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Background:Minimally invasive surgery (MIS) has become a feasible option for patients with

spinal metastasis, but the effectiveness of percutaneous pedicle screw fixation (PPSF)

without decompression in patients with severe cord compression remains unknown. We

compared PPSF without decompression with debulking surgery in patients with radio-

sensitive, unstable, metastatic thoracolumbar spinal cord compression.

Methods: A retrospective study of surgically treated spinal metastasis and spinal cord

compression patients was conducted between October 2014 and June 2019. Demographic

and pre- and postoperative data were collected and compared between patients treated

with minimally invasive percutaneous fixation and external beam radiotherapy (EBRT) (the

PPSF group) and those treated with debulking surgery (the debulking group).

Results: We included 50 patients in this study. The PPSF group had a significantly shorter

operative time (143.56 ± 49.44 min vs. 181.47 ± 40.77 min; p < 0.01), significantly lower blood

loss (116.67 ± 109.92 mL vs. 696.55 ± 519.43 mL; p < 0.01), and significantly shorter hospital

stay (11.90 ± 9.69 vs. 25.35 ± 20.65; p < 0.01) than did the debulking group. No significant

differences were observed between the groups in age, sex, spinal instability neoplastic

score, ESCC, Tomita scores, numeric rating scale scores, American Spinal Injury Associa-

tion Impairment Scale scores, survival rates, and complication rates. Postoperative

neurologic function and decrease in pain were similar between the groups.

Conclusion: The PPSF group had a shorter operation time, shorter length of hospital stay,

and less blood loss than did the debulking group. PPSF followed by EBRT is pain relieving,

relatively safe and appropriate as palliative therapy.
paedic Surgery, Spine Section, Chang Gung Memorial Hospital, 5, Fusing St., Gueishan Dist.,

. Tsai).

g Gung University.

ublishing services by Elsevier B.V. This is an open access article under the CC BY-NC-ND
s/by-nc-nd/4.0/).

mailto:tsai1129@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bj.2021.08.004&domain=pdf
www.sciencedirect.com/science/journal/23194170
https://doi.org/10.1016/j.bj.2021.08.004
https://doi.org/10.1016/j.bj.2021.08.004
https://doi.org/10.1016/j.bj.2021.08.004
http://creativecommons.org/licenses/by-nc-nd/4.0/


At a glance commentary

Scientific background on the subject

Minimally invasive surgery has shown to be useful

treatment for patient with symptomatic spinal cord

compression. However, no studies have proved that

the effectiveness of percutaneous pedicle screw fixa-

tion without decompression or with mini-decompres-

sion in patients with unstable metastatic spinal cord

compression.

What this study adds to the field

This study shows that minimally invasive percutaneous

pedicle screw fixation followed by external beam raio-

therapy resulted in better surgical outcomes than

debulking surgery in the treatment of metastatic thor-

acolumbar spinal cord compression, which suggests the

proposed method is a pain relieving, relatively safe and

appropriate palliative therapy.
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Spinal metastasis, which is the major site of bone metastasis,

can develop in 40% of patients with cancer [1]. In 10%e20% of

patients with spinal metastasis, symptomatic epidural spinal

cord compression (ESCC) occurs, which causes severe

morbidity and mortality, with a median survival of 10 months

[1e5]. Back pain is the earliest andmost common symptom in

88%e95% of patients withmetastatic spinal cord compression

(MSCC) [2,6]. Other neurologic problems, such as motor

weakness, numbness, and incontinence, are also noted in 70%

of patients after treatment initiation [6].

Although no gold standard treatment exists, incurable

spinal metastasis is usually managed palliatively. The pri-

mary goals of MSCC treatment are pain alleviation and

preservation or restoration of stability and neurologic

function [7]. External beam radiotherapy (EBRT) alone was

once considered efficacious in relieving pain and improving

neurologic function without a high incidence of spinal

instability [8,9]. Surgical intervention is necessary only in

cases of intractable pain, spinal instability, progressive

neurologic deficit, and deformity [10]. Tokuhashi et al. [11]

