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ACKGROUND CONTEXT: Symptoms associated with spinal metastases are often nonspecific

and resemble noncancer-related symptoms. Therefore, patients with spinal metastases are at risk

for delayed referral and treatment. Delayed presentation of symptomatic spinal metastases may

lead to the development of neurological deficits, often followed by emergency surgery.

PURPOSE: The aim of this cohort study was to analyze the effect of delayed referral and treatment

of spinal metastases on clinical outcome.

METHODS: We included all patients surgically treated for spinal metastases at our tertiary care

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

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

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

and compared between the two groups.

RESULTS: Based on the urgency of treatment at admission, 206 patients were identified as timely

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

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

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

450cc), shorter median admission time (7 vs 13 days), lower complication rate (26.2% vs 48.0%)

and higher chances of being discharged home immediately (82.6% vs 41.1%) compared with

delayed patients. Using multivariate regression models these correlations remained present inde-

pendent of tumor prognosis, preoperative mobility, and American Society of Anesthesiologists-

score.

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

is strongly and independently associated with worse surgical and postoperative outcome parame-

ters. Improvements in referral patterns could potentially lead to more scheduled care, negating the

detrimental effects of delay. Crown © 2019 Published by Elsevier Inc. All rights reserved.
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Introduction

Symptomatic spinal metastases are an increasing prob-

lem in oncology. Currently, spinal metastases occur in

approximately 20% of all oncological patients [1,2]. How-

ever, due to the superior effects of new systemic anti-cancer
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therapies on overall survival, the prevalence of patients

with spinal metastatic disease is increasing [3,4].

Unchecked growth of spinal metastases can cause mechani-

cal instability of the spine, with or without compression on

neural structures [5]. Intuitively, timely treatment of

patients may be an important factor in achieving acceptable

treatment outcomes.

A major challenge in the early identification of patients

with spinal metastases is that patients often present with

symptoms resembling noncancer-related back pain, which

is one of the most common conditions in the middle-aged

population [6]. More alarming symptoms (eg, neurological

deficits) may only develop later in the disease process, put-

ting patients at risk for delayed diagnosis, referral, and

treatment. As a result, symptomatic spinal cord compres-

sion occurs in 25% to 50% of all patients with spinal metas-

tases [7,8]. At this stage, patients commonly require

emergency surgical intervention in an attempt to deter pro-

gression and/or reverse neurological symptoms [9−11].
The short preparation time available before emergency sur-

gery might hamper adequate patient work-up and limit the

availability of preferred spinal implants and qualified staff,

potentially leading to adverse clinical outcomes [12,13].

Furthermore, an impaired neurological status has also been

linked to a reduction in both postoperative clinical parame-

ters and Quality of Life (QoL) [14−17].
The exact effects of delayed presentation and treatment

of patients with spinal metastases however remains to be

quantified. We hypothesized that earlier treatment of

patients with spinal metastases lead to more favorable sur-

gical and postoperative clinical outcomes. The primary aim

of this study was therefore to assess the relationship

between delayed presentation to a spine surgeon and surgi-

cal and postoperative parameters for patients with symp-

tomatic spinal metastases. The secondary aim was to

investigate how each aspect of delayed presentation to the

spine surgeon (ie, neurological deficits, emergency surgery,

etc.) correlates to the aforementioned parameters indepen-

dent of other prognostic factors.
Materials and methods

Our institutional review board approved a waiver of

informed consent for this study. Data for all consecutive

patients referred to a single tertiary spine center for surgical

treatment of symptomatic spinal metastases between March

2009 and December 2017 were collected. Patients with spi-

nal involvement of multiple myeloma were also included

for analysis due to similarities in clinical presentation and

initial treatment. Tumor histology was analyzed from intra-

operative transpedicular biopsies and categorized into three

groups based on median overall survival as previously

described by Bollen et al. and updated in consultation with

our medical oncology department (<18 months: unfavor-

able, 18−36 months: moderate, >36 months, favorable)

[18]. Unknown primary tumors were classified as
unfavorable. Patients with a life expectancy of at least three

months were deemed eligible for surgical treatment [19].

