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Abstract
Meningiomas of the spinal axis have been identified from C1 to as distal as the sacrum. Their clinical presentation 

varies greatly based on their location. Meningiomas situated in the atlanto-axial region may present similarly to some 
meningiomas of the craniocervical junction, while some of the more distal spinal axis meningiomas are discovered 
as a result of chronic back pain. Surgical resection remains the mainstay of treatment, although advancements in 
radiosurgery have led to increased utilization as a primary or adjuvant therapy. Angiography also plays a critical role in 
surgical planning and may be utilized for preoperative embolization of hypervascular meningiomas. 
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Introduction
Spinal meningiomas are tumors originating from arachnoid cap 

cells most commonly situated in the intradural extramedullary region 
[1,2]. They represent a high proportion of all spinal cord tumors. Spinal 
meningiomas tend to predominate in the thoracic region, although 
they are described in the cervical, lumbar, and rarely the sacral area 
[3-5]. They pose varying surgical challenges based on their regional 
location, as well as their anterior/posterior orientation to the spinal 
cord and cauda equina. We will discuss the various locations of spinal 
axis meningiomas, as well as the different surgical approaches, and 
adjuvant therapies.

Spinal Meningiomas
Epidemiology

Intradural extramedullary spinal cord tumors account for 
approximately two-thirds of all spinal cord tumors in adults [6]. 
Meningiomas, neurofibromas, and schwannomas are the most common 
type of tumor in this type of location [7,8]. Meningiomas represent 
about 40% of these tumors [6]. 

The vast majority of spinal cord meningiomas are located in the 
thoracic region (Figure 1) [3-5,9]. This predominance of thoracic-
located meningiomas is seen only in females [10]. Spinal meningiomas 
occur about 2.5 times more often in females than males; with 
approximately 75-85% arising in women. The female preponderance is 
thought to arise from sex hormones or other receptor types common 
to women [10]. Some authors believe that progesterone and estrogen 
receptors actually have opposing prognostic indications in regards 
to meningiomas. Pravdenkova et al. observed that the expression 
of progesterone receptors alone in meningiomas, signifies a more 

favorable and biological outcome [11]. They also found that either a 
lack of estrogen and progesterone receptors, or the presence of estrogen 
receptors in meningiomas, correlated with a more aggressive clinical 
behavior, progression, and recurrence. Hsu and Hedley Whyte also 
found that the presence of progesterone receptors, even in a small 
subgroup of tumor cells, indicated a more favorable prognostic value 
for meningiomas [12]. 

An interesting epidemiological feature of spinal meningiomas, is 
that not only are they more common in women, but there is a sharp 
rise in postmenopausal females [9]. It has been postulated that these 
tumors are so grossly over-represented in postmenopausal females as a 
result of an association with osteoporosis. Previous authors have made 
suppositions that meningeal stretching or spinal meningeal trauma 
from direct contact with bone fragments of osteoporotic fractures, may 
in fact lead to a meningeal reparative proliferative process leading to 
tumor formation [9].

Meningiomas may also be found in the region of the atlas and axis. 
The incidence of cervical meningiomas is about 14-27% [10]. They have 
a similar clinical presentation as foramen magnum meningiomas. The 
reason for this is that many cervicomedullary junction meningiomas 
expand to the high cervical region, just as many high cervical 
meningiomas expand rostrally through the foramen magnum [6]. 
Surgical treatment of meningiomas located in the high cervical 
region must be done with care to minimize bony removal in order to 
maintain mechanical stability [6]. The majority of spinal meningiomas 
are intradural, however a small percentage can be extradural, or 
both intradural and extradural. Although extremely rare, intradural, 
intramedullary spinal meningiomas have been described [13-16]. The 
incidence of lumbar spinal meningiomas is about 2-14% [10]. Sacral 
meningiomas have been described, although extremely rare [17].

