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Spinal tumors: Trends from Northern India
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ABSTRACT

Introduction and Methods: We retrospectively analyzed 111 patients with spinal tumors operated over a period of 9 years
to observe the relative frequency of different lesions, their clinical profile, functional outcome and prognostic factors.
30/111 (27%) were extradural, 40/111 (36.1%) were intradural extramedullary (IDEM) and 41/111 (36.9%) were
intramedullary spinal cord tumors (IMSCTs). Mean age at surgery was 30.81 years (range 1-73 years). The average
preoperative duration of symptoms was 16.17 months (15 days to 15 years). Major diagnoses were ependymomas and
astrocytomas in IMSCT group, schwanommas and neurofibromas in IDEM group, and metastasis, lymphoma in extradural
group. The common clinical features were motor weakness in 78/111 (70.27%), sensory loss in 55/111 (49.54%), pain
46/111 (41.44%), and sphincter involvement in 47/111 (42.43%) cases.

Results: Totally, 88/111 (79.27%) patients had improvement in their functional status, 17/111 (15.31%) remained same,
and 6/111 (5.4%) were worse at time of their last follow-up. The mean follow-up was 15.64 months (1.5 m~*° years).
Totally, 59 out of 79 patients, who were dependent initially, were ambulatory with or without the aid. Most common
complication was persistent pain in 10/111 (9%) patients and nonimprovement of bladder/bowel symptoms in 7/111 (6.3%).
One patient died 3 months after surgery.

Conclusions: (1) Congenital malformative tumors like epidermoids/dermoids (unrelated to spina bifida) occur more frequently,
whereas the incidence of spinal meningioma is less in developing countries than western populations. (2) The incidence of
intramedullary tumors approaches to that of IDEM tumors. Intramedullary tumors present at a younger age in developing
countries. (3) Rare histological variants like primitive neuroectodermal tumors should also be considered for histological differential
diagnosis of spinal tumors. (4) Preoperative neurologic status is the most important factor related to outcome in spinal tumors.
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Introduction blood vessels and other tissues. These are 10 times less
frequent than intracranial tumors with majority of them
being benign. According to their location, spinal tumors
are conveniently classified as extradural and intradural,
although some can be both inside and outside the dura.
Intradural tumors can be intramedullary (intramedullary
spinal cord tumor [IMSCT]) or extramedullary (intradural
extramedullary [IDEM]).?

There are few organs in the human body in which neoplastic
disease occurs in a more benign form, and the results of surgery
are more brilliant than in the spinal cord and its membranes.
At the same time, there is no organ in which total restoration
of function following the removal of the neoplasm is so
completely dependent on an early diagnosis."

Benign and malignant neoplasms can arise from intraspinal

. . Space occupying lesions in the spinal canal cause compression
structures such as meninges, spinal cord, nerve roots,

of the structures with resultant neurological deficits. Rapidly
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contributes to cord damage. In long standing tumors, there
Dot may be gliosis in the spinal cord due to ischemia and recovery
10.4103/1793-5482.162707 may be incomplete despite complete removal of the tumor.
Initial assessment of the patient with a primary spinal tumor
requires meticulous application of common clinical tools
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some, which may be due to either mass effect or neurological
compression.” In this study, we analyzed the patients of spinal
tumors surgically managed by us, to see the trend of spinal
tumors in northern India. The cases were evaluated with regard
to the pathological diagnosis, preoperative medical history,
clinical symptoms, surgical treatment, outcome, recurrence
and prognostic factors.

Materials and Methods

This was a retrospective study of 111 consecutive patients
with spinal tumors who were treated surgically by single
surgeon (senior author) at Department of Neurosurgery, Sanjay
Gandhi Postgraduate Institute of Medical Sciences, Lucknow,
India, from 2003 to 2011. This is one of the largest tertiary
care referral institutes in north India.

Inclusion criterion
e Primary and secondary tumors of the spinal canal.
e  Tumor like conditions like eiosinophillic granuloma.

