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Patients harboring primary spinal neoplasms rep-
resent a rare cohort. Review of a national database 
found that meningiomas (24.4%) are the most com-

mon of these tumors, followed by ependymomas (23.7%), 
and schwannomas (21.2%) in a cohort of 430 patients with 
primary intraspinal tumors.1,2 Meningiomas, in particular, 
account for the most common primary spinal intradural 

tumor. Since female patients have a greater incidence of 
developing both intracranial and spinal meningiomas, 
sex hormones may play a role in tumor development and 
growth.1,2 Treatment modalities for meningiomas are rele-
gated to operative cytoreduction and radiation therapy, de-
pending on the extent of resection as well as WHO tumor 
grade, with more aggressive tumors often requiring adju-
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OBJECTIVE  Primary spinal meningiomas represent a rare indolent neoplasm usually situated in the intradural-extramed-
ullary compartment. They have a predilection for afflicting the thoracic spine and most frequently present with sensory 
and/or motor symptoms. Resection is the first-line treatment for symptomatic tumors, whereas other clinical factors will 
determine the need for adjuvant therapy. In this study, the authors aimed to elucidate clinical presentation, functional out-
comes, and long-term outcomes in this population in order to better equip clinicians with the tools to counsel their patients.
METHODS  This is a retrospective analysis of patients treated at the authors’ institution between 1998 and 2018. All pa-
tients with thoracic meningiomas who underwent resection and completed at least one follow-up appointment were includ-
ed. Multiple preoperative clinical variables, hospitalization details, and long-term outcomes were collected for the cohort.
RESULTS  Forty-six patients who underwent resection for thoracic meningiomas were included. The average age 
of the cohort was 59 years, and the median follow-up was 53 months. Persistent sensory and motor symptoms were 
present in 29 patients (63%). Fifteen lesions were ventrally positioned. There were 43 WHO grade I tumors, 2 WHO 
grade II tumors, and 1 WHO grade III tumor; the grade III tumor was the only case of recurrence. The median length of 
hospitalization was 4 days. Seventeen patients (37%) were discharged to rehabilitation facilities. Thirty patients (65.2%) 
experienced resolution or improvement of symptoms, and there were no deaths within 30 days of surgery. Only 1 patient 
developed painful kyphosis and was managed medically. Ventral tumor position, new postoperative deficits, and length 
of stay did not correlate with disposition to a facility. Age, ventral position, blood loss, and increasing WHO grade did not 
correlate with length of stay.
CONCLUSIONS  Outcomes are overall favorable for patients who undergo resection of thoracic meningiomas. Symp-
tomatic patients often experience improvement, and patients generally do not require significant future operations. Tu-
mors located ventrally, while anatomically challenging, do not necessarily herald a significantly worse prognosis or limit 
the extent of resection.
https://thejns.org/doi/abs/10.3171/2021.2.FOCUS20977
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vant therapy. Deciding whether or not to pursue aggressive 
tumor resection depends on patient symptoms, age, and 
other clinical factors, as these neoplasms tend to have an 
indolent growth pattern.

Most primary spinal meningiomas tend to be benign 
WHO grade I lesions; WHO grade II and III tumors are 
rarely encountered. Presenting symptoms depend on lo-
cation and size, but most patients typically present with 
chronic back pain with subsequent neuraxis imaging dem-
onstrating the lesion. Other common presenting symptoms 
include sensory disturbance and bowel/bladder dysfunction 
for lesions in the lumbosacral/cauda equina region. Ap-
proximately 55%–83% of spinal meningiomas arise in the 
thoracic spinal cord, followed by 15% in the cervical spine, 
and 2% in the lumbar spine.2–7 Multilevel decompression 
may be required to develop an appropriate operative cor-
ridor, but this can lead to spinal instability over time. Some 
older patients may also be at higher risk of instability if they 
have poor bone density quality. The thoracic spine is usu-
ally protected from similar instability in the face of multi-
level bony decompression as opposed to the cervical and 
lumbar spine due to added support from adjacent osseous 
structures. In this study, we focused on thoracic spinal cord 
lesions specifically, as their incidence is higher in this re-
gion, and we assessed preoperative symptom profile; intra-
operative complications, including changes in neuromoni-
toring; recurrence rate; and long-term clinical follow-up.