Overall, spinal meningiomas account for about 7.5-12.7% of all 
meningiomas, occurring with less frequency than their intracranial 

Figure 1: 10X (A) and 20X (B) magnification. Hematoxylin and eosin stain 
shows monotonous cells with bland histology and poorly defined cell borders. 
Inconspicuous nucleoli are seen. The cells have round to oval nuclei and rare 
nuclear pseudoinclusions. Mitotic figures are not present. Whorls and a single 
calcification (Psammoma body) are present. 
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counterpart. Most spinal cord meningiomas are located laterally. They 
typically arise from arachnoid cap cells embedded in the dural root 
sleeve [6]. They can also arise from pial or dural fibroblasts. This may 
be accounted for by their mesodermal origin [18]. 

Diagnosis

MRI is the imaging modality of choice since it often delineates 
the characteristic dural origin of meningiomas. They are typically 
isointense or hypointense to gray matter on T1, and isointense or 
hyperintense on T2. Intraspinal meningiomas radiographically 
display avid homogenous enhancement with contrast (Figure 2) [19]. 
Enhancement of the adjacent dura, or dural tail, is also characteristic 
of a meningioma [20]. CT scan will often demonstrate a calcified lesion 
in the spinal canal [19]. Radiographic evidence of a calcified spinal 
meningioma on plain x-rays is exceedingly rare, but some reports have 
quoted such a finding [21].

The dural attachment of spinal meningiomas is typically quite 
broad. En plaque types of meningiomas are rare. However, partial 
circumferential calcification of the dura should raise the suspicion of 
this uncommon subtype of meningioma [22]. More commonly, spinal 
meningiomas are grossly smooth and fibrous, or fleshy with friable 
features [23]. There is usually a very well-defined epidural space in the 
spine. This is likely the main reason bony involvement is so rare in spinal 
meningiomas, as opposed to intracranial meningiomas. Also, unlike 
their intracranial counterparts, spinal meningiomas do not penetrate 
the pia. One reason this may be the case is that the manifestation of 
spinal cord compression and myelopathy are typically noticed by the 
patient “earlier” than the average intracranial meningioma. Therefore, 
surgical resection may be undertaken before penetration of the pial 
layer occurs [24]. This particular trait of pial preservation is also 
postulated in part by what has been described as an “intermediate 
leptomeningeal layer” [24]. This works in favor of a more complete and 
simplified surgical resection.

Associations with neurofibromatosis Type 2 (NF2)

The neurofibromin 2 gene (NF2) is located at the 12.2 region 
on chromosome 22. Loss of heterozygosity of the NF2 gene is the 
most common genetic abnormality found in meningiomas, and is 
responsible for 60% of sporadic as well as the majority of NF2 associated 
meningiomas. The NF2 gene codes for the protein Merlin. The function 
of Merlin is not well understood, however, it is thought to play a role 

in the 2 hit model of tumor inactivation. Up to 60% of meningiomas 
have an associated NF2 gene mutation, which may serve as the 
initiating event of tumorigenesis, particularly those demonstrating a 
mesenchymal phenotype [25].

Clinical presentation

Clinically, intraspinal meningiomas may have varying presentations 
depending on where they are located along the spinal axis. Craniocervical 
junction and high cervical junction meningiomas typically present with 
some degree of myelopathic features and suboccipital pain. They may 
also cause atrophy of intrinsic hand muscles. Spinal tumors in general 
may cause a dull ache, and may also cause radicular symptoms if a 
nerve root is involved [25]. Hydrocephalus is a rare sequelae of spinal 
meningiomas at any level, but is most common with meningiomas in 
the cervical region [26]. This is likely from increased protein production 
by the tumor, causing obstruction of CSF flow and absorption [26]. 
Corticospinal tracts are particularly vulnerable with thoracic tumors 
such as meningiomas. A clinical picture of thoracic myelopathy may 
ensue, displaying as long-tract signs. A foot drop may be an initial 
finding, with weakness of the tibialis anterior and extensor hallucis 
longus. Dorsally located midline thoracic meningiomas may cause a 
sensory ataxia from mass effect upon the posterior columns [6]. Bowel 
and bladder involvement may be a late manifestation. A common 
complaint of patients with extramedullary meningiomas is pain with 
recumbancy [6].

