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Background: Among spine metastases of malignant tumors, thoracic spine metastases account for about 
70%. Spinal metastases cause spinal instability, compression of nerve structures, and function damage, which 
has a serious impact on patients’ quality of life (QOL). At present, surgery is main choice in the treatment 
of spinal metastases. However, conventional surgery still has certain limitations. This study explored the 
surgical strategy of nerve rescue in patients with spinal thoracic metastases and moderate-to-severe spinal 
cord injury.
Methods: In this history case-control study, 42 patients received conventional operation were enrolled as 
control group, while 38 patients who underwent conventional decompression of laminectomy combined 
with durotomy were selected as observation group. Perioperative data were recorded for comparisons 
between the two groups. Visual analogue scale (VAS) of pain, QOL, and 36-item short-form health survey 
(SF-36) were compared before operation and 3, 6, and 12 months after operation. American Spinal Injury 
Association (ASIA) grade was evaluated before operation and 1 month after. Complications, recurrence rate, 
and mortality were also recorded. 
Results: The VAS scores of the observation group at 3, 6, and 12 months after operation were significantly 
lower than those before the operation. The QOL and SF-36 scores were increased compared with 
those taken preoperatively (P<0.05). The VAS score of the observation group was lower than that of the 
control group, and the QOL and SF-36 scores were higher than those in the control group (P<0.05). The 
neurological grades of ASIA 3 months after operation in both groups were significantly improved. The 
improvement in the observation group was greater than that in the control group (P<0.05). The incidences 
of postoperative complications in the control group and observation group were 19.05% (8/42) and 
7.89% (3/38), respectively; the recurrence rates of the two groups were 14.29% (6/42) and 5.26% (2/38), 
respectively; and the mortality rates of the two groups were 26.19% (11/42) and 18.42%, respectively (7/38) 
(P>0.05).
Conclusions: Durotomy based on conventional decompression of laminectomy can effectively save nerve 
function in metastases of the thoracic spine with moderate or severe spinal cord injury, improve QOL, and is 
thus worthy of being applied in clinic.
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Introduction

The spine is one of the most common sites of spread 
in metastatic cancer, ranking third as a metastatic site 
of malignant tumors, second only to the lung and liver. 
Relevant epidemiological data indicate that about 5–30% 
of patients with metastatic cancer in the clinic may be 
associated with spinal involvement (1), which is one of 
the main causes of poor quality of life (QOL) and death 
of patients with malignant tumors (1,2). Cancerous 
lesions in patients with spinal metastases often invade the 
vertebral body and spinal canal. When the patient has 
poor spinal stability, fractures can easily occur, which in 
turn causes epidural spinal cord compression (ESCC), 
leading to neurological deficits (3). These patients often 
face the risk of paraplegia. If they are not treated in time, 
they will eventually experience paraplegia, incontinence, 
tract infections, cumulus pneumonia, skin pressure ulcers, 
and other complications, which accelerate the death of  
patients (3). In addition, patients are often accompanied by 
cancer pain of varying degrees, which is extremely severe 
and has a serious impact on the patient’s QOL. Effective 
treatment to clear tumor lesions, save spinal cord function, 
relieve cancer pain, prolong the survival time of patients, 
and improve the QOL has always been the focus of clinical 
research. 

At present, there is no satisfying treatment that 
can prolong the life expectancy of patients with spinal 
metastases. The main interventions are still stereotactic 
radiotherapy and surgery. Because a variety of tumors 
are relatively sensitive to radiation, stereotactic body 
radiotherapy (SBRT) plays an important role in the 
treatment of spinal metastases. This therapy belongs to 
the category of precision radiotherapy, which has many 
advantages including safety, few complications, light 
adverse reactions, and high rate of tumor local diffusion 
control. Its efficacy in pain relief and palliative treatment to 
improve the QOL and prolong the expected survival time 
has been clinically recognized (4). However, radiotherapy 
has certain limitations, including damage to the spinal 
cord, especially for patients who already have symptoms of 
spinal cord compression. Therefore, studies have shown 
that spinal cord compression may be one of the drawbacks 
of stereotherapy, and implementing radiotherapy without 
appropriate consideration may not benefit patients (5).