Indications for surgery were either mechanical pain, radio-

graphic (imminent) spinal instability, and/or neurological

deficits. The surgical technique was chosen by the treating

spine surgeon.

The population was split into two groups: the first,

timely treated group consisted of patients who, in the

absence of alarming symptoms, could be scheduled for sur-

gery more than 3 days after initial presentation at the spinal

surgery department. The second, delayed group consisted

of patients who, in the presence of alarming symptoms (eg,

neurological deficits, signs of gross mechanical instability),

required urgent or emergency surgery within 3 days after

initial presentation at our department. The 3-day cutoff for

elective or nonelective surgery was chosen in accordance

with the criteria of the Global Spine Tumor Study Group

[20]. The delayed patient group could be further split up

into patients requiring surgery within 24 hours and patients

requiring surgery after 24 hours but within 3 days

(“intermediate” patients). Sensitivity analyses were per-

formed to assess the effect of excluding these intermediate

patients from the analyses.

All parameters were extracted from medical records and

included demographic data such as age, sex, ASA-classifi-

cation (American Society of Anesthesiologists, a physical

status classification system) [21] and tumor characteristics.

Preoperative neurological status, Karnofsky Performance

Score (KPS), surgical urgency, Tomita [22] scores, and

Tokuhashi [23] scores were assessed and recorded by the

treating spine surgeon. Predefined surgical data including

surgical technique, duration of surgery, blood loss, and

instrumented levels as well as postoperative data including

duration of admission, complications, destination after dis-

charge, and postoperative neurological status were submit-

ted to the Global Spine Tumor Study Group database for

further processing [20]. All the involved surgeons adhered

to the same basic principles, using Spinal Instability Neo-

plastic Score [24] for spinal stability, KPS for general

patient condition, and American Spinal Injury Association/

Frankel classification for neurological status, and combin-

ing these in a uniform way, similar to the Neurologic,

Oncologic, Mechanical and Systemic-guidelines to deter-

mine the adequate type and timing of treatment for each

patient [10,24].
Statistical analysis

For continuous data, means, standard deviations,

medians, and interquartile range were used, based on their

distribution. Normality was checked graphically using his-

tograms and Q−Q plots. For categorical data frequencies

were used. To compare timely treated and delayed patients

at baseline, chi-squared tests for categorical data, unpaired

t tests for normally distributed continuous data, and Mann-

Whitney U tests for continuous data with non-normal
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distribution were used. Log transformation was applied in

case of non-normal distribution of dependent continuous

variables in regression analyses. To assess the relationship

between the timing of treatment and continuous surgical/

postoperative outcome measures (surgery duration, blood

loss during surgery, and number of days spent in the hospi-

tal), independently of potential confounders (ie, preopera-

tive mobility score, KPS, preoperative ASA classification,

preoperative tumor favorability, and patient age), multiple

linear regression analyses were used. Binary logistic regres-

sion analysis was used for dichotomous surgical/postopera-

tive outcome variables (the occurrence of complications

and the ability to return home) and associations were

reported using odds ratios (OR). Due to collinearity of pre-

operative mobility scores and the KPS, the independent

parameters included in both types of regression analyses

were preoperative mobility (on a three-point Likert-scale:

unassisted (reference value), assisted and unable), preoper-

ative ASA classification (reference value: 1), preoperative

tumor favorability (reference value: favorable), and patient

age. Collinearity of these factors was assessed using vari-

ance inflation factors (VIF’s) with a VIF exceeding 1.5

advocating in favor of collinearity. All analyses were per-

formed using IBM SPSS Statistics for Macintosh, Version

24.0 (Armonk, NY: IBM Corp).
Results

The cohort consisted of 206 timely treated and 98

delayed patients. At baseline, no significant differences

between the two groups were found for age, sex, ASA-clas-

sification, tumor favorability, the number of affected levels,

VAS-pain scores, and mean Tomita score. Delayed patients

had a higher prevalence of neurological deficits and lower

outcome parameters related to neurological status such as

KPS, mobility score, urinary sphincter control, and Tokuha-

shi score (Table 1).

