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Objective: Patients with spinal metastasis (SM) are at advanced stages of
systemic cancer disease. Surgical therapy for SM is a common treatment
modality enabling histopathological diagnosis and the prevention of severe
neurological deficits. However, surgery for SM in this vulnerable patient cohort
may require prolonged postoperative intensive care treatment, which could
adversely affect the anticipated benefit of the surgery. We therefore assessed
postoperative prolonged mechanical ventilation (PMV) as an indicator for
intensive care treatment with regard to potential correlations with early
postoperative mortality and overall survival (OS).

Methods: Between 2015 and 2019, 198 patients were surgically treated for SM
at the author s neurosurgical department. PMV was defined as postoperative
mechanical ventilation of more than 24 hours. A multivariate analysis was
performed to identify pre- and perioperative collectable predictors for 30
days mortality.

Results: Twenty out of 198 patients (10%) with SM suffered from postoperative
PMV. Patients with PMV exhibited a median OS rate of 1 month compared to 12
months for patients without PMV (p < 0.0001). The 30 days mortality was 70%
and after one year 100%. The multivariate analysis identified "PMV > 24 hrs” (p <
0.001, OR 0.3, 95% CI 0.02-0.4) as the only significant and independent
predictor for 30 days mortality (Nagelkerke's R2 0.38).
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Conclusions: Our data indicate postoperative PMV to significantly correlate to
high early postoperative mortality rates as well as to poor OS in patients with
surgically treated SM. These findings might encourage the initiation of further
multicenter studies to comprehensively investigate PMV as a so far
underestimated negative prognostic factor in the course of surgical

treatment for SM.

KEYWORDS

prolonged mechanical ventilation (PMV), spinal metastasis treatment, spinal surgery,
spinal surgery and complications, mortality

Introduction

Tumor disease with spinal metastases (SM) plays an
increasing role in daily clinical practice (1) and surgery is a
common treatment option for this highly affected patient cohort
(2). Along with the lung and the liver, the skeletal system is
among the most common locations of systemic metastasis (3, 4).
Surgical treatment options comprise biopsy with vertebroplasty/
kyphoplasty (5), decompression alone (6), or decompression in
combination with percutaneous (7) or open instrumentation (8,
9). The goal of surgery is to minimize or prevent neurological
deficits and to improve the patient’s quality of life (10). The
indication for surgery must be interdisciplinary, taking into
account the urgency, the therapeutic objective, aspects of
stability of spinal biomechanics and prognostic considerations
of the underlying conditions (11, 12). Different score systems for
estimating the prognosis and survival have limited capacity and
can only be used as guide points (13, 14). Nevertheless, surgical
treatment may require prolonged postoperative intensive care,
which could adversely affect the anticipated benefits of the
surgery. Postoperative prolonged mechanical ventilation
(PMV) has recently been used as an indicator variable for
intensive care treatment in several diseases (15-18). However,
the impact of PMV in the field of surgery for SM has not been
analyzed to date. In the present study we therefore assessed the
prognostic impact of PMV regarding early postoperative
mortality and overall survival (OS) in patients who had
undergone surgery for SM.

Abbreviations: ASA, American Society of Anesthesiology; ASIA Score,
American Spinal Injury Association; CCI, Charlson comorbidity index; CI,
Confidence interval; CT, Computer tomography; HACs, Hospital-acquired
conditions; IQR, Interquartile range; KPI, Karnofsky Performance Scale;
MRI, Magnetic resonance imaging; OR, Odds ratio; OS, Overall survival;
PMYV, Prolonged mechanical ventilation; PSIs, Patient safety indicators; SM,

Spinal metastasis; SSCs, Spinal surgery-related complications.
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Methods

Patients and study design

All patients with SM aged > 18 years who had undergone
primary posterior spinal canal decompression with or without
instrumentation between 2015 and 2019 at the neurosurgical
department of the University Hospital Bonn were entered into a
computerized database (SPSS, version 25, IBM Corp., Armonk,
NY). Follow-up checks were conducted after 3 and 12 months.
Patients’ clinical information including age, sex, primary tumor,
location of SM, surgical procedure, number of affected vertebrae,
ASA score, neurological and functional status (American Spinal
Injury Association: ASIA Score (19)), and overall survival (OS)
was recorded. The Karnofsky Performance Scale (KPS) was used
to evaluate patients’ preoperative functional status. We excluded
all patients who were not classified as operable and those without
complete data or follow-up information.

Indications for surgery as well as its extent were determined
according to the Spinal Instability Neoplastic Score (SINS) (20,
21). Every patient received preoperative CT and MRI scans of
the affected spinal level (22, 23). Patients with spine instability
received posterior dorsal decompression with stabilization -
because of pedicle system failure, pathological kyphosis of the
spine, lytic bone lesions, or neurological deficits. Patients were
treated by one of three neurosurgeons with many years’
experience in spine surgery, all of whom used the same
standardized workflow (including median posterior approach
and navigation system) and the same instruments (Diplomat
system, Signus Alzenau, Bavaria, Germany). Our standard
surgical procedure consisted of the following steps: median
posterior dorsal approach, open transpedicular screw
implantation (we did not use a percutaneous system), spinal
canal and nerve root decompression in combination with
posterior bone fusion. We used Mastergraft Granules
(Medtronic) rather than cages for the posterior fusion. During
cervical and cervicothoracic instrumentation, we used only
posterior fixation and dorsal fusion.
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In cases of spine stability without pedicle failure or kyphosis
and blastic bone lesions, the patients only received dorsal spinal
canal and nerve root/spinal cord decompression via laminectomy
of the affected segment(s) without stabilization. A biopsy from the
tumor and bone was taken for histopathological analysis in each
case, regardless of the surgical treatment. Patients with dorsal
instrumentation received a CT scan immediately after the
operation, which was used for comparison purposes in the
follow-up checks. Patients who needed intensive medical
monitoring were transferred to our intensive care unit,
otherwise they received normal post-surgical care.

Once the results of the histopathological analysis were received,
all cases were reviewed by our internal Neurooncological Tumor
Board consisting of neurosurgeons, radiation therapists,
neurooncologists and neuroradiologists. The recommendations
for post-surgery management, such as further surgical treatment
or other therapy options such as chemotherapy or radiation, were
thus based on collective decision-making.

PMV was defined as an invasive ventilation period of > 24
17, 24, 25). The
comorbidity burden was measured using the Charlson
comorbidity index (CCI) (26, 27).

