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Delayed presentation to a spine surgeon is the strongest predictor of poor 1 

postoperative outcome in patients surgically treated for symptomatic spinal 2 

metastases 3 
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Abstract 27 

Background: Symptoms associated with spinal metastases are often non-specific and 28 

resemble non-cancer-related. Therefore, patients with spinal metastases are at risk for delayed 29 

referral and treatment. Delayed presentation of symptomatic spinal metastases may lead to the 30 

development of neurological deficits, often followed by emergency surgery.  31 

Objective: The aim of this cohort study was to analyze the effect of delayed referral and 32 

treatment of spinal metastases on clinical outcome. 33 

Methods: We included all patients surgically treated for spinal metastases at our tertiary 34 

care center. Based on the (in)ability to undergo elective surgery, patients were identified as timely 35 

treated or delayed. Patient- and tumor-characteristics, surgical variables, and postoperative variables 36 

such as complication rate, the ability to return home and length of hospital stay were recorded and 37 

compared between the two groups. 38 

 Results: Based on the urgency of treatment at admission, 206 patients were identified as 39 

timely treated and 98 as delayed. At baseline, the two groups did not differ significantly except for 40 

the extent of neurological symptoms. Timely treated patients underwent less invasive procedures 41 

(52.9% vs 13.3% percutaneous pedicle screw fixations), less median blood loss (200cc vs 450cc), 42 

shorter median admission time (7 vs 13 days), lower complication rate (26.2% vs 48.0%) and higher 43 

chances of being discharged home immediately (82.6% vs 41.1%) compared to delayed patients. 44 

Using multivariate regression models these correlations remained present independent of tumor 45 

prognosis, preoperative mobility and ASA-score. 46 

Conclusion: The delayed presentation of patients with spinal metastases to a spinal surgeon 47 

is strongly and independently associated with worse surgical and postoperative outcome 48 

parameters. Improvements in referral patterns could potentially lead to more scheduled care, 49 

negating the detrimental effects of delay. 50 

 51 
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Introduction 53 

Symptomatic spinal metastases are an increasing problem in oncology. Currently, spinal 54 

metastases occur in approximately 20% of all oncological patients.[1,2] However, due to the superior 55 

effects of new systemic anti-cancer therapies on overall survival, the prevalence of patients with 56 

spinal metastatic disease is increasing.[3,4] Unchecked growth of spinal metastases can cause 57 

mechanical instability of the spine, with or without compression on neural structures.[5] Intuitively, 58 

timely treatment of patients may be an important factor in achieving acceptable treatment 59 

outcomes. 60 

A major challenge in the early identification of patients with spinal metastases is that 61 

patients often present with symptoms resembling non-cancer-related back pain, which is one of the 62 

most common conditions in the middle-aged population.[6] More alarming symptoms (e.g. 63 

neurological deficits) may only develop later in the disease process, putting patients at risk for 64 

delayed diagnosis, referral and treatment. As a result, symptomatic spinal cord compression occurs 65 

in 25%-50% of all patients with spinal metastases.[7,8] At this stage, patients commonly require 66 

emergency surgical intervention in an attempt to deter progression and/or reverse neurological 67 

symptoms.[9–11] The short preparation time available before emergency surgery might hamper 68 

adequate patient work-up and limit the availability of preferred spinal implants and qualified staff, 69 

potentially leading to adverse clinical outcomes.[12,13] Furthermore, an impaired neurological status 70 

has also been linked to a reduction in both postoperative clinical parameters and Quality of Life 71 

(QoL).[14–17] 72 

The exact effects of delayed presentation and treatment of patients with spinal metastases 73 

however remains to be quantified. We hypothesized that earlier treatment of patients with spinal 74 

metastases lead to more favorable surgical and postoperative clinical outcomes. The primary aim of 75 

this study was therefore to assess the relationship between delayed presentation to a spine surgeon 76 

and surgical and postoperative parameters for patients with symptomatic spinal metastases. The 77 

secondary aim was to investigate how each aspect of delayed presentation to the spine surgeon (i.e. 78 
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neurological deficits, emergency surgery, etc.) correlates to the aforementioned parameters 79 

independent of other prognostic factors. 80 

 81 

Materials and methods 82 

Our institutional review board approved a waiver of informed consent for this study. Data for 83 

all consecutive patients referred to a single tertiary spine center for surgical treatment of 84 

symptomatic spinal metastases between March 2009 and December 2017 were collected. Patients 85 

with spinal involvement of multiple myeloma were also included for analysis due to similarities in 86 

clinical presentation and initial treatment. Tumor histology was analyzed from intra-operative 87 

transpedicular biopsies and categorized into three groups based on median overall survival as 88 

previously described by Bollen et al. and updated in consultation with our medical oncology 89 

department (<18 months: unfavorable, 18-36 months: moderate, >36 months, favorable).[18] 90 