Delayed patients had to undergo more open surgical pro-

cedures, had a longer median surgery duration and more

median blood loss during surgery than timely treated

patients (Table 2). Six patients had an isolated vertebro-

plasty or vertebral body stent without further instrumenta-

tion, all in the timely treated group. None of the patients

underwent multiple procedures during the same hospital

admission caused by multiregional metastatic disease. Post-

operatively, delayed patients spent more time in the hospi-

tal, had a higher risk of complications, fewer cases were

able to return home, and had more outspoken neurological

symptoms (Table 3).

Adjusted multivariate analysis was used to estimate the

association between delayed treatment and five different

outcome parameters, adjusted for potential confounders

(ie, preoperative mobility score, ASA-score, tumor favor-

ability, and age). None of these remaining potential con-

founders showed collinearity. The analyses showed that

delayed treatment was associated with an increase in
duration of hospital stay (+2.93 days, p < .001), blood

loss (+628 mL, p < .001), and surgery duration

(+0.46 hours, p < .001) independent of preoperative

mobility, ASA-score, tumor prognosis, and patient age.

Delayed treatment was also independently associated with

a lower probability to return home with an OR of 0.203

(0.110−0.376, p < .001) and a higher risk of complica-

tions with an OR of 2.094 (1.156−3.795, p < .001)

(Table 4).

Sensitivity analysis of the influence of “intermediate”

patients requiring surgery after 24 hours but within

3 days after presentation showed differences in terms of

surgery duration and blood loss during surgery. Omitting

the “intermediate” patients from the delayed patients led

to a slightly higher risk of complications (63.8% vs 48%)

and a slightly lower probability of returning home (31.1%

vs 41.1%). In the multivariate analyses, the association

between delayed treatment and hospital stay, surgery

duration, and the probability of returning home showed

no meaningful differences. The added effect on blood

loss was higher (1,623 mL vs 628 mL) and the effect on

the risk for the occurrence of complications was higher

(OR of 3.526 vs 2.094) after omitting the “intermediate”

patients from the analyses. (Supplementary materials,

online only).
Discussion

In this study, 304 patients were included, of which 206

received timely treatment and 98 delayed treatment for

symptomatic spinal metastases. The results show worse sur-

gical and postoperative outcome for delayed patients com-

pared with timely treated patients. Considering the two

groups did not differ in demographic characteristics such as

age, sex, primary tumor type, and ASA-classification, the

observed differences in patient outcome are presumably

caused by delayed recognition of the presence and (often)

relentless progression of spinal metastatic disease. Although

delayed patients had much more extensive neurological def-

icits, the negative impact of delayed treatment remained

present after correction for other potential confounding

factors such as postoperative mobility scores, comorbidities,

tumor histology, and KPS.

In patients with advanced cancer, the spinal column is

the preferred skeletal location for the formation of metasta-

ses [9]. In these patients, QoL is frequently used as an out-

come parameter for the assessment of treatments. One

previous study showed that emergency surgery in patients

with spinal metastases was associated with lower postoper-

ative EQ-5D scores, as well as lower survival rates [25].

Because of these lower survival rates, less postoperative

QoL data are available for analysis in this patient category.

This could mean that the negative effect of emergency sur-

gery on postoperative QoL is underestimated. Therefore, to

properly assess the direct effects of delayed treatment on

patient outcome, direct postoperative outcome measures



Table 1

Baseline characteristics for both patient groups

Timely treated

n = 206

Delayed

n = 98

p value

Mean age, years (SD) 61.9 (11.7) 62.3 (11.0) .789

Sex, male (%) 106 (51.5%) 56 (57.1%) .474

ASA, n (%) .122

1 36 (17.5%) 7 (7.2%)

2 111 (53.9%) 55 (56.7%)

3 59 (28.6%) 35 (36.1%)

Tumor Histology, n (%) .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%)

Tumor favorability*, n (%) .686

Favorable 48 (24.0%) 27 (28.4%)

Moderate 66 (33.0%) 30 (31.6%)

Unfavorable 86 (43.0%) 38 (40.0%)

KPSy (SD) 68.6 (14.5) 56.3 (16.0) <.001
Frankel on entry, n (%) <.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 (%) <.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 <.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 (%) .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) .285

Tomita, mean (SD) 4.7 (2.7) 5.0 (2.9) .363

Tokuhashi, mean (SD) 9.5 (2.8) 8.0 (2.9) <.001

* Median survival>36 months (favorable), 36 months≥18 months (moderate) and <18 months (unfavorable).
y Karnofsky Performance Score.
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available for most patients, similar to those in the current

study, can be used.