developed a scoring system to classify surgical methods on

the basis of prognosis. If metastasis is discovered early and

considered curable, an en bloc procedure should be per-

formed. If the scoring system reveals a poor prognosis,

debulking and palliative resection are more suitable. A

randomized controlled trial by Patchell et al. [5] demon-

strated that direct surgical decompression with or without

fixation followed by EBRT led to longer overall survival and

better functional and neurologic outcomes in patients with

high-grade MSCC. Therefore, a strong recommendation of

surgery followed by EBRT was made in a 2011 updated

systematic review and clinical practice guideline for the

management of malignant metastatic ESCC [12]. The NOMS

decision framework, which considers the neurologic,
oncologic, mechanical instability, and systemic disease

aspects, incorporates evidence-based medicine and clinical

experience with surgery, radiation therapy, interventional

radiology, and systemic therapies for spinal metastasis. It

helps determine patient prognosis, allows a thorough

assessment of the patient, and facilitates decision making

regarding treatment plans for patients with MSCC [13].

Because spinal metastases are hypervascular, one of the

major sources of morbidity during resection is intraoperative

blood loss. Open spinal metastasis resection involves a mean

blood loss of 900e1534 mL, thus delaying the initiation of

adjuvant therapy [14e16]. Moreover, this blood loss cannot

usually be ceased until the tumor is resected [10,17]. Mini-

mally invasive surgery (MIS) has now become a feasible option

for patients with spinal metastasis. Percutaneous pedicle

screw fixation (PPSF) with or withoutmini-decompression has

a shorter operation time, shorter length of stay, and lower

blood loss than open surgery, thereby lowering the risk of

intraoperative complications. In addition, direct surgical

decompression is increasingly being considered unnecessary.

Recent studies have indicated that PPSF without decompres-

sion is as effective as conventional open surgery or PPSF with

mini-decompression in relieving pain and restoring ambula-

tion time with similar overall survival in patients with meta-

static ESCC [16,18e21]. However, whether PPSF without

decompression can be performed in patients with severe cord

compression remains controversial. Here we compared the

outcomes of PPSF without decompression with those of

debulking surgery in patients with radiosensitive, unstable,

thoracolumbar MSCC.
Methods

Patients

We reviewed the data of 160 consecutive patients with ESCC

who underwent spinal surgery from October 2014 to June

2019. Inclusion criteria were as follows: (1) ESCC grade >1
with or without myelopathy, (2) Tomita score >5, (3) spinal
instability neoplastic score (SINS) > 6, and (4) highly or

moderately radiosensitive metastatic spinal tumor. Exclu-

sion criteria were as follows: (1) lesion site around the cer-

vical region, (2) possibility of treatment with vertebroplasty

or kyphoplasty, (3) signs of acute neurologic deficits with

rapid deterioration of neurologic functions within 2 weeks

necessitating emergency surgical treatment, (4) loss to

follow-up, (5) any of the followingdunmanageable bleeding

disorders; severe comorbidities of the heart, liver, kidney, or

lung; intolerance to surgery; and decreased will to live. After

applying the inclusion and exclusion criteria, 50 patients

with MSCC were enrolled; of them, 21 underwent PPSF fol-

lowed by EBRT (the PPSF group), and 29 underwent debulking

surgery (the debulking group). The decision regarding the

regimen or necessity of adjuvant therapy and/or EBRT was

made by specialists after a thorough postoperative evalua-

tion of the patients. After surgery, the clinical condition and

surgical wound of the patient were closely assessed. When

the patient's vital signs are stable, each patient was

https://doi.org/10.1016/j.bj.2021.08.004
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evaluated by specialists for further medical treatments, and

the treatment courses of adjuvant radiation therapy would

be arranged by the oncologist and radiologist.
Surgical intervention

With the patients in the prone position, general anesthesia

was administered.

In the PPSF group, an incision was made using a para-

median approach. Percutaneous posterior instrumentation

was inserted, followed by fixation with pedicle screws one or

two levels above and below the lesion site under fluoroscopic

guidance. Rods were then fixed under instrument guidance.

In the debulking group, the median approach was used.

