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Abstract. Minimally invasive spinal surgery (MISS) for 
intradural extramedullary (IDEM) spinal tumors is a safe and 
effective surgical strategy. Currently, various tubular retrac‑
tors are widely used in the MISS of IDEM spinal tumors, 
primarily relying on microscopic visualization. To the best of 
the authors' knowledge, there is no report of pure endoscopic 
surgery with parallel non‑expandable tubular retractors for 
IDEM spinal lesions. The present study reports a case series 
of IDEM spinal tumors that were treated via pure endoscopic 
MISS with a parallel non‑expandable tubular retractor. The 
extent of tumor resection was evaluated by comparing preop‑
erative and postoperative magnetic resonance imaging (MRI). 
The initial and follow‑up clinical conditions were assessed 
according to the visual analog scale for pain and the modi‑
fied McCormick scale for neurological status. Postoperative 
MRI demonstrated that all cases had achieved a gross total 
resection. After the operation, the clinical symptoms of all 
patients were significantly improved and there were no serious 
postoperative complications. At the initial follow‑up, the pain 
experienced by the patients was significantly reduced or had 
even disappeared, and the neurological deficit was improved 
by at least one grade on the modified McCormick scale. The 
present report indicates that pure endoscopic MISS with a 
parallel non‑expandable tubular retractor may be an effective 
and safe surgical strategy for IDEM spinal tumor resection.

Introduction

Intradural extramedullary (IDEM) spinal tumors are one of 
the most common intraspinal lesions that usually cause pain 
or neurological deficit secondary to neural compression, the 
majority of which are meningiomas (50%) and schwannomas 
(30%) (1). For such lesions, surgery is the preferred treatment, 
which mainly includes open spinal surgery and minimally 
invasive spinal surgery (MISS)  (2). Generally, traditional 
surgery for IDEM spinal tumors uses an open approach, 
requiring a large incision, bilateral paravertebral muscle strip‑
ping and extensive bony resection for extensive laminectomy 
or additional facetectomy, which leads to the risk and prob‑
ability of numerous complications, such as long‑term pain, 
infection, cerebrospinal fluid leakage, late spinal instability or 
kyphosis (3,4). Given the shortcomings and limitations of the 
open approach, MISS emerged and gradually replaced open 
spinal surgery, as it has the characteristics of not damaging 
osseoligamentous structures and muscles, reducing the occur‑
rence of corresponding complications to a large extent (5‑7). 
Moreover, previous study results (postoperative efficacy and 
surgical complications) demonstrated that MISS is a safe and 
effective surgical procedure for IDEM spinal tumor treat‑
ment (8,9). In MISS, a microscope and endoscope are used as 
auxiliary tools to observe and distinguish lesions from normal 
tissues (10). In addition, to further reduce the trauma‑related 
instability and provide operating space, tubular retractors 
(expandable or non‑expandable) have been successfully used 
in MISS (11). However, to the best of our knowledge, there are 
few reports of pure endoscopic surgery with a non‑expandable 
tubular retractor for IDEM spinal lesions. The present study 
reports 5  cases of IDEM spinal tumors that were treated 
by pure endoscopic MISS with a non‑expandable tubular 
retractor, while retrospectively analyzing the procedure and 
outcomes of this surgical technique.