Unknown primary tumors were classified as unfavorable. Patients with a life expectancy of at least 91 

three months were deemed eligible for surgical treatment.[19] Indications for surgery were either 92 

mechanical pain, radiographic (imminent) spinal instability and/or neurological deficits. The surgical 93 

technique was chosen by the treating spine surgeon. 94 

The population was split into two groups: The first, timely treated group consisted of patients 95 

who, in the absence of alarming symptoms, could be scheduled for surgery more than 3 days after 96 

initial presentation at the spinal surgery department. The second, delayed group consisted of 97 

patients who, in the presence of alarming symptoms (e.g. neurological deficits, signs of gross 98 

mechanical instability), required urgent or emergency surgery within 3 days after initial presentation 99 

at our department. The 3-day cutoff for elective or non-elective surgery was chosen in accordance 100 

with the criteria of the Global Spine Tumor Study Group (GSTSG).[20] The delayed patient group 101 

could be further split up into patients requiring surgery within 24 hours and patients requiring 102 

surgery after 24 hours but within three days (“intermediate” patients). Sensitivity analyses were 103 

performed to assess the effect of excluding these intermediate patients from the analyses. 104 
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All parameters were extracted from medical records and included demographic data such as 105 

age, sex, ASA-classification (American Society of Anesthesiologists, a physical status classification 106 

system)[21] and tumor characteristics. Preoperative neurological status, Karnofsky Performance 107 

Score (KPS), surgical urgency, Tomita[22] scores and Tokuhashi[23] scores were assessed and 108 

recorded by the treating spine surgeon. Predefined surgical data including surgical technique, 109 

duration of surgery, blood loss and instrumented levels as well as postoperative data including 110 

duration of admission, complications, destination after discharge and postoperative neurological 111 

status were submitted to the GSTSG database for further processing.[20] All the involved surgeons 112 

adhered to the same basic principles, using SINS (Spinal Instability Neoplastic Score)[24] for spinal 113 

stability, KPS for general patient condition and ASIA/Frankel (American Spinal Injury Association) 114 

classification for neurological status, and combining these in a uniform way, similar to the NOMS-115 

guidelines (Neurologic, Oncologic, Mechanical and Systemic) to determine the adequate type and 116 

timing of treatment for each patient.[10,24]  117 

 118 

Statistical analysis. 119 

For continuous data, means, standard deviations (SD), medians and interquartile range (IQR) 120 

were used, based on their distribution. Normality was checked graphically using histograms and Q-Q 121 

plots. For categorical data frequencies were used. To compare timely treated and delayed patients at 122 

baseline, Chi-squared tests for categorical data, unpaired t-tests for normally distributed continuous 123 

data and Mann Whitney U tests for continuous data with non-normal distribution were used. Log 124 

transformation was applied in case of non-normal distribution of dependent continuous variables in 125 

regression analyses. To assess the relationship between the timing of treatment and continuous 126 

surgical/postoperative outcome measures (surgery duration, blood loss during surgery and number 127 

of days spent in the hospital), independently of potential confounders (i.e. pre-operative mobility 128 

score, KPS, preoperative ASA classification, preoperative tumor favorability and patient age), 129 

multiple linear regression analyses were used. Binary logistic regression analysis was used for 130 
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dichotomous surgical/postoperative outcome variables (the occurrence of complications and the 131 

ability to return home) associations were reported using odds ratios (OR). Due to collinearity of 132 

preoperative mobility scores and the KPS, the independent parameters included in both types of 133 

regression analyses were preoperative mobility (on a 3-point Likert-scale: unassisted (reference 134 

value), assisted and unable), preoperative ASA classification (reference value: 1), preoperative tumor 135 

favorability (reference value: favorable) and patient age. Collinearity of these factors was assessed 136 

using variance inflation factors (VIF’s) with a VIF exceeding 1.5 advocating in favor of collinearity. All 137 

analyses were performed using IBM SPSS Statistics for Macintosh, Version 24.0 (Armonk, NY: IBM 138 

Corp). 139 

 140 

Results 141 

The cohort consisted of 206 timely treated and 98 delayed patients. At baseline, no 142 

significant differences between the two groups were found for age, gender, ASA-classification, tumor 143 

favorability, the number of affected levels, VAS-pain scores and mean Tomita score. Delayed patients 144 

had a higher prevalence of neurological deficits and lower outcome parameters related to 145 

neurological status such as KPS, mobility score, urinary sphincter control and Tokuhashi score (Table 146 

1). 147 

Delayed patients had to undergo more open surgical procedures, had a longer median 148 

surgery duration and more median blood loss during surgery than timely treated patients (Table 2). 149 