Laminectomy was performed at the lesion level, with wide

tumor excision through intralesional piecemeal resection

without acquiring an excisional margin. Posterior pedicle

screw fixation was then performed at one or two levels above

and below the lesion site. After fixation, hemostasis was

ensured. The surgical wound was irrigated with normal saline

and then closed layer by layer. A Hemovac drain was used in

the debulking group but not in the PPSF group.
Table 1 Patients’ clinical and demographic characteristics afte

PPSF with EBRT

Age(y) 66.94 ± 10.92

Sex (F:M) 6:15

Tomita score 8.00 ± 1.84

SNIS 12.00 ± 2.42

ESCC scale

2 2

3 9

Operation time 143.56 ± 49.44

Blood loss 116.67 ± 109.9

Length of stay 11.90 ± 9.69

Survival time 277.81 ± 255.3

Half year survival rate 66.67%

Days to start EBRT 9.09 ± 5.47

EBRT dose (cGy) 3306.67 ± 629

(2800e5250)

EBRT fraction 6e12

Days to start Adjuvant chemotherapy 26.50 ± 9.52

Level of involvement

T3 1

T4 2

T5 1

T6 2

T7 1

T8 1

T9 3

T10 2

T11 4

T12 3

L1 2

L2 5

L3 8

L4 4

L5 2

Abbreviations: PPSF: percutaneous pedicle fixation; EBRT: external beam

spinal cord compression.
Clinical and Radiologic Evaluations

The patients’ demographic and pre- and postoperative data,

namely sex, age, Tomita score, SINS, numeric rating scale

(NRS) score, American Spinal Injury Association (ASIA)

Impairment Scale score, and survival time, were recorded

using chart review. Perioperative data collected and analyzed

were operative time, number of instrumented segments,

blood loss, and length of hospital stay. Follow-up clinical data

were collected through outpatient interviews and chart

extraction at 1 week, 1 month, 3 months, and 6 months

postoperatively. Any complications, including surgical site

infection, urinary tract infection, pneumonia, new neurologic

deficits, blood transfusion, and stroke, were noted.
Statistical analysis

Data are presented as the mean ± standard deviation. Statis-

tical analysis was performed using Prism version 7 for Win-

dows (GraphPad Software, La Jolla, CA, USA) and SPSS version

22 (IBM, Armonk, NY, USA). The basic characteristics and

perioperative data were analyzed using an independent t test
r PPSF with EBRT or debulking.

(n ¼ 21) Debulking (n ¼ 29) p

61.74 ± 14.72 0.178

9:20 0.851

8.25 ± 1.35 0.126

12.19 ± 2.50 0.804

0.723

6

22

181.47 ± 40.77 0.010

2 696.55 ± 519.43 <0.001
25.35 ± 20.65 0.004

3 309.29 ± 381.43 0.778

62.07% 0.738

32.13 ± 25.85 0.003

.02 2720.00 ± 480.78

(1800e3300)

3e12

30.00 ± 20.39 0.612

1

2

4

3

2

2

4

4

5

5

7

6

4

3

2

radiotherapy; SNIS: spinal instability neoplastic score; ESCC: epidural
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or the chi-square test. For NRS in clinical outcomes, repeated

measures ANOVA and generalized estimating equations were

used for inter- and intragroup comparisons at each time point.

Inter- and intragroup comparisons of ASIA were performed

using the chi-square test.
Fig. 1 Evaluation of the numeric rating scale (NRS) score and

its comparison between the PPSF group and the debulking

group at different time points. NRS scores significantly

decreased at each time point compared with the

preoperative NRS score. No significant between-group

differences were observed pre- or postoperatively.
Results

Table 1 presents the demographic data of all the patients. In

the PPSF and debulking groups, the preoperative Tomita

scores were 8.00 ± 1.84 and 8.25 ± 1.35, respectively; preop-

erative SINS values were 12.0 ± 2.42 and 12.19 ± 2.50, respec-

tively; and preoperative NRS scores were 3.57 ± 1.32 and

3.45 ± 2.31, respectively. The mean radiation dose in the PPSF

group was 3306.67 ± 629.02 cGy (range, 2800e5250 cGy) with

6e12 fractions and 2720.00 ± 480.78 cGy (range,

1800e3300 cGy) in the debulking group. The PPSF group

received EBRT sooner than the debulking group (9.09 ± 5.47 vs.