Methods
This retrospective study was approved by the Univer-

sity of Virginia (UVA) institutional review board. A list of 
all central nervous system meningiomas treated at UVA 
between the years 1998 and 2018 were compiled from the 
billing department. From a database consisting of patients 
with benign intracranial and spinal tumors, there were 
101 spinal tumors operated on at UVA, of which 74 were 
meningiomas; 22 occurred in the cervical spine, 50 in the 
thoracic spine, and 2 in the lumbar spine. We excluded 
patients with any nonmeningioma tumor, a tumor outside 
the thoracic spine, and any patient who had no available 
clinical follow-up information. We extracted a total of 46 
patients who had meningiomas specifically in the thoracic 
spine and who had available clinical follow-up. We col-
lected the following variables: age, sex, preoperative motor 
and sensory symptoms, past medical history (PMHx), size, 
American Society of Anesthesiologists (ASA) physical sta-
tus score, use of preoperative steroids, number of levels that 
underwent laminectomies, concurrent or future need for 
spinal instrumentation, estimated blood loss (EBL), intra-
operative fluid administration, urine output, neuromonitor-
ing changes, Simpson grade, postoperative complications, 
WHO grade, pathological subtype, length of follow-up, ad-
juvant therapy, recurrence, and death. Follow-up generally 
entailed a clinic visit within 2–3 weeks of surgery and at 
2–3 months, followed by yearly visits unless ongoing treat-
ment was needed. Postoperative imaging was performed 
2–3 months after discharge and then yearly thereafter.

Statistical Analysis
SPSS Statistics version 26 (IBM Corp.) was used for 

logistic regression. A binary logistic regression model was 
used to analyze disposition to rehabilitation facilities, and 
linear regression was used to analyze factors associated 
with increasing length of stay (LOS).

Results
Patient Demographics

A total of 46 patients with a thoracic spinal cord me-
ningioma were identified (Table 1). The majority of the 
patients were female, making up 80.4% of the cohort (n = 
37). The mean age was 59 ± 18 years (range 17–90 years). 
The median clinical follow-up was 53 months (range 
1–201 months), and the median radiographic follow-up 
was 27 months (range 1–180 months). Thirty-four patients 
(73.9%) had follow-up of at least 2 years. This was the first 
spinal tumor diagnosed in the majority of patients (91.3%, 
n = 42). The patients were generally healthy, with the ma-
jority having a PMHx of hypertension (34.8%), diabetes 
(17.4%), or any previously diagnosed neoplasm (26.1%; 2 
breast cancer, 1 angiomyolipoma, 3 neurofibromatosis, 2 
previous spinal meningiomas, 1 von Hippel-Lindau syn-
drome, 1 nonmelanoma skin cancer, 1 gastrointestinal 
stromal tumor, and 1 with lung cancer and melanoma). 
Three patients had a genetic diagnosis of neurofibroma-
tosis type 2 (NF2) (6.5%). None of the patients with diag-
nosed NF2 had recurrence at the time of the last follow-
up. The anesthesiology team considered most patients 
to be safe for surgery, as 63% of patients were in ASA 
class II. The most common presenting symptoms were 
persistent sensory disturbance (63%) and either subjective 
or objective motor weakness (63%). The majority of the 
meningiomas were allocated to the upper thoracic region 
between T1 and T4 (45.7%), followed by the midthoracic 
T5–8 region (28.3%), and lower thoracic region T9–12 
(26.1%). All patients had intradural extramedullary le-
sions except 1 patient who had an infiltrative intramedul-
lary lesion that was confirmed to be an anaplastic me-
ningioma. Lesions were mostly dorsally located (65.2%, 
n = 31) as opposed to being ventral to the spinal cord 
(32.6%, n = 15); there was only 1 patient whose lesion was 
unspecified as we did not have the preoperative imaging 
available for review.

Operative and Postoperative Details
Surgical details are summarized in Table 2. The pa-

tients generally required a 2-level (45.7%, mean tumor di-
ameter 18.1 mm, 66.7% dorsal) or a 3-level (43.5%, mean 
tumor diameter 18.7 mm, 68.4% dorsal) decompression to 
obtain sufficient access to the meningioma. Two patients 
(4.3%) required a 4-level laminectomy (mean tumor di-
ameter 26 mm, 50% dorsal) and 1 patient (2.2%) required 
a 5-level laminectomy (tumor diameter 16 mm, dorsal). 
One patient underwent concurrent instrumentation at the 
time of resection for a tumor near the thoracolumbar re-
gion located at T11–12. Twenty patients (43.5%) under-
went Simpson grade 2 resections (mean tumor diameter 
17.1 mm, 55% dorsal) followed by 28.3% who underwent 
Simpson grade 3 resections (mean tumor diameter 18.5 
mm, 84.6% dorsal), 17.4% underwent Simpson grade 4 
resections (mean tumor diameter 22 mm, 62.5% dorsal), 
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and only 10.9% underwent Simpson grade 1 resections 
(mean tumor diameter 20.3 mm, 80% dorsal). The mean 
blood loss was not substantial, with a mean EBL of 228 ± 
126 ml (range 50–600 ml). The mean intraoperative flu-
id administration was 2336 ± 913 ml (range 1000–6000 
ml), and the mean urine output was 663 ± 665 ml (range 
100–3300 ml). Postoperative medical complications were 
minimal, with 1 patient who had a pulmonary embolism, 
1 patient with a hemorrhagic infarct during surgery, and 
1 patient who required a repeat surgery to repair a CSF 
leak. About 10.9% of patients did have a new postopera-
tive neurological deficit. Notably, 3 patients had any type 

