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14.1 Introduction and Demographics

Hemangioblastomas are histologically benign but highly vascular tumors of the
central nervous system (CNS) that can be either sporadic in nature, or in association
with von Hippel-Lindau (VHL) syndrome. If VHL is present, the lesions can be
multiple and distributed throughout the CNS. A recent meta-analysis of the avail-
able literature found that 60% of hemangioblastomas are sporadic in nature and
40% are associated with VHL [1].

Hemangioblastomas are classified as Grade I tumors according to the World
Health Organization classification system [2, 3]. The most common location of
occurrence is the posterior fossa [4], followed by the spinal cord [5]. Spinal cord
hemangioblastoma is rare, accounting for only 2—6% of overall spinal cord tumors;
however, they are the third most common primary spinal cord tumor following
astrocytoma and ependymoma [6—10].

Spinal hemangioblastoma has been shown to have a male predominance with male-
to-female ratios ranging from 1.6:1 to 5:1 in the literature [1, 10, 11]. Patients with
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sporadic hemangioblastoma typically present in the fourth decade of life, and those with
VHL-associated hemangioblastoma present in the third decade of life [1, 10-12]. Spinal
hemangioblastoma is most commonly found in the dorsum of the cervical spine, fol-
lowed by the thoracic spine, and—more rarely—the lumbar spine [3, 9, 12-14]. This
pattern is likely due to the distribution and quantity of embryonic precursor cells [15—
17]. Some reports have shown that spinal hemangioblastomas associated with VHL
have a tendency to be present in the caudal spine, compared with sporadic hemangio-
blastomas [14].

14.2 Histopathology

All cases of VHL-associated hemangioblastoma—and about 50% of sporadic tumors
[14, 18, 19]—are due to a malfunction of a tumor suppressor gene: VHL. This gene is
located on chromosome 3p25-p26 and encodes pVHL, a protein that helps contribute to
the formation of the ubiquitin ligase complex that downregulates hypoxia-induced
growth factor (HIF-1). HIF-1 is a transcription factor that modulates the expression of
growth factors, such as vascular endothelial growth factor, erythropoietin growth factor,
and numerous other growth factors [20]. Some sporadic cases have been attributed to
gain-of-function mutations of HIF-1 [21]. The above pathophysiology helps explain the
polycythemia encountered in 10% of the patients with VHL.

Microscopically, these histologically benign lesions are composed of a vascular
plexus surrounded by stromal cells, which have been shown to be the neoplastic cell
of origin [19, 22].

Macroscopically, these tumors are well circumscribed and often in close proximity
to the wall of a cyst. They are beefy red in appearance due to their vascular nature and
are in striking contrast to their surrounding neural tissue. Lonser et al. [23] has shown
that convective extravasation of plasma from the hemangioblastoma is the cause of the
edema and subsequent cystic structures associated with these tumors.

14.3 Clinical Presentation

The clinical presentation of spinal cord hemangioblastoma is dependent on the size
and location of the tumor, and its effect on the spinal cord by direct growth of the
tumor, edema, or an associated cyst or syrinx. The symptoms often include motor
weakness in the form of hemiparesis, quadraparesis, or paraparesis at presentation.
Sensory abnormalities and pain are often present and related to the dermatomes
associated with the tumor or associated cyst and syrinx.

The presentation of patients with these tumors is often delayed due to their slow
growth rate and indolent progression to clinical symptomatology [9]. Occasionally,
asymptomatic patients have spinal hemangioblastoma lesions incidentally discov-
ered on medical imaging.

The most devastating sequela of hemangioblastomas is hemorrhage and acute
motor paresis [10], which can result secondary to bleeding from a spinal

karnautovic@semmes-murphey.com



14 Spinal Cord Hemangioblastomas 245

hemangioblastoma. Additionally, lumbago, radiculopathy, and headache can occur
due to subarachnoid hemorrhage secondary to this rare event [5, 24].

