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A B S T R A C T

Introduction: Spinal schwannoma (SS) is the most frequently diagnosed benign spinal tumor, constituting ap-
proximately 25 % of all intradural tumors. Aim of our study was to identify factors that potentially affect
immediate postoperative neurological outcome, and the rate of functional recovery within 12 months.
Methods: Screening of our institutional database yielded 90 consecutive patients (mean age 57.1 years, 39
women [43.3 %]) with newly diagnosed SS between March 1997 and October 2018. We pre- and postoperatively
reviewed patient charts, surgical reports, radiographic data, use of IOM, duration of symptoms, histopathology,
co-morbidities, radiographic extension, surgical strategy, neurological performance (Japanese Orthopedic
Association Score [JOA score] and Frankel Grade Classification).
Results: Mean duration of preoperative symptoms was 3.6 ± 1.6 months. Most common symptoms were local
pain (n= 77, 85.6 %). Macroscopic complete resection was achieved in 84 patients (93.3 %). During follow-up,
complete recovery from local pain was documented for 41 patients (59.7 %), from radiating pain for 41 (69.5 %;
p < 0.001).

Postoperatively, 25 (27.7 %) patients developed a new neurological deficit (motor deficits n= 3 and sensory
deficits n=23; one patient developed both); after 12 months, however, motor deficits had abated in all patients,
and 16 (69.5 %) patients had completely recovered from sensory deficits.

Use of intraoperative monitoring (IOM) was a significant predictor for good functional outcome (p < 0.001).
Conclusion: Resection of SS accompanied by IOM whenever feasible should be advocated. We achieved a high
number of complete resections with a low rate of morbidity. New postoperative motor or sensory deficits had a
very high rate of complete recovery within 12 months.

1. Introduction

Spinal schwannoma (SS) is the most frequently diagnosed benign
spinal tumor, constituting approximately 25 % of all intradural spinal
tumors [1–4]. According to the literature, the incidence of SS varies
between 0.3−0.4 cases/100,000 persons per year [5]. Histologically,
the majority of SS are benign with dense cellularity, whereas neurofi-
bromatosis is marked by tumors at multiple locations [3,5]. Many SS
are asymptomatic for a long time because of their slow growth rate.
However, symptoms usually develop when the tumor compresses the
spinal cord or nerve roots, or both, sometimes even infiltrating these
structures. Surgical decision-making is usually based on clinical and
radiological findings [6]. The choice of therapeutic strategy requires
consideration of the topographical level of the specific compression,
tumor morphology, and residual function [4]. Because schwannoma is
composed of neoplastic Schwann cells wrapped around the neuron [4],

complete resection of SS may necessitate the excision of the tumor-in-
vaded nerve root; thus, permanent or transient sensory or motor deficits
may develop in some cases [7]. Although diffuse tumor growth is
anatomically restricted because of the dural aperture for the spinal
nerve root and the intervertebral foramen [8], some SS typically grow
exophytically both intra- and extraspinally.

The aim of our study was to evaluate the clinical presentation,
functional outcome, and recovery rate of new deficits developed within
12 months after surgical resection of SS and to identify factors that
potentially affect neurological outcome with particular focus on IOM.

2. Patients and method

Screening of our institutional database yielded 90 consecutive pa-
tients with newly diagnosed SS who had undergone surgery at the
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Regensburg, Germany, between March 1997 and October 2018.
Patients with the diagnosis of neurofibromatosis I and II were excluded
because of the unpredictable and aggressive biological behavior of
these lesions [9].

Patient charts, surgical reports, and radiographic data were re-
viewed for demographics, duration of symptoms, history of medical
treatment, medication, co-morbidities, radiographic extension of the
tumor, surgical approach (laminectomy, hemilaminectomy, and lami-
notomy), use of IOM, and pre- and postoperative neurological perfor-
mance. Neurological performance was classified according to the
Frankel Grade and the Japanese Orthopedic Association Score [10,11].
Pre- and postoperative motor and sensory deficits were categorized as
well as bowel and bladder dysfunction. Local and radiating pain was
determined by the Visual Analog Scale (VAS, grade 1 = no pain to
grade 10 = maximum pain) [12]. Mean follow-up period was
23.7 ± 39.5 months (range 12–172 months). Because all patients
routinely presented at our outpatient clinic for physical radiographic
evaluation with magnetic resonance imaging (MRI) after 3 and after 12
months, the follow-up visits of our study patients were conducted at
these time points.