An important factor to take into consideration when

interpreting the differences in postoperative outcome

between timely treated and delayed patients is the
difference in preoperative neurological status. In the timely

treated patients, 84.5% scored Frankel E (no sensorimotor

deficit), as opposed to 19.4% in delayed patients. A study

by Lo et al. showed that surgery within 48 hours showed a

trend toward better neurological recovery than after



Table 2

Differences in surgical parameters between timely treated and delayed patients

Timely treated

n = 206

Delayed

n = 98

p value

Surgical technique, n (%) <.001
Open surgery 97 (47.1%) 85 (86.7%)

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

Surgical approach <.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) <.001
Median blood loss, ml (IQR) 200 (50−500) 450 (200−800) <.001
Level of instrumentation <.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%)
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48 hours [26]. These findings justify the need for rapid surgi-

cal intervention when patients present with neurological defi-

cits, but further compromise the ability of health-care

providers to perform a comprehensive patient work-up in the

emergency setting. Several studies however show a direct

correlation between neurological deficit and reduced postop-

erative outcome, QoL, and survival [14−17,27]. Indirectly,
one study also found that patients requiring decompressive

surgery and fixation of the spine experienced a smaller

increase in EQ-5D scores at 3 months postoperatively com-

pared with patients only requiring spinal fixation [15]. More

extensive, open decompressive surgical techniques are gen-

erally preferred over percutaneous techniques in the case of
Table 3

Differences in postoperative parameters between timely treated and delayed patien

Timely treated

n = 206

Median hospital time, days (IQR) 7 (5−12)
Occurrence of complications, n (%)

Yes 54 (26.2%)

No 152 (73.8%)

Discharge to, n (%)

Home 166 (82.6%)

Other institution 19 (9.5%)

Different hospital/ward 16 (8.0%)

Mobility at discharge, n (%)

Normal 122 (60.7%)

Assisted 75 (37.3%)

Confined to bed 4 (2.0%)

Frankel at discharge, n (%)

A 0 (0.0%)

B 3 (1.5%)

C 1 (0.5%)

D 26 (12.6%)

E 171 (83.0%)
compression on neural structures. This is also reflected in the

current population, where open decompressive surgical pro-

cedures were used in 47.1% of the timely treated patients as

opposed to 86.7% of the delayed patients, potentially con-

tributing to a reduction in postoperative outcome [16]. Sur-

gery duration was significantly longer in delayed patients

and median intraoperative blood loss was more than twice

that compared with patients treated in a timely fashion, likely

to be caused by the extent of open surgical procedures in

both groups [28,29]. As a result, delayed patients had a

higher chance of requiring a blood transfusion compared

with timely treated patients. Previous research suggested

postoperative blood transfusions have a negative impact on
ts

Delayed

n = 98

p value

13 (7−20) <.001
.001

47 (48.0%)

51 (52.0%)

<.001
39 (41.1%)

26 (27.4%)

30 (31.6%)

<.001
11 (11.8%)

71 (76.3%)

11 (11.8%)

<.001
2 (2.0%)

3 (3.1%)

17 (17.3%)

42 (42.9%)

31 (31.6%)
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survival rates, especially in oncological patients, independent

of other factors affecting survival and this effect is directly

correlated with the number of units transfused [30]. The

study by Pereira et al. did not detect a similar effect specifi-

cally in patients with spinal metastases, however, as the

authors readily concurred, this study was at risk for a type 2

statistical error [31]. To assess the effect of the total tumor

load on the results, sub-analyses were performed for patients

with four or more affected levels between timely treated and

delayed patients. However, these results did not differ from

the overall study for any of the outcome measures both in

significance levels and effect sizes.