In recent years, surgery has been proven to be a feasible 
treatment option for such patients. Presently, the commonly 
used surgical methods are total en bloc spondylectomy 

(TES), vertebroplasty, internal fixation, and fusion. 
However, these operations have certain limitations. For 
example, TES surgery is difficult to implement (6), while 
the latter two procedures have no significant advantages 
over other operations in terms of spinal nerve function 
protection, improving QOL, and prolonging survival (7). 
Some investigators have proposed the concept of spinal 
tumor isolation surgery, which has received widespread 
clinical attention (8). This concept is used to separate spinal 
metastases from the dura mater during operation, which not 
only helps to save the spinal cord function of patients with 
metastatic spinal tumors, but also relieves the symptoms of 
spinal cord compression. Furthermore, the gap around the 
spinal cord provided by this approach more optimally lays 
the ground for the next step of high-intensity stereotactic 
radiotherapy (9).

Conventional laminectomy can cause decompression to 
a certain extent. However, because the tumor often invades 
the surface of the dura mater, the separation must be 
performed during the operation. Because of this, the tumor 
is not always completely separated, resulting in insufficient 
decompression. At the same time, if the separation of the 
posterior spinal cord is not complete, it will reduce the 
efficacy of later radiotherapy and other related treatments 
and accelerate relapse (10,11). Progress in treatment 
paradigms has been made significantly over the past 
decade. Incorporating stereotactic radiosurgery into these 
treatments has been particularly effective and safe. Subdural 
decompression surgery with an epidural incision performed 
under a microscope can reduce the compression of tumor 
tissue and reduce the tension of the dura mater, fully 
decompress the spinal cord, and promote the recovery of 
spinal cord injury. The purpose of this study was to explore 
the surgical strategy, safety, and effectiveness of nerve rescue 
in patients with spinal thoracic metastases with moderate-
to-severe spinal cord injury. We specifically evaluate the use 
of epidural incision combined with decompression of total 
laminectomy and decompression in conventional lesions. 
We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1507).

Methods

Study population

This was a historically controlled study. According to the 
inclusion and exclusion criteria, from June 2016 to June 
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2018, a total of 42 patients with MRI-confirmed metastases 
of the thoracic spine and moderate or severe spinal cord 
injury who received conventional decompression of 
laminectomy combined with internal fixation were collected 
as the control group. A total of 38 patients who underwent 
conventional decompression of laminectomy combined 
with durotomy were selected as the observation group. The 
observation group included 26 males and 12 females, aged 
47–74 (60.14±7.29) years old. Primary tumor types included 
16 cases of lung cancer, 11 cases of liver cancer, 6 cases of 
prostate cancer, and 5 with other types. The control group 
included 27 males and 15 females aged 45–75 (61.20±8.34) 
years old. Primary tumor types included 18 cases of lung 
cancer, 12 cases of liver cancer, 5 cases of prostate cancer, 
and 7 with other types. There was no statistically significant 
difference in gender, age, or primary tumor type between 
the two groups (all P>0.05). 

 The inclusion criteria for patients were the following: 
(I) age >45 years with thoracic metastatic tumor and spinal 
cord injury (T1–T12); (II) preoperative magnetic resonance 
imaging (MRI) showing complete or incomplete spinal cord 
injury accompanied by a degree of spinal cord compression 
(ESCC) grade 2–3; (III) a Tomita score and Tokuhashi 
score indicating the patient could no longer undergo total 
tumor resection but only palliative decompression surgery; 
(IV) spinal instability neoplastic score (SINS) suggesting 
spinal instability; (V) good cardiopulmonary function and 
ability to tolerate surgery and conservative treatment. 
Meanwhile, the exclusion criteria were the following: (I) 
other neurological diseases (stroke, peripheral neuropathy, 
craniocerebral injury, etc.); (II) spinal tuberculosis, diabetes, 
severe infectious diseases, accompanied by severe heart, 
liver, kidney, and other disorders; (III) severe injuries to 
other parts of the body; (IV) moderate-to-severe cognitive 
impairment; (V) severe Alzheimer’s disease and Parkinson’s 
disease that significantly affected walking ability. Patients 
who volunteered to participate in this study and cooperated 
with the follow-up work of this study understood and signed 
informed consent. All procedures performed in this study 
involving human participants were in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by ethics committee of the PLA General Hospital 
and informed consent was taken from all the patients.