Intraoperative electrophysiological monitoring (IOM) comprised D-
wave, somatosensory-evoked potentials (SSEP), and motor-evoked po-
tentials (MEP). The standardized routine use of IOM was established at
our department in 2010.

The tumors were histologically classified by neuropathologists ac-
cording to the criteria established by the World Health Organization
[13]. The extent of resection was described in the surgical report and
evaluated by means of the first postoperative MRI after 3 months. We
distinguished between complete and partial removal of the tumor, with
or without resection of the infiltrated nerve root. All operations were
conducted microsurgically.

The study was approved by our institutional review board (18-1117-
104; Ethics Committee of the University of Regensburg).

3. Statistical analysis

All data are presented using descriptive statistics; relative and ab-
solute frequencies for categorical and median (range) for continuous
data. Comparisons of pain and JOA score between admission and 3
month follow-up were done by using a Wilcoxon signed rank test.
Differences between the operation method (with vs. without IOM) and
the development of neurological deficits were analyzed by using a chi-
squared test of independence. A p-values< 0.05 was considered sta-
tistically significant. All analyses were done with SPSS 25.0 (IBM).

4. Results

4.1. Demographics and clinical evaluation

90 patients with SS were identified, 39 women (43.3 %) and 51
(56.7 %) men. Mean age at the time of surgery was 57.1 ± 3.2 years
(range 24–82 years). Mean duration of preoperative symptoms was
3.6 ± 1.6 months (range 0–6 months). The most common symptoms
were local back pain (n=77, 85.6 %), radiating pain (n=59, 65.6 %),
sensory deficits (n= 48, 53.3 %), and motor deficits (n= 20, 22.2 %).
Motor deficits were subdivided in para-paresis (n= 1, 1.1 %) and
mono-paresis (n= 19, 21.1 %). Loss of sphincter control was observed
in 1 (1.1 %) patient and urinary retention in 3 (3.3 %) patients. Median
VAS level was 4 (IQR 3–6). All clinical signs and symptoms at admission
are summarized in Table 1. Histologically, all tumors were categorized
as SS WHO grade I.

4.2. Tumor morphology and localization

Our search yielded 63 (70.0 %) intraspinal schwannoma and 27
(30.0 %) extraspinal schwannoma, of which 25 (27.8 %) were intra-

and extraspinal hourglass (dumbbell-shaped) schwannoma. Fig. 1
shows the pre- and postoperative sagittal and axial T1 images with
contrast enhancement taken after the complete SS resection at TH 12.
The predominant tumor site was the lumbar spine (n=45, 50 %) fol-
lowed by the thoracic spine (n=26, 28.6 %), the cervical spine
(n= 18, 20 %), and the sacral spine (n=1, 1.1 %). In 48 (53.3 %)
patients, one spinal level was affected, in 32 (35.6 %) patients two le-
vels, and in 10 (11.1 %) patients 3 levels. The most frequently com-
promised segments (n=10, 11.1 %) were the lumbar levels L1/L2, L2/
L3, and L3/L4. Details are summarized in Table 2.

4.3. Surgery

The surgical approach was hemilaminectomy (n= 45, 50 %), la-
minectomy (n= 34, 37.8 %), and laminotomy (n=7, 7.8 %). 2 (2.2 %)
patients with thoracic SS were operated on by means of the trans-
thoracical approach and another 2 (2.2 %) patients by means of the
transabdominal approach (Fig. 2).

Macroscopic complete resection was achieved in 84 patients (93.3
%) and partial resection in 6 (6.7 %) patients. In 1 patient, the decision
on partial resection was made intraoperatively because of deteriorating
IOM. 59 (65.6 %) patients required resection of the tumor-infiltrated
nerve root.

Overall surgical morbidity defined as all complications requiring
revision surgery was 7.7 % (n=7 patients). 2 (2.2 %) patients required
revision surgery because of symptomatic cerebrospinal fluid (CSF) fis-
tula, 3 (3.3 %) patients had symptomatic epidural hematoma that had
to be evacuated surgically, 1 (1.1 %) patient had developed spinal in-
stability requiring instrumented dorsal fusion, and 1 (1.1. %) patient
required a second operation due to insufficient debulking.

4.4. Intraoperative monitoring and functional outcome

At 3-month follow-up, 46 (59.7 %) patients had fully recovered
from local back pain, and 41 (69.5 %) patients with preoperative ra-
diating pain were asymptomatic. 36 (75.0 %) patients with pre-
operative sensory deficits and 9 of the 20 (45 %) patients with motor
deficits had completely recovered.