Histiocytosis X, aneurysmal bone cyst.

Exclusion criterion

e  Vascular malformations,

e Infective pathologies including potts spine

e The patients with inadequate record, or

e  Follow-up <1.5 months after surgery were excluded from
the study.

Each patient’s medical history, findings of the physical
examination performed in an out/in-patient department,
radiological examination records were investigated. We used
modified McCormicks grade to evaluate the neurological
and functional status of patients [Table 1]. All patients were
investigated by contrast magnetic resonance imaging of the
whole spine. Appropriate radiology was obtained during
follow-up, as and when required, depending upon the clinical
situation or to assess the extent of resection and recurrences.
Statistical analysis was performed by using Fischer exact and
Chi-square tests.

Observations

criterion. Out of 111 patients, there were 30 patients with
extradural tumors, 40 had IDEM, and 41 had intramedullary
tumors. There were 80 (72.08%) males. Mean age at time of
surgery was 30.7 years. There were 34 (30.63%) patients in
pediatric (<18 years) age group. The demographic profile of
patients is represented in Table 2.

Histopathological diagnoses

We observed a variety of benign and malignant
lesions. Overall 34/111 (30.63%) were neuroepithelial
tumors (ependymomas + astrocytomas) followed by nerve
sheath tumors 25/111 (22.53%). The dermoid/epidermoids
were present in 11 (9.9%), and meningiomas were present in
7 (6.3%) cases only. The single most frequent histopathological
diagnosis was ependymoma (22; 19.81%) followed by
schwanomma (14; 12.61%) and astrocytomas (11; 9.9%).
Various diagnoses in terms of their location are presented in
Table 3.

Location

the thoracic region of spinal canal was most frequently
involved (38; 34.2%) followed by cervical 21 (18.91%),
thoracolumbar (15; 13.5%) and lumbar (12; 10.8%) region. Two
patients had multiple lesions both affecting the extradural
compartment. One patient had an intramedullary lesion
involving the cervical cord as well as medulla (cervical
cord > medulla) [Table 4].

Clinical profile

The common clinical symptom was motor weakness (78 cases;
70.27%) followed by sensory loss and pain. Sphincter
disturbances were present in 47 patients (42.34%). The
weakness in the majority was spastic, however, hypotonia was
observed in 10 patients (9.1%) as shown in Table 5.

Table 1: Modified McCormick scale

Grade Modified McCormick scale
| Intact neurologically, normal ambulation, minimal dysesthesia

Il Mild motor or sensory deficit, functional independence
1] Moderate deficit, limitation of function, independent with external aid
\% Severe motor or sensory deficit, limited function, dependent

There were a total of 111 patients who fulfilled the inclusion ~ Y Paraplegia orquadriplegia, even w/flickering movement
Table 2: Demographic profile of patients

Extradural IDEM IMSCT Total
Number of patients (%) 30(27) 40 (36.1) 41 (36.9) 111
Mean age at surgery (range) 30.77 years (1-73 years) 35.88 years (11-62 years) 25.79 years (3-63 years) 30.81 years (1-73 years)
Age <18 years 9 9 16 34 (30.63%)
Gender (male/female) 25/5 26/14 29/12 80 (72.08%) males

Mean preoperative duration of
symptoms

4.9 months

(0.5-48 months)
Mean follow-up after surgery 7.5 months

(1.5-60 months)

18.73 months
(2-120 months)
16.72 months
(1.5-66 months)

31 (27.92%) females
16.17 months
(9 days to 180 months)

24.89 months

(9 days to 180 months)
22.7 months

(4-120 months)

15.64 months
(1.5-120 months)

IDEM — Intradural extramedullary; IMSCT — Intramedullary spinal cord tumor
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Table 3: Histological diagnosis of cases

Extradural (n=30) IDEM (n=40)

IMSCT (n=41) Total (n=111)

