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Introduction

The spinal column is one of the most common location for
metastasis, with an increasing frequency of spinal metasta-
ses.1,2 Spinal cord metastatic tumor damages the vertebral

body, weakens the spinal support, and exerts mass effect on
the spinal cord and cauda equina, resulting in pain, neuro-
logical deficits, and hindering of daily activities.3 Bone
metastasis is diagnosed in more than 60% of cancer patients
in their lifetime.2 Most of these patients have reduced life
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Abstract Objective The spinal column is one of themost prevalent regions for metastasis, with
an increasing frequency of spinal metastases. Spinal cord metastatic tumor damages
the vertebral body, weakens the spinal support, and exerts mass effect on the spinal
cord. Overzealous surgical intervention does not provide any additional benefit in most
of the spinal metastasis due to shorter life expectancy. The principal goal of this study is
to analyze the outcome of various surgical treatments offered to patients with
metastatic spinal cord compression (MSCC).
Methods Retrospective cohort study including all patients that underwent surgical
intervention for MSCC from March 2013 to March 2020.
Results A total of 198 patients were included, 113 males and 85 females; the mean
age was 62 years. Themost common primary cancer was prostate (21.71%) followed by
hematological (20.07%) and lung (16.66%). At 6-month postsurgery, 68.68% of
patients were Frankel grade D or E (vs. 23.23% preoperatively), 16.6% were grade C
(vs. 57% preoperatively), and 14.64% were grade A or B (vs. 19.69% preoperatively).
Pain on numeric rating scale was decreased from 6.38�3.08 to 3.39�0.73 at 24 hours
postsurgery and 1.94�0.67 at 6 months.
Conclusion This study found that the majority of patients, undergoing minimally
invasive spinal stabilization and decompression for metastatic spinal tumors, have
better quality of life, analgesia, and mobility. In conclusion, treatment for spinal
metastases should be individualized and a multidisciplinary approach is needed.
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expectancy. Hence, the fundamental aim of management is
to enhance their quality of life in terms of mobility and
analgesia. Historically, radiotherapy (RT) has been aimed
toward spinal metastases. However, most recent studies
have shown that surgery combined with RT was superior
to RT alone, when comparing mobility and mortality.4 The
standard care for these patients is poorly delineated. Never-
theless, spinal intervention in the form of tumor debulking,
spinal cord decompression, and stabilization has shown
favorable outcome for patients with neurological deficits.5

There is no defined treatment plan for asymptomatic
patients or for those who present with pain only but are
neurologically intact. Current literature suggests that RT is
favored for stable spinal metastases. However, early surgery
is preferred for patients with symptomatic epidural spinal
cord compressionwith or without spinal instability.6Most of
these patients have poor prognosis, therefore minimally
invasive surgery should be opted to alleviate surgical dam-
age. Although vertebroplasty and kyphoplasty are consid-
ered as minimally invasive operations for spinal
stabilization, they are associated with relative damage to
the posterior vertebral body or with pathological fractures.
The manifestation of symptomatic spinal metastasis is a
significant breakthrough in the disease advancement. How-
ever, due to advent of modern oncology treatment, progres-
sion-free survival and overall survival has improved notably,
especially with targeted therapies.7,8 Minimally invasive
surgical approaches have been used alongside these targeted
oncological therapies allowing the probability of less de-
structive techniques, with a view to early start or restart of
adjuvant treatments.9,10 Modern literature has limited the
scope of treatment to focus on conservation of functional
independence and maintain the remaining quality of life
with better analgesia and shorter hospital stays.11,12 Over-
zealous surgical intervention does not provide anyadditional
benefit in most of the spinal metastasis patients due to
shorter life expectancy. Remaining lifespan and quality of
life are important considerations when comparing pros and
cons of surgical intervention.13 There are multiple scoring
systems for spinal metastases, which ranges from prognostic
scoring systems to treatment guiding tools, but they are not
well suited to recent technical advancement. The scoring
system, although used in this study, do not allow uniformity
of practice in making surgical decisions.14–19 The principal
goal of this study is to analyze the outcome of various
surgical treatments offered to patients with metastatic spi-
nal cord compression (MSCC).