Materials and methods

Patients. A total of 5  patients with IDEM spinal tumors 
who underwent pure endoscopic MISS with a parallel 
non‑expandable tubular retractor system (BeiJing Fule) were 
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retrospectively analyzed between January 2019 and July 2020 
in the Department of Neurosurgery, Chongqing General 
Hospital (Chongqing, China). A parallel non‑expandable 
tubular retractor with a size of 22 mm was utilized. This 
could be moved 20 mm up and down by fully separating the 
multi‑split space, meaning that the lamina could be exposed 
within a range of ~60 mm (~2 vertebral levels). Therefore, 
the IDEM tumors involving one or two vertebral levels were 
included in the present study, while IDEM tumors involving 
>2 vertebral segments were excluded. Table I shows the preop‑
erative conditions of the cases discussed in the present report, 
including age, sex, tumor location, tumor size, clinical symp‑
toms and duration of symptoms. The patients' ages ranged 
from 46‑76 years, with an average age of 61 years, and the 
group included 3 men and 2 women. The preoperative evalua‑
tion consisted of clinical examination and magnetic resonance 
imaging (MRI) of the spine. The patients complained mainly 
of pain and/or neurological deficit, presenting for 3‑12 months. 
Specifically, 2 cases only presented with a history of back pain, 
2 cases presented with back pain and lower limb numbness, 
and 1 case presented with back pain and lower limb numbness 
and weakness. The preoperative MRI findings of all patients 
were consistent with IDEM lesions, including 2 cases in the 
thoracic vertebrae and 3 cases in the lumbar (L) vertebrae. 
According to the relationship between the spinal cord and the 
tumor, the tumor locations were ventrolateral (n=1), dorsal 
(n=1), dorsal lateral (n=1) and lateral (n=2). The tumor sizes 
were 35x15, 21x13, 18x7, 16x8 and 20x11 mm, respectively. Of 
the 5 examined tumors, 4 were within one vertebral level and 1 
was within two vertebral levels. All these tumors were suitable 
for endoscopic surgery. The preoperative pain and neuro‑
logical deficit were evaluated by the visual analog scale (12) 
and the modified McCormick scale  (13), respectively, and 
indicated that the pain score was between 6 and 10, while 
the neurological deficit was graded as grade II in 4 cases and 
grade III in 1 case. Initial clinical follow‑up occurred at 3 and 
6 months after surgery. After 6 months of follow‑up, visits 
were performed at yearly intervals or more frequently when 
indicated.

Surgical treatment. Under general anesthesia, the patient was 
placed in a prone position. A 1.5‑ to 2‑cm skin incision was 
made 2 cm lateral to the midline, consistent with the tumor 
location on C‑Arm. The subcutaneous tissue was dissected to 
the muscle fascia and paraspinal muscles, followed by blunt 
separation directly to the lamina from the potential space 
among the paraspinal muscles. Subsequently, tubular retractor 
devices were sequentially introduced in this space (Fig. 1A). 
Finally, the tubular retractor was fixed on the operating table 
using a flexible arm (Fig. 1B) and the appropriate position was 
ascertained under C‑Arm, which means that its angle could be 
slightly adjusted to eliminate the tumor adjacent to the tube. 
Once the parallel non‑expandable tubular retractor system 
was set up, the surgeon operated using an endoscope. Due to 
the advantages of flexible and convenient operation and ease 
to adjust the visualization direction at any time, hand‑held 
endoscopes were often used to observe tumors and formulate 
resection plans. When the surgeon needed to perform the 
bimanual surgery, an assistant or a pneumatic arm held the 
endoscope in one corner. Thus, these methods of controlling 

the endoscope were used at different stages of the operation. 
The lamina or intervertebral space corresponding to the tumor 
was exposed, and the lamina corresponding to the tumor 
was removed with a high‑speed drill and rongeur (Fig. 2A). 
The extent of bone resection was determined by the needs 
of each lesion based on the bony anatomical landmarks that 
were identified preoperatively and verified intraoperatively 
using C‑Arm. The hemilaminectomy was usually applied. 
Exceptionally, for ventral tumors, the ipsilateral facet needs to 
be resected to gain space for tumor exposure. A small portion 
of the lower part of the ligamentum flavum was removed, 
exposing the dura over the mass lesion (Fig. 2B). Subsequently, 
the dura was opened and widened using scissors, and the 
lateral dura margin was contracted with 5‑0 Prolene sutures to 
expose the tumor (Fig. 2C). The cephalic part of the tumor was 
loosened from the surrounding neural tissues using a dissector 
and the tumor was removed (Fig. 2D). After adjusting the 
parallel non‑expandable tubular retractor angle, the caudal 
part of the tumor was loosened using the same aforementioned 
method (Fig. 2E) and the tumor was completely removed 
(Fig. 2F). It was noted that during the resection of lumbar 
meningioma, the brain cotton was used to separate the tumor 
from the cauda equina nerve to provide protection to the nerve. 
Next, the spinous process base was removed to create more 
space for repairing the dura. With the assistance of an endo‑
scope, the dura mater was sutured as previously described by 
Parihar et al (14). If there had been a risk of cerebrospinal fluid 
leakage, an absorbable artificial dura mater would have been 
used for further dura mater watertight closure. Finally, the skin 
was closed with a single suture.

