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Abstract:

Background: Intradural extramedullary spinal cord tumours (IESCT) accounts for approximately two thirds of all
intraspinal neoplasm and are of important clinical consideration and surgery is the essence in cases with neurological
deterioration. Objective: To share our experience on the outcome of surgical excision of intradural extramedullary spinal
cord tumours. Methods: Results of 60 patients surgically treated intradural extramedullary spinal tumours between Octo-
ber 2003 and October 2015 at Bangabandhu Sheikh Mujib Medical University and in our private settings, Dhaka, were
analyzed retrospectively. There were 32 males, 28 females with an average age of 52.4 years (13-70 years) and followed
up for at least a year. The preoperative symptom with duration, tumours location and intradural space occupancy and the
histopathological diagnosis were analyzed. Pain was evaluated by the visual analogue scale (VAS) and the neurologic
function was assessed by Nurick's grade. Results: The tumours were located as, thoracic 32 (53.33%), lumbar 16
(26.67%), cervical 04 (6.67%), and junctional 08 (13.33%), CervicoThoracic-01, Thoracolumbar-07). The histopatho-
logical diagnosis included schwannoma 35 (58.33%), meningiomas 14 (23.33%), neurofibroma 4 (6.67%), arachnoid cyst
and myxopapillary ependymoma 03 (05.00%) each and paraganglioma 01 (01.67%). The VAS score was reduced in all
cases from 8.0+ 1.2 to 1.2 + 0.8 (p < 0.003) and the Nurick’s grade was improved in all cases from 3.0 £ 1.3 t0 1.0+ 0.0
(p < 0.005). The preoperative neurological deficit improved within 8 postoperative weeks in most cases and within 1
postoperative year in all cases. Complications included cerebrospinal fluid leakage, parasthesia, dependant bedsore 02
(3.33%) each and recurrence 03 (05.00%). and further neurological deterioration 1 (01.67%) case. Conclusion: Intradural
extramedullary tumors detected by MRI are mostly benign and good clinical results can be obtained when treated surgi-

cally. Aggressive surgical excision potentially minimizes neurologic morbidity and improved outcome.
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Introduction:

Primary tumors of the spinal cord are 10-15 times less
common than primary intracranial tumors and overall
represent 2-4% of all primary tumors of the central
nervous system (CNS)'. The annual incidence of primary
spinal neoplasms has been estimated at 2.5 per 100,000
per year’ . These neoplasms can be divided into extradural
and intradural tumors on the basis of their relation to the
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thecal sac that surrounds the spinal cord and cauda equina.
Intradural tumors, account for almost 30% of tumors and
are important consideration in the differential diagnosis of
patients with back pain, radicular pain, sensorimotor
deficits, or sphincter dysfunction. Concomitant intradural
and extradural components, though rare; are associated
with roughly 10% of SCNs.?

Intradural extramedullary spinal cord tumours (IESCT)
constitute approximately two thirds of all intraspinal
neoplasms“; most commonly- schwannomas and menin-

giomas, whereas myxopapillary ependymoma is less
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frequent®. Relatively few published reports have sufficient
sample sizes to adequately analyze surgical outcomes,

demographics, symptoms and data of tumour types and

locations™™’.

Diagnosis of a primary spinal cord tumor requires a high
index of suspicion based upon clinical signs and symp-
toms as well as spine-directed MRI' . Other radiographic
examinations, such as CT and myelogram, are useful if
MRI is contraindicated®. .Histological examination of the
tumour after biopsy or surgical resection is able to estab-
lish the histogenesis of intradural tumors in almost all
cases. The primary objective of this study was to examine
surgical outcomes following intradural extramedullary
tumour excision in a large retrospective cohort of patients.
Secondary goals included examination of clinical data
pertaining to demographics, clinical symptoms, tumour
location, type and the prognostic factors.