TABLE 1. Baseline characteristics

Variable Value

Mean age, yrs 59 ± 18 (17–90)
Female sex, n (%) 37 (80.4)
First spinal tumor, n (%) 42 (91.3)
PMHx, n (%)
  Hypertension 16 (34.8)
  Diabetes mellitus 8 (17.4)
  Past tumors (any type) 12 (23.9)
  NF2 3 (6.5)
  Lung disease 5 (10.9)
Presenting symptoms, n (%)
  Transient sensory 12 (23.9)
  Persistent sensory 29 (63)
  Motor 29 (63)
  No symptoms 2 (4.3)
Preop steroids given, n (%) 6 (13)
Tumor location, n (%)
  Upper thoracic (T1–4) 21 (45.7)
  Midthoracic (T5–8) 13 (28.3)
  Lower thoracic (T9–12) 12 (26.1)
Dural relation, n (%)
  Intradural, extramedullary 45 (97.8)
  Intradural, intramedullary 1 (2.2)
Position w/in spinal canal, n (%)
  Dorsal 31 (65.2)
  Ventral 15 (32.6)
Enhancement, n (%)
  Homogeneous 25 (54.3)
  Heterogeneous 9 (19.6)
  Unclear 5 (10.9)
  Preop MRI not available 7 (15.2)
Mean largest tumor diameter, mm* 18.4 ± 6.7 (9–43)
ASA grade, n (%)
  I 1 (2.2)
  II 29 (63)
  III 16 (34.8)
Median total follow-up, mos 53 (1–201)

Mean values are presented as the mean ± SD (range).
* Reported for 39 lesions.

TABLE 2. Surgical course

Variable Value

No. of laminectomy levels, n (%)
  1 2 (4.3)
  2 21 (45.7)
  3 20 (43.5)
  4 2 (4.3)
  5 1 (2.2)
Instrumentation, n (%) 1 (2.2)
Extent of resection, n (%)
  GTR 38 (82.6)
  STR 8 (17.4)
Simpson grade of resection, n (%)
  1 5 (10.9)
  2 20 (43.5)
  3 13 (28.3)
  4 8 (17.4)
Neuromonitoring disruptions, n (%)
  None 34 (73.9)
  Mild 2 (4.3)
  Severe 1 (2.2)
  Not used 9 (19.6)
Mean EBL, ml 228 ± 126 (50–600)
Mean intravenous fluid, ml 2336 ± 913 (1000–6000)
Mean urine output, ml 663 ± 665 (100–3300)
WHO grade, n (%)
  I 43 (93.5)
  II 2 (4.3)
  III 1 (2.2)
Pathological features, n (%)
  Necrosis 2 (4.3)
  Hypercellularity 1 (2.2)
Postop/hospital complications, n (%)
  Altered mental status 1 (2.2)
  Anemia requiring transfusion 1 (2.2)
  CSF leak requiring operative repair 1 (2.2)
  Hematomyelia & hemorrhagic infarct  
  requiring surgery

1 (2.2)

  Pulmonary embolism 1 (2.2)
  Perioperative mortality 0 (0)
New postop neurologic deficit, n (%) 5 (10.9)
Median LOS, days (range) 4 (1–9)
Disposition, n (%)
  Home 29 (63)
  Rehab 17 (37)
Adjuvant RT, n (%) 2 (4.3)

RT = radiotherapy.
Mean values are presented as the mean ± SD (range).
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of neuromonitoring disruption that was noted intraopera-
tively (2 mild, 1 severe), and only the patient with a severe 
disruption developed postoperative deficits. The average 
LOS in the hospital was approximately 4 days (range 1–9 
days) and most patients were discharged to home (n = 
29, 63%) as opposed to a rehabilitation facility (n = 17, 
36.9%). Two patients required adjuvant radiotherapy (1 
with a WHO grade III anaplastic meningioma, and 1 with 
a WHO grade I tumor that was subtotally resected). Thir-
ty patients had improvement or resolution of symptoms, 
while 6 had worsening or new symptoms postoperatively. 
Outcomes are summarized in Table 3.