Pathological examination. Surgically resected tumor tissues 
were detected by routine pathological examination, using 
H&E staining. Tumor specimens were first fixed with 4% 
formaldehyde solution at room temperature for 24 h and then 
embedded and fixed in paraffin. The specimens were then cut 
into 4‑µm sections and deparaffinized in xylene at 60˚C for 2 h. 
Subsequently, at room temperature, the sections were stained 
with 0.5% hematoxylin for 3 min, followed by 0.5% eosin 
for 3 min. Subsequently, the stained sections were observed 
under a light microscope to obtain microphotographs of the 
histopathology.

Results

Surgical outcomes. All patients underwent a successful pure 
endoscopic MISS with a parallel non‑expandable tubular 
retractor. Table II shows the intraoperative and postoperative 
conditions, including blood loss, the extent of tumor resec‑
tion, pathology, clinical symptoms (at 3‑month follow‑up), 
complications and follow‑up time. The mean blood loss was 
~47 ml, the maximum blood loss was 70 ml and the minimum 
blood loss was 35 ml. Postoperative MRI demonstrated that 
a gross total resection (GTR) had been achieved in all cases. 
The pathological analysis revealed schwannoma (Fig. 3A) in 
3 cases and meningioma (Fig. 3B) in 2 cases. After the opera‑
tion, all patients improved significantly and there were no 
procedure‑related postoperative complications, such as cere‑
brospinal fluid leakage, wound hematoma or vertebral segment 
instability. All patients were followed up for 6‑40 months, with 
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a mean follow‑up time of 25.2 months. At the initial 3‑month 
follow‑up the pain symptoms were significantly reduced or 
had even disappeared. The neurological status was grade I in 
4 cases and grade II in 1 case; therefore, it had improved by 
one grade in all patients. Only one patient (case 2) still had 
mild lower limb weakness, which was due to the tight adhe‑
sion between the extensive basal meningioma and dura mater. 
However, this returned to normal in the subsequent follow‑up. 
In the present case series, all patients achieved good outcomes 
without serious complications, such as long‑term pain, infec‑
tion, cerebrospinal fluid leakage, late spinal instability or 
kyphosis.

Illustrative case. A 55‑year‑old female patient (case  1) 
presented with a 6‑month history of back pain and lower 
limb numbness. On examination, there was no weakness of 
the limbs and no bowel/bladder symptoms. MRI revealed an 

IDEM lesion at the L2‑3 level (Fig. 4A and B). The patient 
underwent pure endoscopic MISS with a parallel non‑expand‑
able tubular retractor and postoperative imaging revealed that 
a GTR of all the lesions had been achieved (Fig. 4C and D). 
Postoperative computed tomography scans revealed laminec‑
tomy defects (Fig. 5A and B). Pathological analysis showed the 
Antoni B zone featuring hypocellularity in the myxoid stroma 
via H&E staining, which confirmed a schwannoma (Fig. 3A). 
Postoperatively, the patient experienced good pain relief. The 
patient's modified McCormick scale at 3 months improved 
from II to I. No spinal instability or kyphosis occurred during 
the follow‑up.

Discussion

Due to the advantages of little tissue damage and fast recovery 
time, MISS for the resection of IDEM spinal tumors has been 

Table I. Preoperative characteristics of 5 patients.

						      Visual	 Modified	 Symptoms
Case	 Age,			   Tumor		  analog	 McCormick	 duration,
no.	 years	 Sex	 Tumor location	 size, mm	 Clinical symptoms	 scale 	 scale	 months

1	 55	 F	 L2‑L3, ventrolaterala	 35x13	 Back pain, lower limb 	 9	 II	 6
			   	 	 numbness			 
2	 76	 F	 T8‑T9, dorsal	 21x13	 Back pain, lower limb	 10	 III	 6
					     numbness and			 
					     weakness			 
3	 67	 M	 L1‑L2, lateral	 18x7	 Back pain	 7	 II	 4
4	 62	 M	 L2, lateral	 16x8	 Back pain	 6	 II	 12
5	 46	 M	 T11‑T12, dorsolateral	 20x11	 Back pain, lower limb	 8	 II	 3
					     numbness			 

aTumor location according to the spinal cord. F, female; M, male; L, lumbar; T, thoracic.