Methods:

Sixty cases of intradural extramedullary spinal tumors
were treated surgically between October 2003 and Octo-
ber 2015 at Bangabandhu Sheikh Mujib Medical Univer-
sity (BSMMU) and in our private settings, Dhaka, and
were analyzed retrospectively. These 32 males and 28
females with an average age of 52.4 years (13-70 years)
were followed up for at least 1 year. Pain was evaluated by
the visual analogue scale (VAS)'® and the pre and post-
operative neurological function, ambulatory ability was
graded according to the Nurick’s grading system (Table-
1)"". Locations of the tumors, the percentage of tumor
occupying the intradural space (TOIDS%) was deter-
mined by the preoperative Magnetic Resonance Imaging
(MRI) analysis on both the sagittal and axial images
[Figure-2(a),(b),(c),  3(a),(b),(c), 4(a),(b).(c)]. The
percentage was investigated to find out any statistically
significant association with the preoperative symptoms
and the final surgical outcome. The TOIDS% was calcu-
lated on the axial image showing the maximum size as
follows'? [Figure-1]: [(the transverse diameter of the
tumor mass + the longitudinal diameter of the tumor

mass) / (the transverse diameter of the intradural space +

the longitudinal diameter of the intradural space)] x 100.

The preoperative symptom duration, postoperative
clinical results and the histo-pathological diagnosis were
also analyzed. On last follow up, the MRI was checked to
evaluate whether or not the tumor had recurred. The SPSS
ver. 11.5 (SPSS Inc., Chicago, IL, USA) was used and
statistical analysis was done by Wilcoxon signed rank test,
partial correlation test, Spearman correlation test, Mann
Whitney test and ANOVA. p<0.05 was considered to be
significant and <0.005 as highly significant. Surgical
Technique:'*" The patient was placed prone under
general anesthesia. A laminectomy was performed regard-
less of the location or type of tumor through the posterior
approach alone. A longitudinal incision was made in the
dura mater and the tumor was detached from the dura
mater and removed. During excision of tumour we used
microscope or magnifying Loupe. Additional Posterior
interbody fusion with instrumentation was performed in 3

cases where the tumor were so large as to cause posterior

instability.

During the removal of a cervical tumor ventral to the
spinal cord, the paired denticulate ligaments on one side
were incised to allow lateral retraction of the spinal cord.
The spinal cord or the cauda equina was protected with a
cottonoid and the tumor was removed with a freer and a
hook. During the excision, the nerve fibers over the
surface of a tumor were carcfully separated and those
penetrating the tumor mass were either excised with the
tumor if the distal ends were not identified or they were
preserved through an intralesional tumor excision if the
distal ends were observable. A total of 54 (90.00%)
marginal and 6 (10.00%) intralesional excisions biopsies
were performed. Closure of the dura mater was performed
with 4-0 silk or prolene 6-0. Negative pressure drainage
was performed in all the cases. The drain was removed on
the 2™ postoperative day and gait training was started on
the 3" postoperative day. A thoracolumbosacral orthosis
was worn for 2 postoperative months by the patients who

underwent posterior spinal fusion with instrumentation.



Results:

The histopathological diagnosis included 35(58.33%)
04(6.67%)
neurofibroma, 03(5.00%) arachnoid cyst and myxopapil-

schwannoma, 14(23.33%) meningiomas,
lary ependymoma each and 01(01.67%) paraganglioma.
The plain radiographs taken at the time of admission
revealed no abnormalities in 54 cases, increased
interpedicular distance, calcifications and mild kyphosco-
liosis in 02(03.33%) cases, Scalloping and erosions of
vertebral bodies in 04(06.67%) cases. MRI showed
TESCT in 60 cases, moreover, at the last follow-up it
showed recurrence of schwannoma in 02(3.33%) and
myxopapillary ependymoma in 01(1.67%) patient. As
observed on the Sagittal plane images, 32 (53.33%) cases
in the thoracic region, 16 (26.67%) cases in the lumbar
region, 04 (6.67%)
08(13.33%) cases in junctional area (CT-01, TL-07)
[Table-1I]. With
48(80.00%) were dorso-lateral and 12 (20.00%) were

ventral to the spinal cord or the cauda equina. The mean

cases in the cervical region and

regard to the relative location,

percentage of tumor occupying the intradural space was
83.0% (82.9£9.4%).

