Folia Medica

Folia Medica 63(1): 24-9
DOI: 10.3897/folmed.63.e52967

tha medica

Clinical Aspects of Spinal Meningiomas:
a Review

Georgi Apostolov!, Ivo Kehayov?, Borislav Kitov?

! Clinic of Neurosurgery, St George University Hospital, Medical University of Plovdiv, Plovdiv, Bulgaria
2 Department of Neurosurgery, Faculty of Medicine, Medical University of Plovdiv, Plovdiv, Bulgaria

Corresponding author: Ivo Kehayov, Department of Neurosurgery, Faculty of Medicine, Medical University of Plovdiv, 15A Vassil Aprilov Blvd., 4002
Plovdiv, Bulgaria; E-mail: dr.kehayov@gmail.com; Tel.: +359 899 105 352

Received: 6 Apr 2020 ¢ Accepted: 27 Apr 2020 ¢ Published: 28 Feb 2021

Citation: Apostolov G, Kehayov I, Kitov B. Clinical aspects of spinal meningiomas: a review. Folia Med (Plovdiv) 2021;63(1):24-9. doi:
10.3897/folmed.63.652967.

Abstract

Spinal meningiomas are found in all age groups, predominantly in women aged over 50 years. The clinical symptoms of this condition
may range from mild to significant neurological deficit, varying widely depending on the location, position in relation to the spinal
cord, size and histological type of the tumor. Magnetic resonance imaging is the diagnostic tool of choice because it shows the location,
size, the axial position of the tumor, and the presence of concomitant conditions such as spinal malformations, edema or syringomyelia.
According to the degree of malignancy, the World Health Organization divides meningiomas into three grades: grade I - benign; grade
IT - atypical, and grade III - malignant. The goal of the surgery is total resection which is achievable in 82%-98% of cases. Advances in
radiosurgery have led to its increased use as primary or adjunct therapy. The current paper aims to review the fundamental clinical as-
pects of spinal meningiomas such as their epidemiology, clinical presentation, histological characteristics, diagnostics, and management.
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INTRODUCTION

Spinal meningiomas (SM) are benign, slow-growing,
well-delineated, extramedullary tumors with tendency for
lateral spread in the subarachnoid space.! They are one of
the most common spinal intradural extramedullary tumors
(SIET) and are observed along the entire length of the spi-
ne axis, but predominantly in the thoracic region.? Timely
diagnosis and treatment of SM continue to be a challenge,
depending on their histological nature, localization in the
various segments of the spine and their position in relation
to the spinal cord.

The current paper aims to review the fundamental cli-
nical aspects of SMs such as their epidemiology, clinical
presentation, histological characteristics, diagnostics and
management.

Epidemiology

The incidence of primary intraspinal neoplasms is about
5 per 1,000,000 for females and 3 per 1,000,000 for ma-
les.> SIETs account for two-thirds of the primary spinal
tumors in adults and about 50% in children.* SMs repre-
sent 25% -50% of all intradural extramedullary tumors
with a frequency of 0.5 to 2 per 100,000 people per year.>
In 64%-84% of cases, SMs are located in the thoracic regi-
on with dorsal, dorsal-lateral or lateral location; in 14%-
27%, they are located in the cervical area and have predo-
minantly ventral location and only in 2%-14% they are
located in the lumbar region.”® According to Subaciuté’,
the localization of CM depends mostly on gender. In men,
they are 21.4% in the cervical region, 21.4% in the lumbar
and 57.1% in the thoracic, while in women, they are only
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5.9% in the cervical, 12.8% in the lumbar, and 81.4% in the
thoracic region.’

Meningiomas are the most common benign tumors
localized at the level of foramen magnum, while they are
found much less frequently in the lower cervical area.!
In people under 50, the incidence of cervical localization
is more common, with most of them located in the upper
cervical region.”!? Unlike thoracic meningiomas, those in
the upper cervical spine and foramen magnum are ventral-
ly or ventro-laterally positioned and sometimes are closely
adherent to the vertebral artery.!!

Spinal meningiomas with intradural and extradural
spread are observed in 5% to 6% (Fig. 1).!% Atypical locali-
zation, such as intramedullary, purely epidural or extrafo-
raminal is very rare.!3-1>

Figure 1. T2-weighted MRI (A-C) in a patient with extradural
and intradural atypical thoracic meningioma at T2-T3 level infil-

trating the right pedicle of Th2 vertebra.