Early postoperative complications were assessed using a

hours after initial spinal surgery (16,

publicly available list of adverse events introduced by the
Agency for Healthcare Research and Quality and the Center
for Medicare and Medicaid Services, and referred to as patient
safety indicators (PSIs) and hospital-acquired conditions
(HACs) (28-31). PSIs included acute myocardial infarction,
pressure ulcers, iatrogenic pneumothorax, transfusion
reactions, peri- and postoperative hemorrhage, pulmonary
embolism, acute postoperative respiratory failure, deep vein
thrombosis, postoperative sepsis, and wound dehiscence, as
well as accidental puncture or laceration. Within the group of
HAGCs, screening was performed for pneumonia, catheter-
associated urinary tract infection, surgical site infection, blood
incompatibility, crushing injury, manifestation of poor glycemic
control (diabetic ketoacidosis, non-ketonic hyperosmolar coma,
hyperglycemic coma), fall injury, and vascular catheter-
associated infection. In addition, to assess complications
specific to spinal surgery, postoperative records were screened
for cerebrospinal fluid (CSF) leakage, postoperative meningitis,
and implant failure, as well as postoperative new or worsened
neurological deficits. These were classified as spinal surgery-
related complications (SSCs). As described elsewhere,
perioperative complications were defined as any postoperative
adverse events, with or without further surgical intervention,
occurring within 30 days of the initial surgery (32).

Opverall survival (OS) was measured starting from the day of
SM surgery until death or last observation. Patients for whom no
further follow-up information was available (e.g. due to further
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treatment at external institutions) were excluded from further
analysis. All parameters were compared in relation to OS.

This study was conducted in accordance with the 1964
Helsinki declaration and approved by the Ethics Committee of
the University Hospital Bonn (protocol no. 067/21). Informed
consent was not sought as a retrospective study design was used.

Weaning protocol

Patients with prolonged oral intubation and ventilation
underwent swiftly tracheotomy. After tracheotomy, weaning
phase begins on our intensive care unit, first for hours, then
weaning depending on the patient’s clinical condition. If patients
continue to be ventilated, they will be transferd to a
rehabilitation facility for further weaning, which has the
option of combined rehabilitation and weaning. After the end
of the weaning phase (3 weeks), patients were transferred to our
clinic, for re-evaluation of clinical status. If they have recovered
well, they will be treated further with chemotherapy and
radiation therapy. If the clinical situation remains poor, they
will be treated palliative.

Statistics

Data analyses were performed using SPSS (version 25, IBM
Corp., Armonk, NY) and PRISM computer software packages.
Categorical variables were analyzed in contingency tables using
Fisher’s exact test. The Mann-Whitney U test was chosen to
compare continuous variables as the data were mostly not
normally distributed, while non-parametric data are
summarized by median values (first quartile — third quartile).
Results with p < 0.05 were considered statistically significant.
Univariate analysis (including following factors: primary tumor
size, median age, gender, location and levels of disease, median
CCI, perioperative neurological deficits, surgery, median
duration of surgery, early postoperative complications, 30day/
one year mortality and median OS) was conducted using Fisher’s
exact test (two-sided) and the independent t-test. P values <0.05
were considered statistically significant. In addition, in order to
determine independent predictors of 30 days mortality in
patients with surgically-treated spinal metastasis, a backward
stepwise method was used to construct a multivariate analysis
using a binary logistic regression, again with p < 0.05 being
considered statistically significant. Additionally, we decided to
add a Cox regression analysis in order to identify factors that are
significantly associated with worsened OS. Under consideration
of known prognostic parameters (patient age, tumor entity,
ASIA classification score value, preoperative KPS, number of
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affected spinal levels), a preoperative KPS > 70, lung cancer and
PMYV >24 hrs significantly correlated to shortened OS.

Results

Patient characteristics and
demographic data

Between January 2015 and December 2019, 198 patients
were surgically treated for SM at the authors’ neurosurgical
department. The median age was 66 years (range 57-74 years).
The most common primary tumor site was the lung (23%),
followed by the prostate (20%) and the breast (11%) (Table 1).
The thoracic spine was the most commonly affected spinal
section (56%). Single or dual-level disease was present in 120
of 198 patients (61%), whereas multilevel disease was present in
78 patients (39%). The majority of patients (63%) underwent
decompression with additional dorsal instrumentation, while
decompression alone was performed in 37% of cases. 126 of 198
patients (64%) presented with a preoperative KPS score of > 70.

TABLE 1 Patient characteristics*.

n =198
Median age (IQR) (in yrs) 66 (57-74)
Female sex 76 (38)
Primary tumor site

Lung 46 (23)

Breast 22 (11)

Prostate 40 (20)

Other 90 (45)
Location of disease

Cervical 20 (10)

Thoracic 111 (56)

Lumbar 33 (17)

Combined 34 (17)
Surgery

Decompression 74 (37)

Stabilization 124 (63)
Levels of disease

1-2 120 (61)

23 78 (39)
Median CCI (IQR) 8 (6-10)
ASA score > 3 126 (64)
KPS > 70 126 (64)
Pre-operative neurological deficit 46 (23)
Median OS (IQR) (in months) 11 (3-24)
Postoperative PMV 20 (10)

*Values represent the number of patients unless indicated otherwise (%).

ASA, American Society of Anesthesiology physical status classification system; ASIA,
American Spinal Injury Association; CCI, Charlson comorbidity index; KPS Karnofsky
Performance Scale; IQR, interquartile range; n, number of patients; OS, overall survival;
PMV, prolonged mechanical ventilation; yrs, years.
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Median OS for all patients with surgically treated SM was 11
months (interquartile range [IQR] 3-24). A total of 20 out of 198
patients (10%) underwent postoperative PMV. For further
details of patients’ and tumor-related characteristics see Table 1.

Patient-related and disease-related
factors associated with
postoperative PMV

Out of 20 patients with postoperative PMV, 10 (50%)
exhibited tumor-related preoperative neurological morbidity
(ASTIA A-C) compared to 36 of 178 patients (20%) without
PMV (p = 0.01) (Table 2). At 240 minutes (IQR 170-294), the
median duration of surgery for these patients was significantly
longer than 178 minutes (IQR 125-244) for those without
postoperative PMV (p = 0.03).

Two out of 19 patients (11%) with PMV exhibited
postoperative pulmonary embolism, 2 patients (11%) suffered
from postoperative hemorrhage with indication for revision
surgery, 3 patients revealed postoperative pneumonia (15%)
with respiratory failure. Furthermore, 8 of 19 patients (42%)
with postoperative PMV suffered from lung carcinoma therefore
exhibiting elevated risk profiles for postoperative PMV as well as
prolonged time of weaning.