Six patients had an isolated vertebroplasty or vertebral body stent without further instrumentation, 150 

all in the timely treated group. None of the patients underwent multiple procedures during the same 151 

hospital admission due to multi-regional metastatic disease. Postoperatively, delayed patients spent 152 

more time in the hospital, had a higher risk of complications, fewer cases were able to return home 153 

and had more outspoken neurological symptoms (Table 3). 154 

Adjusted multivariate analysis was used to estimate the association between delayed 155 

treatment and five different outcome parameters, adjusted for potential confounders (i.e. pre-156 
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operative mobility score, ASA-score, tumor favorability and age). None of these remaining potential 157 

confounders showed collinearity. The analyses showed that delayed treatment was associated with 158 

an increase in duration of hospital stay (+ 2.93 days, p<0.001), blood loss (+ 628 ml, p<0.001) and 159 

surgery duration (+ 0.46 hours, p<0.001) independent of preoperative mobility, ASA-score, tumor 160 

prognosis and patient age. Delayed treatment was also independently associated with a lower 161 

probability to return home with an OR of 0.203 (0.110 to 0.376, p<0.001) and a higher risk of 162 

complications with an OR of 2.094 (1.156 to 3.795, p<0.001) (Table 4). 163 

 Sensitivity analysis of the influence of “intermediate” patients requiring surgery after 24 164 

hours but within 3 days after presentation showed differences in terms of surgery duration and 165 

blood loss during surgery. Omitting the “intermediate” patients from the delayed patients led to a 166 

slightly higher risk of complications (63.8% vs 48%) and a slightly lower probability of returning home 167 

(31.1% vs 41.1%). In the multivariate analyses, the association between delayed treatment and 168 

hospital stay, surgery duration and the probability of returning home showed no meaningful 169 

differences. The added effect on blood loss was higher (1623 ml vs 628 ml) and the effect on the risk 170 

for the occurrence of complications was higher (OR of 3.526 vs 2.094) after omitting the 171 

“intermediate” patients from the analyses. (Supplementary materials, online only). 172 

 173 

Discussion 174 

In this study, 304 patients were included, of which 206 received timely treatment and 98 175 

delayed treatment for symptomatic spinal metastases. The results show worse surgical and 176 

postoperative outcome for delayed patients compared to timely treated patients. Considering the 177 

two groups did not differ in demographic characteristics such as age, gender, primary tumor type and 178 

ASA-classification, the observed differences in patient outcome are presumably caused by delayed 179 

recognition of the presence and (often) relentless progression of spinal metastatic disease. Although 180 

delayed patients had much more extensive neurological deficits, the negative impact of delayed 181 
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treatment remained present after correction for other potential confounding factors such as 182 

postoperative mobility scores, comorbidities, tumor histology and KPS. 183 

In patients with advanced cancer, the spinal column is the preferred skeletal location for the 184 

formation of metastases.[9] In these patients, QoL is frequently used as an outcome parameter for 185 

the assessment of treatments. One previous study showed that emergency surgery in patients with 186 

spinal metastases was associated with lower postoperative EQ-5D scores, as well as lower survival 187 

rates.[25] Because of these lower survival rates, less postoperative QoL data are available for analysis 188 

in this patient category. This could mean that the negative effect of emergency surgery on 189 

postoperative QoL is underestimated. Therefore, to properly assess the direct effects of delayed 190 

treatment on patient outcome, direct postoperative outcome measures available for most patients, 191 

similar to those in the current study, can be used. 192 

An important factor to take into consideration when interpreting the differences in 193 

postoperative outcome between timely treated and delayed patients is the difference in 194 

preoperative neurological status. In the timely treated patients, 84,5% scored Frankel E (no 195 

sensorimotor deficit), as opposed to 19.4% in delayed patients. A study by Lo et al. showed that 196 

surgery within 48 hours showed a trend towards better neurological recovery than after 48 197 

hours.[26] These findings justify the need for rapid surgical intervention when patients present with 198 

neurological deficits, but further compromise the ability of health-care providers to perform a 199 

comprehensive patient work-up in the emergency setting. Several studies however show a direct 200 

correlation between neurological deficit and reduced postoperative outcome, QoL and survival.[14–201 

17,27] Indirectly, one study also found that patients requiring decompressive surgery and fixation of 202 

the spine experienced a smaller increase in EQ-5D scores at three months postoperatively compared 203 

to patients only requiring spinal fixation.[15] More extensive, open decompressive surgical 204 

techniques are generally preferred over percutaneous techniques in the case of compression on 205 

neural structures. This is also reflected in the current population, where open decompressive surgical 206 

procedures were utilized in 47.1% of the timely treated patients as opposed to 86.7% of the delayed 207 
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patients, potentially contributing to a reduction in postoperative outcome.[16] Surgery duration was 208 

significantly longer in delayed patients and median intraoperative blood loss was more than twice 209 

that compared to patients treated in a timely fashion, likely to be due to the extent of open surgical 210 