SMs are found in all age groups, but much more often
between the 5th and 7th decades of life.!® 75%-85% of the
meningiomas are observed in women, and according to
Pereira et al., the ratio of women to men ranges from 4:1
to 8:1.%12 Prevalence in females is explained by the pre-
sence of sex hormones and other receptor types (steroids,
peptidergic hormones, growth factor, etc.) that can initiate
tumor formation.!” According to Pradenkova et al., proge-
sterone and estrogen have opposing prognostic indicati-
ons for meningiomas.!® They found that the expression of
progesterone receptors in meningiomas resulted in a more
favourable outcome, whereas the presence of estrogen re-
ceptors correlated with more aggressive clinical behavior
and relapses.

From an epidemiological point of view, SMs are more
common in post-menopausal women, especially those
diagnosed with osteoporosis.> According to some authors,
traumatic injury to the spinal meninges from direct con-
tact with fragments of osteoporotic fractures may trigger
a reparative proliferative process leading to the onset of a
tumor process.'’

Clinical presentation

The clinical symptoms of SM range from mild to significant
neurological deficit, varying widely depending on the loca-
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tion, position in relation to the spinal cord, size and histo-
logical nature of the tumor.?® SMs are manifested clinically
by symptoms of progressive radiculalgia, radiculopathy
and myelopathy.?! Pain is the most common symptom at
the onset of the disease, and it can be radicular, funicular
or local. Sensory impairment (paresthesia, hypesthesia or
anesthesia) and pronounced motor weakness (paresis or
paralysis) are the next most common symptoms that are
falsely attributed to multiple sclerosis, syringomyelia, per-
nicious anemia and disc herniation.?? Sphincter disorder is
late symptom seen in 15% to 40% of patients.?®

The time span from the debut of complaints to diagno-
sis ranges from 12 to 24 months.?#% Delayed diagnosis is
more commonly observed in the elderly, as complaints are
attributed to comorbid conditions such as cerebral ather-
osclerosis, parkinsonism, diabetic neuropathy, spondylosis,
osteoporosis, etc.!?

Diagnostics

Magnetic resonance imaging (MRI) is the diagnostic tool
of choice because it shows the location, size, and axial posi-
tion of the lesion and the possible presence of existing spi-
nal malformations, edema or syringomyelic cavities within
the spinal cord.>?® On MR, the tumor usually presents as
iso- or hypointense on T1 and slightly hyperintense on T2.
Gadolinium enhancement may result in accumulation of
contrast media in the lesion itself, and in the adjacent part
of the dura, known as “dural tail sign” (Fig. 2).26%”

Figure 2. T2-weighted MRI in a patient with left ventro-lateral
foramen magnum meningioma extending to C1-C2 level in sagi-

ttal, axial and coronal views (A-C).

The presence of calcifications in the tumor elicits a
strong signal in the T2 sequence, but those are better visu-
alized by CT.2® CT-assisted myelography is considered to
be complementary to MRI, especially for the identification
of intradural tumors in the lumbosacral region or in cases
of intradurally and extradurally located tumors and is still
used in cases where MRI is contraindicated (Fig. 3).%°

Spondylography is of low informative value in the di-
agnosis of SMs, but sometimes the visualisation of a pron-
ounced calcified tumor is possible.*

The en-plaque types of meningiomas are very rare and
fixed to dura mater on a broad base. The presence of pe-
ripheral calcifications on the dura should cast suspicion
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Figure 3. CT-assisted myelography with axial, sagittal and coro-

nal reconstruction, demonstrating lumbar meningioma at L4-L5
level (A-C).

for such type of tumor.’! Generally, SMs are smooth and
fibrous with crumbly content. The epidural space is well
defined, which is why the involvement of bone structures
is rarely observed in SM.

Unlike intracranial meningiomas, spinal meningiomas
do not penetrate the pia mater, which can be explained by
the earlier detection of myelopathic signs and the presence
of intact arachnoid layer.>?

Spinal angiography is often used preoperatively in cases
of SMs in the thoraco-lumbar region to identify the Adam-
kiewicz artery and its relationship to the tumor.? In some
cases, spinal angiography is used to perform preoperative
embolization of tumor-feeding vessels to reduce neoplasm
volume and intraoperative hemorrhage.?

