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Spinal tumors are rare lesions located the majority 
(two-thirds) of the time outside the spinal cord and 
are either intradural-extramedullary or extradural. 

Nerve sheath tumors (for example, schwannoma) and 
meningiomas make up most of these tumors.15 The main-

stay of treatment of these lesions is gross-total resection 
(GTR). For extradural spinal tumors, exposure tradition-
ally requires bilateral subperiosteal muscle stripping, 
hemilaminectomy, or extensive laminectomy, and in cas-
es of foraminal with additional extraforaminal extension 
(Eden Grade 2 or 3), radical ipsilateral facetectomy has 
been warranted by some authors for cervical and lumbar 
dumbbell tumors.11,13,19 In a report by Ozawa et al., more 
than half (55%) of lumbar spinal dumbbell tumors re-
sected through a posterior approach required facetectomy 
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Object. Resection of spinal tumors traditionally requires bilateral subperiosteal muscle stripping, extensive lami-
nectomy, and, in cases of foraminal extension, partial or radical facetectomy. Fusion is often warranted in cases of 
facetectomy to prevent deformity, pain, and neurological deterioration. Recent reports have demonstrated safety and 
efficacy of mini-open removal of these tumors using expandable tubular retractors. The authors report their experi-
ence with the minimally invasive removal of extradural foraminal and intradural-extramedullary tumors using the 
nonexpandable tubular retractor.

Methods. A retrospective chart review of consecutive patients who underwent minimally invasive resection of 
spinal tumors at Notre Dame Hospital was performed.

Results. Between December 2005 and March 2012, 13 patients underwent minimally invasive removal of spi-
nal tumors at Notre Dame Hospital, Montreal. There were 6 men and 7 women with a mean age of 55 years (range 
20–80 years). There were 2 lumbar and 2 thoracic intradural-extramedullary tumors and 7 thoracic and 2 lumbar 
extradural foraminal tumors. Gross-total resection was achieved in 12 patients. Subtotal resection (90%) was attained 
in 1 patient because the tumor capsule was adherent to the diaphragm. The average duration of surgery was 189 
minutes (range 75–540 minutes), and the average blood loss was 219 ml (range 25–500 ml). There were no major 
procedure-related complications. Pathological analysis revealed benign schwannoma in 8 patients and meningioma, 
metastasis, plasmacytoma, osteoid osteoma, and hemangiopericytoma in 1 patient each. The average equivalent dose 
of postoperative narcotics after surgery was 66.3 mg of morphine. The average length of hospitalization was 66 
hours (range 24–144 hours). All working patients returned to normal activities within 4 weeks. The average MRI 
and clinical follow-up were 13 and 21 months, respectively (range 2–68 months). At last follow-up, 92% of patients 
had improvement or resolution of pain with a visual analog scale score that improved from 7.8 to 1.2. All patients 
with neurological impairment improved. The American Spinal Injury Association grade improved in all but 1 patient.

Conclusions. Intradural-extramedullary and extradural tumors can be completely and safely resected through a 
minimally invasive approach using the nonexpandable tubular retractor. This approach may be associated with even 
less tissue destruction than mini-open techniques, translating into a quicker functional recovery. In cases of foraminal 
tumors, by eliminating the need for facetectomy, this minimally invasive approach may decrease the incidence of 
postoperative deformity and eliminate the need for adjunctive fusion surgery.
(http://thejns.org/doi/abs/10.3171/2013.9.SPINE121061)
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in addition to hemilaminectomy.19 This was required in 
all giant extradural foraminal and extraforaminal tumors 
approached posteriorly (Eden Type 2 or 3).19 Although 
the evidence is anecdotal, this may increase the risk of 
instability, leading to deformity and pain. In a few lumbar 
cases in the report by Ozawa et al., posterolateral fusion 
was performed. The approach for resection of intradural 
tumors has evolved over the years from bilateral lami-
nectomy to a more limited exposure using a less invasive 
hemilaminectomy in an effort to reduce postoperative 
pain and instability.26,34 Recent reports have demonstrated 
the safety and efficacy of minimally invasive and mini-
open removal of these tumors using expandable tubular 
retractors.9,12 The minimally invasive approach obviates 
the need for complete or even partial facetectomy, which 
is an advantage of this approach. We report our experi-
ence with the minimally invasive removal of extradural 
foraminal and intradural-extramedullary tumors using the 
18-mm nonexpandable Spotlight Access System (DePuy 
Spine). The advantages of this approach are discussed.