Age, primary tumor site, the number of affected spinal levels,
preoperative CCI, and peri- and postoperative complications,
among others, did not significantly differ between the two
groups of patients with and without PMV (Table 2). The
postoperative complications were postoperative hemorrhage
(2%), Postoperative pulmonary embolism/deep vein
thrombosis (5%), Wound dehiscence (1%), Pneumonia (3%),
Catheter-associated urinary tract infection (2%), and CSF
leakage (3%).

A total of 14 out of 20 patients (70%) with PMV died within
30 days of surgery compared to 5 of 178 patients (9%) without
PMV (p < 0.0001). Patients with PMV exhibited a median OS of
1 month (IQR 0-7 months) compared to 12 months (IQR 4-26
months) for patients without PMV (p < 0.0001)
(Table 2, Figure 1).

Multivariate analysis identifies
PMYV as an independent predictor
of 30 days mortality

We conducted a multivariate analysis in order to identify
independent pre- and perioperative predictors of 30 days
mortality following surgery for spinal metastasis. The
multivariate analysis identified “PMV > 24 hours” (p < 0.001,
OR 0.3, 95% CI 0.02-0.4) as the only significant and independent
predictor of 30 day mortality (Nagelkerke’s R* 0.38).
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TABLE 2 Factors associated with postoperative PMV following surgery for spinal metastasis*.

Median age (yrs)
Female sex
Primary tumor site
Lung
Breast
Prostate
Other
Location of disease
Cervical
Thoracic
Lumbar
Combined
Levels of disease
1-2
>3

Median CCI (IQR)

Preoperative neurological deficit (ASIA Score)

A-B

C-E

Surgery
Decompression

Stabilization

Median duration of surgery (IQR)

Early postoperative complications

PSIs

HACs

Specific SSCs
30 day mortality
1 year mortality

Median OS (IQR)

*Values represent the number of patients unless indicated otherwise (%). Bold values means statistically significant.

Patients without PMV n = 178

64 (56-76)
68 (38)

38 (21)
22 (12)
39 (22)
79 (44)

19 (11)
99 (56)
30 (17)
30 (17)
111 (62)

67 (38)
8.5 (7-10)

23 (12.9)
155 (87.1)

66 (37)
112 (63)

178 (125-244)

11 (6)
7 (4)
o)

9 (5)
85 (48)
12 (4-26)

10.3389/fonc.2022.940790

Patients with PMV n = 20 p-value
66 (57-74) 0.78
8 (40) 1.0
8 (42) 0.09
0 (0) 0.13
1(5) 0.08
11 (55) 0.48
1(5) 0.70
12 (60) 0.81
3(15) 1.0
4(20) 0.75
0.15
9 (45)
11 (55)
8 (6-10) 0.58
0.0171
7 (35)
13 (65)
0.81
8 (40)
12 (60)
240 (170-294) 0.03
4(20) 0.05
3 (15) 0.27
1.(5) 0.42
14 (70) < 0.0001
20 (100) < 0.0001
1(0-7) < 0.0001

CCI, Charlson comorbidity index; HAC, hospital-acquired conditions; IQR, interquartile range; OS, overall survival; PMV, prolonged mechanical ventilation; PSIs, patient safety indicators;

SSCs, spinal surgery-related complications; yrs, years. Median (IQR).

FIGURE 1
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Kaplan-Meier survival analysis (A) and dot plots (B) dependent on the occurrence of postoperative PMV. PMV, prolonged mechanical ventilation.
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Ten of 198 patients (5%) exhibited postoperative PMV with
a ventilation time of > 48 hrs., 5 of 198 patients (3%) exhibited
postoperative PMV with a ventilation time of > 72 hrs. Kaplan-
Meier survival analysis revealed a mOS of 1 month for the 48 hrs.
cut off-value of PMV (p < 0.0001) and a mOS of 0.5 months for
the 72 hrs. cut-off value of PMV (p < 0.0001) (Figure 2).

Furthermore, Figure 2 was added depicting Kaplan-Meier
survival analyses for the 48 hrs. and the 72 hrs. cut-off value
for PMV

Cox regression analysis

“Cox regression analysis under consideration of patient age,
tumor entity, ASIA classification score value, preoperative KPS,
number of affected spinal levels as known prognostic relevant
parameters identified a preoperative KPS < 70 (Hazard ratio (HR)
0.3, p<0.001, tumor entity lung (HR 0.6, p=0.03") and PMV >24
hrs (HR 0.15, p<0.001) as factors that were significantly associated
with worsened OS”.

Discussion

This study analyzes the prognostic impact of postoperative
PMV in patients who had undergone surgical therapy for SM.
We found that PMV was significantly correlated to high early
postoperative mortality rates and poor OS.

Our results regarding the entity distributions reflect widely
known study results (33-35). In our study, the thoracic spine
was found to be the most frequently affected part of the spine in
accordance with numerous studies (36, 37). A specific
distribution pattern depending on the primary tumor, such as
metastasis of lung cancer preferentially into the thoracic spine,
could not be confirmed in some studies (38, 39). Contrary to
this, other authors described bronchial carcinoma in the thoracic

Probability of Survival (%)

Time (months)

FIGURE 2

10.3389/fonc.2022.940790

spine, prostate carcinoma as the most common primary in the
lumbar spine (33). The literature describes multiple spinal
metastasis up to 30% in the cases of SM, in our cohort we had
39% with multilevel SM (40). The gender distribution shows in
our data as well as in the literature a male dominance (41, 42).
One possible reason for this distribution may be that, prostate
carcinoma is a common gender-specific tumor with high spinal
metastasis tendency (43). Based on the KPI, the preoperative
general condition of the patients was assessed, the score was 70%
for the majority of our patients, in many studies the KPI varies
between 50-70% (44, 45).

The optimal treatment of symptomatic SM is the focus of the
therapy, and the aim of the several treatment options is usually
limited to the maintenance or improvement of neurological
function, reduction of pain, local tumor control, and
improvement of the patient’s general quality of life (41, 46).
Recently, several patient-related and disease-related
characteristics have been reviewed for their prognostic value
and summarized in the form of prognostic systems and
parameters. All these studies are seeking to predict life
expectancy as accurately as possible, so as to be able to
recommend the most appropriate treatment for the patient
(20, 41, 47-50). However, surgery for SM in this patient
cohort may require prolonged postoperative intensive care,
which may adversely affect the anticipated benefit of the surgery.