Surgical procedure

All surgeries in this study were performed by the same 
group of surgeons. The control group underwent 

general decompression and decompression of vertebral 
laminectomy. The operation method was performed as 
follows. After successful anesthesia, the patient was placed 
in the prone position. Conventional iodine and alcohol were 
used to sterilize the skin of the surgical field, and a sterile 
towel sheet was placed over the surgical field. A posterior 
thoracic spine midline incision was made to sequentially 
cut the skin, subcutaneous tissue, and thoracolumbar 
dorsal fascia, and a subperiosteal dissection of the muscles 
was performed along both sides of the spinous process, 
revealing the decompression range of the lamina, upper 
and lower articular processes, and transverse processes. 
The pedicle screw was placed in the appropriate segment. 
After intraoperative fluoroscopy, if the screw position 
was satisfactory, an ultrasonic bone knife and rongeur 
were used to remove the spinous process and lamina of 
the diseased vertebrae that the tumor had invaded. The 
dural sac was then exposed to make the tumor growing 
along the spinal canal to the far and near end visible. The 
dural sac was compressed and adhered to the dura, and 
the nerve root was loosened. After pedicle puncture, the 
diseased vertebrae were given a fluoroscopy-guided lumbar 
puncture and injected with bone cement for strengthening. 
The tumor tissue and dura mater in the spinal canal were 
carefully separated, and some diseased tissue was retained 
for pathology. If the tumor had invaded the pedicle on 
the ventral side, appropriate excision and separation were 
performed. Bone wax, gelatin sponge, and other materials 
were used for hemostasis. The double-sided nail rods were 
connected, the nuts were pretightened, and the horizontal 
interlocking rods were placed between the rods. The dural 
sac and nerve root were once again explored for signs of 
compression, and to ensure spinal cord pulsation was good, 
and hemostasis had completely stopped. A large amount 
of normal saline was used to wash the groove of the fixed 
segment articular process joint. The articular surface was 
then removed, the cancellous part of the bone was exposed, 
and the broken bone was trimmed to backfill the bone 
graft. The artificial spinal membrane was then placed to 
cover the spinal cord. The gauze of the instrument was 
checked, a drainage tube was placed, the muscle, fascia, and 
subcutaneous tissue were sutured layer by layer, and the 
skin incision was closed. The sterile dressing was placed 
to cover the incision, and the drainage tube was connected 
to the sterile drainage bag. In the observation group, after 
exposing the dura mater, a surgical microscope was used to 
remove the tumor tissue on the surface of the dura mater 
using neurosurgical instruments, the outer layer of the dura 
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mater with high tension was cut, and the pressure was fully 
applied. Pulsation was restored, and the wound was closed 
after the same fixation fusion surgery. Both groups received 
adjuvant radiotherapy and chemotherapy in the oncology 
department 2 weeks after surgery.

Data collection 

(I) The general data of the two groups, including the 
operation time, intraoperative blood loss, hospital 
stay, and hospitalization, were recorded during the 
perioperative period. 

(II) Visual analogue scale (VAS) was assessed during 
routine follow-up at 3, 6, and 12 months after 
surgery. The VAS score ranges from 0 to 10 point, 
with 0 points indicating no pain and 10 points 
indicating the most unbearable pain (12).

(III) The patient QOL scale was evaluated at the same 
follow-up intervals as VAS above. The scale includes 
12 items (appetite, mental, sleep, fatigue, pain, 
family understanding and cooperation, colleague 
understanding and cooperation, self-cognition of 
cancer, attitude to treatment, daily life, side effects 
of treatment, facial expression). Each item is scored 
from 1 to 5 points for a total score of 60 points, with 
a higher the score indicating a better the QOL (13).

(IV) The 36-item short-form health survey (SF-36) 
assessment includes 8 dimensions. Each dimension 
and the total score are standardized as follows: 
(standard conversion formula = (actual score in this 
item − the lowest possible score in the dimension)/
(the highest possible score in this item − the lowest 
score in this item) × 100%. After standardization, 
each dimension and the total score can range from 0 
to 100 points, with a higher score indicating a better 
health (14).

(V) American Spinal Injury Association (ASIA) nerve 
function grading (15) was recorded before surgery 
and 3 months after surgery.