Metastasis-4 Schwannomma-12

Lymphoma-3 Neurofibroma-8
Plasmacytoma-3
ABC-2

Mesenchymal tumor-2

Meningiomma-7
Ependymomma-g
Epidermoid-3
Chondrosarcoma-2
Lipoma Enterogenous cyst-1
Mix germ cell tumor Arachnoid cyst-1
Hitiocytosis X Neurenteric cyst-1
Eiosinophilic granuloma Paraganglioma-1
Ewings sarcoma

Chordoma

Malignat peripheral nerve sheath tumor*

Myeloma

Hemangioma

Schwanomma*

Giant cell tumor

Osteoclastoma

PNET 1 each

Inconclusive-1 Inconclusive-1

Ependymoma-17 Ependymoma-22

Low grade glioma-g Schwannomma-14

High grade glioma-2 Gliomas-11

Epidermoid-4 Neurofibroma-8
Dermoid-4 Meningioma-7
Lipoma-2 Epidermoid-7
Ganglioglioma-1 Dermoid-4

IM Lipoma-3

Schwanomma-1
Hemangioblastoma-1

*These were without intradural extension. PNET — Primitive neuroectodermal tumor; IDEM — Intradural extramedullary; IMSCT — Intramedullary spinal cord tumor;

ABC —Aneurysmal bone cyst; IM — Intramedullary

Table 4: Location of lesions

Location of tumor Total

1 (IM)

11 (extradural-2, IDEM-5, IM-4)

9 (extradural-1, IDEM-4, IM-4)

10 (extradural-1, IDEM-2, IM-7)
38 (extradural-g, IDEM-19, IM-10)
15 (extradural-3, IDEM-4, IM-8)

Cervicomedullary
Upper cervical
Lower cervical
Cervico-thoracic
Thoracic
Thoracolumbar

Lumbar 12 (extradural-1, IDEM-5, IM-6)
Lumbosacral 6 (extradural-4, IDEM-1, IM-1)
Sacraococcgeal 7 (extradural-7)

Multiple 2 (extradural-2)

IDEM — Intradural extramedullary; IM — Intramedullary

Results

A posterior approach using standard microsurgical techniques
was performed in all cases, and this was irrespective of the
location of a tumor. We did not require instrumentation in any
case. Total excision was achieved in 57 (51.35%) [Table 6]. Only
biopsy was performed in two cases.

Outcome

We defined “good outcome” as the improvement in patient’s
preoperative modified McCormick score, at the time of last
follow-up. Those who had an improvement of =2 grades were
labeled as having “significant improvement”. The patients who
either remained same or showed a deterioration of modified
McCormick score were considered “poor outcome”. In our series,

88/111 (79.27%) patients had a good outcome at time of last
follow-up. All these patients were ambulatory with or without
awalking aid (M. McCormick score <3). Totally, 79/111 (71.17%)
patients were dependent preoperatively (unable to walk even
with external aid; M. McCormick Grade 4 and 5). Totally, 59
out of these 79 patients were independent with or without
external aid at last follow-up [Table 7].

Complications

Persistent pain was present in 10 (9.1%) patients at follow-up.
Bladder and bowel symptoms were not relieved in (7; 6.3%).
Six (5.41%) patients deteriorated. There were 2 (1.8%)
patients with wound dehiscence; one had cerebrospinal fluid
leak (0.9%). Both of them could be managed conservatively.
There was one mortality in intramedullary group-this patient,
who presented with spinal shock and respiratory depression,
failed to have any improvement after surgery. He became
ventilator dependent and died 3 months after surgery [Table 8|.

Recurrences

In this series, “recurrence” has been assessed on the basis
of new symptoms related to tumor growth or tumor
regrowth on routine radiological assessment. Two tumors
in extradural group (a chondrosarcoma and a malignant
peripheral nerve sheath tumor) showed recurrence, 9 months
and 5 years after surgery, respectively. Three patients
having IDEM tumors (meningioma; 2 years postoperatively,
meningioma; 3 years, and a myxopapillary ependymoma;
8 months postoperatively) had recurrences. Two patients
in intramedullary group (an anaplastic ependymoma at
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20 months, and a conus dermoid at 10 years follow-up) had
recurrences.