procedures in both groups.[28,29] As a result, delayed patients had a higher chance of requiring a 211 

blood transfusion compared to timely treated patients. Previous research suggested postoperative 212 

blood transfusions have a negative impact on survival rates, especially in oncological patients, 213 

independent of other factors affecting survival and this effect is directly correlated with the number 214 

of units transfused.[30] The study by Pereira et al. did not detect a similar effect specifically in 215 

patients with spinal metastases, however, as the authors readily concurred, this study was at risk for 216 

a type 2 statistical error.[31] To assess the effect of the total tumor load on the results, sub-analyses 217 

were performed for patients with four or more affected levels between timely treated and delayed 218 

patients. However, these results did not differ from the overall study for any of the outcome 219 

measures both in significance levels and effect sizes. 220 

In this study a 48.0% complication rate was found among delayed patients, compared to a 221 

26.2% complication rate in timely treated patients. A previous study by Dea et al. on serious adverse 222 

events (SAE’s) in emergency oncological spine surgery reported a much higher complication rate of 223 

76.2%.[14] This discrepancy can be partly explained by differences in baseline characteristics (e.g. 224 

58.4% neurological deficits compared to 36.5% in our population) but is more likely caused by the 225 

robust, prospective design of their study specifically aimed at assessing (all) complication rates 226 

through daily rounds by a dedicated research nurse. They identified several factors contributing to 227 

the number of SAE’s such as a higher patient age, lower surgeon caseload and myelopathy or 228 

radiculopathy as the presenting complaint. Timely treated patients were almost exclusively operated 229 

on by spinal surgeons dedicated to spinal oncological procedures. In contrast, delayed patients often 230 

presented outside office hours and would undergo surgical intervention by the spinal surgeon on-231 

call, potentially leading to differences in indications, surgical technique and/or approach. Another 232 
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potential reason for more complications in delayed patients is the fact that they spend more time in 233 

the hospital, which is known to also increase the risk of complications.[32] 234 

Symptomatic spinal metastases require specialized care, mostly available in tertiary care 235 

centers. Consequently, health-care providers familiar with the management of spinal metastatic 236 

disease are often involved late in the decision making. For timely patient presentation (particularly 237 

before the onset of neurological deficits), tertiary care centers and specialized health-care providers 238 

have to rely on efficient referral patterns within the primary and secondary health-care centers in 239 

their respective catchment area. The mean time between the onset of any symptoms and the onset 240 

of neurological deficits has been noted to be as little as seven weeks.[33] Although these 241 

neurological deficits may be the first presenting symptom of cancer, for the majority of patients a 242 

history of malignancy is known and preceding symptoms indicative of pending neurological deficits 243 

such as atypical back pain aggravated by movement, radicular pain or ataxia, may have been present 244 

for some time. Few studies have previously looked into delay for spinal metastatic patients. Husband 245 

et al. described a median total delay (time from onset of complaints until treatment) of 73,5 246 

days.[34] Levack et al. found a slightly higher median total delay of 90 days.[35] Several factors were 247 

identified placing patients at risk for delayed treatment such as initial presentation at a general 248 

practitioner or the absence of a prior cancer diagnosis. Both studies claim that in order to improve 249 

patient outcome, earlier diagnosis is required.[34,35] Our results confirm the negative consequences 250 

of delays in identification and referral of patients with neurological deficits on short-term clinical 251 

outcome. With the overall prevalence of spinal metastatic disease increasing, referral patterns for 252 

patients with spinal metastases need to be addressed as neurological damage resulting from spinal 253 

cord and cauda equina compression can be irreversible and may have great impact on the further 254 

course of the disease. 255 

The current study has some limitations. First, the process of deciding if a patient requires 256 

treatment within or after three days may be subject to some variability. In the authors institution all 257 

spine surgeons are member of a formal “spine unit” and adhere to basic principles. Examples are: 258 
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refrain from operative intervention if life expectancy is less than three months; practice shared-259 

decision making with the goal of optimizing QoL; practice expeditious intervention in case of rapid 260 

progression of neurological deficits. Furthermore, we use a common and appropriate technical 261 

language (SINS for spinal stability, KPS for general patient condition and ASIA/Frankel classification 262 

for neurological status)18 when tasked with the care for patients with symptomatic spinal 263 

metastases. As a result, the decision process is evidence-based, while simultaneously reflecting the 264 

realistic day-to-day practice at a tertiary referral center.[19] Second, the definition of “delayed 265 

presentation” in this study is not a resultant of actual timing of the referral, but rather of patients’ 266 

surgical urgency. The authors argue that this is a suitable proxy for the timing of their presentation, 267 

however ideally actual time since the onset of symptoms should be utilized. Third, some patients 268 

might have experienced so much delay that their condition has declined to a point where they are 269 

now deemed unfit for surgery. This may result in an underestimation of the negative effects of 270 

delayed presentation on outcome parameters. 271 

 272 

Conclusion 273 

In conclusion, the results from our study show that delayed referral and treatment of 274 

patients with symptomatic spinal metastases reduces short term clinical outcome. We emphasize the 275 

need for early identification of patients with spinal metastases at risk of neurological deficits and 276 

optimization of referral patterns to prevent or minimize delayed surgery in the future.  277 



