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Abstract 

Background: Spinal canal tumors are difficult to diagnose and treat. The tra-
ditional surgical approaches for attempting a complete excision of these le-
sions frequently involve big incisions and tissue dissection with high risk of 
postop instability and cerebrospinal fluid leakage. Also, there is a risk of neuro-
logical worsening, sometimes irreversible. Methods: We present our experience 
in a patient series with spinal canal tumors and describe the surgical approach 
with minimally invasive techniques (MIS). All of them were performed by the 
Neurosurgery team of the Hospital Universitario San Ignacio during the pe-
riod of 2011-2016. Results: We reviewed forty patients with spinal canal tumors 
surgically treated with MIS techniques. 15 patients (37.5%) had Meningioma 
diagnosis (complete resection in 11 (73.3%), subtotal in 3 (20%) and biopsy in 
one patient), 10 patients (25%) with Schwannomas reached complete resection 
in 70% and subtotal in 30%. 5 patients had spinal cord metastasis, with com-
plete resection in 4 patients (80%) and subtotal in 1 (20%). Other included 
ependymoma, astrocytoma, and miscellaneous. No patient has had cerebrospi- 
nal fluid leakage and no postoperative fusion has been required. Conclusions: 
The minimally invasive approach allowed complete tumors removal in a high 
number of patients and good postoperative results. These findings are similar 
and in some cases, better than the reported with traditional techniques. This 
MIS technique provides encouraging results. It requires a wide learning curve 
and a high degree of surgical experience. 
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1. Introduction 

Spinal canal tumors are always a surgical challenge. The localization, size, and pro- 
bable histology, are definitive factors to choose the surgical approach. Other fac-
tors are the in-situ patient’s anatomical details and the instability present or pre-
dicted after surgery. They account for about 2% - 4% of all the tumors arising from 
the central nervous system (CNS) and a third of these are located intramedullary 
[1]. 69% of all primary tumors are benign and the 10-year survival rate for malig-
nant lesions is 64%, mainly depending on the results of the surgical approach [1]. 

The presentation frequency of spinal canal tumors according to their histo-
logical subtype classification and order of frequency [2] is as follows: meningio-
mas, nerve sheath tumor and ependymomas, with a 33%, 27% and 21%, respecti- 
vely [3]. Because of the topographical distribution of spinal canal tumors [3], we 
believe that there are three facts of great importance in choosing an appropriate 
surgical technique meaning that: provides a low morbidity rate, great impact on the 
rate of complete resection of the tumor regardless of their location (intradural or 
extradural), and at the same time, a low postoperative instability. In our hospital, 
we have a widespread experience in developing and applying minimally invasive 
techniques to the spine surgery.  

This study provides a case series report of spinal canal tumors and their sur-
gical approach with minimally invasive techniques by the Neurosurgery team of 
the Hospital Universitario San Ignacio, Bogotá. We considered it to be of interest 
for the scientific community because we believe it will clarify the minimally inva-
sion concepts as the basics for choosing procedures for the best possible outcome 
in this specific pathology.  

2. Methods and Materials 
2.1. Population 

During the period of 2011-2016, forty patients were treated for spinal canal tu-
mors in our institution (Hospital Universitario San Ignacio). The same surgeons 
performed all the surgeries (MB, RD), the diagnosis was histologically confirmed 
and the same minimally invasive technique principles were used in all the cases. 

We retrospectively review the medical records. Standard follow-up consisted of 
clinical visits at 1, 3 and 6 months after the surgery. Each follow-up the neurolo- 
gical status of the patients was documented.  

2.2. Inclusion Criteria 

1. Patients with spinal canal tumors candidates for minimally invasive surgery. 
2. Karn of sky score higher than 70.  
3. Tomita score from 2 to 5.  
4. Tokuhashi score higher than 9.  
5. The tumor size should be smaller than one vertebral segment. 

2.3. Exclusion Criteria 

1. Patients with previous surgery at the same level. 
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2. Patients who underwent radio surgery treatment.  
3. Patients with unclear pathological diagnosis. 
4. Lesions are not capable of being resected by an excisional approach.  