32.13 ± 25.85 days; p < 0.01). No significant intergroup differ-

ences were observed in age, sex, SINS, ESCC, Tomita score,

time to adjuvant therapy, and preoperative NRS and ASIA

scores. The follow-up NRS scores in the PPSF and debulking

groups were 2.24 ± 0.70 and 2.07 ± 0.92 at 1 week, 1.88 ± 0.99

and 1.54 ± 1.42 at 1 month, 1.15 ± 1.14 and 1.35 ± 1.05 at 3

months, and 1.22 ± 0.97 and 1.33 ± 1.15 at 6 months, respec-

tively. There was no significant difference neither between

two groups in NRS (p ¼ 0.557), nor in the interaction between

group and time (p ¼ 0.809).The differences of change in NRS

over time between groups were not significant (preoperative

to postoperative 1-week, p ¼ 0.903; preoperative to post-

operative 1-month, p ¼ 0.715; preoperative to postoperative 3-

month, p ¼ 0.697; preoperative to postoperative 6-month,

p ¼ 0.857). NRS scores significantly decreased at each time

point compared with preoperative NRS scores (Table 2).

Intergroup differences in NRS scores at any time point were

not significantly different (Fig. 1). No significant differences

were observed between the groups in preoperative and post-

operative/post-6-month ASIA scores (Fig. 2). Moreover, no

significant intragroup differenceswere noted in ASIA scores at

any time point.

The PPSF group had a significantly shorter operative time

(143.56 ± 49.44 min and 181.47 ± 40.77 min, respectively;

p < 0.01), significantly lower blood loss (116.67 ± 109.92 mL vs.

696.55 ± 519.43mL; p < 0.01), and significantly shorter hospital

stay (11.90 ± 9.69 vs. 25.35 ± 20.65; p < 0.01) than did the

debulking group. Survival in the PPSF and debulking groups
Table 2 Comparison of change in NRS over time between PPSF

Parameter PPSF with EBRT

n ¼ 21

NRS Preoperative 3.57 ± 1.32

1 week 2.24 ± 0.70

1 month 1.88 ± 0.99

3 months 1.15 ± 1.14

6 months 1.22 ± 0.97

Abbreviations: PPSF: percutaneous pedicle fixation; EBRT: external bea

different time point between groups; ycomparison of NRS between preop
was 277.81 ± 253.31 days and 309.29 ± 381.43 days (p ¼ 0.78),

respectively, with survival rates of 66.67% and 62.07%

(p ¼ 0.74), respectively.

Table 3 shows the demographic data of primary site of

tumor. Specifically, for other cancers, one patient in the PPSF

group suffered from carcinoma of the buccal mucosa, and five

patients in the debulking group were lymphoma, nasopha-

ryngeal carcinoma, laryngeal carcinoma, pancreatic neuro-

endocrine tumor and testicular sex cord stromal tumor.

Lymphoma and nasopharyngeal carcinoma are radiosensi-

tive; laryngeal carcinoma and pancreatic neuroendocrine

tumor show response to radiotherapy [22,23]. Although he

radiosensitivity of testicular sex cord stromal tumor metas-

tases is relatively radioresistant, it is reported to have a partial

response to supraclavicular metastases for pain relief after

palliative radiotherapy [24].

A 63-year-old woman with gastric adenocarcinoma and

lymph node and lung metastasis underwent subtotal gas-

trectomy with Billroth-II reconstruction in 2008 and adjuvant

therapy with complete remission. She presented withmidline

back pain radiating to the right lower leg. Lateral view T2-

weighted magnetic resonance imaging (MRI) revealed L2-3

spinal metastasis with pathologic fracture and L3 MSCC

(Fig. 3A). Transverse view T2-weighted MRI indicated severe

cord compression with ESCC score 3 at the L3 level (Fig. 3B).
with EBRT and debulking surgery.

py debulking p* py

n ¼ 29 0.557

3.45 ± 2.31 0.808

<0.001 2.07 ± 0.92 0.484 <0.001
<0.001 1.54 ± 1.42 0.391 <0.001
<0.001 1.35 ± 1.05 0.626 0.001

<0.001 1.33 ± 1.15 0.818 0.001

m radiotherapy; NRS: numeric rating scale; *comparison of NRS at

erative and each time point within groups.

https://doi.org/10.1016/j.bj.2021.08.004
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Fig. 2 Comparison of the pre- and postoperative/post-6-month American Spinal Injury Association (ASIA) Impairment Scale

scores and between the PPSF and debulking groups. The numbers shown in the chart represent the number of patients with

specific preoperative ASIA scores corresponding to their postoperative/post-6-month ASIA scores. Thus, the numbers of

patients beneath the slash represent an improvement in ASIA score after the operation; numbers on the slash represent no

change; numbers above the slash represent a deterioration of ASIA scores. No significant between-group differences were

noted in pre- and postoperative/post-6-month ASIA scores.