PMV has previously been identified as a meaningful
prognostic factor in patients suffering from several tumor
diseases (16, 51). Recently, PMV of more than 48 hours has
been reported to result in median OS of < 1 month in patients
with surgically treated brain metastasis (16), therefore indicating
that PMV constitutes a devastating prognostic factor in
neurosurgical oncology. Similarly, PMV of more than 24
hours has been identified as an independent prognostic factor
in patients undergoing surgery for glioblastoma, with a reported
median OS of as low as 3 months (18). In an analysis of 5,138
cases, Shish et al. reported the 1 year survival rate in patients

Probability of Survival (%)

Time (months)

Kaplan-Meier survival analyses dependent on the occurrence of postoperative PMV > 48 hrs (A) and > 72 hrs (B).
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with malignancies and in need of PMV to be as low as 14% (24).
There has been no analysis to date of the subgroup of patients
with SM. This subgroup poses an additional challenge as it
comprises critically ill patients at an advanced stage of metastatic
cancer disease. Furthermore, unlike this study, most currently
available data on PMYV in the field of cancer treatment do not
specifically focus on the subgroup of patients who underwent
oncological surgery. Not all patients with SM are treated
surgically: particularly in the case of small, non-space
occupying tumors of the spinal canal or multiple
asymptomatic findings, other treatment options are well
established (52-56). Along these lines, the subgroup of
patients with SM and additional surgical treatment are
supposed be at a high risk of postoperative PMV. Regardless
of the reason for surgical treatment, surgery induces a significant
degree of surgical trauma (57, 58). Postoperative PMV in
patients with surgically treated SM may be necessary not only
because of the patient’s weakness or a disease such as lung
cancer, but also because of the localization of the SM surgery or
because of associated postoperative complications (59-63). We
found no correlation in our cohort between postoperative PMV
and the primary tumor site, the spinal location affected, or the
number of affected spinal levels. Instead, the group of PMV
patients exhibited higher levels of preoperative neurological
deficits and a significantly longer median surgery duration.
These findings are in line with several reports linking
postoperative PMV occurrence to elevated surgery duration
and preoperative morbidity (64, 65). These findings point at
recent efforts to use preoperative risk stratification to more
comprehensively predict the course of early postoperative
treatment (66). This study provides the only available data on
PMYV and prolonged intensive care in the field of surgery for SM.
These data do not allow for preoperative risk assessment.
Furthermore, the unsatisfactory survival rates of patients
with SM and postoperative PMV in the present study could also
partly be attributed to a delay in postoperative adjuvant
treatment and/or in further therapy for the underlying cancer
disease (67, 68), the delay being caused by postoperative
intensive care. Prolonged ICU observation of cancer patients
and frequent communication with all clinical colleagues and
with the patient or their authorized representative are important
and indeed a basic aspect of interdisciplinary treatment. It is in
the best interests of the patient for the neurosurgeons,
neurooncologists and intensive care physicians to jointly
determine the patient’s ICU therapy and decide on the next
stage of treatment (69). Oncological re-evaluation of the
patient’s prognosis after surgery and assessment of further
treatment options can thus be complemented by the ICU
physicians’ knowledge of what is possible in the intensive care
setting. Treatment providers should constantly check that
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continued treatment and an extended ICU stay are in
accordance with the patient’s wishes.

The findings of this study should raise awareness of the small
subgroup of cancer patients with high early postoperative
mortality and a poor overall prognosis - that is, the subgroup
of patients with surgically-treated SM who need postoperative
PMYV for more than 24 hours. Early pre-surgical stratification
may help to identify patients who are at a high risk of prolonged
postoperative intensive care treatment. Preoperative
identification of these patients is a major challenge for future
scientific endeavors due to the limited data available. It is
nevertheless worthwhile in order to predict the most
appropriate course of postoperative treatment and to inform
communication with patients about what can realistically be
expected from the neurosurgical procedure.

Conclusions

Our data indicate postoperative PMV is significantly
correlated to high early postoperative mortality rates as well as
to poor OS in patients with surgically treated SM. The authors
believe these findings justify further multicenter studies to
comprehensively investigate PMV as an underestimated
negative prognostic factor in the course of surgical treatment
for SM.

Limitations

The present study has several limitations. Acquisition of data
was retrospective; data are therefore subject to well-known and
well-described types of bias. Patients were not randomized and
their treatment was decided on by the neurosurgeon. Given the
low incidence of postoperative PMV occurrence, the number of
patients with PMV is quite small, which means the univariate
and multivariate analyses may be subject to error. The authors
intend to consider these data as a first estimation of a potential
correlation between postoperative PMV and worsened survival
in patients with surgery for SM. This may lead to further
investigations structured to avoid the potential selection bias
due to the limited group size in this study.

Additionally, in regard of the small patient cohort of 19
patients with PMV > 24 hrs, the present study did not allow for
cut-off value determination in order to specifically identify the
time of postoperative mechanical ventilation leading to an
increase in early postopoerative mortality and reduced
survival. Further multicenter studies will be needed in order to
sufficiently address this issue.

frontiersin.org


https://doi.org/10.3389/fonc.2022.940790
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Hamed et al.

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material. Further
inquiries can be directed to the corresponding author.

Ethics statement

All of the procedures performed were in line with the ethical
standards of our institutional and national research committee
(Ethics committee of the Rheinische Friedrich Wilhelms
University Bonn) and with the 1964 Helsinki declaration and
its later amendments or comparable ethical standards. The local
ethics committee at the University of Bonn approved this study
(protocol no. 067/21).