14.4 Von Hippel-Lindau Disease Considerations

Itis estimated that 10-40% of patients with hemangioblastomas harbor the genetic
abnormalities of VHL disease [15]. The manifestations of VHL can include
hemangioblastomas of the CNS and retina, endolymphatic sac tumors, pheochro-
mocytomas, epididymal cystadenomas, and visceral cysts that commonly involve
the kidneys and pancreas and are at increased risk for malignant transformation
into carcinoma [25]. VHL is related to a germline mutation on the short arm of
chromosome 3 (3p25.3) that is responsible for a tumor suppression gene inherited
in an autosomal dominant fashion [26, 27]. Erythropoietin and vascular endothe-
lial growth factor (VEGF) have been shown to be upregulated in hemangioblasto-
mas and are likely related to the pathogenesis of these tumors [28]. Sporadic
hemangioblastoma can also be associated with de novo mutations of the VHL
gene [17].

The criteria for diagnosis of VHL are a positive family history and the presence
of concomitant hemangioblastomas, or—in the absence of a family history—?2
hemangioblastomas of the CNS, or 1 hemangioblastoma of the CNS and 1 of the
following tumors: renal cell carcinoma, visceral cyst, pheochromocytoma, or a
definitive mutation found in the VHL gene [4, 18]. It is recommended that all
patients with spinal hemangioblastoma have undergo screening for VHL, which
often includes entire neuraxis imaging, dedicated abdominal imaging, and fundo-
scopic eye examinations [3].

Most recommendations in the literature advocates only to operate on symptom-
atic VHL patients; however, some authors advocate for resection of asymptomatic
lesions, which have shown progression and growth with impending neurological
sequelae [18]. No study has shown a difference in outcome following surgical
resection between VHL -associated and sporadic hemangioblastoma [29, 30].
However, since there is currently no curative treatment for VHL, a strategy of
symptomatic palliation is followed and aggressive surgical resection of the lesions
should be avoided as the extent of resection is less important than preservation of
motor function [31].

14.5 Radiologic Presentation

Magnetic resonance imaging (MRI) remains the most important diagnostic tool for
hemangioblastomas (Figs. 14.1 and 14.2). The tumor nodule is hypointense on T2
weighted images. It enhances, homogenously or at times inhomogeneously after
contrast application. Usually, there is associated cyst that has the cerebrospinal fluid
(CSF) density. Finally, associated spinal cord syrinx may extend rostrally well
beyond the location of the tumor nodule.
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Fig. 14.1 Medulla oblongata/brain stem hemangioblastoma (Patient 1: VHL disease, female
patient operated by the senior author, KIA) [57]. (a) Preoperative MRI of brain. (b) Sagittal pre-
contrast T1- weighted MRI showing medulla oblongata cyst. (c) Sagittal post-contrast T1-weighted
MRI showing enhancing nodule. (d) Coronal post-contrast T1-weighted MRI showing enhancing
nodule and adjacent cyst. (e) Axial T2-weighted MRI showing medullae oblongata cyst

We always obtain plain X-rays in anterior-posterior, lateral, flexion and exten-
sion to evaluate spinal alignment and stability for preoperative surgical planning.

14.6 Surgical Management
Due to the slow growth rate and benign characteristics of hemangioblastomas,

asymptomatic patients with spinal hemangioblastoma may be observed ini-
tially— especially in the setting of VHL—in order to avoid an excessive number
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Fig. 14.2 Thoracic spinal cord hemangioblastoma (Patient 2: non-VHL disease, male patient oper-
ated by the senior author, KIA) [58]. (a) Preoperative MRI of spine. (b) T2-weighted sagittal MRI
showing holocord spinal syrinx (above the lesion) and hypointense spinal cord hemangioblastoma at
T11 surrounded by cyst. (¢) T1 post-contrast sagittal MRI showing enhancing tumor nodule. (d)
T2-weighted axial scan showing a tumor nodule. (e) T1 post-contrast axial MRI showing an enhanc-
ing tumor nodule. (f) Sagittal T2-weighted MRI showing syrinx extension to the brain stem

of surgical interventions [3, 17, 24]. Sporadic tumors not associated with VHL
are curable by complete surgical excision, and are often present with symptoms
that necessitate surgery. The current National Comprehensive Cancer
Network guidelines suggest that primary spinal tumors undergo observation if
they are asymptomatic, and undergo microsurgical resection if symptomatic [3,
18, 21, 32].