Table 3 Primary tumor sites in patients who underwent
PPSF with EBRT or debulking surgery.

PPSF with EBRT
(n ¼ 21)

Debulking
(n ¼ 29)

Metastatic tumor diagnosis (n%)

Liver 19(4) 21(6)

Lung 33(7) 31(9)

Prostate 10(2) 7(2)

Thyroid 10(2) 3(1)

Kidney 0 3(1)

Breast 0 10(3)

Gastrointestinal 24(5) 7(2)

Others 5(1) 17(5)

Abbreviations: PPSF: percutaneous pedicle fixation; EBRT: external

beam radiotherapy.
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She underwent PPSF one level above and below the lesion site,

with minimal soft tissue damage (Fig. 4), followed by radio-

therapy and adjuvant therapy. Follow-up T2-weighted MRI

indicated remission from ESCC (Fig. 5). However, approxi-

mately six months after surgery, she suffered from diplegia

with sensory deficit, urine and stool retention. Magnetic

resonance imaging revealed new onset of T12 metastatic
spinal cord compression. The patient underwent emergency

revision of T10-L4 posterior fusion with pedicle screws and

left T12 laminectomy with spinal cord decompression the

next day; due to postoperative hematoma, tumor debulking

with removal of hematoma was indicated on the following

day. Consequently, muscle power did not restore after revi-

sion surgery. She started rehabilitation program afterwards.

No significant difference was observed in complication

rates between the PPSF and debulking groups (4.7% vs. 17.2%

p¼ 0.38). Four patients in the debulking group had surgical site

infection, which was managed by wound irrigation, debride-

ment, and sequestrectomy, followed by a mean 1-month

intravenous antibiotic administration. One 74-year-old man

had left upper lung adenocarcinomawithmediastinal and left

pulmonary artery invasion, lung-to-lung metastasis, left hilar

andmediastinal lymphadenopathy, and L1eL2metastasis. He

underwent debulking surgery. Two weeks later, a bulging

mass over the back wound was noticed, accompanied by left

monoplegia. Aspiration revealed 200mL of dark red blood.MRI

and computed tomographic angiography revealed paraspinal

intramuscular fluid accumulation, indicating vertebral body

oozing. Wound debridement with sequestrectomy following

vancomycin and ceftriaxone intravenous administration was

performed, yet the wound healed poorly. Wound culture

https://doi.org/10.1016/j.bj.2021.08.004
https://doi.org/10.1016/j.bj.2021.08.004


b i om e d i c a l j o u r n a l 4 5 ( 2 0 2 2 ) 7 1 7e7 2 6722
revealed Bacillus cereus and Staphylococcus epidermidis. The pa-

tient's medical condition rapidly deteriorated, and he
Fig. 4 Postoperative noncontrast anteroposterior (A) and lateral v

pedicle screw fixation (PPSF) one level above and below the lesio

insertion during PPSF (C).

Fig. 3 A 63-year-old woman had gastric adenocarcinoma with sym

magnetic resonance imaging (MRI) revealed L3 metastatic spinal

indicated severe cord compression with epidural spinal cord com
eventually died due to septic shock. In the PPSF group, an 85-

year-old man with prostate cancer experienced diplegia the
iews (B) of the patient shown in Fig. 1 with percutaneous

n site. Five small incision wounds were used for equipment

ptomatic L2-L3 spinal metastasis. Lateral view T2-weighted

cord compression (A). Transverse view T2-weighted MRI

pression score 3 at L3 level (B).

https://doi.org/10.1016/j.bj.2021.08.004
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Fig. 5 Follow-up T2-weighted magnetic resonance imaging (MRI)dlateral (A) and sagittal views (B). The spinal cord compressed

at L3 by tumor metastasis (shown in Fig. 1) was in remission after radiotherapy and adjuvant therapy.
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night after the operation. Immediate open laminectomy with

tumor excision was arranged the next day. His muscle power

was restored after surgery, and no further neurologic deficits

were noted after revision surgery during the admission.