Author contributions

Conceptualization, MH and MB. Methodology, MH and
MB. Software, A-LP. Validation, MH, MS and MB. Formal
analysis, MS and A-LP. Investigation, SB, SR, LE, CB, FS, AR,

References

1. Coleman RE. Clinical features of metastatic bone disease and risk of skeletal
morbidity. Clin Cancer research: an Off ] Am Assoc Cancer Res (2006) 12(20 Pt
2):6243s-9s. doi: 10.1158/1078-0432.CCR-06-0931

2. Furlan JC, Wilson JR, Massicotte EM, Sahgal A, Fehlings MG. Recent
advances and new discoveries in the pipeline of the treatment of primary spinal
tumors and spinal metastases: A scoping review of registered clinical studies from
2000 to 2020. Neuro-oncology (2022) 24(1):1-13. doi: 10.1093/neuonc/noab214

3. Macedo F, Ladeira K, Pinho F, Saraiva N, Bonito N, Pinto L, et al. Bone
metastases: An overview. Oncol Rev (2017) 11(1):321. doi: 10.4081/oncol.2017.321

4. Maccauro G, Spinelli MS, Mauro S, Perisano C, Graci C, Rosa MA.
Physiopathology of spine metastasis. Int | Surg Oncol (2011) 2011:107969.
doi: 10.1155/2011/107969

5. Stangenberg M, Viezens L, Eicker SO, Mohme M, Mende KC, Dreimann M.
Cervical vertebroplasty for osteolytic metastases as a minimally invasive
therapeutic option in oncological surgery: outcome in 14 cases. Neurosurg Focus
(2017) 43(2):E3. doi: 10.3171/2017.5.FOCUS17175

6. Patchell RA, Tibbs PA, Regine WF, Payne R, Saris S, Kryscio R], et al. Direct
decompressive surgical resection in the treatment of spinal cord compression
caused by metastatic cancer: A randomised trial. Lancet (2005) 366(9486):643-8.
doi: 10.1016/S0140-6736(05)66954-1

7. Miscusi M, Polli FM, Forcato S, Ricciardi L, Frati A, Cimatti M, et al.
Comparison of minimally invasive surgery with standard open surgery for
vertebral thoracic metastases causing acute myelopathy in patients with short- or
mid-term life expectancy: surgical technique and early clinical results. ] Neurosurg
Spine (2015) 22(5):518-25. doi: 10.3171/2014.10.SPINE131201

8. Ringel F, Ryang YM, Kirschke JS, Muller BS, Wilkens JJ, Brodard J, et al.
Radiolucent carbon fiber-reinforced pedicle screws for treatment of spinal tumors:
Advantages for radiation planning and follow-up imaging. World Neurosurg (2017)
105:294-301. doi: 10.1016/j.wneu.2017.04.091

9. Park SJ, Lee KH, Lee CS, Jung JY, Park JH, Kim GL, et al. Instrumented
surgical treatment for metastatic spinal tumors: is fusion necessary? | Neurosurg
Spine (2019) 32(3):456-464. doi: 10.3171/2019.8.SPINE19583

Frontiers in Oncology

08

10.3389/fonc.2022.940790

NS, UH, MK, FG, HV. Resources, HV. Data curation, SB, SR and
MB. Writing—original draft preparation, MH, MS and MB.
Writing—review and editing, all authors. Visualization, MH, MS
and MB. Supervision, MB and MS. Project administration, MS,
MB. All authors contributed to the article and approved the
submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

10. Fehlings MG, Nater A, Tetreault L, Kopjar B, Arnold P, Dekutoski M, et al.
Survival and clinical outcomes in surgically treated patients with metastatic
epidural spinal cord compression: Results of the prospective multicenter
AOSpine study. J Clin oncol: Off ] Am Soc Clin Oncol (2016) 34(3):268-76.
doi: 10.1200/JC0O.2015.61.9338

11. Ulmar B, Cakir B, Huch K, Puhl W, Richter M. [Vertebral body replacement
with expandable titanium cages]. Z fur Orthopadie und ihre Grenzgebiete (2004)
142(4):449-55. doi: 10.1055/s-2004-820345

12. Ulmar B, Richter M, Cakir B, Brunner A, Puhl W, Huch K. Surgical
treatment and prognosis factors in spinal metastases of breast cancer. Z fur
Orthopadie und ihre Grenzgebiete (2005) 143(2):186-94. doi: 10.1055/s-2005-
836512

13. Tokuhashi Y, Matsuzaki H, Toriyama S, Kawano H, Ohsaka S. Scoring
system for the preoperative evaluation of metastatic spine tumor prognosis. Spine
(1990) 15(11):1110-3. doi: 10.1097/00007632-199011010-00005

14. Tomita K, Kawahara N, Kobayashi T, Yoshida A, Murakami H, Akamaru T.
Surgical strategy for spinal metastases. Spine (2001) 26(3):298-306. doi: 10.1097/
00007632-200102010-00016

15. Borsellino B, Schultz MJ, Gama de Abreu M, Robba C, Bilotta F. Mechanical
ventilation in neurocritical care patients: a systematic literature review. Expert Rev
Respir Med (2016) 10(10):1123-32. doi: 10.1080/17476348.2017.1235976

16. Schuss P, Schafer N, Bode C, Borger V, Eichhorn L, Giordano FA, et al. The impact
of prolonged mechanical ventilation on overall survival in patients with surgically treated
brain metastases. Front Oncol (2021) 11:658949. doi: 10.3389/fonc.2021.658949

17. Lehmann F, Schenk LM, Ilic I, Putensen C, Hadjiathanasiou A, Borger V,
et al. Prolonged mechanical ventilation in patients with deep-seated intracerebral
hemorrhage: Risk factors and clinical implications. J Clin Med (2021) 10(5).
doi: 10.3390/jcm10051015

18. Schuss P, Lehmann F, Schafer N, Bode C, Scharnbock E, Schaub C, et al.
Postoperative prolonged mechanical ventilation in patients with newly diagnosed
glioblastoma-an unrecognized prognostic factor. Front Oncol (2020) 10:607557.
doi: 10.3389/fonc.2020.607557

frontiersin.org


https://doi.org/10.1158/1078-0432.CCR-06-0931
https://doi.org/10.1093/neuonc/noab214
https://doi.org/10.4081/oncol.2017.321
https://doi.org/10.1155/2011/107969
https://doi.org/10.3171/2017.5.FOCUS17175
https://doi.org/10.1016/S0140-6736(05)66954-1
https://doi.org/10.3171/2014.10.SPINE131201
https://doi.org/10.1016/j.wneu.2017.04.091
https://doi.org/10.3171/2019.8.SPINE19583
https://doi.org/10.1200/JCO.2015.61.9338
https://doi.org/10.1055/s-2004-820345
https://doi.org/10.1055/s-2005-836512
https://doi.org/10.1055/s-2005-836512
https://doi.org/10.1097/00007632-199011010-00005
https://doi.org/10.1097/00007632-200102010-00016
https://doi.org/10.1097/00007632-200102010-00016
https://doi.org/10.1080/17476348.2017.1235976
https://doi.org/10.3389/fonc.2021.658949
https://doi.org/10.3390/jcm10051015
https://doi.org/10.3389/fonc.2020.607557
https://doi.org/10.3389/fonc.2022.940790
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Hamed et al.