Materials and Methods

All the patients who underwent surgical intervention for
MSCC at Royal Preston Hospital, Lancashire, United Kingdom
from March 2013 to March 2020 were included in this study.
Patient’s data, operation notes, and clinical details including
intraoperative and postoperative complications were collect-
ed retrospectively frompatient notes and our online database.

Inclusion criteriawere patients above 18 years of agewith
a clinical and radiological diagnosis of secondary spine

tumor irrespective of the status of primary tumor (whether
known or not) who underwent surgical intervention.

Exclusion criteria were (1) surgical contraindication,
(2) lesions in the occipital area, (3) life expectancy less
than 6 months and responsive to narcotic analgesics or
markedly responsive to RT, and (4) poor baseline functional
status; Karnofsky performance status of 4 or less.

Data collected included the patient’s age, sex, comorbid-
ities, weight and height, type of primary cancer, and level of
metastasis. Pain, neurological status, and functional inde-
pendence were assessed using different scoring systems.
Preoperative pain was assessed with: numeric rating scale
(NRS) and short-form McGill Pain Questionnaire (SF-MPQ).
Preoperative neurological status was scored using the
Frankel grade.20 Walking ability was scored using four cate-
gories—normal walking, altered walking without assistance,
walking with a stick/walking frame, and unable to walk. The
same variables were reassessed at 6 months postoperatively.

Simultaneously, prognosis was evaluated using the Kar-
nofsky scale21 which assesses the patient’s physical ability,
and the Tokuhashi score17which is used to guide the surgical
treatment according to the patient’s life expectancy. The
spinal instability neoplastic score (SINS)22 is used to estab-
lish the spinal stability of patients with metastases, which
declares the spine as “stable,” “potentially unstable,” or
“unstable.”

Region of spinal metastasis were grouped into seven
categories: (1) cervical C1-C7, (2) cervicothoracic C7-T1,
(3) thoracic T2-T11, (4) thoracolumbar T12-L1, (5) lumbar
L2-L4, (6) lumbosacral L5S1, and (7) sacral sacrum apart
from S1.

All the pedicle screws were placed under two X-rays
guidance, using the standard technique for percutaneous
pedicle screw placement. All the surgeries were performed
by neurosurgeons with spinal surgical expertise. Depending
on the type of surgery performed, the procedures were
categorized as: (1) minimally invasive spine (MIS) fixation
surgery with decompression, (2) MIS fixation surgery alone,
and (3) posterior decompression alone.

The length of stay in hospital was calculated in days from
the day of admission to the date of discharge from the
neurosurgical unit. All patients who were transferred to
oncology unit, spinal rehabilitation, or were repatriated to
the local hospital were considered as discharged. Outpatient
follow-up was conducted at 6 months after surgery in the
majority of patients. Additionally, duration of surgery, intra-
operative blood loss, and timing of surgical decompression
from diagnosis were recorded. During the follow-up period,
surgical complications and general perioperative complica-
tionswere recorded, along with the duration of hospital stay.

Results

Demographics and Basic Data
The study population consisted of 198 patients: 113 males
(57.07%) and 85 female (42.92%) with a median age of
62 years with age range of 23 to 89 years. There was no
known primary lesion in 30 (15.15%), and spinal metastasis
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was the first sign of malignancy. Discovery of a metastasis
was the first sign of cancer in 43 patients (21.17%). Themean
time elapsed between the diagnosis and the spinal metasta-
sis was 37 months. The most common types of primary
cancer (►Table 1) were prostate (21.71%) followed by hema-
tological (20.07%) and lung (16.66%). The spinal disease was
the first region of metastasis in 77.77% (154) of patients,
most common site of metastases was thoracic spine in
65.65% (130) (►Table 2).