2.4. Surgical Technique 

A thoroughly analysis of the patient’s images (contrast MRI and CT) was per-
formed in the neurosurgical weekly meeting, and was performed again in the op-
erating room, to confirm side and size of the incision, and to prevent possible risks 
(Figure 1). From the cervical to the lumbosacral levels, the patient always was 
placed in a prone position with protection pads in the pressure zones. We didn’t 
use urinary catheter (a short surgical time always was expected). Intraoperative 
Multimodally Neuroelectrophysiological monitoring was used when indicated. All 
the procedures were performed under general anesthesia with bispectral monitor-
ing, an arterial line was placed when needed, X-rays were used to identify the cor-
rect level and prevent mistakes. Sterile cleaning of the surgical field was performed 
as usually, and sterile clothing was placed. Guided by the previous radiological 
mark, a 3 cm paramedian incision was made (Figures 1-3). The dissection con-
tinues until the opening of the deep fascia. From this point, finger point blunt dis-
section was performed splitting the muscle fibers until the bone structures were 
identified (laminae, facet joints). Tubular dilators were placed sequentially. Finally, 
a tubular retractor was fixed on the operation table (Maxcess II, Nu-Vasive®, San 
Diego, Ca, USA) and opened as necessary, usually one or two “clicks” (Figure 4). 
This process preserves totally the tendinous posterior tension band and decrease 
the possibility of instability secondary to soft tissues damage. Then the surgeon 
performed a bone resection as necessary, usually a hemilaminectomy, to obtain a 
good visual access to the lesion that was going to be resected. Bone resection of the 
facet joint medial third can provide a significant expansion of the visual field 
without generating an additional risk of instability. This approach allowed the 
view of the posterolateral, and when necessary the anterolateral content of the 
spinal canal. The dura was always opened with a surgical blade No. 11 and an an-
gled microdissector. We don’t use dural traction sutures. The dura was opened in 
a T-shape with the vertical cut directed to the tumor. To extend the exposure, the 
dural edges were retracted with bipolar electrocoagulation (Figure 5). The tumor 
removal was then performed under microscope magnification and classic micro-
surgery techniques (Figure 6). We first performed an internaldebulking of the 
tumor and then with gentle retraction we exposed its upper and lower limits to 
proceed with the final excision. Hemostasis was obtained with warm saline and lit-
tle pieces of Surgicel® (Ethicon, Johnson & Johnson) or hemostatic sponge. The 
dural closure was attained using a synthetic patch and fibrin sealant, no dural su-
tures were used. No drainage system was used. A scarce thick suture knots were 
placed in the muscle and fascia. The subcutaneous fat and the skin were closed as 
usually (Figure 3). A water-resistant bandage was placed over the incision. 

3. Results 

Patient population 
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Figure 1. Surgical planning. An MRI T2 Sequence. Image shows a hyperintense mass 
with an intradural and dural location. The white line establishes the approach.  
 

 
Figure 2. Surgical planning. A 3 cm paramedian incision. 
 

 
Figure 3. The final result of the minimally invasive technique, paramedian 3 cm incision.  
 

 
Figure 4. The tubular retractor fixed to the operation table.  
 

 
Figure 5. A microscopic view of an intradural, extramedullary mass. Meningioma.  
 

  
Figure 6. Microscopic view. The medulla after resection of an intradural, extramedullary 
mass. 
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Forty patients with spinal cord tumors were reviewed. Clinical and operative 
variables are given in Table 1. The main age at the time of surgery was 46 years 
(SD 15.2 yrs) 26 patients were female and 14 were male. Only two patients were 
pediatric (younger than 18 yrs) (Table 1). Clinical and operative variables are 
given in Table 2, 17 (42.5%) patients presented with motor symptoms, 14 (35%) 
with sensory symptoms and 3 (7.5%) with bladder dysfunction. 

The most common tumor location in our series was the thoracic spine with 20 
(50%) patients, followed by the cervical spine 12 (30%) patients, then the lumbar 
spine 6 (15%) and finally the craneo-cervical junction with 2 patients (5%) (Table 
1). 

In our series, 15 (37.5%) patients presented meningiomas. The resection was 
complete in 11 (73.3%) patients, subtotal in 3 (20%) and biopsy was done in one 
patient. 10 (25%) patients were diagnosed with Schwannomas. A complete resec-
tion was achieved in 7 (70%) patients, and subtotal in 3 (30%) patients. 5 patients 
had spinal cord metastasis, a complete resection was carried out in 4 (80%) pa-
tients, and subtotal resection in 1 (20%) patient. The histology and resection re-
sults of the other tumors can be observed in Table 3.  