Discussion

Primary spinal cord tumors account for 4-10% of all central
nervous system tumors and are characterized based on their
location as intramedullary (IMSCT), IDEM, and extradural.”
Totally, 2/3 of all spinal tumors are said to be IDEM and 10%
IMSCT® but we had nearly equal incidence of IDEM (40/111;
36.1%) and IMSCTs (41/111; 36.9%) in our series. This difference
may be due to tertiary referral at our institute or this may
represent the epidemiological trend of a developing country.

Table 5: Clinical features

Symptoms/signs Number (%)
Motor weakness 78 (70.27)
Sensory loss 55 (49.54)
Pain 46 (41.44)
Bladder involvement 38(34.23)
Bowel involvement 9(8.1)
Parasthesias 20 (18)
Hypotonia 10(9.1)
Wasting 3(2.7)
Local tenderness 2(1.8)
Band like sensation 3(2.7)
Scoliosis 2(1.8)
Foot deformities (w/o spinal dysraphism) 1(0.9)
Spinal shock 1(0.9)
Hemifacial spasm* 1(0.9)

*Hemifacial spasm was observed in a cervical lesion extending to medulla

Table 6: Extent of resection

Extent of resection (%)

The literature indicates that in western populations, the
primary spinal tumors occur more frequently in females,
whereas Asian studies show a slight male preponderance.’®”
We had a male to female ratio of 2.5:1 among our patients.
Similar male to female ratio has been reported by other studies
from India.®® We observed that all histopathological subtypes,
except meningioma, were more common in males as compared
to females (in this series, 6/7 patients with meningioma
were females). The female preponderence of meningioma is a
well-known entity®'>? and our study also supports it.

The mean age of presentation of patients with IDEM tumors
in our study was 35.88 (range, 11-62 years), those having
IMSCT was 25.79 (3-63 years) and in extradural tumors
was 30.77 (1-73 years). The mean age of IMSCTs in our
series is less as compared to that of the western world?
but was comparable to Indian reports.®® This is due to the
presence of significant number of pediatric patients in this
subgroup (16/41; 39%).

Astrocytomas and ependymomas represent the most common
intramedullary neoplasms. Ependymomas are the most
frequent IMSCTSs in adults while astrocytomas are more frequent
in the pediatric population.®* Other intramedullary lesions
include dermoid, epidermoids, hemangioblastomas (HGBs),
lipomas, gangliogliomas, lymphomas and metastasis
etc., Congenital malformative tumors like dermoids and
epidermoids (not associated with spina bifida) account for
only 5-8% of intramedullary lesions in western populations.
However, these were more common (23%) in our series
of pediatric intramedullary mass lesions'* depicting a
difference of their incidence in a developing country. In this
mix population series, we had 8/41 (19.51%) dermoids and
epidermoids in IMSCT group, which is a higher percentage

Total excision (complete removal) 57 (51.35) than western countries.
Near total excision (>90%) (small part of tumor 22 (19.81)
adherent to vital structures was left behind) The most common IDEM spinal cord tumors are nerve
Subtotal excision (40-60%) (decompression) 30(27.02) sheath tumors (schwannomas/neurofibromas) followed by
Biopsy ) meningiomas. Fewer frequent subtypes include epidermoids,
Table 7: Outcome
Extradural IDEM IMSCT Total (%)

Good outcome

Significant improvement (increase in modified McCormick score 22 from preoperative) 9 23 12 44 (39.96)

Improvement (increase in modified McCormick score by 1 grade from preoperative) 11 14 19 44 (39.96)
Poor outcome

Same as preoperative 8 2 7 17 (15.31)