Preoperative Findings
The mean preoperative pain on NRS was 6.38/10, and the
mean SF-MPQ was 2.9 (►Tables 3 and 4). Walking: 62% of
patients could walk without assistance, 11% required help,
and 27% were unable towalk (►Fig. 1). Neurological deficits:
8% of patients were Frankel grade E, majority (57%) of the

patients were grade C, and 20% were grade A or B (►Table 5).
Performance status: 58% of patients were 80 (►Table 6);
according to the Tokuhashi score, only 3% of patients had life
expectancy of less than 6 months (score 0–8). On the other
hand, 34% had a survival prognosis of more than 12 months
(score 12–15) (►Table 7). SINS score identified 71% as
potentially unstable while 15% were declared as unstable
(►Table 8). Painwas the sole reason for surgicalfixation in 7%
of the patients.

Table 1 Types of primary cancer with spinal metastasis

Primary cancer Incidence

Lung 33

Breast 13

Prostate 43

Renal 16

Colorectal 11

Hematological 41

Others/Unknown 36

Thyroid 5

Table 2 Levels of metastatic disease

Level of metastatic disease

Cervical 7

Cervicothoracic 2

Thoracic 130

Thoracolumbar 23

Lumbar 28

Lumbosacral 7

Sacral 1

Table 3 Preoperative numeric rating scale (NRS) for pain

Visual Analogue Scale (VAS) Numeric rating scale

0 to 3 17%

4 to 6 28%

7 to 10 55%

Table 4 Preoperative short-form McGill Pain Questionnaire
(SF-MPQ)

Preoperative short-form McGill Pain Questionnaire
(SF-MPQ)

0 9%

1 13%

2 25%

3 53%

Fig. 1 Comparison of preoperative and postoperative walking ability.

Table 5 Preoperative neurological deficits as per Frankel grade

Preoperative Frankel grade

A 7

B 13

C 57

D 15

E 8

Table 6 Preoperative Karnofsky performance status

Karnofsky performance status

40–70 83

80–100 115

Table 7 Preoperative Tokuhashi score

Tokuhashi score

0–8 (survival< 6 mo) 3%

9–11 (survival 6–12 mo) 63%

12–15 (survival>12 mo) 34%
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Operative and Postoperative Data
More than 80% (160) were discussed in multidisciplinary
team (MDT) preoperatively, while the other 38 patients had
emergency oncology consultation for prognostication and
surgical decision. The surgery was performed within
31 hours (� 26) after diagnosis. Posterior decompression
with MIS fixation was the most common procedure which
was performed in 88 (44.44%) patients, while 55 patients
underwent MIS fixation alone (►Table 9). The overall com-
plication rate was 22.24% (48), postoperative wound infec-
tion was 6% (12), postoperative hematoma was seen in 4.5%
(9) all of which required reexploration and evacuation of
hematoma, spinal cord contusion was recorded in 2% (4),
implant failure was noticed in 2.5% (5), and screw malposi-
tion was recorded in 1.5% (3) all of which were revised
(►Table 10).

Six-month postoperative data was collected for similar
variables. Note that 5.5% (11) did not survive the 6-month
follow-up time.Most commonprimary type of cancer among
them were lung followed by renal. A total of 112 patients
(51.5%) couldwalk independently, 44 (22.22%) patients were
unable to walk, whereas 52 (26.26%) either had altered
walking or were able towalk with aids (►Fig. 1). At 6months
postoperatively, 68.68% of patients were Frankel grade D or E
(vs. 23.23% preoperatively), 16.6% were grade C (vs. 57%
preoperatively), and 14.64% were grade A or B (vs. 19.69%
preoperatively) (►Table 11).