(VI) The prognosis of the two groups, including 
postoperative complications, recurrence, and 
mortality, were recorded.

Statistical analysis

SPSS v.19.0 (IBM SPSS Statistics, USA) was used for 
statistical analysis. The variables that accorded with a 
normal distribution are expressed in mean ± standard 

deviation. The comparison between two independent 
sample groups was conducted by groups t-test. In terms 
of composition ratio, a Chi-square test was used for 
comparison between two independent sample groups; 
while nonparametric rank-sum test (Mann-Whitney U test) 
was used for grade data. A P value <0.05 was considered 
statistically significant.

Results

Perioperative index comparison between the two groups 

All patients successfully completed the operation. The 
incision healed well, and no infection occurred during or 
after the operation. There was no statistically significant 
difference in operation time, intraoperative blood loss, 
average length of hospital stay, and hospitalization cost 
between the two groups (P>0.05) (Table 1).

Comparison of VAS score, QOL scale score, and SF-36 
score before and after operation between the two groups

Before surgery, there was no significant difference in VAS 
score, QOL scale score, and SF-36 score between the two 
groups (P>0.05). At various time points after follow-up, the 
VAS scores at 3, 6, and 12 months after operation in the two 
groups were significantly lower than those before surgery, 
and the QOL scale score and SF-36 score were significantly 
higher than those before surgery (P<0.05). Meanwhile, the 
VAS score at 3, 6, and 12 months after operation for the 
observation group was significantly lower than that of the 
control group, and the QOL score and SF-36 score were 
significantly higher than those of the control group (P<0.05) 
(Table 2).

Comparison of postoperative complications, recurrence 
rate, and mortality between the two groups

The incidence of postoperative complications in the 
control group was 19.05% (8/42), while the incidence 
of postoperative complications in the observation group 
was 7.89% (3/38). Both groups successfully completed  
12 months of follow-up. The recurrence rate of the control 
group was 14.29% (6/42), and the mortality rate was 
26.19% (11/42), while the recurrence rate of the observation 
group was 5.26% (2/38) and the mortality rate was 18.42% 
(7/38). Although the postoperative complication rate, 
recurrence rate, and mortality rate in the observation group 
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were lower than those in the control group, the difference 
was not statistically significant (P>0.05).

Discussion

The effect of conventional decompression and decompression 
of vertebral body plus subdural decompression under 
epidural incision

The results of this study showed that there was no 
statistically significant difference in the operation time, 
intraoperative blood loss, average length of hospital stay, 
and hospitalization cost between the two groups, suggesting 

the use of epidural incision combined with decompression 
of total laminectomy and decompression in conventional 
lesions is effective and safe. Subdural decompression does 
not increase the operation time, intraoperative blood loss, 
hospitalization time, or medical cost, and has a high cost-
effectiveness. The results of this study showed that the 
VAS score, QOL score, and SF-36 score of the observation 
group at 3, 6, and 12 months after operation were better 
than those of the control group, and the ASIA neurological 
grade at 3 months after operation was better than that of the 
control group. These findings indicate that this operation 
can significantly improve spinal thoracic metastases with 
moderate to severe spinal cord function, and is more 

Table 1 Perioperative index comparison between the two groups

Parameters Control group (n=42) Observation group (n=38) t P

Age (years) 61.20±8.34 60.14±7.29 0.602 >0.05

Male, n (%) 27 (62.3) 26 (68.4) 0.153 >0.05

Tumor, n (%) 0.386 >0.05

Lung cancer 18 (42.9) 16 (42.1)

Liver cancer 12 (28.6) 11 (28.9)

Prostate 5 (11.9) 6 (15.8)

Other types 7 (16.7) 5 (13.2)

Operation time (min) 158.57±25.29 160.80±21.56 0.782 >0.05

Hemorrhage volume (mL) 372.10±54.27 381.12±62.40 0.332 >0.05

In-hospital (days) 11.62±2.38 10.41±2.16 0.721 >0.05

Cost (10,000 yuan) 4.60±0.64 4.41±0.67 0.664 >0.05

Table 2 Comparison of VAS score, QOL scale score, and SF-36 score before and after operation between the two groups

