
Review

Postacute management of patients with spinal cord injury due to metastatic

tumour disease: survival and efficacy of rehabilitation
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Study design: Retrospective study utilising clinical records and public administration
databases.
Objectives: This study was performed to analyse the clinical presentation and survival rate of
individuals with spinal cord injury (SCI) due to spinal metastasis after primary treatment, and
to evaluate the efficacy of rehabilitative efforts.
Setting: Spinal Cord Injury Unit, University Hospital, Heidelberg.
Methods: A total of 68 consecutive patients were included. Demographics, clinical data,
tumour type, level and completeness of SCI, initial treatment, functional independence measure
(FIM) and survival time were derived from hospital and public administration databases. Cox
regression and fuzzy logic rule generation were used for statistical analysis.
Results: Of the 68 patients, 66 patients died 11 months (median, interquartile range (IQR)
4–29 months) after the onset of neurological symptoms at an average age of 58 years. The
functional independence measure (FIM) score describing the general clinical and functional
status proved to be the most reliable prognostic factor of survival. Other more specific
parameters (eg tumour type or level of lesion) did not have such an impact. In total, 51 patients
completed the rehabilitation programme within 50 days (median, IQR 27–99 days). The FIM
score improved from 62 at admission to 84 at discharge.
Conclusion: The clinical and functional status is a valuable prognostic factor for survival.
Since institutionalised rehabilitative efforts are effective, this group of patients should be
accepted into such a program.
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Introduction

Spinal cord injury (SCI) is a disabling complication of
cancer; symptomatic spinal metastases are reported in
up to 5% of all cancer patients.1 Clinical symptoms
of SCI include severe back pain, sensory deficits,
autonomic sphincter control impairment, and weakness
or paralysis of the extremities. The onset of neurolo-
gical deficits is considered to be a medical emergency.
Various treatment protocols are reported, including
surgical treatment,2–8 radiation therapy2,9,10 and che-

motherapy.11,12 An improvement of neurological defi-
cits has been documented in up to 80% of cases.
This ‘success rate’ implicates a group of patients
with persisting or deteriorating neurological symptoms.
The physician in charge has to decide whether these
patients qualify for rehabilitative efforts. An individual

assessment is mandatory to prevent unnecessary hospi-
talisation of terminally ill patients and to provide an
adequate rehabilitation programme for patients with
good prognosis. Essential questions are: How long will
they survive? Are there prognostic factors? What is,
after all, the efficacy of a rehabilitation programme for
these patients?
The aim of the present study is to (1) evaluate the

survival time of patients with SCI due to spinal meta-
stasis after primary treatment, (2) identify prognostic
factors for longer-term survival, and (3) analyse the
efficacy of a rehabilitation programme for this special
group of patients.

Methods

Using the medical computerised database of our SCI
unit, 68 (30 males and 38 females) consecutive inpatients
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with SCI due to tumour metastases of the spine were
identified. To assure a minimum follow-up of 5 years,
the search was limited to the time interval between 1979
(institution of the database) and 1995. All patients had
received primary treatment appropriate to the clinical
situation. Spinal surgery, radiation therapy, chemother-
apy or combined treatment (Table 1) was performed,
but still substantial neurologic deficits were present.
Patients with single nerve root or plexus lesions were
excluded.
Public administration databases were used to retrieve

the current address of survivors or the date of death.
The data extracted from the medical charts included
date of birth, gender, type of tumour and primary
treatment, dates of tumour diagnosis and onset of
neurologic symptoms, a description of the neurologic
deficit (level of lesion, Frankel classification), as well as
the dates of admission and discharge.
To assess the functional status of our patients, the