The mean duration of symptoms was 14.76 months
(range, 2 to 60 months) and the mean postoperative
follow-up period was 36.8 months (range, 12 to 96
months). Among various symptoms, the most common
symptoms were lower limb pain (local or radicular) and
numbness, which were observed in 54(90.00%) cases,
sensory disturbance of the lower limbs in 40(66.67%)
cases, motor weakness in 30(50.00%) cases and sphincter
disturbance was observed in 28(46.67%) cases. Remark-
able relationships were found between the symptoms and
locations of a tumor. Tumors in the cervical spine were
associated with pain in the neck and motor weakness in
the distal upper limbs. Thoracic tumors were related to
severe pain in the thoracic spine due to compression of the
spinal cord by the tumor. Paresis of both lower limbs was
also more related to thoracic tumors than to the lumbar
ones. The chief complaints of the patients with conus

medullaris and cauda equina tumors included bladder and
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bowel dysfunction and saddle anesthesia. In particular,

pain in the lesions of the conus medullaris tended to

precede a sphincter disturbance occurring in the late stage.
The symptoms tended to increase during walking rather
than during bed rest and sitting. All the cases symptoms

improved postoperatively. The VAS score decreased in all

the cases from an average of 7.67, 8.0 £1.2 (range, 5 to

10) preoperatively to 1.2 + 0.8 (range, 0 to 3) at the last
follow-up (p < 0.005). The preoperative Nurick’s grade

was 1 in 01(1.67%) case, 2 in 10(16.67%) cases, 3 in

14(23.33%) cases, 4 in 28(46.67%) cases and 5 in

07(11.67%) cases. During the follow-up period, Nurick’s
grade 1 was 53(88.33%) cases, 2 in 05(8.33%) cases, 3 in

01(01.67%) case and 5 in 01(01.67%) cases. The preop-

erative Nurick’s grade improved from 3.0 +1.3 (range, 1

to 5) to 1.0 = 0.0 (range, 1 to 5) at the last follow-up (p <
0.005) (Table-IIT). The preoperative symptoms measured
by the VAS and the Nurick’s grading system were highly
associated with the percentage of the tumor occupying the

intradural space. However, no statistically significant
association or difference was found between the preopera-
tive symptoms and the duration of symptoms and the
location of a tumor. A remarkable improvement in symp-

toms i.e. 88.33% was obtained after surgery. Few compli-
cations including CSF leakage 02 (3.33%), paresthesia 02

(03.33%), bedsore 02 (03.33%) and even further neuro-
logical deterioration 01 (01.67%) also developed after
surgery. Recurrence of tumor also developed in

03(05.00%) cases (Table-TV).

Table-1
Nurick’s functional grading

Grade Description
Normal walk, possible clinical spinal irritation

2 Slight difficulty in walking with normal
domestic and working life

3 Functional disability [imiting normal work and
domestic activities

4 Significant weakness making walking impossi
ble without help

5 Bedridden or wheelchair bound
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Table-IT
Demographic data of Intradural Extramedullary Spinal Tumors (n1=60)

