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ABSTRACT

Background: Intradural extramedullary (IDEM) spinal cord tumors are two thirds of all spinal tumors. We have

prospectively analyzed the importance of the tumor occupancy ratio as a factor for predicting the course of the disease
and in prognosticating the surgical outcome in patients with IDEM tumors.

Methods: We prospectively analyzed 44 consecutive cases of IDEM tumors, diagnosed as cervical, thoracic, and

lumbar IDEM tumors (excluding conus/cauda equina lesion) by magnetic resonance imaging (MRI), that were operated
on at our institution between 2014 and 2016. We measured the tumor occupancy ratio and noted the sagittal and axial
location of the tumor in the preoperative MRI and performed the laminectomy and unilateral medial facetectomy. A

primary outcome has been noted according to the gait disability score in the preoperative period and in the follow-up
period of 1 year. In the statistical analysis, categorical variables were compared using a chi-square test, and an analysis
of variance and student t tests were used for the continuous variables. P , .05 was considered statistically significant.

Results: The tumor occupancy ratio showed a significant association to the preoperative gait disability score (P ,

.001) and also predicted that the surgical outcome is much better in patients with tumors with a low tumor occupancy
ratio than in patients with tumors with a high occupancy ratio (P , .001). No difference in the tumor occupancy ratio
was noted in 2 different pathological tumors, and there was also no difference in the tumor occupancy ratio at different

sagittal and axial locations of the tumor.
Conclusion: Tumor occupancy ratio has shown a significant impact on the preoperative course and also predicts

the surgical outcome in patients with IDEM tumors. Hence, it is an important imaging characteristic to prognosticate

the outcome in IDEM tumors and should be noted in each case.

Tumor

INTRODUCTION

Intradural extramedullary (IDEM) spinal cord
tumors constitute approximately two thirds of
spinal tumors.1–3 The most common IDEM tumors
are derived from nerve sheath cells covering the
spinal nerve roots (schwannoma and neurofibroma)
or meningeal cells located along the spinal cord
surface (meningioma).3 The natural history of both
of the common IDEM tumors were studied, and it
was suggested that schwannoma has a varied
growth pattern while meningioma has a constant
growth pattern.4

Both common IDEM tumors (schwannoma and
meningioma) have specific imaging features of
different T1 and T2 intensity along with the
homogeneous or heterogeneous contrast enhance-
ment, but dural tail and extradural extension

differentiate both of them, and one author also
suggested that the longitudinal diameter of the
schwannoma is higher than of the meningioma in
IDEM tumors.5,6 None of the studies have evalu-
ated any radiological parameters other than loca-
tion to establish their role in prognosticating the
surgical outcome. Hence, in this paper, we present
our single institution’s surgical experience to pro-
spectively analyze the effect of tumor occupancy
ratio on the surgical outcomes of patients with
IDEM tumors at 1-year follow-up.

MATERIAL AND METHODS

Patient Selection

A prospective study was performed for 2 years
between June 2014 and June 2016 of all consecutive
44 patients operated on for IDEM tumors at our
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tertiary center. IDEM tumors at cervical, thoracic,

and lumbar locations were selected except tumors at

the cauda equina/conus locations. Ethical clearance

was received from the ethical society of the institute,

and written consent was received from all patients

taking part in the study. A detailed clinical history

was taken followed by careful clinical examination,

which was recorded as per the written proforma.

Preoperative Evaluation

Diagnostic evaluations included magnetic reso-

nance imaging (MRI) (spine) with contrast demon-

strating the tumor and the respective spinal column

(sagittal and axial) location of the lesion. The axial

location of the tumor was categorized as anterior,

posterior, or lateral with respect to the spinal cord

and was described to correlate with a clock face.

Tumor position according to the clock was divided

into anterior with 10 o’clock and 2 o’clock

positions, while 4 o’clock to 80o clock was defined

as posterior, and the rest were considered as lateral.

The tumor occupancy ratio was also measured in

axial MRI (spine) as described by Ahn et al7 and

was done by the surgical team.

The tumor occupying ratio was measured as [(aþ
b)/(AþB)]3 100, where a is the transverse diameter

of the tumor; b is the longitudinal diameter of the

tumor; A is the transverse diameter of the intradural

space; and B is the longitudinal diameter of the

intradural space (Figure 1).