Methods
We performed a retrospective chart review of 13 

consecutive patients who underwent minimally invasive 
resection of spinal tumors between December 2005 and 
March 2012. Approval was obtained from the Centre 
Hospitalier de l’Université de Montréal Notre-Dame eth-
ics committee. Preoperative evaluation consisted of clini-
cal examination and MRI of the spine. We analyzed intra-
operative blood loss, operative time, postoperative time 
to mobilization, postoperative opiate equivalency use by 
recording the total number of narcotic doses received by 
each patient postoperatively (in equivalent potency doses 
of codeine, morphine, hydromorphone, and oxycodone), 
and duration of hospitalization. Extent of resection was 
assessed during surgery and was confirmed using postop-
erative spinal MRI. Postoperative MRI was not repeated 
after initial postoperative MRI showed complete resec-
tion of a benign tumor, such as a WHO Grade I schwan-
noma or meningioma. At last follow-up, clinical outcome 
was assessed using the visual analog scale (VAS) for pain 
and the American Spinal Injury Association (ASIA) scale 
for motor/sensory outcome.

Operative Technique

Extradural Tumor Resection. After sedation and en-
dotracheal intubation, the patient was placed prone on the 
operating table. Anteroposterior and lateral intraoperative 
fluoroscopy were used to localize the correct level with 
a K-wire. For extradural tumors, a 20-mm-long parame-
dian skin incision was made 5 cm from the midline. This 
paramedian longitudinal incision allowed an adequate 
angle to access the ipsilateral extraforaminal space. The 
fascia was incised parallel and slightly medial to the skin 
incision. A Steinmann pin was docked on the ipsilateral 
facet complex between the transverse processes of the 
superior and inferior vertebrae. A series of dilators were 
introduced to split the paraspinal muscles. A final 18-mm 
Spotlight Access System was fixed in place with a table-

mounted flexible arm, and it was attached to the tube and 
connected to the light source. Fluoroscopy confirmed the 
adequate position of the tube retractor between the ipsi-
lateral transverse processes just lateral to the facet com-
plex (Fig. 1C).

The surgical microscope was introduced. For tho-
racic extradural tumors, the adjacent ribs were observed 
and, medially, the transverse processes. For thoracic tu-
mors, the transverse process of a part of the costoverte-
bral junction and rib were drilled using the Midas-Rex 
drill (Medtronic), providing access to the space between 
the transverse recesses. The intercostal muscles were re-
moved, exposing the tumor capsule. For lumbar extradu-
ral tumors, the fascia and intertransverse membrane were 
opened, allowing access to the tumor capsule. Prior to en-
try into the tumor capsule, stimulation was performed on 
the tumor capsule to ensure that there was no nerve root.

Standard microsurgical techniques were used. After 
coagulation of the tumor capsule, intracapsular debulk-
ing was performed using the Cavitron Ultrasonic Surgi-
cal Aspirator (CUSA). This allowed us to infold the re-
maining tumor capsule at the cleavage plane and perform 
extracapsular dissection between the tumor and the psoas 
muscle. A dissection plane was maintained with paddies. 
Intraoperative stimulation was performed throughout to 
ensure that no viable nervous structures were harmed. 
After tumor resection, the nerve root was identified and 
stimulated, confirming its integrity. Hemostasis was per-
formed using standard hemostatic agents and bipolar 
cautery. The retractor was then removed. The fascia was 
closed with absorbable sutures, and the 20-mm parame-
dian skin was closed with 2-0 Vicryl sutures.