Neuropathology 
All lesions were sent for both frozen and permanent 

pathology; they were reviewed by a trained neuropatholo-
gist. The majority of patients (93.5%) had a WHO grade 
I meningioma while 4.3% had a WHO grade II menin-
gioma, and only 1 patient had an anaplastic WHO grade 
III meningioma. The majority of patients had psammoma-
tous subtype meningiomas (n = 11), followed by menin-
gothelial (n = 8), multiple subtypes (n = 3), metaplastic (n 
= 2), atypical (n = 2), transitional (n = 1), and otherwise 
unspecified (n = 18).

Discharge and LOS
Binomial logistic regression was used to analyze fac-

tors associated with increased risk of discharge to reha-
bilitation facilities (Table 4). None of the factors among 
age at surgery, ventral spinal canal position, new postop-
erative deficit, and LOS achieved significance, although 
increasing age trended toward significance (p = 0.059). 
The average age of patients discharged to a rehabilitation 
facility was 67.4 years, and the average age for those dis-
charged to home was 55.2 years. Factors predicting LOS 
were analyzed using linear regression (Table 4); age, ven-
tral position, EBL, and increasing WHO grade were not 
significant.

Discussion
Patients with spinal cord neoplasms, specifically me-

ningiomas, represent a rare cohort, as primary neoplasms 
arising from the spinal axis are uncommon. Meningiomas 
represent the most common primary spinal neoplasm, and 
they have a predilection for the thoracic spine.8–10 Most 
tend to represent WHO grade I neoplasms, with low mitot-
ic activity and low risk of recurrence. These tumors also 
engender a very low annual growth rate, and resection is 
only considered depending on preoperative symptoms or 
if the tumor is large enough that it would necessitate inter-
vention to prevent spinal cord compression. Nonetheless, 
it is important to describe the demographic information, 
long-term postoperative outcome, and recurrence rate for 
these patients.

Preoperative Presentation 
Most patients presented during their 5th or 6th decade 

of life and were generally healthy, with expected PMHx 
of hypertension and diabetes. They also had low opera-
tive morbidity scores per the ASA classification. The most 
common presenting symptoms included permanent sen-
sory and subjective/objective weakness; 2 patients had 
asymptomatic lesions. These findings are similar to those 
reported by Yamaguchi et al. in a retrospective study dem-
onstrating that motor weakness and sensory disturbance 
were more common in patients with thoracic spine menin-
giomas than in the cervical or lumbar spine (no cases of 
the latter were reported in the study).2

Operative Details and Patient Disposition
Twenty-five patients had gross-total resection (GTR; 

Simpson grade 1 or 2) and 21 had a subtotal resection 
(STR; Simpson grade 3 or 4). Notably, all patients un-
derwent standard midline incisions and laminectomies. 
None of the patients required parascapular extrapleural, 
extracavitary, or retropleural approaches. In this cohort, 
lesions treated with Simpson grade 3 or 4 resections had 
average sizes of 18.5 mm and 22 mm, respectively, while 
lesions treated with grade 1 or 2 resections had an average 
maximum diameter of 20.3 mm and 17.1 mm, respectively. 
Resection grade and ventral position within the canal did 

TABLE 3. Outcomes

Variable Value

Status of symptoms at last follow-up, n (%)
  Resolved 16 (34.8)
  Improved, but still present 14 (30.4)
  Stable 9 (19.6)
  Worsened or new 6 (13)
  No further objective physical exam data 1 (2.2)
Recurrence, n (%) 1 (2.2)
Repeat surgery, n (%) 1 (2.2)
Other treatment after recurrence, n (%)
  RT 1 (2.2)
  Medical treatment 1 (2.2)
Death during follow-up, n (%) 5 (10.9)
Death w/in 30 days of surgery, n (%) 0 (0)
Mean age at death, yrs 68.4 ± 15.7 (51–86)

Mean values are presented as the mean ± SD (range).