Tumor Type Total Sex Age Location
No Male  Female <40yrs 40-60yrs  >60yrs  Cervical  Dorsal Lumbar  Junctional
Schwannoma 35 18 17 13 15 07 02 16 13 04
(58.33%) (30.00 (2833 (21.67%) (25.00%) (11.67%) (3.33%) (26.6™%) (21.67%)  (6.67%)
%) %)
Meningiomas 14 05 09 04 06 04 00 13 00 01
(23.33%) (8.33%) (15.00 (6.67%) (10.00%) (6.67%) (0.00%) (21.67%) (0.00%) (1.67%)
Intra- %)
dural Neurofibroma 04 03 01 01 03 00 02 01 01 00
Ext (6.67%) (5.00%) (1.67%) (1.67%) (5.00%) (0.00%) (3.33%) (1.67%)  (1.67%) (0.00%)
xtra -
Medul-  ArachnoidCyst 03 03 00 02 01 00 00 01 00 02
(5.00 %) (5.00%) (0.00%) (3.33%) (1.67%) (0.00%) (0.00%) (1.67%)  (0.00%) (3.33%)
lary
(IDEM)  Myxopapillary 03 02 01 02 01 00 00 o1 01 01
(5.00 %) (3.33%) (1.67%) (3.33%) (1.67%) (0.00%) (0.00%) (1.67%)  (1.67%) (1.67%)
Ependymoma
Paraganglioma 0! 01 00 01 00 00 00 00 01 00
(1.67%) (1.67%) (0.00%) (1.67%) (0.00%) (0.00%) (0.00%) (0.00%) (1.67%) (0.00%)
Total 60 32 28 23 26 11 04 32 16 08
(53.33% (46.67%) (38.33%) (43.33%) (18.33%) (6.67%) (53.33%) (26.67%) (13.33%)
Table-IIT
Clinical Improvement (n=60)
Pr eoperative Last follow up P -Value
8012 1.2+0.8 0.003
VAS (range, 7 to 10) (range, 0 to 3)
1 01 (01.67 %) 53(88.33 W)
Nurick's 2 10 (16.6 7%) 05 (8.3 3%)
Grad 3 14 (23.33 %) 01 (01.67 %)
4 28 (46.67 %) 00 (00 .00 %)
5 07 (11.67 %) 01 (01.6 7%)
Nurick's Mean 30+1.3 1.0+ 0.0 0.005
Grade
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Table-1V
Complication of Surgery.

Complications No Percentage
CSF leakage 02 03.33
Bed Sore 02 03.33
Paresthesia 02 03.33
Recurrence 03 05.00
Neurological deterioration 01 01.67
Total 10 16.66

Fig-1: This picture shows how to calculate the percentage of tumor
occupying the intradural space on an axial MRI film. It is as follows: {(a
+b) /(A + B)} x 100. A: transverse diameter of the intradural space, B:

longitudinal diameter of the intradural space, a: transverse diameter of
the tumor mass, b: longitudinal diameter of the space, a: lransverse

diameter of the tumor mass, b: longitudinal diameter of the tumor mass.

Fig-2: Schwannoma: (A) The T2 weighted image shows
irvegular and higher signal intensity than that of the CSF.
(B) The contrast-enhanced MR often shows an irregular
margin and ring-shape enhancement. (C) Axial view.
(D)Post Operative follow up MRI (E) and (F) Per opera-

tive picture and excised tumour:

. BTN
Fig-3: Meningioma at D;’/] 0 (A) the T2 weiéhled imges
show slightly lower intense than that of the cord and this
is a homogenous lesion. (B) Contrast-enhanced MR
shows high homogenous signal intensity of tumor. (C)
Axtal T2 weighted images. (D) Per operative picture.
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Fig-4: Ependymoma at L2-SI1 (A),(B) The T1 weighted
image shows signal intensity that is similar to the spinal
cord. (B) The T2 weighted image shows higher signal
intensity than that of the spinal cord. (C) Axial section
shows a well defined margin and regular intensity lesion

and vertebral scalloping effect
Discussion:

The incidence of IESCT is 0.3 out of 100,000, with no
gender preferences. More than 50% of these are found in
the thoracic spine, and 22% and 18% in the cervical and
lumbosacral spine respectively.” Histopathological
diagnoses include schwannoma in 23-48%, meningiomas
in 9.6-35%, neurofibroma in 4-23%, and metastatic
tumors in 6.4-25%.'>'* The demographics in this series
are similar to those in previous studies.*' We found that
schwannomas affected male patients, meningiomas are
women predominant (15.00%), who tend to be older than
patients with schwannomas or ependymomas. Patients
with myxopapillary ependymomas were younger than

patients with schwannomas'’

As a historical note, Sir Victor Horsley (1857-1916) in
1887, performed successful resection of an IESCT in the
thoracic region 44 years before the invention of

myelography.'® Thereafter remarkable improvements in
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the diagnosis and surgical treatment has occurred but the
basic surgical principles have not been changed.'** Many
TESCTs are treated primarily with an aggressive surgical
excision because they are benign and can be separated
easily from the spinal cord due to the development of
microsurgical and neuroanesthesia techniques®'?*. In this
study, most of the 56
capsule with a well-defined margin and could be easily