Intradural Tumor Resection. For intradural tumors, a 
20-mm incision was made 2.5 cm off the midline (Fig. 2). 
The serial dilators and final tubular retractor were placed 
over the interlaminar space (for example, T12–L1). Us-
ing the surgical microscope, a unilateral laminectomy 
was done using a 3-mm Maestro drill (Stryker) to expose 
the ligamentum flavum. The base of the rostral spinous 
process was drilled to expose the contralateral side. The 
ligamentum flavum was removed with a Kerrison ron-
geur to expose the dura mater, which was subsequently 
opened using a No. 11 blade scalpel and nerve hook. The 
nerve roots and tumor were identified, and the tumor was 
removed using standard microsurgical technique, as de-
scribed above. After tumor removal, the dura was closed 
with Nurolon 4-0 using a knot pusher. Biological glue 
(TISSEEL, Baxter) was added, followed by closure.

Results
Between December 2005 and March 2012, 13 pa-

tients underwent minimally invasive removal of spinal 
tumors at Notre Dame Hospital (Table 1). There were 6 
men and 7 women with a mean age of 55 years (range 
20–80 years). There were 2 lumbar and 2 thoracic intra-
dural-extramedullary tumors and 7 thoracic and 2 lumbar 
extradural foraminal tumors. Gross-total resection (GTR) 
was achieved in 12 patients (Table 2). Subtotal resection 
(90%) was obtained in the remaining patient because the 
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tumor capsule was adherent to the diaphragm. The aver-
age duration of surgery was 189 minutes (range 75–540 
minutes), and the mean blood loss was 219 ml (range 
25–500 ml). There were no procedure-related complica-
tions. Pathology revealed benign schwannomas in 8 pa-

tients and meningioma, metastasis, hemangiopericytoma, 
plasmacytoma, and osteoid osteoma in the remaining 5 
patients. The average equivalent dose of postoperative 
narcotic use was 66.3 mg of morphine. All patients were 
mobilized at 24 hours, and the mean length of hospital-

TABLE 1: Characteristics of 13 patients undergoing minimally invasive resection of intradural-extramedullary and 
extradural spinal tumors*

Case No. Age (yrs), Sex Tumor Location VAS Score Neurological Deficit, ASIA Grade Duration of Symptoms (mos)

1 64, M rt T11–12 (ED-IT) 0 dysesthesia T-12, D 11
2 80, F rt T12–L1 (ID-EM) 10 myelopathy, C 6
3 45, F rt T6–7 (ED-IT) 0 E NA
4 53, M lt L2–3 (ID-EM) 6 E 1
5 20, M rt T1–2 (ED) 9 E 24
6 42, F rt T4–5 (ED-IT) 6 E 3
7 68, F rt T3–4 (ED-IT) 9 E 12
8 44, M rt L3–S1 (ID-EM) 7 myelopathy, C 6
9 76, F rt L2–3 (ED) 10 E 12

10 34, M lt T10–11 (ED) 8 E 9
11 69, M rt T8–9 (ED-IT) 5 E 9
12 72, F rt L3–4 (ED) 8 E 12
13 47, F rt T9–10 (ID-EM) 0 myelopathy, D NA

* ED = extradural; ID-EM = intradural-extramedullary; IT = intrathoracic; NA = not available. 

Fig. 1. Case 12. A and B: Preoperative sagittal (A) and axial (B) T2-weighted MR images revealing an L3–4 extradural 
foraminal schwannoma. C: Anteroposterior intraoperative radiograph showing placement of the tubular retractor between the 
L-3 and L-4 transverse processes on the right side. D and E: Sagittal (D) and axial (E) postoperative T2-weighted MR images 
demonstrating GTR.
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ization was 66 hours (range 24–144 hours). All working 
patients returned to normal activities within 4 weeks. The 
mean MRI and clinical follow-up were 13 and 21 months, 
respectively (range 2–68 months). At last follow-up, 92% 
of patients had improvement or resolution of pain with 
a VAS score that improved from 7.8 to 1.2. The ASIA 
grade improved in all patients except 1 (Table 2).