 13 

References 278 

[1] Walsh GL, Gokaslan ZL, McCutcheon IE, Mineo MT, Yasko  a W, Swisher SG, et al. Anterior 279 

approaches to the thoracic spine in patients with cancer: indications and results. Ann Thorac 280 

Surg 1997;64:1611–8. doi:10.1016/S0003-4975(97)01034-5. 281 

[2] Cobb CA, Leavens ME, Eckles N. Indications for nonoperative treatment of spinal cord 282 

compression due to breast cancer. J Neurosurg 1977;47:653–8. 283 

doi:10.3171/jns.1977.47.5.0653. 284 

[3] Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2017. CA Cancer J Clin 2017;67:7–30. 285 

doi:10.3322/caac.21387. 286 

[4] Verlaan JJ, Choi D, Versteeg A, Albert T, Arts M, Balabaud L, et al. Characteristics of patients 287 

who survived <, 3 months or >2 years after surgery for spinal metastases: Can we avoid 288 

inappropriate patient selection? J Clin Oncol 2016;34:3054–61. 289 

doi:10.1200/JCO.2015.65.1497. 290 

[5] Bach F, Larsen BH, Rohde K, Børgesen SE, Gjerris F, Bøge-Rasmussen T, et al. Metastatic spinal 291 

cord compression. Acta Neurochir (Wien) 1990;107:37–43. doi:10.1007/BF01402610. 292 

[6] Hoy D, March L, Brooks P, Blyth F, Woolf A, Bain C, et al. The global burden of low back pain: 293 

Estimates from the Global Burden of Disease 2010 study. Ann Rheum Dis 2014. 294 

doi:10.1136/annrheumdis-2013-204428. 295 

[7] Prasad D, Schiff D. Malignant spinal-cord compression. Lancet Oncol 2005;6:15–24. 296 

doi:10.1016/S1470-2045(04)01709-7. 297 

[8] Al-Qurainy R, Collis E. Metastatic spinal cord compression: diagnosis and management. Bmj 298 

2016;2539:i2539. doi:10.1136/bmj.i2539. 299 

[9] Coleman RE. Clinical Features of Metastatic Bone Disease and Risk of Skeletal Morbidity 300 

Incidence of Bone Metastases n.d. doi:10.1158/1078-0432.CCR-06-0931. 301 

[10] Laufer I, Rubin DG, Lis E, Cox BW, Stubblefield MD, Yamada Y, et al. The NOMS framework: 302 

approach to the treatment of spinal metastatic tumors. Oncologist 2013;18:744–51. 303 



 14 

doi:10.1634/theoncologist.2012-0293. 304 

[11] Spratt DE, Beeler WH, de Moraes FY, Rhines LD, Gemmete JJ, Chaudhary N, et al. An 305 

integrated multidisciplinary algorithm for the management of spinal metastases: an 306 

International Spine Oncology Consortium report. Lancet Oncol 2017;18:e720–30. 307 

doi:10.1016/S1470-2045(17)30612-5. 308 

[12] Dasenbrock HH, Pradilla G, Witham TF, Gokaslan ZL, Bydon A. The impact of weekend hospital 309 

admission on the timing of intervention and outcomes after surgery for spinal metastases. 310 

Neurosurgery 2012;70:586–93. doi:10.1227/NEU.0b013e318232d1ee. 311 

[13] Poortmans P, Vulto A, Raaijmakers E. Always on a Friday? Time pattern of referral for spinal 312 

cord compression. Acta Oncol 2001;40:88–91. doi:10.1080/028418601750071127. 313 

[14] Dea N, Versteeg A, Fisher C, Kelly A, Hartig D, Boyd M, et al. Adverse events in emergency 314 

oncological spine surgery: a prospective analysis. J Neurosurg Spine J Neurosurg Spine 315 

2014;21:698–703. doi:10.3171/2014.7.SPINE131007. 316 

[15] de Ruiter GCW, Nogarede CO, Wolfs JFC, Arts MP. Quality of life after different surgical 317 

procedures for the treatment of spinal metastases: results of a single-center prospective case 318 

series. Neurosurg Focus 2017;42:E17. doi:10.3171/2016.6.FOCUS16150. 319 

[16] Versteeg AL, Verlaan J-J, de Baat P, Jiya TU, Stadhouder A, Diekerhof CH, et al. Complications 320 

After Percutaneous Pedicle Screw Fixation for the Treatment of Unstable Spinal Metastases. 321 