The goal of surgical treatment is complete removal of the tumor. Treatment of an
associated cyst is usually not necessary as most improve with time with removal of
the tumor [9, 33, 34]. The associated cystic cavity collapses upon nodule resection
and pial opening. Additionally, associated edema and cord swelling usually resolves
with time, following complete surgical excision [1]. The approach is often depen-
dent upon the location of the tumor within the spinal canal. The posterior midline
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approach with spinal laminectomy (or laminoplasty) and complete resection of the
tumor is the most common and recommended approach [30].

The resection of a spinal hemangioblastoma should follow several surgical
principles:

e Avoid entering the tumor nodule and causing significant hemorrhage

¢ Keep manipulation of neural tissue at a minimum and avoid any spinal vascula-
ture not involved with the tumor nodule

e Use circumferential dissection in the plane between the tumor nodule and gliotic
spinal cord

e Look for the junction of normal glistening white spinal cord pia and the sunset
orange-yellow pia of the hemangioblastoma nodule with the microsurgical open-
ing of the pia

e Treat the tumor like an arteriovenous malformation with low intensity bipolar
coagulation of afferent vessels leading to the tumor nodule, and coagulate ves-
sels close to the tumor in order to avoid damage to the spinal cord; coagulate the
efferent veins last

e Shrink the nodule (if necessary) with low intensity coagulation

Due to the vast majority of spinal cord hemangioblastomas being located in the
dorsum of the spinal cord, we describe our posterior approach to these tumors.
Those tumors located anterior to the dentate ligament may be approached using an
anterior or anterolateral approach.

Our surgical technique (senior author, KIA) (Figs. 14.3 and 14.4) involves prone
positioning of the patient with laminectomies performed to provide exposure about
1-2 cm above and below the tumor. If tumor location involves cervical-thoracic or cer-
vicolumbar junction, posterior sublimation should be considered. In younger patients
and/or patients with tumor spanning several levels, laminoplasty should be consid-
ered. Ultrasound may be used to distinguish the tumor location once laminectomies are
performed to aid in determining if further removal of the bone is needed. Bleeding from
the edges of the bone laminectomy is easily controlled using Gelfoam Powder (Pfizer,
New York, NY). We utilize Yasargil bipolar forceps with different, progressive lengths
and different tip sizes which we use commensurate with intraoperative distances and
surgical situation. Also, we use Yasargil controlled suctions of different sizes, where we
can dial the strength of the suction according to intraoperative needs. Micro scissors of
different sizes, straight and curved, with blunt and sharp tips in different lengths are used
according to intraoperative situation and tactic.

The dura is incised in the midline with care to preserve the arachnoid plane.
Retaining sutures are then placed to fasten the dura to surrounding soft tissues. The
arachnoid membrane is opened (Figs. 14.3a and 14.4a) and retained to the dura
using Ligaclips (Ethicon US, LLC, Somerville, NJ). An operative microscope is
used to identify and dissect the hemangioblastoma nodule and free it from the sup-
plying vessels. It is not necessary to enter the cyst cavity, if one is present, as com-
plete tumor removal will eliminate and collapse the syrinx cavity.

The vasculature (perforators) that abuts the tumor margin is coagulated at low
intensity with bipolar cautery; bipolar power is usually at 20-25 watts (Figs. 14.3b
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Fig. 14.3 Intraoperative microsurgical pictures of Patient 1 [57]. (a) Opening of arachnoid mem-
brane. (b) De-vascularization of tumor nodule by coagulation of arterial feeders and division of the
“sunset orange” pia of the nodule from white, “glistening” pia of the medulla. (¢) Final coagulation
of the tumor nodule draining vein before its division and delivery of the nodule. (d) Postoperative
view of medulla oblongata after tumor nodule resection

and 14.4¢). Care is taken to avoid violating the tumor capsule as this could cause
unexpected bleeding. The pia is incised at the tumor margin to identify the gliotic
plane between the tumor nodule and the spinal cord. There is often the clear
margin between the white, glistening pia of the normal spinal cord and the
orange-yellow pia of the tumor nodule. The pia is opened right at the junction
between the 2.