detailed reports of the occupational and physical
therapists were used to retrospectively determine the
functional independence measure (FIM)13 score at
admission as well as at discharge for 51 patients who
completed the rehabilitation programme. Additionally
the patient’s mobility was categorised into ‘bedridden’,
‘wheelchair user’ and ‘minimum walking ability pre-
served’. A total of 17 patients did not complete the
rehabilitation programme: in 11 cases medical problems
necessitated a transfer to another hospital, and six
patients died in the ward.
Finally, the presence of pressure sores at the time of

admission and discharge was noted. The treatment
offered in our full-scale SCI unit (total capacity of 60
beds) was focused on effective pain control, voiding and
bowel management, treatment of pressure sores, mobi-
lisation by physical therapists, and the adaptation of
aids (eg wheelchair, mattress) by occupational thera-
pists. The social service was involved in the postreh-
abilitation placement of the patients. Whenever
necessary, psychological counselling was offered. Our
rehabilitation efforts were intended to be completed
within 4–6 weeks. Survivorship was estimated using the
Kaplan–Meier methods. The following parameters were
included for statistical analysis:

Gender (male–female)
Mobility (bedridden–mobile (wheelchair, walking ability))
Frankel scale (A–B–C–D)
Type of tumour (risk groups I, II and III)
FIM at admission (quantitative)
Level of SCI (quantitative)
Age at the time of SCI (quantitative)

Cox regression and fuzzy logic rule generation were
used to identify prognostic factors. Cox regression ana-
lysis was performed using Statistica for Windows
(Statsoft, Tulsa, OK, USA). Stepwise procedures were
used, either to select (forward selection) or to exclude para-
meters (backward selection) from a given set of variables
(see above). A significance level of Po0.05 was used.
Fuzzy logic was introduced by Zadeh14 and is now an

established method to process uncertain information.
The main purpose of a fuzzy system consists in model-
ling and explanation of the general dependencies
between the system inputs and outputs. Fuzzy systems
can be built by transforming expert knowledge into lin-
guistic terms and rules. Recently, research was directed
towards automatic data-based design methods for fuzzy
classifiers,15,16 which were also used in this project.
Fuzzy classifiers consist of three components:

� fuzzification (conversion of measurement data x into
a linguistic description of this value),

� inference (processing the linguistic result of the
fuzzification and linguistic IF–THEN rules to a
linguistic result) and

� defuzzification (conversion of this linguistic result into
a quantitative value).

The advantages of fuzzy classifiers in comparison to
multivariate techniques are:

� the generation of well-interpretable IF–THEN rules,
� the possibility of finding nonlinear and multivariate
dependencies,

� the easy handling of mixed quantitative (eg FIM) and
qualitative (eg tumour types) features and

� a quantitative estimation of output values (eg for
individual survival times).

Results

Survival
The search in public administration databases allowed
follow-up for all patients. Two male patients were alive
at follow-up; 66 patients had died with an average age of
57.5 years (SD 15.5; range 6.2–83.5 years). The average
age at the time of tumour diagnosis was 52.3 years (SD
15.6; range 2.5–82.9 years), and at the time of SCI 54.9
years (SD 15.6; range 2.5–82.9 years).
When presenting with neurologic deficits, the tumour

diagnosis had been established for 3.5 months (median;
inter quartile range (IQR) 0–41 months); for 32 patients
SCI was the primary manifestation of the tumour.
The median survival was 11 months (25th percentile

4 months, 75th percentile 27 months; Figure 1) after SCI

Table 1 Treatment of spinal lesion

Treatment N

Radiation therapy only 12
Chemotherapy only 2
Surgery only 10
Radiation therapy and chemotherapy 11
Radiation therapy and surgery 12
Chemotherapy and surgery 4
Radiation therapy, chemotherapy and surgery 13
No specific treatment for the spinal lesion 4

Total 68
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and 38 months (25th percentile 9 months, 75th percentile
73 months) after tumour diagnosis. According to the
purpose of this study, we use the survival after SCI for
the subsequent data analysis.