IESCTs were surrounded by a

dissected. During the procedure, posterior lumbar
interbody fusion and instrumentation were also performed
in 02 cases where the tumours were so large to cause
posterior instability. We also experienced no difficulties in
removing cervical and thoracic tumors ventral to the
spinal cord and so we thought extreme lateral or anterior
approaches were not necessary. For the removal of a
cervical tumour, we cut the paired denticulate ligaments
superior and inferior to the tumour to promote mobility of
the spinal cord”. Klekamp and Samii*® reported favorable
surgical outcome when the interval from the diagnosis to

surgery was short.

Schwannomas are nerve sheath tumors that arise from the
dorsal nerve root (DNR), considered benign tumors,
presents usually in the 4th-6th decades. Although mostly
solitary, rare (2.5%) malignant variety (i.e., malignant
carries poor prognosis.”’” Reported
frequencies among IESCT vary from 43-67% (58.33% in
this series)*'®'®% These tend to produce localized pain,

schwannoma),

rediculopathy and cauda equina syndrome. There is an
increased incidence in patients with neurofibromatosis
type I (NF2). In this study, schwannomas were the only
group of tumours without predominant location of occur-
rence. Surgery is usually curative and no adjuvant therapy
is recommended. Stereotactic radio surgery is an option
for poor surgical candidates®. Most authors have empha-
sized that the preservation of nerve roots compromises
achieving complete tumour removal*®*'. yet according to
Kim?? only 23% of the complete excisions with function-
ally important nerve roots resulted in the development of
neurological symptoms (not severe ones) because the
nerve roots involved in the tumours had already become
dysfunctional. In this study, nerve fibers were found trave-
ling distally through the tumour mass in 3 out of 35
schwannomas, so intralesional excision was performed.
The nerve fibers with no identified distal ends were
removed with the tumour mass by marginal resection in 5

16

cases. No deterioration of the neurological function was
observed on the neurological examination that was
performed immediately after surgery. Because the
Nurick’s grade improved to 1 in all the cases at the last
follow-up, the nerve fibers with no identified distal end
were deeimed dysfunctional. Based on the observation of
only 3 tumour recurrence on MRI, we believed that the
preservation of nerve roots during tumour resection did

not affect the recurrence of tumour.

(25-46% of all

neoplasm) are dural-based tumors that arise from arach-

Meningiomas primary intraspinal
noid cap cells and consequently can be found in any
location where dura is present but only 7.5-12.5% from
spinal dura®. Overall, 15% are in the cervical spine, 81%
in the thoracic spine (92.82% in this series), and 4% in the
lumbar spine**’. In men, spinal cord meningiomas are
equally distributed between the cervical and thoracic cord.
Most are slow-growing low-grade tumors (WHO grade
1). Genetic predisposition (NF2) and prior exposure to
ionizing radiation are the only definite risk factors.
Common presenting symptoms include back pain (70%),
motor dysfunction (60%), sensory disturbance (40%), and
incontinence (40%)*****. In this study, 13 of 14 meningi-
omas were found in the thoracic vertebra and 09 were
female. By imaging, these appear solid, well circum-
scribed with an attachment to the dura®. When treatment
is indicated, surgery is the primary modality and can be
curative with complete resection (5- and 10-year recur-
rence rates 3% and 6%, respectively)**?” With regard to
the treatment of the dural attachment of a meningiomas,
there are three common procedures: 1) some portion of
the dura mater is resected with the tumor to remove any
residual tumor cells and then duraplasty is performed, 2)
some of the internal dura mater is peeled off and the rest
of it is sutured, or 3) the dural attachment is cauterized*’.
In this study, the closures were performed without
additional procedures because all the tumors were easily
separated from the dura mater and no recurrence was
observed at the last follow-up. In this series, patients with
meningiomas were older than other tumour types and they
were more common in females (64.28%), presumably due
to female hormonal influence®. Consistent with previous
report, we found these to be more aggressive in younger

patients®.
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Myxopapillary ependymoma constitute 4.76% of TESCT
in this study and men and women ratio 2: 1, another series
reported twice as many men as women.17 In this series
mean age of the ependymoma group was lower than the
mean age of patients with meningioma or schwannoma.
Symptomatically, ependymomas tended to produce cauda
equina syndrome, localized pain and radiculopathy.