Ann Surg Oncol 2016;23:2343–9. doi:10.1245/s10434-016-5156-9. 322 

[17] Helweg-Larsen S, Sorensen PS, Kreiner S. Prognostic factors in metastatic spinal cord 323 

compression: a prospective study using multivariate analysis of variables influencing survival 324 

and gait function in 153 patients. Int J Radiat Oncol Biol Phys 2000;46:1163–9. 325 

[18] Bollen L, van der Linden YM, Pondaag W, Fiocco M, Pattynama BPM, Marijnen CAM, et al. 326 

Prognostic factors associated with survival in patients with symptomatic spinal bone 327 

metastases: a retrospective cohort study of 1,043 patients. Neuro Oncol 2014;16:991–8. 328 

doi:10.1093/neuonc/not318. 329 



 15 

[19] Fisher CG, Andersson GBJ, Weinstein JN. Spine focus issue. Summary of management 330 

recommendations in spine oncology. Spine (Phila Pa 1976) 2009;34:S2–6. 331 

doi:10.1097/BRS.0b013e3181baae29. 332 

[20] Choi D, Crockard A, Bunger C, Harms J, Kawahara N, Mazel C, et al. Review of metastatic spine 333 

tumour classification and indications for surgery: The consensus statement of the Global 334 

Spine Tumour Study Group. Eur Spine J 2010. doi:10.1007/s00586-009-1252-x. 335 

[21] Fitz-Henry J. The ASA classification and peri-operative risk. Ann R Coll Surg Engl 2011;93:185–336 

7. doi:10.1308/rcsann.2011.93.3.185a. 337 

[22] Tomita K, Kawahara N, Kobayashi T, Yoshida A, Murakami H, Akamaru T. Surgical strategy for 338 

spinal metastases. Spine (Phila Pa 1976) 2001;26:298–306. doi:10.1097/00007632-339 

200102010-00016. 340 

[23] Tokuhashi Y, Matsuzaki H, Oda H, Oshima M. A Revised Scoring System for Preoperative 341 

Evaluation of spine mets. Spine (Phila Pa 1976) 2005;30:2186–91. 342 

doi:10.1097/01.brs.0000180401.06919.a5. 343 

[24] Versteeg AL, Verlaan J-J, Sahgal A, Mendel E, Quraishi NA, Orth T&, et al. The Spinal Instability 344 

Neoplastic Score Impact on Oncologic Decision-Making n.d. 345 

doi:10.1097/BRS.0000000000001822. 346 

[25] Choi D, Fox Z, Albert T, Arts M, Balabaud L, Bunger C, et al. Prediction of quality of life and 347 

survival after surgery for symptomatic spinal metastases: A multicenter cohort study to 348 

determine suitability for surgical treatment. Neurosurgery 2015;77:698–708. 349 

doi:10.1227/NEU.0000000000000907. 350 

[26] Lo WY, Yang SH. Metastatic spinal cord compression (MSCC) treated with palliative 351 

decompression: Surgical timing and survival rate. PLoS One 2017;12:1–16. 352 

doi:10.1371/journal.pone.0190342. 353 

[27] Lee BH, Park JO, Kim HS, Park YC, Lee HM, Moon SH. Perioperative complication and surgical 354 

outcome in patients with spine metastases: Retrospective 200-case series in a single institute. 355 



 16 

Clin Neurol Neurosurg 2014. doi:10.1016/j.clineuro.2014.04.025. 356 

[28] Miscusi M, Polli FM, Forcato S, Ricciardi L, Frati A, Cimatti M, et al. Comparison of minimally 357 

invasive surgery with standard open surgery for vertebral thoracic metastases causing acute 358 

myelopathy in patients with short- or mid-term life expectancy: surgical technique and early 359 

clinical results. J Neurosurg Spine 2015;22:518–25. doi:10.3171/2014.10.SPINE131201. 360 

[29] Molina C a., Gokaslan ZL, Sciubba DM. A Systematic Review of the Current Role of Minimally 361 

Invasive Spine Surgery in the Management of Metastatic Spine Disease. Int J Surg Oncol 362 

2011;2011:1–9. doi:10.1155/2011/598148. 363 

[30] Horowitz M, Neeman E, Sharon E, Ben-eliyahu S. Exploiting the critical perioperative period to 364 

improve long-term cancer outcomes. Nat Publ Gr 2015;12:213–26. 365 

doi:10.1038/nrclinonc.2014.224. 366 

[31] Paulino Pereira NR, Beks RB, Janssen SJ, Harris MB, Hornicek FJ, Ferrone ML, et al. Are 367 

allogeneic blood transfusions associated with decreased survival after surgical treatment for 368 

spinal metastases? Spine J 2016;16:951–61. doi:10.1016/j.spinee.2016.03.043. 369 

[32] Grant MC, Yang D, Wu CL, Makary MA, Wick EC. Impact of enhanced recovery after surgery 370 