Illustrative Cases
Case 12

A 72-year-old woman with no significant history re-
ported 12 months of lower lumbar pain with progressive 
right sciatica. There was no history of gait disturbance 
or bowel or bladder dysfunction. On examination, there 
were no sensory or motor deficits. The patient under-
went lumbar MRI, which revealed an extradural tumor 
at the L3–4 level with extension through the L3–4 fora-
men (Fig. 1A and B). The patient underwent minimally 
invasive resection (Fig. 1C), and postoperative imaging 
revealed complete resection (Fig. 1D and E). The tumor 
was revealed to be a schwannoma. At follow-up pain was 
completely resolved.

Case 2
An 80-year-old woman with no significant history 

presented with a 10-month history of lumbar pain, right 
lower-leg paresthesia, and progressive gait disturbance. 
There was no bowel or bladder dysfunction. On examina-
tion, the patient had right foot and great toe dorsiflexion 
paresis with 3/5 strength. There was no sensory loss. Mag-
netic resonance imaging revealed an intradural-extra-
medullary benign schwannoma at the T12–L1 level (Fig. 
3A and B). The patient underwent minimally invasive re-
section (Fig. 3C). Postoperative MRI confirmed complete 

resection (Fig. 3D and E). During the early postoperative 
period, the patient developed weakness of the right ilio-
psoas and quadriceps muscles. At last follow-up, her low-
back pain and right leg weakness had improved.

Discussion
Gross-total resection, the mainstay of treatment of 

extradural and intradural tumors, is attainable in the ma-
jority of cases and is associated with long-term remission 
and excellent functional outcome.5,27 The classic surgical 
approach for these lesions involves a long midline skin 
incision, bilateral subperiosteal muscle stripping from the 
posterior spinous elements, and laminectomy extending 
to levels above and below the tumor. Traditionally, partial 
or radical facetectomy has been required on the side of the 
foraminal tumor that extends extraforaminally, especially 
in cases of giant tumors.5,12,30,32 In the series by Ozawa et 
al., facetectomy was required in 55% of extradural foram-
inal/extraforaminal dumbbell tumors approached poste-
riorly.19 Postlaminectomy instability and deformity is a 
major concern, especially after multilevel laminectomy 
and radical facetectomy.1,3,4,16,20,25,31,33,35 Fusion surgery has 
thus been advocated by several authors for some cases of 
dumbbell tumor removal associated with radical facetec-
tomy.11,13,19 Mini-open (expandable tubular retractors) and 
minimally invasive (nonexpandable tubular retractors) 
approaches have recently been used to resect extradural 
and intradural spinal tumors through reduced paraspinal 
tissue destruction.7,9,14,17,32 Potential advantages include 
avoidance of fusion surgery; reduced blood loss, surgical 
time, postoperative pain and narcotic use, and length of 
stay; and quicker return to daily activities. There is Level 
III evidence showing that the use of minimally invasive 
surgery in the treatment of degenerative spinal disease 
and intradural spinal tumors translates in less blood 
loss, shorter operative time, shortened hospitalization, 
and a quicker return to daily activities.7–10,12,14,17,21–24,28,29,32 
Although recent randomized clinical trials comparing 
minimally invasive and open microdiscectomy have not 
supported these findings,2 the advantage of minimally in-
vasive surgery may be more evident when used for more 
extensive open surgeries such as tumor resection.24

To avoid iatrogenic instability, deformity, pain, and 
fusion surgery, resection of intradural-extramedullary 
and intradural-intramedullary spinal tumors has been 
performed through a more limited hemilaminar exposure 
with unilateral partial facetectomy (up to one-third me-
dial facetectomy).6,18,25,34 More recently, minimally inva-
sive hemilaminar approaches with expandable tubular re-
tractors have been used to access and successfully resect 
intradural tumors with reduced tissue destruction, blood 
loss, and length of hospitalization.9,14,17,32 Lu et al. recently 
reported the use of an alternative approach, encompass-
ing midline mini-open access with expandable tubular 
retractors. The 18 patients who underwent mini-open ap-
proaches had reduced blood loss and length of stay com-
pared with the 9 patients who underwent a standard open 
technique.12