Resection

Traditionally, a posterior or posterolateral approach has been 
employed for cervical meningiomas, whether they are predominantly 
located dorsally, laterally, or even ventrally. Cervical meningiomas often 
can be a surgical challenge, as they are more often situated anterior to 
the spinal cord, as opposed to thoracic meningiomas which have a 
predilection for more posterior and lateral locations [27]. Klekamp and 
Samii reported on 130 spinal meningiomas, 27% of which were located 
in an anterior location [23]. These were all resected via a posterior 
approach including a laminectomy with or without facet joint resection. 
No specific indications for cervical-based meningiomas was given in 
this series [23]. Solero et al. reported on 174 spinal meningiomas and 
used a posterior approach for all posterior cervical meningiomas and 
all 7 of the reported anterior situated meningiomas [5]. In the majority 
of intraspinal meningiomas including those situated in the ventral 
cervical region, a posterior laminectomy gives adequate exposure [6]. 

Figure 2: Sagital (A) and Axial (B) views of a T1 weighted MRI with contrast, showing an intradural extramedullary meningioma causing mass effect on the lower 
thoracic spinal cord.
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Large ventrally located tumors may retract the spinal cord to some 
degree, and as a result, can still be approached posteriorly. To augment 
further anterior exposure through a posterior approach, subtle surgical 
maneuvers may be employed. Suturing of a noncritical dural root 
or a divided dentate ligament may be used as further retraction [6]. 
However, the posterior cervical approach still carries some degree of 
spinal cord manipulation to reach a ventrally-located meningioma. 
This may place the patient at higher risk of cord injury during the 
surgery. Dorsally-located cervical meningiomas can be approached via 
standard posterior cervical exposure. Although this is the approach of 
choice it may require stabilization if the patient becomes kyphotic over 
time [28].

The anterior cervical approach has also been used with success 
in resecting ventral cervical meningiomas [27,29-32]. Advantages 
of an anterior approach to ventral cervical meningiomas include a 
large bony window for surgical exposure with direct visualization 
of the intradural pathology ventral to the spinal cord, extradural 
coagulation of anterior tumor feeders, and lack of necessity for cervical 
cord manipulation and retraction [27]. Lenelle et al. described an 
anterior cervical meningioma behind the C5 vertebral body that was 
resected with good neurological outcome, via a C5 corpectomy, while 
also taking the lower part of C4 and the upper part of C5 [32]. Sawa 
et al. reported a meningioma from the foramen magnum down to 
T2 [31]. This tumor was fully resected via a C3-T1 corpectomy also 
with a good neurological outcome. Banczerowski et al. described an 
anterior resection of C3 and C5 meningioma via corpectomies at those 
respective levels [29]. A significant disadvantage of the anterior cervical 
approach includes the necessity for a minimum of anterior cervical 
fixation. In cases of a three-level corpectomy, supplementary posterior 
fixation has been shown to increase biomechanical stability [33]. An 
additional disadvantage of an anterior approach is the potential for a 
CSF leak. Although this is certainly a risk with a posterior approach 
as well, with anterior approaches, there tends to be a fair amount of 
dead space between the dura and bone graft or cage [27]. In light of an 
anterior CSF leak, there is minimal to no tamponade effect due to this 
previously described dead space, and this can lead to post-operative 
complications related to the leak. This may be prevented by a water-
tight dural closure, application of fibrin glue, prophylactic lumbar 
drain, and filling the dead space with muscle fascia from a site such as 
the iliac crest [29,34,35]. 

Ventrally located cervical meningiomas with an eccentric 
component may be accessed via a hemilaminectomy and facetectomy. 
Ventral thoracic tumors may also be accessed via a costotransversectomy 
or lateral extracavitary approach [36]. Anterior transthoracic 
approaches are can be used for extradural thoracic lesions. This surgical 
technique is less frequently used for their intradural counterparts such 
as meningiomas. However, a transthoracic transvertebral approach 
has been described before for an anterior thoracic intradural calcified 
meningioma [37]. 

On rare occasion, a spinal meningioma may present as a dumbbell 
tumor, which has the appearance of a nerve sheath tumor. In order to 
resect this type of tumor, the nerve root at the level affected is typically 
sacrificed with minimal neurological sequelae [6,38]. The exceedingly 
rare intramedullary meningioma has been treated using surgical 
cordectomy as the operative technique [39]. Although uncommon, 
meningiomas have been described in the lumbosacral spine [17,40-43].