Table 1
Baseline data and clinical presentation.

n %

Total no. of patients 90 100 %
Sex
Women 39 43.3 %
Men 51 56.7 %

Age (y) 57.1 (24–82)
Clinical presentation
Local pain 77 85.6 %
Radiating Pain 59 65.6 %
Motor deficit 20 22.2 %
Sensory deficit 48 53.3 %

Sphincter impairment at first evaluation
Yes 1 1.1 %
No 89 98.9 %

Urinary retention
Yes 3 3.3 %
No 87 90.6 %

Mean duration of preoperative symptoms (months) 3.63 (0–6)
Sagittal topography
Cervical 18 20.0 %
Thoracic 26 28.6 %
Lumbar 45 50.0 %

Spinal localization
intradural 76 84.4 %
extradural 14 15.6 %
intraspinal 63 70.0 %
extraspinal 27 30.0 %
hourglass (dumbbell shaped) 25 27.8 %
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At 12-month follow-up, 38 (78.1 %) patients with preoperative
sensory deficits and 16 of the 20 (80 %) patients with motor deficits had
completely recovered.

Pain classified by means of VAS had significantly improved from a
median of 4 (IQR 3–6) at admission to a median of 0 (IQR 0–1) at 3-
month follow-up (p < 0.001). Median JOA score had improved from
15 (IQR 9–17) from admission to 16 (IQR 16–17) at 3-month follow-up
(p=0.001).

Immediately after surgery, 25 (27.7 %) patients developed a new
neurological deficit: new motor deficits n= 3, new sensory deficits
n= 23 (one patient developed both). After 3 months, the new motor

deficits had completely resolved in 2 (66.0 %) patients, and sensory
deficits had significantly abated in 13 (56.5 %) patients. After 12
months, no more new motor deficits were observed, and sensory defi-
cits had completely resolved in 16 (69.5 %) patients. However, 7 (7.7
%) patients developed new postoperative sensory deficits. The nerve
root infiltrated by the tumor had to be removed in 59 (69.5 %) patients.
Most of the schwannomas originated from the sensory roots (n= 58;
98.3 %), only in one patient the motor root was affected by the
schwannoma (1.7 %). Out of the 59 patients of our study population in
whom the infiltrated nerve root was resected, 19 patients developed a
new neurological deficit (32.2 %) postoperatively, whereas only 6 pa-
tients (19.4 %) out of the 31 patients with unaffected nerve roots de-
veloped a new postoperative deficit (p < 0.001). In one patient (1.7
%), a rhizotomy was performed distal to the dorsal ganglion which
caused refractory radicular pain, consecutively.

Out of the 90 patients in our study population, 44 patients (48.9 %)
were operated with IOM and 46 (51.1 %) without IOM. A new neuro-
logical deficit was developed by 17/46 patients (37.0 %) who were
operated without the use of IOM compared to 8/44 patients (18.2 %)
operated with IOM (p=0.047).

This effect was mainly seen in the subgroup of patients operated in
the cervical spine (n=18). While 3 of 5 patients (60 %) operated
without IOM developed a new neurological deficit postoperatively,

Fig. 1. Pre- (A, B) and postoperative (C, D) MRI of a patient with SS localized at Th12, contrast-enhanced sagittal and axial T1 sequence.

Table 2
Clinical outcome.

Recurrent lesion
Yes 3 3.3 %
No 87 90.6 %

Postoperative new neurological deficit 25 27.8 %
Postoperative new neurological deficit with IOM 8 8.9 %
Postoperative new neurological deficit without IOM 17 18.9 %
Neurological status at follow-up
Improved 45 66.6 %
Stable 23 33.4 %

Fig. 2. Intraoperative ultrasound image of a patient with SS localized at Th12.
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none was seen in the 13 patients (0 %) operated with IOM (p= 0.002).
Furthermore, those patients operated with IOM had a higher rate of

improvement in the Frankel Score during follow-up at 12 months
(p=0.054, resp.).

5. Discussion

SS are important benign space-occupying lesions within the spinal
canal. However, data on clinical presentation and surgical outcome are
still lacking. The purpose of this study was to add more clinical
knowledge about morphological and anatomical details, symptoma-
tology, and the postoperative course of SS, including data on the in-
fluence of IOM on functional postoperative outcome.

The main findings of this study are the relatively high number of
new neurological deficits after surgery, but these deficits had almost
completely receded within 12 months. In addition, the use of IOM
contributed to a significantly improved short-term outcome im-
mediately after surgery as shown by the significantly improved JOA
scores.