In this study a 48.0% complication rate was found

among delayed patients, compared with a 26.2% complica-

tion rate in timely treated patients. A previous study by Dea

et al. on serious adverse events in emergency oncological

spine surgery reported a much higher complication rate of

76.2% [14]. This discrepancy can be partly explained by

differences in baseline characteristics (eg, 58.4% neurologi-

cal deficits compared with 36.5% in our population) but is

more likely caused by the robust, prospective design of

their study specifically aimed at assessing (all) complica-

tion rates through daily rounds by a dedicated research

nurse. They identified several factors contributing to the

number of serious adverse events such as a higher patient

age, lower surgeon caseload and myelopathy or radiculop-

athy as the presenting complaint. Timely treated patients

were almost exclusively operated on by spinal surgeons

dedicated to spinal oncological procedures. In contrast,

delayed patients often presented outside office hours and

would undergo surgical intervention by the spinal surgeon

on-call, potentially leading to differences in indications,

surgical technique, and/or approach. Another potential rea-

son for more complications in delayed patients is the fact

that they spend more time in the hospital, which is known

to also increase the risk of complications [32].

Symptomatic spinal metastases require specialized care,

mostly available in tertiary care centers. Consequently,

health-care providers familiar with the management of spi-

nal metastatic disease are often involved late in the decision

making. For timely patient presentation (particularly before

the onset of neurological deficits), tertiary care centers and

specialized health-care providers have to rely on efficient

referral patterns within the primary and secondary health-

care centers in their respective catchment area. The mean

time between the onset of any symptoms and the onset of

neurological deficits has been noted to be as little as 7 weeks

[33]. Although these neurological deficits may be the first

presenting symptom of cancer, for the majority of patients a

history of malignancy is known and preceding symptoms

indicative of pending neurological deficits such as atypical

back pain aggravated by movement, radicular pain, or

ataxia, may have been present for some time. Few studies

have previously looked into delay for spinal metastatic

patients. Husband et al. described a median total delay (time

from onset of complaints until treatment) of 73.5 days [34].
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Levack et al. found a slightly higher median total delay of

90 days [35]. Several factors were identified placing patients

at risk for delayed treatment such as initial presentation at a

general practitioner or the absence of a prior cancer diagno-

sis. Both studies claim that in order to improve patient out-

come, earlier diagnosis is required [34,35]. Our results

confirm the negative consequences of delays in identifica-

tion and referral of patients with neurological deficits on

short-term clinical outcome. With the overall prevalence of

spinal metastatic disease increasing, referral patterns for

patients with spinal metastases need to be addressed as neu-

rological damage resulting from spinal cord and cauda

equina compression can be irreversible and may have great

impact on the further course of the disease.

The current study has some limitations. First, the process

of deciding if a patient requires treatment within or after

3 days may be subject to some variability. In the authors’

institution all spine surgeons are member of a formal “spine

unit” and adhere to similar basic principles. Examples are:

refrain from operative intervention if life expectancy is less

than 3 months; practice shared-decision making with the

goal of optimizing QoL; practice expeditious intervention

in case of rapid progression of neurological deficits. Fur-

thermore, we use a common and appropriate technical lan-

guage (Spinal Instability Neoplastic Score for spinal

stability, KPS for general patient condition, and American

Spinal Injury Association/Frankel classification for neuro-

logical status) when tasked with the care for patients with

symptomatic spinal metastases. As a result, the decision

process is evidence-based, while simultaneously reflecting

the realistic day-to-day practice at a tertiary referral center

[19]. Second, the definition of “delayed presentation” in

this study is not a resultant of actual timing of the referral,

but rather of patients’ surgical urgency. The authors argue

that this is a suitable proxy for the timing of their presenta-

tion, however ideally actual time since the onset of symp-

toms should be used. Third, some patients might have

experienced so much delay that their condition has declined

to a point where they are now deemed unfit for surgery.

This may result in an underestimation of the negative

effects of delayed presentation on outcome parameters.

Conclusion

In conclusion, the results from our study show that

delayed referral and treatment of patients with symptomatic

spinal metastases reduces short term clinical outcome. We

emphasize the need for early identification of patients with

spinal metastases at risk of neurological deficits and optimi-

zation of referral patterns to prevent or minimize delayed

surgery in the future.

Supplementary materials

Supplementary material associated with this article can

be found in the online version at https://doi.org/10.1016/j.

spinee.2019.04.011.
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