However, as a result of tumor progression, muscle power of

his left leg dropped in a fewmonths. After discussion with the

patient and his family, they refused further chemotherapy

and invasive intervention.
Discussion

Patients with spinal metastasis who have a poor prognosis are

usually managed palliatively, with pain alleviation and pres-

ervation or restoration of stability or neurological function [7].

EBRT alone was once considered efficacious as laminectomy

for relieving pain and improving neurologic function without

a high incidence of spinal instability [8,9]. With a better un-

derstanding of spinal biomechanics, development of surgical

approaches, and stabilization techniques and devices, the

safety and efficacy of surgical treatment improved in patients

with metastatic spinal disease. Subsequently, studies evalu-

ated the combination of surgical decompression with or

without stabilization followed by radiotherapy and found it to

substantially alleviate neurologic symptoms [25,26]. Then,

Patchell et al. provided strong evidence in their randomized

trial [5] of patients with symptomatic metastatic ESCC un-

dergoing radiotherapy alone or surgery followed by radio-

therapy. Better ambulatory status, higher ambulatory rates

(57% vs. 84%), better recovery (19% vs. 63%), and longer

ambulation duration (median, 13 vs. 122 days) were observed

in the surgical group. In addition, the surgical group tended to

use fewer opioid analgesics and corticosteroids and tended to

survive longer. In fact, the trial had to be terminated early

because of safety concerns and the evident superiority of the

surgical group to the EBRT-only group. This trial was criticized
for its lack of technical surgical standardization and inherent

patient selection bias favoring surgery [27e30]. Moreover,

Rades et al. [27] claimed no significant difference in motor

function improvement between patients receiving radio-

therapy alone and those receiving surgery plus radiotherapy.

However, for MSCC of unfavorable primary tumors, a 2015

meta-analysis showed better therapeutic efficacy with sur-

gery than with radiotherapy alone with regard to pain relief,

improvement of ambulation, and life expectancy without

additional complications [31].

Advancements in surgical technique and technology have

made MIS a feasible option for patients with spinal metastasis.

Highly invasive conventional palliative surgery may aggravate

the general condition of the patient and may delay or even

exclude the opportunity of administering adjuvant therapy. In

the present study, MIS could relieve pain within several days

after surgery. This may be related to the mechanism of pain in

patients with MSCC [32]. Percutaneous stabilization with

pedicle screws stabilized the spine and alleviated the sur-

rounding muscle spasm. Pain is also caused by the stimulation

of nerve fibers by tumor invasion and nerve root compression;

disruption of the physiological equilibriumbetween osteoclasts

and osteoblasts could be diminished only by EBRT in the PPSF

group [33]. EBRT administration significantly reduced pain

comparable to that achieved in the debulking group.Neurologic

function was also not significantly different between groups.

Though it was not found in our study population, due to the

fragile texture of metastatic bone, rates of screw loosening,

pull-out and pseudarthrosis were concerning. One of the ways

to handle risk is to utilize cement-augmented percutaneous

pedicle screws which help retaining good screw stability.

Moussazadeh et al. [34] performed 44 cases of percutaneous

pedicle screw fixation with cement augmentation in patients

with tumor-induced spinal instability and resulted in only one

asymptomatic screwpullout. In the studyofAfathi et al. [35], no

pullout of screws was found in patients who had pathological

https://doi.org/10.1016/j.bj.2021.08.004
https://doi.org/10.1016/j.bj.2021.08.004
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fracture and treated with fenestrated cemented percutaneous

pedicle screws.

PPSF can be superior to conventional open surgery in terms

of operative time, blood loss, length of hospital stay, and risk

of intraoperative complications, all of which were signifi-

cantly lower in the PPSF group in our study. Additionally, PPSF

was associated with better cost effectiveness. Intraoperative

blood loss in PPSF ranges from 92 to 184 mL, whereas that in

conventional open surgery is significantly higher at

900e1534 mL [14e16], even after adjustment for other con-

founding factors that increased the risk of immediate post-

operative morbidities or delayed the initiation of adjuvant

therapy [14]. Blood loss is also relatively high when decom-

pression is used, even with a minimally invasive approach

[18e20]. Hamad et al. [19] prospectively evaluated patients

who underwent surgery with or without additional mini-

decompression and reported no statically significant differ-

ence in blood loss (92 mL vs. 222 mL). However, in their study,

one patient hadmassive intraoperative hemorrhage (2000mL)

during mini-open decompression and was excluded from the

blood loss analysis for subjective reasons.