19. Asia, Committee ISIS. The 2019 revision of the international standards for
neurological classification of spinal cord injury (ISNCSCI)-what’s new? Spinal cord
(2019) 57(10):815-7. doi: 10.1038/s41393-019-0350-9

20. Tomita K, Toribatake Y, Kawahara N, Ohnari H, Kose H. Total en bloc
spondylectomy and circumspinal decompression for solitary spinal metastasis.
Paraplegia (1994) 32(1):36-46. doi: 10.1038/s¢.1994.7

21. Fisher CG, DiPaola CP, Ryken TC, Bilsky MH, Shaffrey CI, Berven SH, et al.
A novel classification system for spinal instability in neoplastic disease: an
evidence-based approach and expert consensus from the spine oncology study
group. Spine (2010) 35(22):E1221-9. doi: 10.1097/BRS.0b013e3181e16ae2

22. Guillevin R, Vallee JN, Lafitte F, Menuel C, Duverneuil NM, Chiras J. Spine
metastasis imaging: review of the literature. J neuroradiol = ] Neuroradiol (2007) 34
(5):311-21. doi: 10.1016/j.neurad.2007.05.003

23. Khanna AJ, Shindle MK, Wasserman BA, Gokaslan ZL, Gonzales RA,
Buchowski JM, et al. Use of magnetic resonance imaging in differentiating
compartmental location of spinal tumors. Am J orthopedics (2005) 34(10):472-6.

24. Shih CY, Hung MC, Lu HM, Chen L, Huang SJ, Wang JD. Incidence, life
expectancy and prognostic factors in cancer patients under prolonged mechanical
ventilation: a nationwide analysis of 5,138 cases during 1998-2007. Crit Care (2013)
17(4):R144. doi: 10.1186/cc12823

25. Rose L, McGinlay M, Amin R, Burns KE, Connolly B, Hart N, et al.
Variation in definition of prolonged mechanical ventilation. Respir Care (2017) 62
(10):1324-32. doi: 10.4187/respcare.05485

26. Sundararajan V, Henderson T, Perry C, Muggivan A, Quan H, Ghali WA.
New ICD-10 version of the charlson comorbidity index predicted in-hospital
mortality. J Clin Epidemiol (2004) 57(12):1288-94. doi: 10.1016/
jjclinepi.2004.03.012

27. Schneider M, Heimann M, Schaub C, Eichhorn L, Potthoff AL, Giordano
FA, et al. Comorbidity burden and presence of multiple intracranial lesions are
associated with adverse events after surgical treatment of patients with brain
metastases. Cancers (2020) 12(11). doi: 10.3390/cancers12113209

28. Al-Tehewy MM, Abd Al-Razak SE, Hikal TS, Wahdan MM. Association of
patient safety indicator 03 and clinical outcome in a surgery hospital. Int ] Health
Care Qual Assur (2020). doi: 10.1108/IJJHCQA-02-2020-0025

29. Stocking JC, Utter GH, Drake C, Aldrich JM, Ong MK, Amin A, et al.
Postoperative respiratory failure: An update on the validity of the agency for
healthcare research and quality patient safety indicator 11 in an era of clinical
documentation improvement programs. Am ] Surg (2020) 220(1):222-8.
doi: 10.1016/j.amjsurg.2019.11.019

30. Horn SR, Segreto FA, Alas H, Bortz C, Jackson-Fowl B, Brown AE, et al.
Hospital-acquired conditions occur more frequently in elective spine surgery than
for other common elective surgical procedures. J Clin neurosci: Off ] Neurosurg Soc
Australasia (2020) 76:36-40. doi: 10.1016/j.jocn.2020.04.067

31. Schneider M, Ilic I, Potthoff AL, Hamed M, Schafer N, Velten M, et al. Safety
metric profiling in surgery for temporal glioblastoma: lobectomy as a supra-total
resection regime preserves perioperative standard quality rates. J neuro-oncol
(2020) 149(3):455-61. doi: 10.1007/s11060-020-03629-y

32. Schneider M, Borger V, Grigutsch D, Guresir A, Potthoff AL, Velten M, et al.
Elevated body mass index facilitates early postoperative complications after surgery
for intracranial meningioma. Neurosurg Rev (2021) 44(2):1023-9. doi: 10.1007/
510143-020-01281-8

33. Krober MW, Guhring T, Unglaub F, Bernd L, Sabo D. Outcome between
surgical and non-surgical treatment of metastatic tumors of the spine: a
retrospective study of 259 patients. Z fur Orthopadie und ihre Grenzgebiete
(2004) 142(4):442-8. doi: 10.1055/s-2004-822796

34. Hosono N, Ueda T, Tamura D, Aoki Y, Yoshikawa H. Prognostic relevance
of clinical symptoms in patients with spinal metastases. Clin orthopaedics related
Res (2005) 436):196-201. doi: 10.1097/01.bl0.0000160003.70673.2a

35. Sciubba DM, Gokaslan ZL. Diagnosis and management of metastatic spine
disease. Surg Oncol (2006) 15(3):141-51. doi: 10.1016/j.suronc.2006.11.002

36. Bach F, Larsen BH, Rohde K, Borgesen SE, Gjerris F, Boge-Rasmussen T,
et al. Metastatic spinal cord compression. occurrence, symptoms, clinical
presentations and prognosis in 398 patients with spinal cord compression. Acta
neurochirurg (1990) 107(1-2):37-43. doi: 10.1007/BF01402610

37. Comey CH, McLaughlin MR, Moossy J. Anterior thoracic corpectomy
without sternotomy: a strategy for malignant disease of the upper thoracic spine.
Acta neurochirurg (1997) 139(8):712-8. doi: 10.1007/BF01420043

38. Schiff D, O’Neill BP, Wang CH, O’Fallon JR. Neuroimaging and treatment
implications of patients with multiple epidural spinal metastases. Cancer (1998) 83
(8):1593-601. doi: 10.1002/(SICI)1097-0142(19981015)83:8<1593::AID-
CNCR14>3.0.CO;2-H

39. Gilbert RW, Kim JH, Posner JB. Epidural spinal cord compression from
metastatic tumor: diagnosis and treatment. Ann Neurol (1978) 3(1):40-51.
doi: 10.1002/ana.410030107

Frontiers in Oncology

10.3389/fonc.2022.940790

40. van der Sande JJ, Kroger R, Boogerd W. Multiple spinal epidural metastases;
an unexpectedly frequent finding. J neurol neurosurg Psychiatry (1990) 53
(11):1001-3. doi: 10.1136/jnnp.53.11.1001