Additionally, 8 patients required preventive intraoperative arthrodesis, due to 
concern for potential spinal instability. The arthrodesis was planned preoperative 
by the surgeons. After the procedure 28 (70%) patients reported subjective im-
provement of symptoms, 1 (2.5%) patient described worsening of symptoms, and 
11 (27.5%) remained the same (Table 4). Only three patients developed procedure 
related complications, we had one cerebrospinal fluid fistula, a spinal reperfusion 
injury and an abscess formation.  

4. Discussion 

Spinal canaltumors are about 10 to 15 times less common than cerebral tumors. 
 
Table 1. Sociodemographic values of the patients. 

SociodemographicValues No. Patients (StD) 
Menage (yrs) 46 (15.2) 

Male 14 
Female 26 

Mean Follow Up (yrs) 1.68 (0.82) 
Pediatric Patients 2 

 
Table 2. Clinical and operative variables. 

Clinical or Radiographic Variable No. of patients 
Clinical Parameters  
Sensory symptoms 14 

Motor weakness 17 
Bladderdysfunction 3 

Spinelevels  
Cervical spine 12 
Thoracicspine 20 
Lumbar spine 6 

Craneo Cervical junction 2 
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Table 3. Resection results. Partial, subtotal and complete resection of the spinal canal 
tumors. Percentage results showed in parenthesis. 

Tumor No. % Complete Subtotal Biopsy 

Meningioma 15 37.5 11 (73.3) 3 (20) 1 (6.6) 

Ependymoma 1 2.5 0 1 (100) 0 

Astrocytoma 2 5 1 (50) 1 (50) 0 

Hemangioma 1 2.5 1 (100) 0 0 

Metastasis 5 12.5 4 (80) 1 (20) 0 

Schwannoma 10 25 7 (70) 3 (30) 0 

Sarcoma 2 5 2 (100) 0 0 

Nerveshealt tumor 2 5 0 2 (100) 0 

Osteoma 1 2.5 1 (100) 0 0 

Paraganglioma 1 2.5 0 1 (100) 0 

 
Table 4. Examination findings after surgery. Number of patients and percentage. 

Examination findings after OP No. Patients 

Same 11 (27.5) 

Worse 1 (2.5) 

Better 28 (70) 

 
They represent 2% - 4% of all CNS tumors and are classified according to their 
anatomical location into 3 subtypes: intramedullary (originated from medullary 
parenchyma), extraaxial intradural (located in the meningeal covering but aren’t 
part of the medullary parenchyma) and extradural (outside of the meningeal cov-
ering but compromise the medullary canal) [4].  

The symptoms of the spinal canaltumors vary depending on the location of the 
tumor. In a recent case series report it was documented that the main complaint 
was pain in a 72% of patients, followed by motor deficit in a 55% and sensitive 
symptoms in 39% of the cases [5]. In our series, 42.5% of the patients presented 
with a motor deficit and 35% with sensitive symptoms.  

Within the primary tumors, the most common subtypes are ependymomas in 
a 45% followed by astrocytomas with 40% [4]. Although there is a high survival 
rate, the tumor free period largely depends on the surgical approach. Astrocyto- 
mas are considered to have the worse prognosis amongst these types of lesions 
since their resection margin doesn’t allow a complete resection in most cases, con-
ditioning a recurrence rate of 47% [6] [7] [8]. In our case series, of two patients with 
astrocytomas, we accomplished one complete resection and one subtotal resection. 
For ependymomas, there was only one case for which a subtotal resection was per- 
formed. The Mayo Clinic published a case series of medullary astrocytomas, they 
accomplished a complete resection in 16% of the cases and a subtotal resection 
in 25% of the patients [9]. 

In extramedullary, intradural tumors, the surgical approach determines the 
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prognosis independent of its origin, whether it is a benign tumor (meningiomas, 
schwannoma or neurofibroma) or a more aggressive one. Studies report that the 
outcomes for minimally invasive and open surgery are comparable [10]. In our 
series of minimally invasive surgery, meningioma was the most frequent tumor 
(37.5%) with a complete resection rate of 73.3% and a subtotal resection of 20%. 
We had 10 cases of schwannomas (25%) with a success rate for complete resec-
tion of 70% and 30% for subtotal resection. Other case series have shown similar 
results. The Helsinki University accomplished a complete resection in 86% of the 
Shwannomas and a subtotal resection in 11% patients [11] and the University of 
Seoul achieved a complete resection in 84.2% of the patients with Meningiomas 
and a partial resection in 15.8%. These results were accomplished with traditional 
surgery approaches [12] [13]. 

