VHL patients with recur- Total resection 9 1 10
rence, despite the repeated surgeries. Subtotal resection 3 3 6

Paraparesis or gait disturbance was im-

M : male, F : female, VHL : von Hippel-Lindau
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Thus, a thorough understanding of the angio-architecture and a
meticulous microsurgical technique are required to achieve to-
tal resection. In our experience of failed total resections, massive
intraoperative bleeding obscured the surgical field and increased
the risk of indiscriminate coagulation of the undefined vessel for
hemostasis. Consequently, disruption of the draining veins be-
fore identifying the tumor feeders led to more copious bleeding.
Aggressive dissection and coagulation in the blurred margin of
the tumor induced neural tissue damage or neurological deteri-
orations postoperatively. Hence, a small lesion remained adja-
cent to the vessels after the cautious control of bleeding.

From this perspective, preoperative angiography is mandato-
ry for the identification of the tumors feeders and the drain-
ers"®. We performed 10 cases of preoperative angiography;,
which was helpful for identifying the feeders and drainers in
the surgical field. Furthermore, to reduce the risk of bleeding,
the feeding artery should be dissected carefully before coagula-
tion of the draining vein is performed.

When possible, preoperative tumor embolization is also use-
ful for reducing intraoperative bleeding®. In our experiences
with three patients, embolized tumors were more easily dissect-
ed, and intraoperative bleeding was much less than expected.

Predictors of postoperative neurological outcomes

According to the literature, preoperatively paretic patients
have a tendency toward postoperative neurological deteriora-
tion compared with asymptomatic patients>'*'*!. These stud-
ies demonstrated that the functional outcomes at the final fol-
low-up strongly correlated with the preoperative neurological
status'®'?). In addition, several authors reported favorable out-
comes after total tumor resection">'"). Our experience of total
resection of solitary hemangioblastomas revealed a similar ten-
dency for the postoperative functional outcome to correlate
with the preoperative neurological status.

In the TR group, 83% of the patients who had preoperative
focal neurological deficits of McCormick grade I showed stable
neurological functions after removal of the tumor. Of those pa-
tients with aggravated postoperative functional outcomes, 66%
had a preoperative motor weakness of McCormick grade II. In-
terestingly; total resection was more common in those patients
who only had a focal neurological deficit of McCormick grade
I, and 75% of the patients who were preoperative McCormick
grade I underwent total resection of the tumors. Accordingly,
we assume that preoperative functional status is a predictor of
the postoperative neurological outcome, and total resection may
be feasible in patients who have focal neurological deficits or
who are in the early stage of the natural disease course. There-
fore, surgery may provide favorable neurological outcomes in
patients with initial mild neurological deficits who are candi-
dates for total resection. Many factors, including tumor charac-
teristics, duration of symptoms, the presence of recurrence, and
the number of surgeries were considered to be predictors of
postoperative outcomes, but no further interrelationship with

the functional outcomes was shown in our experiences of spo-
radic hemangioblastomas.

However, the small sample size with a consequent lack of sta-
tistical significance was a limitation of our study. In addition,
whether or not a motor deficit suggests the progressive status of
an intramedullary hemangioblastoma is still unclear. This as-
sumption is also only applicable to patients who undergo TR
and have sporadic hemangioblastomas and not to those who
have VHL disease.

The predictors of the surgical outcome were uncertain in the
STR group. This study demonstrated that there was no statisti-
cal difference in postoperative function by subtotal resection,
the presence of recurrence or progression and repeated surger-
ies. Recurrence or tumor progression was more common in the
STR group than in the TR group, but the functional outcomes
of the STR group at the last follow-up were not inferior to those
of the TR group. Despite repeated surgeries, the rate of neuro-
logical deterioration was actually lower in the STR group.

We assume that an aggressive surgical resection to achieve TR
may inversely cause postoperative neurological deterioration,
and the reason for favorable results in the STR group may be
the residual lesions, which were left behind with the intention
of avoiding neural tissue damage.

Therefore, we can postulate that preoperative mild neurologi-
cal deficit and fastidious microsurgical manipulation of the
neural tissue are associated with favorable outcomes for solitary
hemangioblastomas. Moreover, our study showed that age over
70 years deserved much consideration as a predisposing factor
for a poor functional outcome.

To clarify the predictors of postoperative outcomes, further
studies should be performed on a larger scale.

Considerations in VHL disease

Despite the similarity in the clinical, biological, and histologi-
cal features between sporadic hemangioblastomas and those as-
sociated with VHL disease, definite differences with respect to
the average age at presentation, the number of tumors and the
treatment strategy are demonstrated in this study, in conjunc-
tion with the literature®'". The mean age of symptom onset was
younger, and the duration of symptoms was longer in VHL dis-
ease-related hemangioblastoma patients when compared with
patients having sporadic ones.

Our experience demonstrated that all spinal cord hemangio-
blastomas associated with VHL disease were recurrent or pro-
gressive. The initial presenting symptoms were shown as a more
severe degree of weakness, but there was no poorer postopera-
tive functional outcome at the final follow-up. Previously, Kan-
no et al.” reported similar results, with functional outcomes in
most surgical cases of symptomatic VHL disease remaining un-
changed or showing improvements after the operation.

In our experience, VHL disease showed a trend in which the
preoperative neurological status was not correlated with the
surgical outcome, unlike sporadic spinal hemangioblastoma in

226



the TR group. Although several retrospective studies of VHL
disease have indicated that preoperative neurological function,
the presence of a ventral or ventro-lateral lesion, tumor size, age
of onset, the presence of a syrinx, and the number of resected
tumors are predictors of outcome**'*'?), these factors were not
verified in this study.

As the goal of surgery in spinal hemangioblastomas associated
with VHL disease is symptomatic palliation, aggressive surgical
resection of the lesions should be avoided. Because there is cur-
rently no curative treatment for VHL disease, the preservation of
motor function is more important than the extent of resection.

CONCLUSION

We advocate the total resection of solitary spinal cord heman-
gioblastomas because surgery is the only effective treatment
modality for this condition, especially in sporadic cases. This
study indicates that postoperative functional outcomes reflect
preoperative neurological deficits in totally resected hemangio-
blastomas. However, there is no correlation between postopera-
tive functional outcomes and other variable factors, including
tumor size or location, the extent of resection, the recurrence or
progression of the lesion and the number of repeated surgeries.

Therefore, we conclude that preoperative focal neurological
deficits and meticulous microsurgical manipulation of neural
structures may be the predictors of favorable outcomes of soli-
tary spinal cord hemangioblastomas. In addition, a non-aggres-
sive surgical approach is the optimal strategy to preserve the
neurological function in spinal cord hemangioblastomas asso-
ciated with VHL disease.
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