Deteriorated 2 1 3 6 (5.41)
Functionally dependent patients preoperatively (modified McCormick score 4/5) 20 29 30 79
Patients (from above-mentioned group) who became independent postoperatively 9 27 23 59
(modified McCormick score <3)
Mean preoperative McCormick score 3.86 3.9 3.78 3.84
Postoperative 3.0 2.25 2.70 2.65

IDEM — Intradural extramedullary; IMSCT — Intramedullary spinal cord tumor
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dermoid, developmental cysts, paraganglioma, lipoma, spinal
nerve sheath myxoma, etc. We had 20/40 (50%) nerve sheath
tumors and 7/40 (17.5%) meningiomas in IDEM group. This
compares favorably with existing literature.

The common extradural tumors include metastasis,®
lymphomas, and various benign (osteoid osteoma,
osteoblastoma, giant cell tumor, aneurismal bone cyst,
hemangioma), and malignant (chordoma, chondrosarcoma,
osteogenic sarcoma, Ewing’s sarcoma, plasmacytoma) bony
tumors. We had similar representation of these entities in their
subgroups in our study. We also had rare tumors like primitive
neuroectodermal tumor (PNET) and malignant peripheral
nerve sheath tumor in this subgroup [Table 3].

Overall, in our series of spinal tumors, the most common
histological subtypes were neuroepithelial tumors
(ependymoma + astrocytomas) —35/111; 31.53%, followed
by nerve sheath tumors (25/111; 22.52%). The nonneoplastic
malformative tumors (dermoids/epidermoids) were present
in 11 (9.9%) and meningiommas in (7/111; 6.3%) cases only.
When compared with studies from western countries, we
observed a comparable frequency of nerve sheath tumors as
well as of the neuroepithelial tumors in our series, whereas
the incidence of meningioma was low (6.3%) as compared
to that reported by western authors (16-46%)./1011.16:18]
However, the latter was similar to report by studies from
Japan® to China (11-15%). This compares favorably with
epidemiological studies that Asian populations have a
relatively less incidence of spinal meningioma than western
countries.

Our series represents single handed experience of the senior
author. Histology and location of the tumor affect the extent
of surgical resection. Ependymomas often can be surgically
resected. However, astrocytomas infiltrate the spinal cord,
and complete resection is rare. The extent of resection is
dependent largely on presence/absence of a cleavage plain
observed intraoperatively. Presence of an associated syrinx
in IMSCTs favors the resectability of the tumor, up to some
extent." IDEM tumors (represented by schwannomas,
neurofibromas, and meningiomas in majority) are usually
amenable to surgical resection. In extradural pathologies,
benign lesions are managed by intralesional (e.g., osteoid
osteoma) or marginal excision. Those lesions with a tendency
for local recurrence (e.g., aggressive osteoblastoma, and
giant cell tumor) are best excised with a wide margin. For
the most part, resectable malignant lesions require a radical
margin by en bloc excision. We could excise 33/40 (82%) of
IDEM tumors totally. In IMSCT group, we were able to excise
13/41 (31.17%) lesions totally while near total excision were
achieved in 16/41 (39%). Subtotal excision was performed in
11/41 (26.82%), and only biopsy was possible in one case.
These rates are comparable to resection rates reported by
others./222

Radiotherapy is reserved for malignant variants and recurrent
gliomas, whereas chemotherapy is administered for recurrent
primary spinal cord tumors without surgical or radiotherapy
options.P Totally, 31 of our patients received postoperative
radiotherapy (20 in IMSCT Group, 8 in extradural Group and
3 in IDEM group).

We evaluated the effect of different preoperative factors on
outcome of patients [Table 9]. Age and gender had no effect
on outcome (P = 0.864 and P = 0.27 respectively). We found
a statistically significant effect of the preoperative neurologic
status on the postoperative outcome of patients. The patients
with a good preoperative neurologic status (modified
McCormick score <3) had a better overall outcome than those
having a preoperative score of 4 or 5 (P = 0.04). This is similar
to observations made by other studies.®!%%!