Parameters Group n Before surgery 3 months after 6 months after 12 months after

VAS score Control group 38 7.32±2.14 3.20±0.67 2.11±0.63 1.46±0.50

Observation group 42 7.29±2.26 4.18±0.72 3.27±0.81 2.38±0.61

t value – 0.217 3.743 3.220 4.176

P value – >0.05 <0.05 <0.05 <0.05

QOL score Control group 38 22.60±8.72 39.19±10.61 45.54±11.38 50.29±8.61

Observation group 42 21.71±9.10 32.44±11.43 38.50±12.19 42.41±9.24

t value – 0.194 4.219 4.273 5.113

P value – >0.05 <0.05 <0.05 <0.05

SF-36 score Control group 38 53.23±11.81 67.59±12.61 73.31±12.87 78.71±7.87

Observation group 42 52.92±10.65 60.21±11.98 65.73±10.44 70.24±8.50

t value – 0.150 4.112 4.657 4.902

P value – >0.05 <0.05 <0.05 <0.05
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effective in saving nerve function than simple conventional 
vertebral body decompression. It is also conducive to 
daily life and QOL improvement. We also found that 
although the postoperative complications, recurrence rate, 
and mortality rate of the observation group were lower 
than those of the control group, these difference were not 
statistically significant, which may be related to the small 
sample size included. The sample should thus be expanded 
in future research in order to confirm the conclusions of the 
present study.

Analysis of indications, technical advantages, and 
surgical effects of conventional vertebral body total 
laminectomy decompression plus epidural incision subdural 
decompression

In the current state of tumor therapy, there are a variety of 
treatment methods such as radiotherapy and surgery, along 
with newly-targeted drug treatments, that have greatly 
improved the survival of tumor patients. However, some 
tumors have already metastasized when they are found. 
The reason for the patient’s treatment are the symptoms 
caused by the metastasis of other organs. For conventional 
disease, total laminectomy and decompression have become 
the main treatment for patients with spinal metastases and 
spinal cord compression, especially for patients with grade 
2–3 spinal cord compression. The operation can separate 
the tumor from the dura mater to form a space that relieves 
the compression of the spinal cord, which can not only 
achieve good local tumor control, but also reduce surgical 
complications (16). In addition, surgery reduces the body’s 
tumor-bearing load and improves the responsiveness of 
the primary tumor of patients to drugs after radiotherapy 
and chemotherapy, resulting in more effective control of 
the tumor. In a certain sense, even before radiotherapy 
treatment occurs, effective surgical operations can achieve 
a “multiple effects with half the effort” effect, ensuring that 
patient’s receive the greatest clinical benefit in terms of 
survival and QOL (4).

At present, the indications for performing surgery 
on such patients are mainly the following (17,18): (I) 
progressive increase in nerve function damage; (II) 
destruction or fracture of spinal lesions in patients, 
resulting in spinal instability and spinal cord injury; (III) 
intractable pain, with no obvious effect after treatment with 
radiotherapy or oral analgesics; (IV) the patient can tolerate 
surgery, and the expected survival time is greater than 
6 months; (V) spinal cord compression caused by spinal 

tumor invasion of the spinal canal is acute and subacute, 
and is in a state of continuous exacerbation. At present, 
in order to save spinal nerve function, clinical emphasis 
is placed on early surgery, and the 48-hour surgical time 
limit is often recommended (19). The implementation of 
active conventional surgical decompression during this 
period can effectively relieve the symptoms of spinal cord 
compression and relieve pain. Landmann et al. (20) reported 
that among patients with spinal metastases undergoing 
laminectomy decompression therapy, about 68% of patients 
had significantly improved sphincter function and 88% 
of patients had pain relief. In contrast, after receiving 
only simple radiation therapy, only 33% of patients had 
significantly improved sphincter function and 72% of 
patients had pain relief. This suggests that the use of 
decompression surgery before radiotherapy is of great value 
for the improvement of nerve function.