Histological characteristics
of meningiomas

CNS meningiomas are thought to originate from arachnoid
cap cells of the neural crest or mesodermal cells. While
arachnoid cap cells of the telencephalon meninges origina-
te from neural crest cells, meningiomas of the rest of the
CNS arise from mesodermal fibroblasts, which determines
the rare ventral and dorsal location of the SM.** The typical
lateral localization of the SMs is attributed to arachnoid cap
cells located in the leptomeningeal sheaths near the outlet
areas of the spinal nerve roots or to the entry points of the
arteries in the spinal canal.* Because SMs originate from
the leptomeninges, most of them have a wide attachment
area and their blood supply originates from dural vessels.*

According to the World Health Organization classifi-
cation, there are 15 histological subtypes of meningiomas.
Despite their morphological diversity, the prognosis is ge-
nerally favourable, owing mainly to their benign nature
and slow growth which makes them amenable to radical
surgical resection.’* The extent of resection on the Simpson
scale is an important prognostic factor for tumor recurren-
ce. On the other hand, a study by Jaiskeldinen found that
in 20% of benign meningiomas with total resection, recur-
rences still occur within 20 years.>> According to Harter et
al,, there are subgroups of meningiomas that are prone to
recur or even undergo malignant transformation despite

total excision.*®

The WHO classification of CNS tumors subdivides me-
ningiomas into three main grades, reflecting the degrees of
malignancy, based on histo- and cytomorphological crite-
ria: grade I (benign), grade II (atypical) and grade III (ma-
lignant).’” The meningiomas are subdivided into 15 histo-
and cytomorphological types, nine of which correspond to
WHO grade I, three correspond to WHO grade II, and the
other three correspond to WHO grade 11137 WHO grade
I meningiomas have a frequency of 3.68/100,000 in males
and 8.56/100,000 in females.*® The incidence rate of grade
II meningiomas is 0.26/100,000 in men and 0.30/100,000
in women, and of grade III - 0.08/100,000 in males and
0.09/100,000 in females.*®

The most common histomorphologic subtypes of WHO
grade I meningiomas are meningothelial, fibrous, transitio-
nal and psammomatous variants.’” A criterion for determi-
ning atypical meningiomas (grade II) is the presence of in-
creased mitotic activity (4-9 mitoses/10 high-power fields)
or at least 3 of 5 histo- and cytomorphological criteria.*
As anaplastic (grade III) meningiomas are considered tho-
se with >20 mitoses/10 high-power fields or loss of menin-
gothelial differentiation which leads to the occurrence of
tumor-like sarcomas, carcinomas or melanomas.*

WHO accepts the degree of SM resection as the most
important prognostic factor affecting recurrence rate.
Nevertheless, approximately 20% of grade I tumors tend to
recur and adjuvant radiation therapy is not required in all
grade II tumors.*0-42

Treatment

SM treatment is mainly surgical. The most commonly used
surgical approach is posterior or posterolateral by single-le-
vel laminectomy, or single- or two-level hemilaminectomy
that can extend laterally if needed to reach ventral or ven-
tral-lateral tumors. This standard access is used in about
100% of cases.® According to the literature, the rate of total
resection of SM approximates 95% with low morbidity and
mortality.2443 These results render the general opinion that
the purpose of surgical treatment is total resection, with
the greatest difficulty arising from the localization of the
tumor in relation to the spinal cord.!? In ventrally located
tumors, extensive bone resection may require additional
instrumentation to augment spinal stability.** The selecti-
on of appropriate surgical approach and technique should
depend on the site of SM origin. In neoplasms localized
dorsally, complete resection of the attachment zone follo-
wed by plastic dural closure is feasible, whereas in those
located ventrally, this is technically demanding and many
surgeons use electrocoagulation only. Studies with fol-
low-up exceeding 10 years found recurrence rates between
6% and 9.7%, despite total resection (Simpson grade I or
I1).% The recurrence rate is significantly higher with subto-
tal resection (Simpson grade > 3).%54¢ There is conflicting
evidence regarding the benefit of radical resection of spinal
meningiomas, in particular Simpson grade I versus grade
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II. According to Heald et al., there is no significant diffe-
rence between grade I and II resections.*® Nakamura et al.
established the presence of residual tumor cells on histolo-
gical examination in the adjacent dura after Simpson grade
I resection and negative postoperative MRL.%> In patients
with subtotal resection (Simpson grade IV), the inability
to remove the attachment zone is significantly associated
with shorter recurrence period, depending on the extent
of tumor excision.*” Further studies are needed to deter-
mine the optimal treatment strategy in cases where radical
resection is impossible or hazardous. Although the litera-
ture data discussing surgical outcome of recurrent menin-
giomas is based on small series, it still reports favourable
results, which suggests that tumor recurrence does not ne-
cessarily preclude good postoperative outcome.*3

Recently, radiosurgery has also been used to treat SMs
with results that are promising and comparable to those of
intracranial meningiomas.? Although most studies do not
have long-term follow-up, adequate disease control and re-
duction of tumor size are reported, but further MRI based
research is required for definitive evaluation of this treat-
ment modality.*

In addition to the degree of surgical resection, a number
of other factors are associated with poor prognosis in the
treatment of SMs. According to Bruner et al.,, the psam-
momatous histological subtype is associated with poorer
results after neoplasm resection compared to other subty-
pes.”® This indicates that the degree of cellular aplasia can
serve to predict long-term outcome in patients harbouring
these tumors.