Extradural schwannomas have only recently been re-
sected using mini-open approaches through expandable 

Fig. 2. Illustration depicting the minimally invasive approach using 
a transmuscular tubular dilator for intradural schwannoma resection. 
Copyright Andre Nzokou. Published with permission.
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tubular retractors. Lu et al. resected extradural lumbar 
schwannomas in 3 patients through a mini-open approach 
using an expandable tubular retractor13 (Table 3). In these 
patients, of whom 2 had previously undergone surgery 
(discectomy and fusion surgery), hemilaminectomy and 
total facetectomy were required to completely visualize 
the tumor, followed by fusion surgery.13 The advantages 
of this approach in these reoperation cases include the use 
of a lateral approach, eliminating passage through mid-
line scar tissue and simultaneous access for percutaneous 
instrumentation. Haji et al.9 recently reported the feasibil-
ity and efficacy of resection of intramedullary in addition 
to intradural-extramedullary and extradural tumors in 
22 cases using the METRx MAST Quadrant expandable 
(22 mm to 52 mm) retractor system (Medtronic). They 
demonstrated at least comparable rates of GTR, good 
outcome, complications, and perioperative factors (blood 
loss, operative time, length of hospitalization, and narcot-
ic equivalent usage) compared with historic controls with 
standard open techniques (Table 3).

We demonstrate the feasibility and safety of resec-
tion of intradural-extramedullary and extradural spinal 
tumors using a nonexpandable tubular retractor. The effi-
cacy in this series in terms of neurological recovery, pain 
improvement, and perioperative variables (length of sur-
gery, blood loss, and length of hospitalization) were simi-
lar to standard and mini-open techniques.9,14,17,32 The use 
of nonexpandable retractors may be associated with even 
less tissue destruction than mini-open techniques, trans-
lating to shorter operative time and hospital stay (Table 

2). There are several relative contraindications to this ap-
proach, including very extensive extraforaminal tumors, 
tumors involving 2 or more levels, certain types of tumors 
that are hemorrhagic, such as paragangliomas or certain 
metastasis, and morbid obesity because the height of the 
tube may not be appropriate. Also, there are a number 
of technical challenges of the minimally invasive ap-
proach that must be considered. Fluoroscopy is mandated 
to ensure the correct level, meticulous hemostasis may 
be achieved, and dura closure through the tube is chal-
lenging but can be done using a Castro needle and knot 
pusher. Finally, nerve stimulation is essential to increase 
procedural safety. However, further studies are needed to 
evaluate the relative safety and efficacy of minimally in-
vasive resection of spinal tumors compared with standard 
open or newer mini-open techniques.

Conclusions
Intradural extramedullary and extradural tumors can 

be completely and safely resected through a minimally 
invasive approach using the nonexpandable tubular re-
tractor. In cases of foraminal tumors, by eliminating the 
need for facetectomy, this minimally invasive approach 
may decrease the incidence of postoperative deformity 
and eliminate the need for adjunctive fusion surgery.

Disclosure

Dr. Shedid is a consultant for DePuy Synthes Spine and Bax-
ano.

Fig. 3. Case 2. A and B: Preoperative sagittal (A) and axial (B) T2-weighted MR images revealing a left T12–L1 intradural 
schwannoma. C: Anteroposterior intraoperative radiograph showing placement of the tubular retractor over the left T-12 and 
L-1 interlaminar space. D–F: Sagittal (D) and axial (E) postoperative T2-weighted MR images demonstrate GTR with a limited 
left T-12 hemilaminectomy, as shown on the CT scan (F).
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