Although decompression of conventional laminectomy 
can relieve the compression of the spinal cord to a 
certain extent and give the spinal cord some room for 
movement, it often faces the problem of insufficient surgical 
decompression, such as when the range of decompression 
of the laminae fails to be greater than spinal edema/
when the pressure range is still there, the spinal cord with 
compressed edema remains at both ends, which leads to 
the blockage of cerebrospinal fluid and spinal arteriovenous 
compression, which is not conducive to the restoration of 
nerve function (21). In addition, due to the differences in 
operation of different surgeons, the tumor and the dura 
mater are not completely separated during the operation. If 
the separation is not complete, the compressed spinal cord 
tissue of the edema cannot be fully relieved. Therefore, 
there is still much room for improvement in decompression 
of conventional laminectomy. 

Epidural decompression under a microscope has been 
widely conducted in our hospital. With the microscope, 
decompression under the dura mater not only removes 
the tumor invasion site on the surface of the dura, but 
also effectively removes the subdural hematoma and 
bone fragments at the same time. Subdural release is 
performed to effectively relieve the compression of the 
spinal arteriovenous and epidural veins, reduce the pressure 
on the edema and spinal cord, and create space for the 
recovery of spinal cord function. Relevant basic and clinical 
studies have shown that the main treatment mechanism 
of decompression of the dural incision is reflected in the 
following aspects: (I) it can effectively reduce the pressure in 
the spinal canal, relieve local tissue edema, and thus reduce 
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the compression of the spinal cord, which is beneficial 
to restoration of blood-spinal barrier function (17). (II) 
Spinal cord microcirculation disorder caused by increased 
pressure in the spinal canal is also known as the “osteofascial 
syndrome” of the spinal cord (20). Decompression under the 
membrane can significantly reduce the pressure outside the 
spinal cord, thereby improving spinal cord microcirculation. 
(III) Studies have shown that spinal cord injury can be 
accompanied by a series of secondary inflammatory 
reactions, including the activation of inflammatory cells 
such as monocytes, macrophages, and lymphocytes; 
infiltration and aggregation in local tissues; the release of 
pro-inflammatory cytokines including interleukin-6 (IL-6), 
interleukin-β1 (IL-β1), tumor necrosis factor-α (TNF-α); 
and glial cell proliferation and increase of extracellular 
matrix expression (22). By reducing pressure, duratomy can 
reduce inflammation and edema (23,24). (IV) The spinal 
cord injury can activate the nuclear factor-κB (NF-κB) 
signal transduction pathway, inducing inflammation and 
oxidative stress (25). Decompression of the dural incision 
effectively relieves ischemia and hypoxia of local nerves, 
reduces oxidative stress, and accelerates the removal of 
oxygen-free radicals, thereby reducing lipid peroxidation 
damage, which is conducive to nerve damage repair. (V) 
Studies have shown that ischemia, hypoxia, inflammation, 
and oxygen free radical-induced autophagy play a key role 
in secondary spinal cord injury (26,27). Yang et al. (28) 
performed early decompression on a rat model of spinal 
cord injury and found that the decompression of the spinal 
cord can significantly inhibit the expression of the LC3-II 
protein and mRNA, and activate the rapamycin target. The 
signaling pathway of protein 1 eventually inhibits autophagy 
and exerts a neuroprotective effect. After metastasis of the 
thoracic spine tumor, the tumor grows rapidly, the space 
of the thoracic spinal canal shrinks, and spinal nerve injury 
progresses rapidly. Therefore, for patients with thoracic 
vertebral tumor metastasis, more timely surgery is needed 
to help control the further progression of the disease. The 
possible adverse reaction of this method involved spine 
injury which can be avoided by careful operation.

Limitations of the study

This is a historically controlled study and not a prospective 
case-control cohort study. Therefore, in future clinical 
practice, a prospective case-control study is needed to 
confirm the conclusion of the present research. In addition, 
the included sample size is relatively small and characteristic 

of a single-center study: there might have been selection 
bias. It is necessary to expand the sample size for multi-
center clinical research in the future. In conclusion, this 
experiment initially confirmed that patients with spinal cord 
injury and neurological dysfunction caused by spinal tumor 
who undergo early subdural open decompression surgery 
based on routine decompression and decompression of the 
total laminectomy, can recover neurological function. The 
recurrence rate and QOL achieved by this approach are 
superior to those of simple epidural decompression, and 
thus this technique can prevent spinal cord injury caused by 
spinal tumors in the elderly. In conclusion, we recommend 
this strategy in clinical practice for the treatment of spine 
metastasis. 
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