Figure 1. Installation of the parallel non‑expandable tubular retractor system (case 1). (A) A series of dilators. (B) The fixed tubular retractor.

https://www.spandidos-publications.com/10.3892/etm.2023.11836
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valued and favored by surgeons (15,16). The key auxiliary 
devices in MISS are retractors and lighting vision systems. The 
tubular retractor technique plays an important role in MISS and 
has been demonstrated to be a viable alternative to traditional 
laminectomy. In the study performed by Dhandapani and 
Karthigeyan (17), retractors were classified as non‑tubular or 
tubular, the latter being further divided into expandable tubular 
and non‑expandable retractors, where the non‑expandable 
retractors could be further divided into convergent and parallel 
retractors. Compared with the non‑tubular retractor, the tubular 
retractor has the advantage of less damage to surgery‑related 
tissues while maintaining structural and functional integrity, 
thus it has become and has been recognized as a mainstream 
tool (18). Furthermore, compared with the non‑expandable 
tubular retractor, the retraction mechanism of the expandable 
tubular retractor is dynamic, which may also lead to more 
tissue damage (18). Dahlberg et al (19) described the mini‑
mally invasive microsurgical resection of primary intradural 
spinal tumors using an expandable tubular retraction system. 
Nzokou et al (20) reported on the minimally invasive removal 
of thoracic and lumbar spinal tumors using a non‑expandable 
tubular retractor. Balasubramanian et al (21) reported a large 
series of spinal tumors operated by the keyhole technique using 
a non‑expandable tubular retractor. Undeniably, compared 
with traditional open surgery, the tubular retractor technique 
suffers from poor exposure of the intraspinal field. However, 

auxiliary lighting vision systems, such as microscopes and 
endoscopes, can overcome this deficiency to some extent. As 
for the auxiliary lighting vision systems, at present, the visual‑
ization of most MISS primarily relies on the microscope and 
occasionally on the endoscope (22‑24). With the development 
of endoscopic technology, the endoscope has been widely used 
and recognized in neurosurgery due to its excellent intraop‑
erative visualization. Previously, a number of cases (n≥5 per 
study) using MISS to treat IDEM spinal lesions have been 
reported and the surgical method used a pure endoscope with 
a retractor (as shown in Table III). Caballero‑García et al (25) 
described the use of an endoscope and a Caspar system in 
MISS for IDEM spinal tumors. Similarly, Zeng et al  (26) 
reported endoscopic MISS surgery for the removal of IDEM 
spinal lesions with a Williams retractor. Dhandapani and 
Karthigeyan  (17) mainly used the X‑tube and Quadrant 
retractor in pure endoscopic MISS to remove IDEM spinal 
lesions. In the aforementioned literature, the Caspar system 
and Williams retractor belong to the non‑tubular retractor 
system, whereas the X‑tube and Quadrangle retractor belong 
to the expandable tubular retractor system, which may cause 
uncertain damage to patients. Parihar et al (14) reported a series 
of cases that underwent MISS for the resection of IDEM spinal 
tumors using an endoscope combined with a non‑expandable 
tubular retractor and the gross total resection of tumor has 
been achieved with minor blood loss in all patients. It is 

Figure 2. Intraoperative endoscopic images of intradural extramedullary spinal tumor resection (case 1). (A) Removing the lamina. (B) Exposed dura (blue 
arrow). (C) Opened and widened dura (blue arrow) and exposed tumor (yellow arrow). (D) Loosened cephalic tumor region (yellow arrow). (E) Loosened 
caudal tumor region (yellow arrow). (F) Tumor cavity.
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Table II. Outcome data of 5 patients.