Clinical disability was assessed by the gait

disability scale and Frankel scale at preoperation,

time of discharge, 3 months, and 12 months follow-

up by meeting or telephone. We have used a newer

disability score system named the gait disability

score, which mainly describes the ambulatory status

of the patient. The gait disability score is a simplified

version of the Frankel score and may be very useful

and easy for mentioning and monitoring the

ambulatory status of the patient. The following

are the specifications of the gait disability score: 1,

nonambulatory; 2, ambulate with 2-men support/

walker; 3, ambulate with moderate assistance/1-man

Figure 1. Magnetic resonance imaging (MRI; dorsal spine) of a ventrally located dorsal tumor showing the method of measurement of tumor occupancy ratio on an

axial T2-weighted MRI image.
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support; 4, ambulate with minimal assistance/stick

support; and 5, ambulate without support.

Surgical Intervention

The preferred surgical procedure used in all cases

was standard wide posterior laminectomies, while

unilateral medial facetectomy was done in purely

ventrally located tumors and in tumors with

extradural extensions. The involved nerve rootlets

with no distal end were identified and coagulated

and cut in case of neurofibroma/schwannoma, while

in the case of meningioma, dural origin was

coagulated and cut if feasible using bipolar cauter-

ization in most cases (Simpson grade II excision).

Gross-total/near-total excision of the tumor was

done in all cases. No implant fixation was done in

any case. Intraoperative neuromonitoring was done

in almost every case as a routine procedure.

Follow-Up

Postoperation, complications were immediately

noted, and neurological status was again assessed at

the time of discharge by the gait disability score and

Frankel score, and the patient was then followed-up

in the next 3 months and at 1 year. Postoperation

radiology was only done in cases (2) with any
deterioration in neurological status.

Statistical Analysis

Statistical analysis was carried out using statisti-
cal packages for SPSS 16.0 for Windows (SPSS Inc.,
Chicago, Illinois). Continuous and categorical
variables were expressed as mean 6 standard
deviation and percentages, respectively. Chi-square
tests were done to determine the association
between preoperative gait score and tumor occu-
pancy ratio. A repeated measures analysis of
variance was used to see the variations in gait
disability score over time with different tumor
occupancy ratios (,80 and .80). An analysis of
variance was applied to compare mean tumor
occupancy ratios in lateral, ventral, and dorsal
areas of axial sections and cervical, upper dorsal,
lower dorsal, and lumbar locations of sagittal
sections. An independent t test was applied to
compare the mean tumor occupancy ratio in
schwannoma and meningioma. A value of P , .05
was considered statistically significant.

RESULTS

In this study, the age of all patients ranged from
16 to 75 years with a mean (standard deviation) of
42.6 (17.25) years. The patient population was
70.45% male, while only about one third (29.55%)
were female. In the sagittal location of the tumor,
involved spinal levels were thoracic (63.65%)
followed by cervical (20.45%) and lumbar
(15.90%) spine. In the axial location, tumors were
distributed less in dorsal (6.82%) and ventral
(13.64%), while the lateral (79.55%) location was
the most common. Out of 44 patients, 28 (63.6%)
had schwannoma, while 16 (36.63%) patients had
meningioma. Demographic, pathological types, and
the final outcome of the study population are shown
in Table 1. No significant difference was found in
the mean tumor occupancy ratio measured at
different sagittal (P ¼ .19) and axial locations (P ¼
.92), and there was also no significant difference (P
¼ .72) in mean tumor occupancy ratio in both tumor
types (schwannoma and meningioma) (Table 2).

The tumor occupancy ratio is associated with the
preoperative gait disability score, and our results
showed that tumors with poor gait score (more
disability) had a higher occupancy ratio, suggesting
that it directly affects the disability of the patient

Table 1. Characteristics of the study population.