A delay in diagnosis or management of patients with mass
lesions causing compression of neuronal tracts in the spinal
cord may result in residual deficits and poor outcome. Dutch

Table 8: Complications

n (%)
Persistant pain 10 (9.1)
Nonimprovement of bladder or bowel symptoms 7(6.3)
Neurological deterioration 6 (5.41)
Retrograde ejaculation 1(0.9)
Kyphoscoliosis 1(0.9)
Wound dehiscence 2(1.8)
Persistant paraesthesias 2(1.8)
CSF leak 1(0.9)
Recurrence 7 (2 extradural,
3-IDEM, 2-IM group)
Death 1(0.9)

CSF —Cerebrospinal fluid; IDEM - Intradural extramedullary; IM — Intramedullary

Table 9: Prognostic factors

Parameter Number of Good Poor P
patients outcome outcome

Age
<50 years 93 74 19 0.84
>50 years 18 14 4

Gender
Male 80 59 21 0.26
Female 31 26 5

Preoperative neurologic status

Modified McCormick score <3 32 29 3 0.047*
Modified McCormick score 4 or 5 79 59 20
Length of involved segment
<3 76 63 13 0.25
>4 35 25 10
Preoperative duration of symptoms
<12 months 82 66 16 0.59

>12 months 29 22 7

*P< 0.05 is significant

D
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investigators?¥ collected a series of 108 patients with both
intradural and extradural tumors. They found that 35% of
patients were diagnosed more than 2 years after the onset
of symptoms. Delayed presentation is one of the main
factors leading to poor neurological grade at time of surgery/
intervention. This affects the postoperative outcome. The
average preoperative duration of symptoms in our series was
16.17 months, with a range from 15 days to 15 years and a
significant number of our patients were in poor neurological
status at presentation (79/111; 71.17%). The long-standing
compressive pathologies cause profound and irreversible
neuronal degeneration due to destructive changes such as
ischemic necrosis and neuronal loss in gray matter as well as
demylenation in white matter and in posterior and lateral white
columns.®! In our series, the patients with a short preoperative
duration of symptoms had a slightly better outcome in terms
of functional status, when compared to patients, who were
symptomatic for a period >12 months (66/82; 81.5% vs.
22/29; 75.7%). However, this difference was not statistically
significant (P = 0.5).

We tried to observe the effect made by longitudinal extent of
the tumor on the surgical outcome. The longitudinal extent
of tumor is, in turn, related to be histological diagnosis
(for example glial tumors frequently extend over several spinal
cord levels and especially, astrocytomas show an infiltrative
growth pattern but others like HGBs and schwanommas usually
have limited extent). Our results show that the longitudinal
extent of tumor did not have a statistically significant effect
on long-term outcome after surgery (P = 0.25). This compares
to results shown by other groups.?

The reported rate of recurrences in spinal tumors is 7.2%, and
IDEM masses tend to recur more commonly.?” We observed
7/111 (6.3%) recurrences, out of which 4/7 (57.1%) were from
IDEM group.

A recent study, based on NIS database (2003—2010) in US has
reported the overall in-hospital mortality rate of 0.46% in
operated spinal tumors.®! We had one (0.9%) mortality in a
patient with an intramedullary tumor.

The various series of spinal tumors had a good functional
outcome in 15-90%?*34 of patients. In our series, a total of
79.27% patients were mobile at last follow-up. This compares
favorably with another series.

In our series 59 patients out of 79, who were dependent
preoperatively, became independent with or without the
help of a walking aid regardless of prognostic factors.
Similar observations have been made by other authors.?” We
recommend that surgical intervention if indicated, should
be considered for spinal tumors regardless of the prognostic
factors. Even patients with poor neurological grade
preoperatively may improve in their functional status.