Tumour type
The most frequent origins of tumour were breast, lung,
kidney and prostate. Patients with multiple myeloma
were included. In three cases, the primary tumour site
was unknown. All tumours were classified according to
reported 5-year survival rates of more than 50% (risk
group I, eg thyroid carcinoma, lymphoma), 20–50%
(risk group II, eg breast carcinoma) and less than
20% (risk group III; eg lung carcinoma, gastrointestinal
carcinoma, unknown).7,17–19 Table 2 summarises the
data on the spectrum of tumour pathology.
In 18 cases metastasis to sites other than the spine was

known. However, since the diagnostic procedures

employed to determine the presence or absence of
further tumour varied widely, this information cannot
be used for further statistical analysis.

Level and severity of SCI
The cervical spine was involved in seven cases. In sum,
59 thoracic and two lumbar lesions were seen (Figure 2).
Complete loss of sensory and motor function (Frankel
A) was found in 21 patients, and incomplete sensory loss
and complete loss of motor function (Frankel B) in 11
patients. Some motor function (without functional use)
and incomplete sensory loss (Frankel C) was diagnosed
in 24 patients, and useful motor function with incom-
plete loss of sensory function (Frankel D) in 12 patients.

Mobility and FIM
A total of 55 patients were bedridden, and 13 were
mobile (10 using a wheelchair and three with walking
ability). The FIM score at admission was 62 (IQR
56–70). Completion of the rehabilitation programme
was possible for 51 patients, and the characteristics of
the 17 cases in which the rehabilitation could not be
completed are discussed below.
The data used in the following section were derived

from the group of patients completing the rehabilitation
programme. Their median length of hospital stay was 50
days (IQR 27–99 days). For these patients, the FIM
score improved from 62 at admission (IQR 58–72) to 84
at discharge (IQR 66–105), resulting in a rehabilitation

efficiency20 (FIM difference/length of stay) of 0.33 (IQR
0.06–0.60). The improvements in the subscores of the
FIM are given in detail in Figure 3.
The median length of hospital stay was also investi-

gated for patients completing the rehabilitation. It was
42 (IQR 28–87) days for 43 patients without pressure
sores. It increased significantly for the eight patients
who presented with pressure sores to 123 (IQR 56–156)
days (t-test, Po0.05). The FIM score of patients with
pressure sores at admission was 60 (IQR 57–71), and at
discharge 87 (IQR 62–108). The rehabilitation efficiency
for these patients was 0.23 (IQR 0.08–0.36).

Survival Time (months)
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Figure 1 Survival function following SCI (n¼ 68)

Table 2 Tumour type (according to pathology report) and
frequency

Type of tumour n

Thyroid neoplasm 4
Malignant teratoma 1
Collum neoplasm 1
Non-Hodgkin lymphoma 1
Nephroblastoma 1
Breast carcinoma 20
Chondrosarcoma 1
Hodgkin lymphoma 1
Prostatic carcinoma 6
Plasmocytoma 6
Esophagea neoplasm 1
Adrenal gland neoplasm 1
Kidney neoplasm 8
Liposarcoma 1
Gallbladder carcinoma 1
Bronchial neoplasm 8
Colon carcinoma 1
Ewing sarcoma 2
Unknown 3
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Patients not completing the rehabilitation programme
A total of 17 patients did not complete the rehabilitation
programme: six patients died in the ward and 11 were
transferred to another hospital for varying medical reasons.
Six patients died on the ward at a mean age of 44.1
years. Their initial FIM score was 57 (median). Three of
these patients presented with pressure sores.
The patients transferred were not different from the

population completing the rehabilitation in any of the
parameters given above. The reasons for transfer
included unexpected secondary tumour treatment (ra-
diation, chemotherapy); two patients requested transfer
to a hospital closer to their home.