Overall, spinal meningiomas have some favorable features relative 
to intracranial meningiomas in regards to their resection. Typically, 
there is no bony involvement and major blood vessels are not usually in 

the path of surgical resection [24,44]. In regards to the dural base of the 
meningioma, a surgeon may opt to coagulate the dura extensively, or 
may excise the involved dural component, with subsequent patch graft 
reconstruction. No significant differences in recurrence rates have been 
found with these two techniques [5]. Long-term recurrence rates after 
total resection range between 3 and 23% [4,18,38,45].

Multiple spinal meningiomas are a relatively rare occurrence, 
especially outside the association with NF2 [46,47]. Treatment 
options for multiple spinal meningiomas must be tailored to their 
locations and the symptoms they are causing, as well as the premorbid 
condition of the patient. Meningiomas causing significant myelopathic 
or radiculopathic features should be treated, as opposed to watchful 
waiting. Surgery should be the mainstay of treatment for symptomatic 
multiple spinal meningiomas, although radiation treatment may play a 
role as well [48]. 

Radiation Therapy
The use of radiosurgery and adjunctive radiation therapy for the 

treatment of craniovertebral and spinal meningiomas is an evolving 
topic. Microdissection and resection of spinal meningiomas remains 
the gold standard for treatment [18,49-52]. Adjunctive radiation 
therapy is considered primarily in cases of subtotal resection of 
recurrent meningiomas and/or when the risk of surgery is too high 
given the patient’s comorbidities or tumor location [49]. Frequently 
cited reasons for subtotal resection of meningiomas include an anterior 
tumor location (particularly in the thoracic area), recurrent tumors 
with arachnoid scarring and cord tethering, and en plaque and calcified 
meningiomas [18,49-51,53].

Because of the well documented success of primarily treating 
intracranial meningiomas with radiosurgery, it has been thought that 
radiation would be successful in spinal tumors of similar pathology 
[51]. However, historically, primary radiosurgery treatment of spinal 
lesions has been problematic because conventional external beam 
radiotherapy relied on manual patient positioning and lacked the 
precision to deliver a large enough dose safely near the spinal cord 
[51,54]. Unlike intracranial systems that utilize the cranium as a rigidly 
immobilized reference to the lesion, early spinal systems used an 
invasive external frame system that was attached directly to the spine 
[51,52,54]. Subsequently, several frameless stereotactic radiosurgery 
techniques have been developed which utilize real time image tracking 
to achieve spatial accuracy of 1mm [51-54]. These systems allow high 
dose fractions of radiation to be delivered to the target tissue while 
sparing adjacent structures [51,54]. For conventional fractionated 
external beam therapy the dose tolerance for the spinal cord is thought 
to be 45 to 50 Gy delivered in 1.8 to 2 Gy fractions [50,52]. Proton 
stereotactic radiosurgery has also been reported with similar promising 
results with the advantage of delivering significantly lower radiation to 
normal tissue [55]. 

Recent results of radiosurgery for spinal meningioma treatment 
have been promising. The response rates seen with radiosurgery for 
spinal meningiomas appear to be comparable to responses rates for 
similar intracranial lesions [53]. While most studies lack adequate 
long term follow-up necessary to establish the durability of the 
procedure, the majority of patients have been found to have stable or 
decreased tumor size on subsequent radiographic imaging [50]. In a 
study on foramen magnum meningiomas, Zenonos et al. found that 
10 of 17 patients had symptomatic improvement with the remaining 
7 patients remaining clinically stable at 6 months. Dodd et al. showed 
in a study of 51 patients with benign intradural spinal lesions, that at 
one year follow-up, 61% of the patients had stable lesions and 39% had 
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smaller lesions, with only 3 patients requiring surgery for worsening 
symptoms [50]. Gerszten et al. showed in a series of papers good long 
term radiographic control and symptomatic improvement for patients 
treated with both primary and adjunctive radiosurgery [51,54]. Other 
authors have reported similar results [50,53]. The technique seems to 
be effective in reversing neurologic deficits due to radiculopathies with 
better improvement for symptoms of pain and strength rather than 
sensory loss [50,56]. Small asymptomatic tumors were more likely to 
have excellent regression responses and small symptomatic tumors 
were more likely to have symptomatic improvement [57]. Large tumors 
with significant brain stem compression and severe disability were not 
found to benefit from radiosurgery [57].