The nodule is then circumferentially dissected using bipolar forceps and micro
scissors to coagulate and divide the arterial feeder vessels that enter the tumor nod-
ule. The draining vein of the nodule is kept intact until the very end, much like
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Fig. 14.4 Intraoperative microsurgical pictures of Patient 2 [58]. (a) Dura is opened. Arachnoid
membrane tacked up to the dura with small Ligaclips. (b) Midline myelotomy below the tumor
nodule with draining of the adjacent cyst. (¢) Coagulation and division of arterial feeders to the
nodule. (d) Delivery of the tumor nodule after coagulating and dividing the draining vein. (e)
Spinal cord after tumor resection

resection of an arteriovenous malformation (Figs. 14.3c and 14.4c—d). Dynamic
retraction can be performed by gentle use of the suction accompanied by microcot-
ton pledgets as needed. Sensory nerve rootlets embedded in the tumor may be
incised at thoracic levels; however, every effort should be made to preserve all neu-
ral tissue. Hemostasis is obtained using bipolar cautery (Figs. 14.3d and 14.4e).
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The dura is closed in a simple running continuous watertight fashion and the
remainder of the wound is closed in the standard fashion. We use a layer of fat tissue
harvested from abdominal site at the beginning of surgery to cover the dura, obliter-
ate any remaining “dead space,” and avoid cerebrospinal fluid leak or pseudomenin-
gocele formation [7]. Figures 14.3 and 14.4 show intraoperative photographs of
surgical removal of hemangioblastoma while Figs. 14.5 and 14.6 show postopera-
tive MRIs; Videos 14.1 and 14.2 also shows tumor removal.

We strongly recommend—and agree—with the literature that advocates for the
routine use of neurophysiological monitoring during any surgery that involves the
spinal cord by using somatosensory evoked potentials (SSEPs), motor evoked
potential (MEPs), and nerve action potentials (NAP) stimulation [9, 36]. Additionally,

Fig. 14.5 Postoperative MRI of brain of Patient 1 [57]. (a) Post-contrast sagittal T1-weighted
MRI showing cyst collapse after nodule resection. Note the fat graft dorsal to the dura to avoid CSF
leak or pseudomeningocele formation. (b) Post-contrast coronal T1-weighted MRI showing cyst
collapse after nodule resection. (c¢) Post-contrast axial T1-weighted MRI showing cyst collapse
after nodule resection. Note the fat graft dorsal to the dura to avoid CSF leak or pseudomeningo-
cele formation. (d) T2-weighted axial MRI showing cyst collapse after nodule resection
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Fig. 14.6 Postoperative MRI of brain of Patient 2 [58]. (a) Sagittal T2-weighted MRI of cervical
spine showing syrinx collapse after tumor resection. (b) Sagittal T2-weighted MRI of thoracic
spine showing syrinx collapse after tumor resection. (c¢) Axial T2-weighted MRI showing postop-
erative thoracic spinal cord after tumor resection. (d) Axial T1-weighted post-contrast MRI show-
ing postoperative thoracic spinal cord after tumor resection

temporary artery clipping of the main feeding artery when coupled with SEPs and
MEPs can provide additional information to the surgeon on the safety of sacrificing
vessels that are adjacent to and supply the tumor in order to facilitate safe removal
of the nodule [37].

There are several common types of hemangioblastomas described that have spe-
cial relevance to the technical aspects of surgical excision (Table 14.1).

14.7 Considerations in Pregnancy
The progression or presentation of spinal hemangioblastomas is known to occur

during pregnancy and may be due to the increased blood volume and changing hor-
monal milieu [11, 38, 39]. Surgical resection has been noted to be the preferred
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Table 14.1 Types of spinal hemangioblastoma and preferred approaches®

Type Details Surgical approach
Dorsal Most common; covered by a layer of pia Posterior approach
intramedullary mater and requires a midline myelotomy; | Midline Myelotomy
located near dorsal nerve root entry zone.
Ventral Rare; outcomes worse due to difficulty of | Anterior or anterolateral
intramedullary surgical excision. approach [35]
Exophytic Reaches the surface and can be directly Posterior approach
removed; obviates the need for a midline
myelotomy.
Intradural Does not have a direct attachment to cord | Posterior approach
Extramedullary parenchyma; can be directly removed.
Extradural Commonly arises from spinal nerves. Posterior approach

*Adapted from Sun et al. [1].

treatment in order to prevent progression of neurological deficits, and has been
noted to be safely performed in the second and third trimesters without increased
risks of abortion or preterm labor. However, it is advisable to postpone surgery until
after delivery with close observation of the patient and the patient’s neurological
condition, if clinically appropriate.