Asian Journal of Neurosurgery

Conclusions

The congenital malformative tumors (unassociated with spina
bifida) occur more commonly in developing the world while
the incidence of spinal meningioma is less. The incidence of
intramedullary tumors approaches to that of IDEM tumors.
Intramedullary tumors present at a younger age in developing
countries. Rare histological variants like PNETs should also
be considered for histological differential diagnosis of spinal
tumors. Delayed presentation is the main reason for poor
preoperative neurologic status, leading to poor outcome in the
management of spinal tumors. A high level of suspicion and
acknowledging the classical symptoms of cord compression are
the most important factors in shortening the time to diagnosis
of spinal tumors.

References

1. Spurling RG, Mayfield FH. Neoplasms of the spinal cord-A review of
forty-two surgical cases. JAMA 1936;107:924-9.

2. Ramamurthi R, Rao SM. Clinical features and diagnosis. In:
Ramamurthy B, Tandon PN, editors. Text Book of Neurosurgery.
3" ed. New Delhi: Jaypee Medical Publishers; 2012. p. 1181.

3. Williams R, Foote M, Deverall H. Surgical treatment of 264 primary
spinal tumors. Global Spine J 2012;2:249-66.

4. Segal D, Lidar Z, Corn A, Constantini S. Delay in diagnosis of primary
intradural spinal cord tumors. Surg Neurol Int 2012;3:52.

5. Chamberlain MC, Tredway TL. Adult primary intradural spinal cord
tumors: A review. Curr Neurol Neurosci Rep 2011;11:320-8.

6.  Hirano K, Imagama S, Sato K, Kato F, Yukawa Y, Yoshihara H, et al.
Primary spinal cord tumors: Review of 678 surgically treated patients
in Japan. A multicenter study. Eur Spine J 2012;21:2019-26.

7.  Wen-qing H, Shi-ju Z, Qing-sheng T, Jian-qing H, Yu-xia L,
Qing-zhong X, et al. Statistical analysis of central nervous system
tumors in China. J Neurosurg 1982;56:555-64.

8. Bansal S, Ailawadhi P, Suri A, Kale SS, Sarat Chandra P, Singh M,
et al. Ten years’ experience in the management of spinal intramedullary
tumors in a single institution. J Clin Neurosci 2013;20:292-8.

9. Chandy MJ, Babu S. Management of intramedullary spinal cord
tumours: Review of 68 patients. Neurol India 1999;47:224-8.

10. Preston-Martin S. Descriptive epidemiology of primary tumors of the
spinal cord and spinal meninges in Los Angeles County, 1972-1985.
Neuroepidemiology 1990;9:106-11.

11.  Schellinger KA, Propp JM, Villano JL, McCarthy BJ. Descriptive
epidemiology of primary spinal cord tumors. J Neurooncol
2008;87:173-9.

12. Kaye AH, Giles GG, Gonzales M. Primary central nervous system
tumours in Australia: A profile of clinical practice from the Australian
Brain Tumour Register. Aust N Z J Surg 1993;63:33-8.

13. Campello C, Le Floch A, Parker F. Neuroepithelial Intramedullary
Spinal Cord Tumors in Adults: Study of 70 Cases, in American
Academy of Neurology Annual Meeting, Seattle, WA; 2009.

14. Kumar R, Singh V. Intramedullary mass lesion of the spinal cord in
children of a developing milieu. Pediatr Neurosurg 2004;40:16-22.

15.  Abul-Kasim K, Thurnher MM, McKeever P, Sundgren PC. Intradural
spinal tumors: Current classification and MRI features. Neuroradiology
2008;50:301-14.

16. Engelhard HH, Villano JL, Porter KR, Stewart AK, Barua M,
Barker FG, et al. Clinical presentation, histology, and treatment in
430 patients with primary tumors of the spinal cord, spinal meninges,
or cauda equina. J Neurosurg Spine 2010;13:67-77.