41. Quraishi NA, Manoharan SR, Arealis G, Khurana A, Elsayed S, Edwards KL,
et al. Accuracy of the revised tokuhashi score in predicting survival in patients with
metastatic spinal cord compression (MSCC). Eur Spine journal: Off Publ Eur Spine
Society Eur Spinal Deformity Society Eur Section Cervical Spine Res Soc (2013) 22
(Suppl 1):521-6. doi: 10.1007/s00586-012-2649-5

42. Lee BH, Kim TH, Chong HS, Moon ES, Park JO, Kim HS, et al. Prognostic
factor analysis in patients with metastatic spine disease depending on surgery and
conservative treatment: review of 577 cases. Ann Surg Oncol (2013) 20(1):40-6.
doi: 10.1245/s10434-012-2644-4

43. Wong DA, Fornasier VL, MacNab I. Spinal metastases: the obvious, the
occult, and the impostors. Spine (1990) 15(1):1-4. doi: 10.1097/00007632-
199001000-00001

44. Gakhar H, Swamy GN, Bommireddy R, Calthorpe D, Klezl Z. A study
investigating the validity of modified tokuhashi score to decide surgical
intervention in patients with metastatic spinal cancer. Eur Spine journal: Off
Publ Eur Spine Society Eur Spinal Deformity Society Eur Section Cervical Spine
Res Soc (2013) 22(3):565-8. doi: 10.1007/s00586-012-2480-z

45. Riegel T, Schilling T, Sitter H, Benes L, Wilke A, Gross MW, et al. [Analysis
of factors affecting the prognosis of vertebral metastases]. Zentralbl Neurochir
(2002) 63(1):2-6. doi: 10.1055/s-2002-31578

46. Berger AC. Introduction: role of surgery in the diagnosis and management
of metastatic cancer. Semin Oncol (2008) 35(2):98-9. doi: 10.1053/
j.seminoncol.2008.01.002

47. van der Linden YM, Dijkstra SP, Vonk EJ, Marijnen CA, Leer JWDutch
Bone Metastasis Study G. Prediction of survival in patients with metastases in the
spinal column: results based on a randomized trial of radiotherapy. Cancer (2005)
103(2):320-8. doi: 10.1002/cncr.20756

48. Balain B, Jaiswal A, Trivedi JM, Eisenstein SM, Kuiper JH, Jaffray DC. The
Oswestry risk index: An aid in the treatment of metastatic disease of the spine. Bone
Joint ] (2013) 95-B(2):210-6. doi: 10.1302/0301-620X.95B2.29323

49. Bartels RH, Feuth T, van der Maazen R, Verbeek AL, Kappelle AC, Andre
Grotenhuis ], et al. Development of a model with which to predict the life
expectancy of patients with spinal epidural metastasis. Cancer (2007) 110
(9):2042-9. doi: 10.1002/cncr.23002

50. Ulmar B, Huch K, Kocak T, Catalkaya S, Naumann U, Gerstner S, et al. The
prognostic influence of primary tumour and region of the affected spinal segment
in 217 surgical patients with spinal metastases of different entities. Z fur Orthopadie
und ihre Grenzgebiete (2007) 145(1):31-8. doi: 10.1055/5-2007-960506

51. Toftart AC, Timsit JF. Is prolonged mechanical ventilation of cancer
patients futile? Crit Care (2013) 17(5):189. doi: 10.1186/cc13014

52. Bartels RH, van der Linden YM, van der Graaf WT. Spinal extradural
metastasis: review of current treatment options. CA: Cancer ] Clin (2008) 58
(4):245-59. doi: 10.3322/CA.2007.0016

53. Gerszten PC, Mendel E, Yamada Y. Radiotherapy and radiosurgery for
metastatic spine disease: what are the options, indications, and outcomes? Spine
(2009) 34(22 Suppl):S78-92. doi: 10.1097/BRS.0b013e3181b8b6f5

54. Grommes C, Bosl GJ, DeAngelis LM. Treatment of epidural spinal cord
involvement from germ cell tumors with chemotherapy. Cancer (2011) 117
(9):1911-6. doi: 10.1002/cncr.25693

55. Harel R, Angelov L. Spine metastases: current treatments and future
directions. Eur J Cancer (2010) 46(15):2696-707. doi: 10.1016/j.ejca.2010.04.025

56. Bludau F, Winter L, Welzel G, Obertacke U, Schneider F, Wenz F, et al.
Long-term outcome after combined kyphoplasty and intraoperative radiotherapy
(Kypho-IORT) for vertebral tumors. Radiat Oncol (2020) 15(1):263. doi: 10.1186/
513014-020-01715-z

57. Karhade AV, Vasudeva VS, Dasenbrock HH, Lu Y, Gormley WB, Groff
MW, et al. Thirty-day readmission and reoperation after surgery for spinal tumors:
a national surgical quality improvement program analysis. Neurosurg Focus (2016)
41(2):E5. doi: 10.3171/2016.5.FOCUS16168

58. Chang SY, Ha JH, Seo SG, Chang BS, Lee CK, Kim H. Prognosis of single
spinal metastatic tumors: Predictive value of the spinal instability neoplastic score
system for spinal adverse events. Asian Spine ] (2018) 12(5):919-26. doi: 10.31616/
asj.2018.12.5.919

59. Lau D, Leach MR, La Marca F, Park P. Independent predictors of survival
and the impact of repeat surgery in patients undergoing surgical treatment of spinal
metastasis. J Neurosurg Spine (2012) 17(6):565-76. doi: 10.3171/
2012.8.SPINE12449

60. Carl HM, Ahmed AK, Abu-Bonsrah N, de la Garza Ramos R, Sankey EW,
Pennington Z, et al. Risk factors for wound-related reoperations in patients with
metastatic spine tumor. ] Neurosurg Spine (2018) 28(6):663-8. doi: 10.3171/
2017.10.SPINE1765