					     Visual	 Modified		
Case	 Blood	 Extent of		  Postoperative	 analog	 McCormick		  Follow‑up
no.	 loss, ml	 resection	 Pathology	 symptoms	 scale	 scale	 Complications	 time, months

1	 50	 GTR	 Schwannoma	 None	 0	 I	 None	 40
2	 70	 GTR	 Meningioma	 Lower limb	 2	 II	 None	 31
				    weakness				  
3	 40	 GTR	 Schwannoma	 None	 0	 I	 None	 19
4	 35	 GTR	 Schwannoma	 None	 0	 I	 None	 6
5	 40	 GTR	 Meningioma	 None	 0	 I	 None	 30

GTR, gross total resection.

Figure 3. Microphotographs of histopathology (H&E staining, x40 magnification). (A) Case 1. Antoni B zone featuring hypocellularity in the myxoid stroma, 
loosely arranged tumor cells (blue circle) and a tumor capsule (blue arrow), indicating a schwannoma. (B) Case 5. Psammoma bodies (blue arrow) and 
surrounding spindle tumor cells suggesting a meningioma. H&E, hematoxylin and eosin.

Figure 4. Preoperative and postoperative sagittal MRI for case 1. (A) Preoperative T1‑weighted MRI. (B) Preoperative T2‑weighted MRI. (C) Postoperative 
T1‑weighted MRI. (D) Postoperative T2‑weighted MRI. The blue arrow indicates the location of the lesion. MRI, magnetic resonance imaging.

https://www.spandidos-publications.com/10.3892/etm.2023.11836
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worth noting that the retractor used by Parihar et al (14) was a 
Destandau retractor system, which belongs to the convergent 
non‑expandable tubular retractors, while the retractor used 
in the present study was a parallel non‑expandable tubular 
retractor. Indeed, compared with a convergent retractor, the 
parallel retractor can provide more available space, making 
it more suitable for an endoscope and for removing larger 
lesions (17).

For IDEM spinal tumors, an endoscope can provide better 
visualization than a microscope (27). With the assistance of 
an adjustable angle tubular retractor, endoscopic visualization 
can be further expanded. Most importantly, the endoscope 
is allowed to enter the surgical area for close observation of 
panoramic visualization, which has great advantages, espe‑
cially for ventral or ventrolateral lesions, in avoiding more 
invasive surgical approaches, such as anterior or anterolateral 
approaches (28,29). However, the endoscope can only provide 
two‑dimensional images, which requires long‑term training, 
experience accumulation and intraoperative instrument feed‑
back to reconstruct three‑dimensional (3D) images, putting 
forward higher requirements for surgeons  (30). Although 
the microscope can provide 3D visualization, it is far away 
from the surgical area, which leads to serious light attenua‑
tion and cannot provide a close‑up view of surgical details or 
panoramic visualization (26). These two auxiliary lighting 

vision systems have their advantages and limitations, and 
both have been proven to be effective and safe. Therefore, the 
choice of endoscope or microscope depends on the surgeon's 
preference.

Although the MISS under a microscope or an endoscope 
is relatively safe and effective, it is undeniable that it still 
has certain limitations. Soriano-Sánchez et al (31) reviewed 
the current indications and contraindications of micro‑
scope‑assisted MISS for the treatment of IDEM lesions and 
considered that the key factors for the microscopic approach 
were tumor location, size, histology and spinal instability. 
For the endoscopic approach, although the tumor location is 
not strictly required, the tumor size is a particularly critical 
limiting factor. Especially for large tumors, even if expand‑
able tubular retractors with adjustable angles and endoscopes 
with excellent visualization are used, it is impossible to reach 
all parts of the tumor, and this greatly increases the risk of 
bleeding and nerve damage. In general, to ensure the safety of 
the surgery, a pure endoscopic approach using an expandable 
tubular retractor is recommended for tumors within two verte‑
bral levels (14). Hence, the endoscopy approach is indicated 
for no more than 2 vertebral segments. It is difficult for the 
endoscopic approach to remove some tumors with specific 
locations and histology, such as ventral meningioma  (32). 
The ventral meningioma usually has a wide base and limited 
surgical space, which makes it vulnerable to spinal cord 
injury due to repeated traction (33). Therefore, for ventral 
meningioma, the endoscopic approach is not recommended, 
while traditional open surgery is recommended. Other ventral 
tumors or meningiomas at other locations (lateral, medial, or 
posterior) can be removed by the endoscopic approach (32). In 
addition, the endoscopic approach will increase the difficulty 
of repairing the dura mater and of achieving hemostasis (17). 
The bimanual technique is essential for hemostasis and the 
suturing of the dura. In the endoscopic approach, however, the 
limited available space in endoscopic surgery will increase 
the difficulty of using the bimanual technique, which is also 
a limitation of endoscopic methods (34). Furthermore, the 
method of using an endoscope with a non‑expandable tubular 
retractor requires that the surgeon should have experience in 
both spinal surgery and endoscopic visualization.