Careful consideration should be taken to prevent radiation to the fetus from diag-
nostic or intraoperative tests [39-42]. It is advised that a team-based approach with
obstetric, anesthetic, and neurosurgical physicians should be used in the care of
these patients.

14.8 Medical Management

Several medical therapies have been evaluated in the literature for treatment of
difficult to resect spinal hemangioblastoma. Bevacizumab is a monoclonal
antibody that blocks angiogenesis due to its effect on vascular endothelial
growth factor A. There have been case reports of bevacizumab treatment caus-
ing significant tumor regression in a patient with an unresectable spinal cord
hemangioblastoma [43]. Thalidomide has recently been shown to be effective
in some cases of unresectable hemangioblastoma [44, 45]. However, the role of
adjuvant chemotherapy in the treatment of hemangioblastoma remains contro-
versial [2].

14.9 Radiosurgery

There have been reports of patients with spinal hemangioblastomas being treated
with radiosurgery for unresectable tumors. However, radiosurgery has been reported
to be associated with unfavorable outcomes, such as radiation necrosis, and often
does not address the underlying symptom-causing syrinx [2, 46].
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14.10 Preoperative Embolization

Preoperative embolization has been used in some reports in the literature to decrease
vascularity. However, this often does not completely address the vascularity of the
tumor and often requires super-selective catheterization, which can place the nor-
mal spinal parenchyma at risk and is usually not needed for complete resection [11].
It is, therefore, not used in the majority of patients undergoing surgical excision [37,
47-49], and in our opinion is mostly unnecessary.

14.11 Outcomes

The first excision of a spinal cord hemangioblastoma was described by Schultze in
1912 [20]. The neurological morbidity of spinal cord tumor surgery was poor until
improvements in microsurgery and imaging arrived in the 1960s and 1970s [49-53].
We have compiled a summary of the available data in the literature showing outcomes
of surgical resection of spinal hemangioblastomas in Table 14.2.

14.11.1 Neurological Outcome

Tumor location and size have been shown to affect outcome, with larger ventral and
ventrolateral tumors associated with worse surgical outcomes [17, 30]. The
McCormick functional status scale (Table 14.3) has been used in the literature to
grade the neurological outcome of intrinsic spinal cord tumor surgery [54].

This scale, while not validated, has been used extensively in research of spinal
cord tumors and hemangioblastomas. Several studies have shown that preoperative
neurological status has a tendency to predict the postoperative neurological status of
patients following resection of hemangioblastoma [31]. Microsurgical removal of
tumors can result in favorable neurological outcomes, if good technique is applied
and the conditions of the tumor are favorable (i.e., location, size, vascularity, and
plane between tumor and spinal cord). The majority of patients operated on remain
neurologically stable with a small subset who undergo neurological deterioration in
the intraoperative period, but who eventually improve over time [17]. While not
common, permanent neurological deterioration does occur and is often related to
larger tumors that are not located in the dorsum of the spinal cord. Table 14.2
describes the outcomes of all of the case series that we could find available in the
English literature as of October 2017.

14.11.2 Tumor Recurrence
Tumor recurrence can be due to either regrowth of new tumor, incomplete resection,

or growth of new tumors in both VHL associated and sporadic hemangioblastoma.
Young age, short duration of symptoms, multiple CNS tumors, and having VHL
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Table 14.3 McCormick functional status scale

Grade Description

I Neurologically intact, may have minimal dysesthesia, normal
gait

1T Mild motor or sensory deficit, patient maintains functional
independence

111 Moderate deficit, limitation of function, independent with
external aid

v Severe motor or sensory deficit, limited function, dependent

\% Paraplegia or quadriplegia, even with flickering movement

disease have been associated with increased tumor recurrence [55]. Sporadic
hemangioblastomas have been reported to have a recurrence rate of 6—7% following
surgical excision and often occur many years after surgical resection illustrating the
need for continued long-term follow-up of these patients [1]. Hemangioblastomas
associated with vHL have been classified into three different growth patterns: salta-
tory, linear, or exponential with tumor growth rates of 4mm?y, 24mm?/y, and
79mm?/y respectively [56]. Additionally, hemangioblastomas occurring in the spi-
nal cord and cauda equina grew at slower rates compared with those found else-
where in the CNS (median 0.3mm?/y and Omm?/y respectively) and higher growth
rates were observed in males compared to females [56].
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