frontiersin.org


https://doi.org/10.1038/s41393-019-0350-9
https://doi.org/10.1038/sc.1994.7
https://doi.org/10.1097/BRS.0b013e3181e16ae2
https://doi.org/10.1016/j.neurad.2007.05.003
https://doi.org/10.1186/cc12823
https://doi.org/10.4187/respcare.05485
https://doi.org/10.1016/j.jclinepi.2004.03.012
https://doi.org/10.1016/j.jclinepi.2004.03.012
https://doi.org/10.3390/cancers12113209
https://doi.org/10.1108/IJHCQA-02-2020-0025
https://doi.org/10.1016/j.amjsurg.2019.11.019
https://doi.org/10.1016/j.jocn.2020.04.067
https://doi.org/10.1007/s11060-020-03629-y
https://doi.org/10.1007/s10143-020-01281-8
https://doi.org/10.1007/s10143-020-01281-8
https://doi.org/10.1055/s-2004-822796
https://doi.org/10.1097/01.blo.0000160003.70673.2a
https://doi.org/10.1016/j.suronc.2006.11.002
https://doi.org/10.1007/BF01402610
https://doi.org/10.1007/BF01420043
https://doi.org/10.1002/(SICI)1097-0142(19981015)83:8%3C1593::AID-CNCR14%3E3.0.CO;2-H
https://doi.org/10.1002/(SICI)1097-0142(19981015)83:8%3C1593::AID-CNCR14%3E3.0.CO;2-H
https://doi.org/10.1002/ana.410030107
https://doi.org/10.1136/jnnp.53.11.1001
https://doi.org/10.1007/s00586-012-2649-5
https://doi.org/10.1245/s10434-012-2644-4
https://doi.org/10.1097/00007632-199001000-00001
https://doi.org/10.1097/00007632-199001000-00001
https://doi.org/10.1007/s00586-012-2480-z
https://doi.org/10.1055/s-2002-31578
https://doi.org/10.1053/j.seminoncol.2008.01.002
https://doi.org/10.1053/j.seminoncol.2008.01.002
https://doi.org/10.1002/cncr.20756
https://doi.org/10.1302/0301-620X.95B2.29323
https://doi.org/10.1002/cncr.23002
https://doi.org/10.1055/s-2007-960506
https://doi.org/10.1186/cc13014
https://doi.org/10.3322/CA.2007.0016
https://doi.org/10.1097/BRS.0b013e3181b8b6f5
https://doi.org/10.1002/cncr.25693
https://doi.org/10.1016/j.ejca.2010.04.025
https://doi.org/10.1186/s13014-020-01715-z
https://doi.org/10.1186/s13014-020-01715-z
https://doi.org/10.3171/2016.5.FOCUS16168
https://doi.org/10.31616/asj.2018.12.5.919
https://doi.org/10.31616/asj.2018.12.5.919
https://doi.org/10.3171/2012.8.SPINE12449
https://doi.org/10.3171/2012.8.SPINE12449
https://doi.org/10.3171/2017.10.SPINE1765
https://doi.org/10.3171/2017.10.SPINE1765
https://doi.org/10.3389/fonc.2022.940790
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Hamed et al.

61. Shiozaki A, Fujiwara H, Okamura H, Murayama Y, Komatsu S, Kuriu Y,
et al. Risk factors for postoperative respiratory complications following esophageal
cancer resection. Oncol Lett (2012) 3(4):907-12. doi: 10.3892/01.2012.589

62. Fu KM, Smith ]S, Polly DWJr., Ames CP, Berven SH, Perra JH, et al.
Correlation of higher preoperative American society of anesthesiology grade and
increased morbidity and mortality rates in patients undergoing spine surgery. J
Neurosurg Spine (2011) 14(4):470-4. doi: 10.3171/2010.12.SPINE10486

63. Choi D, Fox Z, Albert T, Arts M, Balabaud L, Bunger C, et al. Prediction of
quality of life and survival after surgery for symptomatic spinal metastases: A
multicenter cohort study to determine suitability for surgical treatment.
Neurosurgery (2015) 77(5):698-708. doi: 10.1227/NEU.0000000000000907

64. Ge M, Wang Z, Chen T, Cheng Y, Ye J, Lu L, et al. Risk factors for and
outcomes of prolonged mechanical ventilation in patients received DeBakey type I
aortic dissection repairment. J Thorac Dis (2021) 13(2):735-42. doi: 10.21037/jtd-
20-2736

65. Huang HY, Lee CS, Chiu TH, Chen HH, Chan LY, Chang CJ, et al. Clinical
outcomes and prognostic factors for prolonged mechanical ventilation in patients

Frontiers in Oncology

10

10.3389/fonc.2022.940790

with acute stroke and brain trauma. ] Formos Med Assoc (2022) 121(1 Pt 1):162-9.
doi: 10.1016/1,jfma.2021.02.011

66. Scharnbock E, Weinhold L, Potthoft AL, Schafer N, Heimann M, Lehmann
F, et al. ACKT: A proposal for a novel score to predict prolonged mechanical
ventilation after surgical treatment of meningioma in geriatric patients. Cancers
(2020) 13(1). doi: 10.3390/cancers13010098

67. Kim IY, Kim BR, Kim YW. Factors affecting use and delay (>/=8 weeks) of
adjuvant chemotherapy after colorectal cancer surgery and the impact of
chemotherapy-use and delay on oncologic outcomes. PloS One (2015) 10(9):
€0138720. doi: 10.1371/journal.pone.0138720

68. Biagi JJ, Raphael MJ, Mackillop WJ, Kong W, King WD, Booth CM.
Association between time to initiation of adjuvant chemotherapy and survival in
colorectal cancer: a systematic review and meta-analysis. Jama (2011) 305
(22):2335-42. doi: 10.1001/jama.2011.749

69. Biskup E, Cai F, Vetter M, Marsch S. Oncological patients in the intensive

care unit: prognosis, decision-making, therapies and end-of-life care. Swiss Med
weekly (2017) 147:w14481. doi: 10.4414/smw.2017.14481

frontiersin.org


https://doi.org/10.3892/ol.2012.589
https://doi.org/10.3171/2010.12.SPINE10486
https://doi.org/10.1227/NEU.0000000000000907
https://doi.org/10.21037/jtd-20-2736
https://doi.org/10.21037/jtd-20-2736
https://doi.org/10.1016/j.jfma.2021.02.011
https://doi.org/10.3390/cancers13010098
https://doi.org/10.1371/journal.pone.0138720
https://doi.org/10.1001/jama.2011.749
https://doi.org/10.4414/smw.2017.14481
https://doi.org/10.3389/fonc.2022.940790
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Postoperative prolonged mechanical ventilation correlates to poor survival in patients with surgically treated spinal metastasis
	Introduction
	Methods
	Patients and study design
	Weaning protocol
	Statistics

	Results
	Patient characteristics and demographic data
	Patient-related and disease-related factors associated with postoperative PMV
	Multivariate analysis identifies PMV as an independent predictor of 30 days mortality
	Cox regression analysis

	Discussion
	Conclusions
	Limitations
	Data availability statement
	Ethics statement
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