The mean operative time for MIS pedicle screw fixation
only was 119�41minutes, mean operative time for MIS
pedicle screw fixation with decompression was 176�59
minutes, and mean length of hospital stay was 8.2�3.9
days. Mean intraoperative blood loss for MIS pedicle screw

fixation only was 103.4�39.3mL. There was significant
improvement in pain score. Pain on NRS decreased from
6.38�3.08 to 3.39�0.73 at 24 hours postoperatively and
1.94�0.67 at 6 months (►Fig. 2).

Discussion

This single-center study is a review of the surgical
approaches used at Royal Preston Hospital for spinal metas-
tases. Our analysis discloses the uniformity in surgical plan-
ning for spinal metastasis. More than 90% (179) of caseswere
discussed in a MDT meeting preoperatively, while the
remaining 10% (19) required urgent surgical intervention
out of hours. Nonetheless, they were eventually discussed in
the MDT postoperatively.

It is challenging and demanding to anticipate a preopera-
tive prognosis for patientswithmetastatic spinal tumor.23–27

The use of surgery as a palliative measure is disputed in
patients with short survival. The mean revised Tokuhashi
scores in our patients were 7.8 and 9.1 in those treated with
and without decompression, respectively. Attention should
be paid to surgical risks, complications, and intended bene-
fits and cost of treatment when offering a palliative proce-
dure for the patients with limited life expectancy.23,26 It is
strongly viewed that surgical intervention should be offered
as it increases the likelihood of patients to undergoing
adjuvant treatment, thus, prolonging survival. The objective
is predominantly palliative rather than curative in the man-
agement of metastatic spinal tumors. The aims of surgical

Table 8 Preoperative spinal instability neoplastic score (SINS), %

Spinal instability neoplastic score (SINS), %

0–6 (stable) 13

7–12 (potentially unstable) 71

13–18 (unstable) 15

Table 9 Types of intervention

Surgical procedures (n)

MIS fixation alone 55

MIS fixation and decompression 88

Posterior decompression alone 13

Abbreviation: MIS, minimally invasive spine.

Table 10 Types of complications in number of patients

Complications

Infection 12

Spinal cord contusion 4

Implant failure 5

Pneumonia 8

Urinary tract infection 7

Postoperative hematoma 9

Implant malposition 3

Table 11 Comparison of pre- and postoperative Frankel
grading

Frankel grading A B C D E

Preop 14 25 113 30 16

Postop 11 18 33 95 41 Fig. 2 Comparison of pain score as per numeric rating scale at
preoperative, at 24 hours, and at 6 months.
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interventions are analgesia, maintenance of mobility or
improvement of weakness, and improving quality of remain-
ing life.28

Surgical intervention is an important means of stabilizing
the spine and for spinal cord decompression. Another ad-
vantage of minimal invasive surgery is that chemotherapy
and RT can be started earlier when compared with tradi-
tional open posterior approach.29 Furthermore, MIS surgery
can be effective in patients with poor functional baseline
who experience mechanical pain and worsening
mobility secondary to spinal instability. Our study revealed
a lowmortality rate at 6months, whichwas lower than other
published studies.8,14,16 It is important to note that the
Tokuhashi score, for preoperative assessment of metastatic
spinal tumor prognosis, indicated that 77.77% (154) of the
cohort had a life expectancy of more than 6 months. Only
5.5% (11) of the total patients died within 6 months. There is
very low number of patients lost to follow-up due to close
network between the neurosurgical and oncology teams.
Considering that the majority of the 10% of the patients who
were operated on emergently without MDT discussion had
poor prognosis as per Tokuhashi scoring system, 7% survived
for more than 6 months. This led us to express our concerns
for the effectiveness of the Tokuhashi scoring system, which
was introduced in 1990 and revised later,10,17,18,30 despite
the results of Eap et al.31 We believe that the modern
adjuvant therapy and hence, the improved prognosis
resulted in the discrepancy of this historical scoring system.
Our findings raise concerns regarding the authority of the
various scores used to determine life expectancy. These
scoring systems are also used to support the decision to
perform surgery on patients with metastatic spinal cancer.
There are other elements such as American Society of
Anesthesiologists grade, Karnofsky index, and the type of
the primary tumor which can be utilized as an alternative to
assess the prognosis of patients with spinal metastases.14,16