Characteristics n (%), N ¼ 44

Sex
Male 30 (70.45)
Female 14 (29.55)

Age
Less than 50 y 30 (68.18)
More than 50 y 14 (31.82)

Duration of illness
Less than 6 mo 17 (38.64)
More than 6 mo 27 (61.36)

Tumor pathology
Schwannoma 28 (63.64)
Meningioma 16 (36.36)

Tumor location (sagittal)
Cervical 9 (20.45)
Upper thoracic 12 (27.27)
Lower thoracic 16 (36.36)
Lumbar 7 (15.90)

Tumor location (axial)
Purely ventral 6 (13.82)
Purely dorsal 3 (6.81)
Lateral 35 (79.55)

Tumor occupancy ratio
,80 21 (47.72)
.80 23 (52.28)

Neurological status before surgery (gait disability score)
Ambulatory 26 (59.09)
Nonambulatory 18 (40.91)

Neurological status at follow-up (1 year; gait disability score)
Ambulatory 36 (81.12)
Nonambulatory 8 (18.18)
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and also shows a direct correlation (r ¼ 0.66, P ,

.001) (Table 3 and Figures 2 and 3). When we

compared tumors with ,80 and .80 tumor

occupancy ratios, we elucidated that the mean gait

disability score changed more in tumors with a ,80

tumor occupancy ratio and finally have a better

outcome on the disability score at 1 year (P , .001)

(Table 4 and Figure 4).

According to the gait disability score, on presen-

tation, most of the patients were at grade 4

(38.64%), followed by grade 2 (25%), grade 5

(18.18%), grade 1 (15.91%), and grade 3 (2.27%).

There was deterioration in 2 cases (one in the purely

ventral upper thoracic location, while the other was

a ventrolateral high cervical tumor with extrafor-

aminal extension) in the immediate postoperative

period, and both had residual weakness at 1-year

follow-up, indicating the role of location in predict-

ing the outcome, although the number of ventral

tumors is less predictive of significance. In the

postoperative period, we have seen that within 7

days after surgery, approximately 60% of patients

were walking, either with minimal support or

independently (grade 4 and 5). At 12 months

follow-up, 90.91% of patients had a gait disability

score .2, showing significant improvement (Table 5

and Figure 5), while 81.82 % were ambulatory and

18.18% were nonambulatory as analyzed by the
Frankel score (Table 6 and Figure 6).

No immediate complications of cerebral spinal
fluid leak, hematoma, or wound infection was noted
in our study.

DISCUSSION

Imaging characteristics of IDEM tumors is
usually limited to T1, T2 intensity and contrast
enhancing changes, and very few studies have also
measured the longitudinal and transverse diameter
of the tumors and tumor occupancy ratio;5–7 but
none of the studies have ever tried to find the role of
this feature in predicting the prognosis of surgical
outcome in these patients. We have seen that tumor
occupancy ratio not only correlated with preoper-
ative disability of patients but also predicted the
final outcome of these IDEM tumors. Patients with
tumors with lower tumor occupancy ratios had low
preoperative gait scores and recovered better than
patients with tumors with high occupancy ratios, as

Table 3. Association of mean tumor occupancy ratio with preoperative gait

score.

Preoperative Gait

Disability Score N Mean SD P Value

Score 1 7 84.00 5.62 ,.001 (ANOVA)
Score 2 11 86.00 4.07
Score 3 1 80.00 .
Score 4 17 77.88 4.79
Score 5 8 74.50 3.74

Abbreviations: ANOVA, analysis of variance; SD, standard deviation.

Figure 2. Bar diagram showing the relationship between tumor occupancy

ratio and preoperative gait disability score.

Figure 3. Linear correlation between tumor occupancy ratio and gait disability

score.

Table 2. Comparison of tumor occupancy ratio at different locations and tumor

types.

Location N Mean SD P Value

Axial .19
Lateral 35 79.57 6.28
Dorsal 3 80.66 3.05
Ventral 6 84.50 5.61

Sagittal .92 (ANOVA)
Cervical 11 81.3636 7.81374
Lower dorsal 16 79.9375 5.39714
Upper dorsal 9 80.6667 4.58258
Lumbar 6 81.5000 7.50333

Tumor pathological type .724 (independent
t test)Schwannoma 28 80.57 6.91

Meningioma 16 79.87 4.80

Abbreviations: ANOVA, analysis of variance; SD, standard deviation.
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shown in the results. Hence, we can conclude that
the tumor occupancy ratio should be used as a
routine parameter in the preoperative evaluation of
IDEM tumors and can help prognosticate the
outcome in such tumors.