17.  Klekamp J, Samii M. Surgery of Spinal Tumors. Heidelberg: Springer;
2006.

18. Helseth A, Mork SJ, Johansen A, Tretli S. Neoplasms of the central
nervous system in Norway. IV. A population-based epidemiological

Vol. 10, Issue 4, October-December 2015

D



19.

20.

21.

22.

23.

24.

25.

26.

27.

Arora and Kumar: Spinal tumors

study of meningiomas. APMIS 1989;97:646-54.

Samii M, Klekamp J. Surgical results of 100 intramedullary
tumors in relation to accompanying syringomyelia. Neurosurgery
1994;35:865-73; discussion 873.

Goh KY, Velasquez L, Epstein FJ. Pediatric intramedullary spinal cord
tumors: Is surgery alone enough? Pediatr Neurosurg 1997;27:34-9.
Epstein FJ, Farmer JP, Freed D. Adult intramedullary spinal cord
ependymomas: The result of surgery in 38 patients. J Neurosurg
1993;79:204-9.

Epstein F, Epstein N. Surgical treatment of spinal cord astrocytomas of
childhood. A series of 19 patients. J Neurosurg 1982;57:685-9.
Cooper PR, Epstein F. Radical resection of intramedullary spinal
cord tumors in adults. Recent experience in 29 patients. ] Neurosurg
1985;63:492-9.

Jellema K, Overbeeke JJ, Teepen HL, Visser LH. Time to diagnosis of
intraspinal tumors. Eur J Neurol 2005;12:621-4.

Yamaura I, Yone K, Nakahara S, Nagamine T, Baba H, Uchida K, et al.
Mechanism of destructive pathologic changes in the spinal cord under
chronic mechanical compression. Spine (Phila Pa 1976) 2002;27:21-6.
Ebner FH, Roser F, Falk M, Hermann S, Honegger J, Tatagiba M.
Management of intramedullary spinal cord lesions: Interdependence
of the longitudinal extension of the lesion and the functional outcome.
Eur Spine J 2010;19:665-9.

Ahn DK, Park HS, Choi DJ, Kim KS, Kim TW, Park SY. The surgical
treatment for spinal intradural extramedullary tumors. Clin Orthop
Surg 2009;1:165-72.

28.

29.

30.

31.

32.

33.

34.

: A review of 111 cases

Sharma M, Sonig A, Ambekar S, Nanda A. Discharge dispositions,
complications and costs of hospitalization in spinal cord tumor surgery:
Analysis of data from the United States Nationwide Inpatient Sample,
2003-2010. J Neurosurg Spine 2014;20:125-41.

Maira G, Amante P, Denaro L, Mangiola A, Colosimo C. Surgical
treatment of cervical intramedullary spinal cord tumors. Neurol Res
2001;23:835-42.

Constantini S, Houten J, Miller DC, Freed D, Ozek MM, Rorke LB,
et al. Intramedullary spinal cord tumors in children under the age of
3 years. J Neurosurg 1996;85:1036-43.

Cristante L, Herrmann HD. Surgical management of intramedullary
spinal cord tumors: Functional outcome and sources of morbidity.
Neurosurgery 1994;35:69-74; discussion 74.

Brotchi J, Noterman J, Baleriaux D. Surgery of intramedullary spinal
cord tumours. Acta Neurochir (Wien) 1992;116:176-8.

Kane PJ, el-Mahdy W, Singh A, Powell MP, Crockard HA. Spinal
intradural tumours: Part II — Intramedullary. Br J Neurosurg
1999;13:558-63.

el-Mahdy W, Kane PJ, Powell MP, Crockard HA. Spinal intradural
tumours: Part I — Extramedullary. Br J Neurosurg 1999;13:550-7.

How to cite this article: Arora RK, Kumar R. Spinal tumors:
Trends from Northern India. Asian J Neurosurg 2015;10:291-7.

Source of Support: Nil, Conflict of Interest: None declared.

Asian Journal of Neurosurgery

Vol. 10, Issue 4, October-December 2015