One of the major complications of radiation therapy is radiation 
induced myelopathy [50]. Delayed myelopathy has been of particular 
concern for radiosurgery of benign spinal lesions such as meningiomas. 
This concern stems from the fact that patient populations with these 
pathologically benign lesions have prolonged life expectancies 
compared to those with malignant lesions, and thus, myelopathy can 
be a burdensome side-effect to deal with on a chronic basis [51]. The 
reported incidence of radiation complications ranges from 0.2 to 5% 
[54]. Factors that have been associated with this complication include 
total dose and fraction size, length of irradiated spinal cord, and the 
duration of treatment [50,52]. Some authors have hypothesized that 
previous open surgery may predispose the spinal cord to subsequent 
radiation injury and have observed that the lower cervical levels and 
dorsal columns appear to be more susceptible [53]. Two types of 
radiation injury can occur. The first type is spinal cord edema, which 
may resolve spontaneously after completion of therapy, while the 
second is delayed myelopathy [54]. Delayed myelopthy typically occurs 
between 6 and 24 months [50,52]. Diagnosis of cord damage can be 
seen on T2-weighted signal changes and have been reported to be 
treated with a combination of steroids, vitamin E and gabapentin [52]. 

Overall, radiation therapy for selected spinal meningiomas, is a 
plausible treatment option in the repertoire of the neurosurgeon.

Angiography
Spinal angiography is often performed prior to surgical 

intervention in the case of lower thoracic meningiomas [58]. The artery 
of Adamkiewicz is the major provider of blood supply to the lumbar 
and sacral spinal cord. This is the largest known anterior segmental 
medullary artery. This artery is typically located between T8 and L3, 
and at T9 or T10 in about 50% of cases. It originates from the left side 
roughly 75% of the time [59]. Unintentional interruption to this vessel 
during surgery could result in ischemia of the ventral horn of the spinal 
cord, in addition to the ventral commissura and the sympathetic centers 
of the intermediolateral region. This can subsequently manifest as distal 
paraplegia, pain and temperature sensory loss, and incontinence of 
bowel and bladder functions. Pre-operative spinal angiography allows 
safe determination of the topography of the artery of Adamkiewicz. 
If a spinal meningioma is located at the same level as this artery, a 
contralateral surgical approach, or other selective surgical technique 
may be employed to avoid damaging this important vessel [59].

Spinal angiography can also be used pre-operatively as a means 
of embolization. Some spinal meningiomas are hypervascular, and 
resection of such lesions can become hazardous or may incite termination 
of the procedure due to excessive intra-operative hemorrhage [60]. The 
goal of this pre-surgical maneuver is to decrease the vascularity of the 
tumor, by embolizing artery-to-artery deep capillary tumor bed feeders 
[61]. Pre-operative spinal meningioma embolization has the ability to 
facilitate surgical resection by reduction of intraoperative hemorrhage, 

shrinking the tumor, and giving the surgeon an unimpeded surgical 
field. These benefits can augment a more complete tumor resection. 

Conclusion
Spinal cord meningiomas represent a relatively high proportion 

of spinal cord tumors. Their location is most typically in the thoracic 
and cervical regions, however the less common lumbar and sacral 
meningiomas are described. Posterior or posterolateral approaches 
are most commonly employed for both ventral and dorsal spinal 
meningiomas, although anterior cervical and anterior transthoracic 
approaches are warranted for specific situations. Adjuvant radiation 
treatment for spinal meningiomas is becoming an important treatment 
modality in cases where there is incomplete surgical resection. When 
hypervascular meningiomas are suspected based on standard imaging 
and angiography, pre-operative embolization can be utilized to aid the 
surgeon with a safer resection.
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