In the past, immunohistochemical quantification of
proliferative potential by examination of the Ki-67 mar-
ker was used as an indicator to predict the probability for
recurrence and malignant transformation of resected me-
ningiomas.’"*? Although the trend of exploring this mar-
ker is increasing, more research is needed to determine its
significance. When comparing SMs with their intracranial
counterpart, Ki-67 indexes are significantly higher in intra-
cranial meningiomas, although there is no difference in the
observed rates of recurrence.> Further study on the mole-
cular basis for recurrence and malignant transformation is
needed to determine the exact impact of these markers on
the prognosis of SM.

There is insufficient evidence regarding the outcome of
surgical treatment of anaplastic meningiomas due to the
extreme rarity of these tumors. The total surgical excisi-
on of these lesions is a major factor that plays a role in the
5-year survival rate of such patients.>*>°

CONCLUSIONS

SMs represent a significant proportion of spinal tumors.
Nowadays, these lesions are easily diagnosed through mo-
dern neuroimaging that allows early diagnosis. The main
goal of surgery should be total tumor removal. The main
factor determining the prognosis of the disease is the early
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diagnosis in order to avoid the development of irreversible
neurological deficit. Despite delayed diagnosis and diffi-
cult localizations, these tumors can be successfully remo-
ved with minimal complications. In cases where subtotal
resection is performed, radiosurgery may be used as an
adjunct therapy. Extensive bone resections during surgi-
cal approach may necessitate the use of instrumentation to
guarantee spinal stability.
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Pe3tome

MeHMHTIOMBI II03BOHOYHMKA BCTPEYAIOTCA BO BCEX BO3PACTHBIX IPYIINIAX, HO IPe0OIafiaioT y XeHIVH ctapure 50 neT. Kmuunyeckue
CUMIITOMBI 3TOTO COCTOSIHMA MOTYT BapbMPOBAThCs OT NETKNX [I0 3HAYMTETbHBIX HEBPOIOIMYeCKIX HapyIIeHN, INVPOKO BapbUPYH B
3aBUCUMOCTH OT JIOKa/IM3ALVIM, TIOJIOXKEH 10 OTHOIIEHNIO K TI03BOHOYHMKY, pasMepa I IUCTOIOTMYEeCKOTO THUIIA OITyXo/ayu. Maruut-
HO-pe30HAaHCHas TOMOTpadus ABIAETCA NPEANOYTUTETbHBIM ANarHOCTIYECKIM MHCTPYMEHTOM, IIOCKOJIKY OHa OIpefieNAeT MeCTo-
TI0/IO>KEHe, Pa3Mep, OCeBOe IIOJIOKeHe OIYXO/IV, Ha/I41e COYTCTBYIOIMX COCTOSHMIA, TAKMX KaK HOPOKM Pa3BUTHA IO3BOHOYHM-
Ka, OTeK M1y cupuHrommenus. ITo creneny 3710KauecTBeHHOCTY BeemypHas opraHusanys 3paBOOXPaHEHVA NeMT MEHVHIVOMBI Ha
TPY CTeIIeHN: 1 CTeneHb — OOpOKaueCTBEHHAs; 2 CTeNleHb — aTUIIMYHASA M 3 CTeIleHb — 3/I0KadecTBeHHasA. Llenbio onepalyy ABnsAeTcsa
TOTAJbHAA Pe3eKLNsA, KOTopasd JoCTIKMMa B 82-98% cmydaes. [IOCTIDKEHNA B PafMOXMPYPIUy NPUBEIN K €€ 4aCTOMY MCIIONIb30-
BaHMUIO B KadeCTBe OCHOBHOI WM aJ/bIOBAHTHOJ Tepanuy. OTa CTaThs HallpaB/IeHa Ha 0630p OCHOBHBIX KIMHIYECKMX aCIIEKTOB Te-
MAaHIVIOM II03BOHOYHMKA, TAKMX KaK SIMEMMONIOTYA, KINHIYECKIe MPOSABIEHA, TYICTONOTIYeCKIe 0COOEHHOCTH, AMarHOCTKA U

JICYCHUE.
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