and fast track surgery pathways on healthcare-associated infections: Results from a 371 

systematic review and meta-analysis. Ann Surg 2017;265:68–79. 372 

doi:10.1097/SLA.0000000000001703. 373 

[33] Kienstra GE, Terwee CB, Dekker FW, Canta LR, Borstlap  a C, Tijssen CC, et al. Prediction of 374 

spinal epidural metastases. Arch Neurol 2000;57:690–5. 375 

[34] Husband DJ. Malignant spinal cord compression: prospective study of delays in referral and 376 

treatment. BMJ 1998;317:18–21. doi:10.1136/bmj.317.7150.18. 377 

[35] Levack P, Graham J, Collie D, Grant R, Kidd J, Kunkler I, et al. Don’t wait for a sensory level - 378 

Listen to the symptoms: A prospective audit of the delays in diagnosis of malignant cord 379 

compression. Clin Oncol 2002;14:472–80. doi:10.1053/clon.2002.0098. 380 

 381 



 17 

Tables 382 

  383 

Timely Treated

n=206

Delayed

n=98
P-value

Mean age, years (SD) 61.9 (11.7) 62.3 (11.0) 0.789

Gender, male (%) 106 (51.5%) 56 (57.1%) 0.474

ASA, n (%) 0.122

1 36 (17.5%) 7 (7.2%)

2 111 (53.9%) 55 (56.7%)

3 59 (28.6%) 35 (36.1%)

Tumour Histology, n (%) 0.001

Bladder 4 (1.9%) 1 (1.0%)

Breast 42 (20.4%) 16 (6.3%)

Cervicouterine 4 (1.9%) 1 (1.0%)

Gastrointestinal 11 (5.3%) 11 (11.2%)

Lung 25 (12.1%) 17 (17.3%)

Lymphoma 7 (3.4%) 8 (8.2%)

Melanoma 4 (1.9%) 0 (0.0%)

Myeloma 30 (14.4%) 13 (13.1%)

Plasmacytoma 4 (1.9%) 5 (5.1%)

Prostate 16 (7.8%) 13 (13.3%)

Renal 26 (12.6%) 6 (6.1%)

Sarcoma 2 (1.0%) 0 (0.0%)

Thyroid 1 (0.5%) 0 (0.0%)

Other 12 (5.8%) 2 (2.0%)

Unknown 14 (6.8%) 3 (3.1%)

Tumour favorability*, n (%) 0.686

Favorable 48 (24.0%) 27 (28.4%)

Moderate 66 (33.0%) 30 (31.6%)

Unfavorable 86 (43.0%) 38 (40.0%)

KPS** (SD) 68.6 (14.5) 56.3 (16.0) <0.001

Frankel on entry, n (%) <0.001

A 0 (0.0%) 3 (3.1%)

B 0 (0.0%) 7 (7.1%)

C 4 (1.9%) 25 (25.5%)

D 28 (13.6%) 44 (44.9%)

E 174 (84.5%) 19 (19.4%)

Mobility on entry, n (%) <0.001

Normal 146 (70.9%) 32 (32.7%)

Uses one crutch 2 (1.0%) 1 (1.0%)

Uses walker or two crutches 13 (6.3%) 7 (7.1%)

Confined to wheelchair 13 (6.3%) 6 (6.1%)

Confined to bed 32 (15.5%) 52 (53.1%)

Urinary sphincter control <0.001

Incontinent 1 (0.5%) 8 (8.2%)

Impaired 11 (5.3%) 32 (32.7%)

Normal 194 (94.2%) 58 (59.2%)

Number of affected levels n (%) 0.878

1 99 (48.1%) 45 (45.9%)

2 34 (16.5%) 15 (15.3%)

3 27 (13.1%) 11 (11.2%)

≥4 46 (22.3%) 27 (27.6%)

VAS pain, mean (SD) 4,9 (2.4) 4.6 (2.5) 0.285

Tomita, mean (SD) 4.7 (2.7) 5.0 (2.9) 0.363

Tokuhashi, mean (SD) 9.5 (2.8) 8.0 (2.9) <0.001

Table 1. Baseline characteristics for both patient groups

*Median survival > 36 months (favorable), 36 months ≥ 18 months (moderate) and < 

18 months (unfavorable). **Karnofsky Performance Score.
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Timely Treated

n=206

Delayed

n=98
P-value

Surgial technique, n (%) <0.001

Open surgery 97 (47.1%) 85 (86.7%)

Percutaneous surgery 109 (52.9%) 13 (13.3%)

Surgical approach <0.001

Anterior 1 (0.5%) 0 (0.0%)

Combined 8 (3.9%) 2 (2.0%)

Posterior 197 (95.6%) 96 (98.0%)