With regard to the factors that influence the prognosis, the
longer the preoperative duration of symptoms was, the
severer the neurological deficits were, 5 the more proxi-
mal the location of a tumor was18 and the more ventral
the tumor was to the spinal cord, the worse the surgical
outcome was’. In this study, the degree of preoperative
neurological symptoms was not associated with the
duration of symptoms, the location of a tumor or the
relative location of a tumot to the spinal cord. Neurologi-
cal symptoms improved postoperatively in most of the
cases, but partial improvements and deterioration were
also observed in some cases. The preoperative Nurick’s
grade was 1 in 01 case, 2 in 10 cases, 3 in 14 cases, 4 in 28
cases and 5 in 7 cases. During the postoperative follow-up
period, Nurick’s grade 1 was 53 (88.33%) cases. 2 in 5
(8.33%) cases, 3 in 01 (01.67%) case , 4 in 00 (00%) case
and 5 in 01 (01.67%) cases. The VAS score was reduced
in all cases from 7.67 tol.14 80+ 12t0 1208 (p=
0.003) and the Nurick’s grade was improved in all cases
from3.5t01.16 3.0 1.3t0 1.0+ 0.0 (p=0.005) (Table
IT). The preoperative neurological deficits improved
within 8 postoperative weeks in most cases and within 1

year in all cases.

However, the preoperative neurological symptoms meas-
ured by the VAS and the Nurick’s grading system were
significantly related with the percentage of tumor occupy-
ing the intradural space. However, considering that the
tumors of Nurick grade 4 and over were all observed in
the thoracic region, this above mentioned correlation may
be a consequence of statistical error due to the small
patient population of our study. In addition, we thought
that surgical intervention should be recommended for all
IESCT tumors regardless of the prognostic factors

because the Nurick’s grade improved to 1 postoperatively

for almost all the cases in our study regardless of the

prognostic factors.

According to el-Mahdyl8 the postoperative recurrence
rate of TESCT was 16% and Asazuma30 reported 46% of
recurrence masses were IESCT tumors which recur more
than other intraspinal tumors. They also reported that the
ventral location of a tumor, extradural invasion, neuro-
genic tumors and ependymomas were the risk factors for
recurrence. According to the study on the treatment of
ependymomas by Klekamp and Samii, 26 the recurrence
rate was 29.5% at 5 years after complete resection, and
this rate was higher than that of other tumors. We believed
incomplete removal of the dura mater, which is the origin
of the tumor, caused the high rate of recurrence of menin-
gioma. In this study, the recurrence rate was found to be
5.00%. However, it is our understanding that our obtained
recurrence rate is not reliable because the mean follow-up
period (36.8 months) was too short and various pathologi-

cal diagnoses were included.

With regard to the postoperative complications, cerebro-
spinal fluid (CSF) leakage was observed in 2 patients and
parasthesia in another 2 patients and bedsore in two
patients. The former was resolved with the placement of a
temporary lumbar drain. The latter, although improved
slightly after >6 postoperative months, was still present. 1
case of myxopapillary ependymoma and 2 cases of
schwannoma recur and 1 case of schwannoma detoriate

neurologically.
Conclusion:

Early recognition of the symptoms and signs of intradural
spinal tumours facilitates early diagnostic evaluation and
treatment. Intradural extramedullary tumors, which are
detected by MRI and tend to be histopathologically
benign, can be separated completely from the spinal cord
without difficulty by surgery. In addition, good treatment
outcomes and prognoses can be expected after surgical
removal of IESCTs. Therefore, aggressive surgical
approaches for the treatment of intradural extramedullary

tumours by orthopedic spine surgeons are recommended
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