Metastatic lesions represented 12.5% of all tumors and we accomplished a com-
plete resection rate of 80% and subtotal resection of 20%. In the treatment of non- 
primary tumors such as metastasis, conventional techniques with decompression 
and involvement of posterior vertebral elements described in case series reports 
have shown clinical improvement and stabilization in at least 50% of the cases. It is 
of great importance to highlight the fact that prognosis of any spinal cord pathol-
ogy, whether it is metastatic or primary origin, it's determined by the possibility of 
a bloc resection [14]. 

A case series of 142 patients with post operative follow-up reported that 78% of 
the patients had symptomatic improvement, 15% remain the same and 7% referred 
worsening. In our series 28 (70%) patients reported subjective improvement, 1 
(2.5%) patient described worsening of symptoms, and 11 (27.5%) remained the 
same [15]. 

The mainstream treatment of spinal canaltumors is surgical resection. Several 
surgical approaches have been proposed aiming at a lower morbimortality and a 
greater postoperative stability of the column. Minimally invasive techniques have 
been described, considering a hemilaminectomy with preservation of supraspi-
natus and infraspinatus ligaments and contralateral paravertebral muscles. Cost 
effective studies have compared this surgical approach vs. traditional surgical pro-
cedures and have shown a reduction in hospital costs of about 30%, given the re- 
duction in hospitalization days, reintervention procedures and of complications 
[16]. 

Spinal canaltumors are uncommon if considered within the whole range of CNS 
pathologies, yet they represent an important source of disability and morbidity 
that may affect the patients’ life quality. Taking this into account, it is also impor-
tant to know the possible risks that this approach may bring with, as well as its ad-
vantages compared with open procedures. A non-described advantage of the para- 
median minimally invasive approach to intra canal tumors is the angled view of 
the canal and its contents. After limited bone resection of the lamina and facet joint, 
the ventrolateral aspect of the dura is exposed allowing to the surgeon to navigate 
into the anteriorly placed canal tumors directly. This path could be safer because 
the spinal cord manipulation is lower and the risk of neural damage decreases. 
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In a retrospective study from the University of Stanford where minimally in-
vasive technique was compared with open surgery, there were no significant dif-
ferences in the presentation of complications (p = 0.50), however there was a 
significant decrease in the amount of estimated blood loss in minimally invasive 
surgery (p < 0.01). Also, it was demonstrated that there is no difference in the rate 
of total resection of the tumor, suggesting good results for both techniques. Mini-
mally invasive surgery did demonstrate a decrease in the mean hospital stay when 
compared with open surgery. In relation to postoperative complications, the spi- 
nal fluid leak was the most frequent with a significant decrease in minimally inva-
sive surgery with a rate of 3.7% compared to 16.7% in the open group in this study 
(p = 0.03) [17]. 

In our hospital, minimally invasive surgery only needs one day of clinical sur-
veillance after the procedure ($300 US approximate) added to the global intra and 
perioperative costs. Special intraoperative supplies like dural grafts and fibrin seal-
ants don’t make differences in cost because they are used in open and minimally 
invasive approaches in a similar way. We don’t use ICU stay for this surgery. 
Traditional techniques usually need 3 - 4 days of clinical surveillance ($900 - $1200 
US approximate). A cost effectiveness analysis from the Università Politecnicadelle 
Marche, Umberto I General Hospital, Ancona, Italia, concludes that the minimally 
invasive compared to open technique, reduces muscular damage, blood loss, po- 
stoperative pain and hospital stay while achieving comparable results in both tech-
niques. The reduction in postoperative complications seen in minimally invasive 
surgery is most likely what makes these approaches more cost effective compared 
with open technique [18] [19]. 

5. Conclusion 

Spinal canal tumors are uncommon if considered within the whole range of CNS 
pathologies; yet, they represent an important source of disability and morbidity 
that may affect the patients’ life quality. The minimally invasive approach allows a 
complete tumor removal and better postoperative results. This technique should 
be encouraged. However, it requires a high degree of surgical experience.  

Disclaimer 

The authors report no conflict of interest concerning this paper. 
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