Few studies have also shown that tumor location
has a significant impact on surgical outcome.1,6,8 In
our case study, we have seen that ventrally located
tumors trended toward the development of neuro-
logical deficit, as occurred in our 2 patients; but,
because of the small number of ventral tumors in
our study, it is not statistically significant. Two cases
that have deterioration in our study have ventral
location, one in the upper thoracic region and the
other in the high cervical region with extradural
extension. As we know, tumors located in the upper
thoracic spine are more likely to develop postoper-
ative neurological deficits because of anatomical
limitations at these levels and insubstantial blood
supply to that region.1,6,9 The extradural extension
may also have a propensity to cause root/spinal
cord-related neurological deficits, and the chances
of recurrence are also high in such cases, while
cervical spinal schwannoma with extradural exten-
sion has more of a chance of recurrence than at any
other location.10–13

The surgical approach is determined primarily
depending on the location of tumors in the spinal
canal, although the standard posterior approaches
through bilateral or unilateral laminectomy with or
without unilateral medical facetectomy provide
adequate exposure to safely remove the vast
majority of these lesions.8,14–16 Posterior fixation is
not required in cases of unilateral facetectomy or
part of rib removal, and we have not done it in any
case even if we required multilevel laminectomy; but
certain studies favored the minimally invasive
approach in view of postoperative kyphosis.6,12,17,18

The majority (90%) of clinical improvement was
noted within 3 months of the operative intervention,
while at 12 months of follow-up, there was
significant improvement in both the gait disability
score and Frankel score, as discussed in the results.
As we know, complete surgical excision of IDEM
tumors is possible with good preoperative planning
according to the imaging characteristics and loca-
tion after following the surgical principle. The
complete excision of the tumor helps to prevent
recurrence; hence, it is also a good predictor of
clinical outcome and should be attempted.3,9,12,19–21

Spine centers have started, as a routine practice,
to do neurophysiological monitoring in most cases
of spinal surgery across the globe, but still have not
proven its utmost importance in IDEM tumors.9,22

Table 4. Changes in gait disability score over time in different tumor

occupancy ratios.

Ratio ,80 Ratio .80

Mean SD Mean SD

Preoperative 3.72 1.30 2.47 1.26
Discharge 4.48 0.77 3.26 0.93
3 mo 4.84 0.37 4.15 0.89
12 mo 5.00 0.00 4.68 0.58
P value ,.001 ,.001 (RM-ANOVA)

Abbreviations: RM-ANOVA, repeated measures analysis of variance; SD,
standard deviation.

Figure 4. Correlation between preoperative and postoperative gait disability

score at a different tumor occupancy ratio.

Table 5. Changes in gait disability score in preoperative and postoperative

periods.

Gait Score, n (%)

P Value�2 .2

Preoperative period 18 (40.91) 26 (59.09) .0005
Postoperative period
(at 12-mo follow-up)

4 (9.09) 40 (90.91)

Figure 5. Changes in gait disability score in preoperative period and in follow-

up at 12 months (significant is a .2 change in score).
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One benefit of intraoperative neuromonitoring is

that it helps for intraoperative evaluation of nerve

function and thus helps in excision of nonfunctional

nerves.22

Radiosurgery in intradural spinal tumors is

evolving and seems to be an effective tool for

patients who are not suitable for open surgery as

well as with multiple lesions, recurrences, or tumor

remnants after microsurgery.11,23

Our study has some limitations because of the

smaller study population and the short follow-up

period of only 1 year. Recurrence was also not

commented on because of the unavailability of

postoperative MRI in all patients and the limited

duration of the study. The larger study sample size

and randomization of the study may help in further

validating the role of tumor occupancy ratios for

predicting the surgical outcome of IDEM tumors.

CONCLUSION

MRI findings should be undertaken in a stan-

dardized fashion to ensure that important details are

not missed for a more accurate evaluation of the

location of the tumor. Tumor occupancy ratio

should be measured routinely as it is correlated

with the early clinical presentation of the patient

and also predicts the surgical outcome and thus can

be used as an important prognostic factor.

The location of the tumor was important to
understanding the nature and course of the disease
in these tumors. We have found deterioration in 2
ventrally located tumors; hence, we should be
careful when operating on ventrally located tumors
and also be cautious in cases of tumors with
extradural extension.
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