In addition, postoperative complications are also an impor‑
tant concern for surgeons and patients. Tumialán et al (35) 

Figure 5. Postoperative CT showing a limited hemilaminectomy for 
case 1 (blue arrow and circle). (A) Computed tomography scan image. 
(B) Reconstructed computed tomography scan image.

Table III. Previous studies (n≥5 cases per study) recording pure endoscope and retractor treatment for an intradural extramedul‑
lary spinal tumor.

First author/s, year	 No. of cases	 Retractor system	 GTR rate, %	 (Refs.)

Parihar et al, 2017	 18	 Convergent non‑expandable tubular retractor	 100	 (14)
Dhandapani and Karthigeyan, 2018	 16	 Expandable tubular retractor; convergent	 100	 (17)
		  non‑expandable tubular retractor		
Caballero‑García et al, 2022	 10	 Non‑tubular retractor	 100	 (25)
Zeng et al, 2022	 20	 Non‑tubular retractor	 100	 (26)
Present study	 5	 Parallel non‑expandable tubular retractor	 100	 ‑

GTR, gross total resection.
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considered the correlation between the amount of bone resec‑
tion and the risk of secondary spinal deformity and instability 
after IDEM lesion resection. Therefore, for MISS, controlling 
the degree of bone resection and avoiding unnecessary bone 
resection are key factors to minimize the risk of postopera‑
tive instability. In the present study, a hemilaminectomy was 
usually applied. However, for ventral tumors, the ipsilateral 
facet needs to be resected to gain space for tumor exposure 
and an additional pedicle screw fixation is required after tumor 
removal. Recently, Duff et al (36) reported the image merges 
tailored access resection technique (37) under the guidance of 
3D fluoroscopy for the resection of spinal intradural lesions. 
In this study (36), the planned intraoperative neuronavigation 
was used to optimize tumor access and expose the tumor, 
which may further refine and reduce bone resection.

The current study reported a patient series with IDEM 
spinal tumors treated via pure endoscopic MISS with a 
parallel non‑expandable tubular retractor, in which the patients 
achieved good outcomes. All patients improved significantly 
in the postoperative period and had no serious postoperative 
complications, which is comparable with the results of previous 
studies (14,17,25,26). Therefore, pure endoscopic MISS with a 
parallel non‑expandable tubular retractor may be an effective 
and safe surgical strategy for IDEM spinal tumor resection. 
However, the present study is limited by the relatively small 
sample size. In further work, further cases will be recorded to 
increase the number of samples to further verify the surgical 
method.

The current study reported 5 cases of IDEM spinal tumors 
treated by pure endoscopic MISS with a parallel non‑expand‑
able tubular retractor, and summarized the surgical procedure 
and outcomes. A GTR was achieved in all cases. After the 
operation, all cases were significantly improved without serious 
postoperative complications. The results of the current series 
demonstrated that for IDEM spinal tumors, pure endoscopic 
MISS with a parallel non‑expandable tubular retractor may be 
an effective and safe surgical strategy. Moreover, this surgical 
strategy has the advantage of causing low amounts of trauma, 
less bleeding and fewer postoperative reactions. Admittedly, 
despite these advantages, pure endoscopic technology has also 
some limitations such as the difficulty in the removal of a large 
tumor and a steep learning curve.
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