Median surgery duration, hours (IQR) 2.0 (1.0-2.0) 2.0 (2.0-3.0) <0.001

Median blood loss, ml (IQR) 200 (50-500) 450 (200-800) <0.001

Level of instrumentation <0.001

Cervical 19 (9.2%) 1 (1.0%)

Cervicothoracic 26 (12.6%) 10 (10.2%)

Thoracic 78 (37.9%) 57 (58.2%)

Thoracolumbar 34 (16.5%) 17 (17.3%)

Lumbar 34 (16.5%) 7 (7.1%)

Lumbosacral 5 (2.4%) 0 (0.0%)

Table 2. Differences in surgical parameters between timely treated and delayed patients.
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Timely Treated

n=206

Delayed

n=98
P-value

Median hospital time, days (IQR) 7 (5-12) 13 (7-20) <0.001
Occurrence of complications, n (%) 0.001

Yes 54 (26.2%) 47 (48.0%)

No 152 (73.8%) 51 (52.0%)
Discharge to, n (%) <0.001

Home 166 (82.6%) 39 (41.1%)

Other institution 19 (9.5%) 26 (27.4%)

Different hospital/ward 16 (8.0%) 30 (31.6%)

Mobility at discharge, n (%) <0.001
Normal 122 (60.7%) 11 (11.8%)

Assisted 75 (37.3%) 71 (76.3%)

Confined to bed 4 (2.0%) 11 (11.8%)

Frankel at discharge, n (%) <0.001

A 0 (0.0%) 2 (2.0%)

B 3 (1.5%) 3 (3.1%)

C 1 (0.5%) 17 (17.3%)

D 26 (12.6%) 42 (42.9%)

E 171 (83.0%) 31 (31.6%)

Table 3. Differences in postoperative parameters between timely treated and delayed 

patients.
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Hospital stay* n=293 Blood loss* n=283 Surgery duration* n=294 Return home n=294 Complications n=294

Days (CI) p-value ml (CI) p-value Hours (CI) p-value Odds ratio p-value Odds ratio p-value

Intercept 7.01 (4.33 to 11.37) <0.001 566 (266 to 1207) <0.001 2.25 (1.71 to 2.96) <0.001 N/A N/A N/A N/A

Treatment category Timely treated Reference Reference Reference Reference Reference

Delayed 2.93 (1.24 to 4.98) <0.001 628 (324 to 1034) <0.001 0.46 (0.19 to 0.77) 0.001 0.203 (0.110 to 0.376) <0.001 2.094 (1.156 to 3.795) 0.015

Mobiliy score Unassisted Reference Reference Reference Reference Reference

Assisted 1.52 (-0.29 to 3.85) 0.105 -109 (-253 to 102) 0.269 -0.03 (-0.32 to 0.29) 0.826 0.683 (0.298 to 1.568) 0.369 2.037 (0.961 to 4.316) 0.063

Unable 3.19 (1.23 to 5.61) 0.001 6 (-155 to 231) 0.950 0.14 (-0.13 to 0.45) 0.328 0.285 (0.143 to 0.568) <0.001 1.787 (0.921 to 3.465) 0.086

ASA 1 Reference Reference Reference Reference Reference

2 -0.78 (-2.14 to 0.96) 0.352 -235 (-340 to -79) 0.006 -0.29 (-0.55 to 0.01) 0.054 0.888 (0.320 to 2.461) 0.819 0.844 (0.364 to 2.144) 0.785

≥3 -0.438 (-2.01 to 1.64) 0.649 -268 (-372 to -121) 0.003 -0.40 (-0.67 to -0.08) 0.015 0.708 (0.240 to 2.093) 0.533 2.731 (1.082 to 6.895) 0.033

Tumor prognosis Favorable Reference Reference Reference Reference Reference

Moderate -0.72 (-1.94 to 0.78) 0.321 -102 (234 to 82) 0.242 -0.09 (-0.34 to 0.19) 0.504 1.529 (0.702 to 3.330) 285 0.716 (0.349 to 1.470) 0.716

Unfavorable -0.93 (-2.05 to 0.45) 0.175 -168 (-276 to -20) 0.029 -0.10 (-0.34 to 0.16) 0.443 1.155 (0.567 to 2.355) 0.691 1.033 (0.532 to 2.008) 0.923

Age Per year 0.02 (-0.03 to 0.07) 0.410 -3 (-9 to 4) 0.426 0 (-0.01 to 0.01) 0.858 0.970 (0.943 to 0.998) 0.034 1.017 (0.992 to 1.043) 0.174

Table 4. Multivariate analyses of the association between the treatment category and hospital stay, blood loss, surgery duration, the ability to return home and the occurrence of complications independent of the preoperative 

mobility score, ASA-score, tumor type favorability and patient age

Multiple linear regression Binary logistic regression

*Statistics were performed on log-transformed dependent variables due to non-normal distribution