The necessity of direct surgical decompression has gained

attention. Compared with those who had open surgery, pa-

tients with hepatocellular carcinoma metastatic to the spine

who underwent MIS stabilization without decompression had

less pain, longer ambulation time, and longer survival time

[16]. Maseda et al. [21] observed that 13.3% and 16.7% of pa-

tients with ESCC grade �1b after posterior stabilization and

after posterior decompression and stabilization, respectively,

experienced paralysis. The clinical outcomes were similar

even compared with MIS decompression and stabilization

[18e20]. In patients with severe spinal cord compression,

whether PPSF can be performed without decompression re-

mains controversial. Although many surgeons have consid-

ered PPSF to be contraindicated and decompression to be

necessary for patients with severe nerve paralysis, lower

Tokuhashi score, higher SINS, higher ESCC grade, and ex-

pected long-term survival [16,20,21], our data indicated that

MIS without decompression followed by EBRT can help con-

trol pain and maintain neurologic function, particularly in

patients with radiosensitive tumors. Further research is

therefore needed to verify whether PPSF or surgical decom-

pression, or a combination of the two, is beneficial in meta-

static ESCC.

Surgical site infection leading to wound dehiscence is the

most common reason for reoperation. Although complication

rates were comparable between the two groups in our study,

patients often displayed poor general condition because of

their primary disease process and adjuvant therapy. The

incidence of surgical site infection and wound dehiscence is

4%e20% [36] in patients with metastatic spine tumors and

rises to 32% with neoadjuvant radiotherapy. A lower extent of

physiologic insult to the skin and tissue would reduce post-

operative recovery time and morbidity [18]. Other risk factors

include the numbers of resected spines, posterior surgical

approach, preoperative corticosteroid administration, nutri-

tional deficiency, previous spine surgeries, diabetes mellitus,

and length of hospital stay [36].

In PPSF without surgical decompression, radiosensitive

metastatic tumors were indirectly decompressed through
EBRT. The radiation dose in palliative therapy is typically

20e40 Gy, with 2e4 Gy per fraction [37]. The optimized course

of radiotherapy is still under investigation. Compared with

multifraction radiotherapy, single-fraction radiotherapy was

found to be associated with more frequent local recurrence

[38]. In the latest noninferiority randomized phase 3 trial, a

single 10-Gy fraction was noninferior to a 20-Gy dose over-

five fractions in patients with symptomatic ESCC. In an

earlier study, Rades et al. [39] preferred a longer course of

radiotherapy because of the high risk of local failure in short-

course radiotherapy. Nevertheless, in their new trial, ran-

domized patients who received <30 Gy in 10 fractions or

<20 Gy in 5 fractions had similar neurologic function

improvement and local progression-free survival at 6

months [40]. Even if the primary tumor is radioresistant,

stereotactic body radiation therapy (SBRT) can still be

administered. A 98% local control rate has been reported

after high-dose single-fraction SBRT, providing safe and

durable local control independent of tumor histology [41].

Taken together, these findings indicate that the treatment

strategy has evolved over the past decade. The NOMS deci-

sion framework combines the promising results of radio-

therapy and targeted therapies and the advantages of open

surgery or PPSF and provides a foundation for the integration

of concurrent technologies [1,13]. This multidisciplinary

approach can lead to optimal patient outcomes.

This study has some limitations. Since this is a retrospec-

tive, single-center study, with a relatively small sample size

and a short follow-up duration of 6 months, selection bias

may be introduced. The selection criteria of surgical proced-

ures varied among surgeons in this study. Therefore, a long-

term, prospective, multicenter study enrolling a large sam-

ple size with a favorable follow-up rate is warranted.
Conclusion

Patients with radiosensitive unstable severe MSSC who un-

derwent the minimally invasive procedure of PPSF without

decompression followed by EBRT had a shorter operation

time, shorter length of stay, and less blood loss than those

who underwent debulking surgery. A significant reduction in

postoperative pain was observed in both groups. Pain,

neurologic function, overall survival, and complication rates

were not significantly different between the PPSF and

debulking groups. Taken together, the findings suggest that

PPSF followed by EBRT is relative safe and appropriate as a

palliative therapy.
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