6. Epidemiology and preoperative clinical findings

In accordance with the literature, we found no significant differ-
ences between gender-related prevalence of SS, mean age in the 4th and
5th decade of life, and the majority of localizations of SS in the lumbar
spine levels L1 to L4 [5–7,14].

Furthermore, up to 80 % of SS are reported to be intraspinal; ap-
proximately 15 % of SS extend through the dural aperture appear as a
dumbbell mass with both intra- and extraspinal components [15,16].
These figures are also in line with our results of 84 % of intraspinal
schwannomas and 27.8 % of dumbbell-shaped tumors. Intramedullary
schwannoma has been rarely reported in the literature, and we also did
not encounter any such case [5,16].

Analysis of surgical morbidity included only patients requiring re-
vision surgery. The rate in our study was 7.7 %, which is comparable to
the rate described in the current literature [5,17]. In contrast, Safaee
et al. who also included new postoperative neurological deficits in their
analysis of surgical morbidity reported a rate of> 30 % [16]. However,
after 12-month follow-up, new postoperatively developed sensory def-
icits had persisted in only 7 (7.7 %) patients.

In summary, these findings, which are all in line with the recently
reported series, show the representative status of our study population
and validate the clinical symptomatology as well as the significant re-
sults concerning functional outcome within 12 months.

In our cohort, the most common symptoms were local back pain,
radiating pain, sensory deficits, and motor deficits [18–20]. Vegetative
deficits such as bowel and bladder dysfunction were rare. Clinical signs
and symptoms led to hospital admission within 6 months after ap-
pearance, which is in line with the literature [19,20].

Local and radiating pain was mostly experienced at the site of the
tumor, sometimes spreading to both limbs; pain was mostly transient
but always in the same area. As supposed by some authors, initial local
back pain is assumed to be caused by the disturbance of nerve con-
ductivity because of direct or indirect irritation of the nerve root or root
compression by the mass of the lesion [5]. With time, the enlarged mass
leads to compression of the spinal cord and potentially affects cauda
fibers, even in the case of slow tumor growth. As a late result, the in-
tegrity of the spinal column is disturbed, and myelopathy may develop.
However, motor deficits rarely occur as an initial symptom, particularly
in tumors in the lumbosacral region [15].

7. Extent of resection and functional outcome

We achieved complete removal of the targeted SS in 84 patients
(93.3 %) and partial resection in 6 (6.7 %) patients. In the literature,
rates of complete SS resection vary widely between 59 % and 95 %

[5,16,21]. Total resection may be impeded for two reasons: adhesion of
the tumor to the spinal cord and vulnerable nerve roots and structures
directly attached to extraspinal structures such as the vertebral artery in
the cervical region [15][5].

In the majority of our patients, nerve roots were removed because of
tumor involvement (n=59, 65.6 %). However, only 16 (27.1 %) pa-
tients had developed a new neurological deficit after surgery.
Neurological deterioration after removal of the involved nerve roots is
usually low and functionally well tolerated [22,23]. Thus, we refrained
from a distinct statistical correlation of new postoperative deficits and
nerve root removal in this study.

8. IOM

Neurological performance immediately after surgery differed sig-
nificantly between patients operated on with and without IOM. Patients
without IOM significantly more often developed new neurological
deficits (p= 0.047), especially in the cervical spine (p=0.002). In our
view, the cervical roots are more sensitive and vulnerable due to their
smaller diameter, and probably, utilization of IOM is protecting long
fiber tracts.

Our findings are in contrast to the study of 46 consecutive cases of
lumbar schwannoma by Kahramanet al. who did not report any addi-
tional motor deficits after surgery, regardless of the use of IOM [24].

In our series, 25 patients showed neurological deterioration im-
mediately after surgery: new motor (n= 3) and new sensory deficits
(n= 23). However, these new deficits had almost completely abated
within 12 months.

9. Strengths and weaknesses

The study is limited by its retrospective character. Despite the rather
large study population (n=90), the low number of patients in the
subgroups did not allow any distinct statistical analysis.

The study included a considerable number of patients with SS with
complete clinical and radiographic data immediately after surgery as
well as after 3 and 12 months. The surgical techniques did not vary
during the study period.

10. Conclusion

Resection of SS with IOM significantly reduced local back pain as
well as sensory and motor deficits. A large number of complete tumor
resections, low surgical morbidity, and a high rate of functional re-
covery of new neurological deficits within 12 months support our
conclusion that patients with SS should undergo surgery.
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