TABLE 4. Regression analysis for disposition to rehabilitation 
facilities (binomial) and LOS (linear)

Variable p Value OR 95% CI

Discharge to rehab facility
  Age at surgery 0.059 1.045 0.998 to 1.94
  Ventral position in canal 0.964 0.968 0.236 to 3.97
  New postop deficit 0.558 1.85 0.236 to 14.504
  LOS 0.311 1.182 0.855 to 1.634
LOS
  Age at surgery 0.555 −0.051 to 0.028 
  Ventral position in canal 0.773 −1.717 to 1.285
  EBL 0.299 −0.009 to 0.003
  Increasing WHO grade 0.346 −2.349 to 0.844
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not impact recurrence rate in this cohort, as only 1 tumor 
recurred in a patient with high-grade meningioma. Intra-
operative neuromonitoring was performed in 37 patients, 
with only 3 displaying any changes. One of these patients 
had significant disruption of motor potentials of the right 
lower extremity and demonstrated weakness in the affect-
ed limb, which resolved. In general, the procedures were 
well tolerated with only mild, transient deficits, if any oc-
curred. Ventrally located meningiomas represent a chal-
lenge and require an approach specifically tailored to the 
particular anatomy of each case.11–13 In this cohort, 15 ven-
tral meningiomas were treated, and GTR was achieved in 
10 cases. Imaging examples in patients with dorsally and 
ventrally located tumors are shown in Fig. 1. None of these 
patients experienced worsened symptoms at the last fol-
low-up (11 resolved or improved). Although anatomically 
challenging, surgery for ventral lesions appears to be safe 
and may not portend an increased risk of recurrence.11–13

The average EBL was 228 ml, while average fluid resus-
citation and urine output were 2336 ml and 663 ml, respec-
tively. Taken together, these patients usually do not require 
any blood transfusions and usually do not require signifi-
cant amounts of crystalloid administration. This is ben-
eficial, as excessive fluid resuscitation has been associated 
with postoperative complications, inclusive of pulmonary 
and tissue edema (which may affect wound healing), as 
well as hyperchloremic metabolic acidosis with subsequent 
acute renal injury.14 Blood transfusions have also been as-
sociated with risks, including immunological reactions of 
varying severity, laboratory errors leading to mismatch, the 
small risk of transfusion-associated infection, and similar 
sequelae of fluid overload with excessive administration.15

The average LOS in this study was 4 days; 29 patients 
(63%) were discharged to home, while 17 (37%) were dis-
charged to a rehabilitation facility. Our analysis did not re-
veal any significant factors predicting discharge to a facil-
ity, although age was trending toward significance. Older 
age would be an unsurprising risk factor for this outcome 
in spinal meningiomas, as increasing age has been associ-
ated with increased risk of preoperative neurological defi-
cits and postoperative nonneurological complications.10 It 
is possible that a larger sample size would be more reveal-
ing for predictive factors in this cohort.

Long-Term Postoperative Outcomes
The median follow-up for this study was 53 months 

(range 1–201 months). Thirty patients had improved or 
resolved symptoms, 9 remained stable, and 6 worsened. 
Five patients died during follow-up, although none of 
these deaths occurred within 30 days of surgery. Only 1 
death was related to the meningioma. This patient was a 
50-year-old man with a WHO grade III anaplastic menin-
gioma. The lesion was treated with STR, and the hospital 
course was complicated by postoperative hematomyelia 
and hemorrhagic infarct requiring reoperation. The pa-
tient received adjuvant radiotherapy with 31.8 Gy in 13 
fractions. Despite this, the lesion progressed 1 month after 
surgery, and the patient died after receiving additional ra-
diotherapy and sunitinib. 

Only 1 patient, who was 70 years old at the time of 
surgery, required any subsequent spine surgery. Verte-

broplasty was performed for compression fractures and 
resulting kyphoscoliosis near the level of the previously 
resected meningioma 8 years after the initial surgery. No 
additional patients required fusion or instrumentation.

Study Limitations
This study is limited by limitations inherent to all retro-

spective reviews. The sample size, although reasonable for 
a less common pathology like spinal meningiomas, was 
still relatively small for statistical purposes. Our analysis 
was limited to operative notes, and we cannot be confident 
about how wide or aggressive the bony decompressions 
differed between lead surgeons.

Conclusions
Surgery for thoracic spinal meningiomas is well toler-

ated and safe. The ability of a surgeon to obtain adequate 
resection was not limited by a ventral position of the neo-
plasm. Overall, patients did not require blood transfusion 
or excessive intraoperative fluid resuscitation. Only 1 pa-
tient required concurrent instrumentation and fusion at the 
time of resection. Most patients were discharged to home, 
and increasing age was trending toward significance for 
those patients discharged to rehabilitation facilities.

FIG. 1. Examples of ventral and dorsal spinal meningiomas. Preopera-
tive T1-weighted contrast (A) and postoperative T1-weighted (B) MR 
images for a T8–9 ventral meningioma. Note the broad dural attachment 
located in the ventral part of the spinal canal (white arrow). Preoperative 
T1-weighted (C) and postoperative T2-weighted (D) MR images for a 
dorsal T1 meningioma.
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