The regional control of metastatic lesions banks on post-
operative RTor systemic chemotherapy. In a normal individ-
ual, the vertebral body supports 80% of the axial load,32,33

whereas in spinal metastases the tumor encroaches the
vertebral body in 70% of the cases. For this reason, the risk
of pathological fractures, mechanical instability, and pain is
increased. It has been proven that short-segment fixation is
inferior to long-segment fixation due to dissipated
stress.34,35 There is significant evidence that surgery plays
an important role in pain relief as demonstrated by this
study. All the patients had a pain score less than 3 on NRS
6months postoperatively, which explains the role of surgery
in pain control. Another important finding in our study was
regarding the neurological outcome. At 6 months postoper-
atively more than 75% of patients could walk independently
versus 53.5% preoperatively. Out of these and 11%, more
patients improved to Frankel grade E at 6 months postoper-
atively in comparison to the literature already available.

In our study, we found that MIS pedicle screw fixation is
superior to open pedicle screw fixation in terms of operative
time (119�41minutes) and blood loss (103.4�39.3mL)
when comparing results with open pedicle screw fixation

performed for any indication. Hospital stay in our study was
8.2 days. Improvement in walking ability and neurological
function emphasize on importance of timely minimally
invasive surgery in these patients with limited life expectan-
cy. It is important to note that findings of our study are
comparable to published data from centers around the
world. For instance, in the study by Bilsky et al, the mean
intraoperative blood loss to be 1,700mL (200–4,000mL) as
recorded while performing open circumferential decom-
pression and fusion using a single-stage posterolateral trans-
pedicular approach in 33 patients with MSCC.22 Bilsky et al
also reported that the mean operating time was 7 hours. The
mean hospital stay was 11 days.22 Furthermore, Bilsky et al
also focused on separation surgery especially in cases of
extensive spinal metastases. The extent of posterior spinal
decompression is thus, directed by disease prognosis and
suitability to undergo spinal stereotactic surgery.

Neurological improvement, analgesia, and mobility are
the criteria of functionality and applicability of surgical
treatment for patients with spinal metastasis.1,12,36 In our
study, the rate of intraoperative and postoperative compli-
cations was commensurate to that of existing complex spine
surgery studies with instrumentation for indications other
than metastasis. Overall complications in our study were
36.1% versus 50% in studies of instrumented spine sur-
gery.37–39 We believe that surgical care is favorable for these
patients, when minimally invasive surgery is used as it is
obvious from improved pain score, early hospital discharge,
limited blood loss, minimum duration of surgery, and low
complication rates. Furthermore, the continued evolution in
minimally invasive techniques, for the treatment of tumors
in the cervical, thoracic, or thoracolumbar spine, are
expected to play a significant role in minimizing the risks
and surgical complications.9,11,40

The strength of our study is the high number of patients
and operations when compared with other publications
available in the literature. The limiting factors of the study
are its retrospective nature, absence of a comparison cohort,
and lack of comparison with nonsurgical management tech-
niques. We included patients that were already discussed in
MDT and are surgical candidates, and second, we did not
collect data regarding open pedicle screw fixation for spinal
epidural metastasis that were declared unstable.

Conclusion

In conclusion, treatment for spinal metastases should be
individualized and a multidisciplinary approach is war-
ranted. Patients treated with minimally invasive spinal sur-
gery had a shorter operation time, less blood loss, a higher
rate of discharge back to their homes as opposed to a
rehabilitation unit, and lower in-hospital mortality, indicat-
ing a procedurewith lower invasiveness and better outcome.
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