Statistical analysis
Multivariate analysis using Cox regression Forward
selection revealed that a higher FIM score at admission,
female gender, lower age at the time of SCI and
‘incomplete neurological deficit’ (Frankel B, C and D)
are positive prognostic factors. Backward selection
confirms these results. Detailed results are given in
Table 3, which gives the P-values and the relative risks
for all factors in the resulting model. Using Cox regres-
sion analysis, the FIM proved to be the most reliable
prognostic factor: a higher FIM score is associated with
longer survival. In addition, incomplete SCI (Frankel B,

C and D) gives a better prognosis compared to complete
SCI (Frankel A). Younger age at the time of SCI and
female gender also increase the chance for longer
survival.

Fuzzy classification The most important and subse-
quently selected fuzzy rules to discriminate between
longer (410 months; n¼ 35) and shorter (o10 months;
n¼ 33) survival were the following:
� A good or very good FIM score at admission
(approximately465) indicates longer survival
(Figure 4).

� A poor or very poor FIM score at admission (p65)
indicates short-term survival (Figure 4).

� Low Frankel classification (B, C, D) and not very
aggressive tumours are indicators of longer survival
(Figure 5).

� Wheelchair mobility or walking ability also indicate
longer-term survival.

The fuzzy classifier works with an error level of 17%
in the detection of the two output classes long-term and
short-term survival using training data and 22%
processing test data compared to the chance selection
error of approximately 50%. If we follow a varification
strategy via cross validation and binomial distributions,
the quality of the whole fuzzy classifier can be proven
with a P value of 1� 10�6.

Discussion

Traditionally SCI units were established to treat and
rehabilitate trauma patients. The efficacies of these
treatment protocols are widely accepted and well
documented.21–24 Despite the large number of patients
with spinal metastasis19,25 there has always been a
hesitancy to refer and admit these patients to dedicated
SCI units for rehabilitation. Reasons are the general
opinion that extensive rehabilitative efforts may either
not be tolerated by the terminally ill patient or be futile
because of the limited life span. While there are several
studies that report the outcome of primary treatment
and recommend an aggressive approach,3–8 there is only
limited information about postacute management.20 In
1996 McKinley et al26 documented the efficiency of
rehabilitation in a larger series (32 patients). Offering an
interdisciplinary team approach, the authors reported
a significant functional improvement documented by
increasing FIM values. The results of our series of 68
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Figure 3 Functional improvement in FIM subscores

Table 3 Results derived from Cox regression analysis

� Standard t-value Exponent P

Gender �0.609746 0.267366 �2.28056 0.543489 0.022581
Age 0.016138 0.008081 1.99708 1.016268 0.045825
FIM at admission �0.026796 0.009627 �2.78343 0.973560 0.005382
Frankel 0.979664 0.302691 3.23652 2.663562 0.001211

w2=25.0174, df=4, P (model)=0.00005
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consecutive patients confirm these findings. Major
improvements were achieved during the inpatient
rehabilitation, especially in aspects of self-care and
mobility. This is reflected by an increase in the FIM
score from 64 to 82. Considering the length of stay, an
efficiency of rehabilitation of 0.33 per day was com-
puted. As expected, this is lower than the estimated
efficiency for trauma patients (0.86–1.07), but within the
range reported for nontraumatic complete paraplegic
patients (0.42).20

It was our intention to conclude a basic rehabilitation
programme within 4–6 weeks. However, the length
of stay proved to be subject to several variables. The
pre-existence of pressure sores was a major factor: these

patients (n¼ 8) required inpatient care for an average of
123 days. Therefore, it should be a minimum require-
ment for primary treatment facilities to provide adequate
nursing care, and hence to prevent such pressure sores.
The expected remaining life span is one of the key

factors for the investment of rehabilitative efforts and
resources. The public administration registration of all
citizens allowed a complete follow-up for all patients.
The median survival of our patients was 11 months after
the onset of neurologic symptoms. We expected tumour
type and level of lesion to be the key factors determining
longer survival. After completion of statistical analysis
using two different approaches, the FIM score at the
time of admission proved to be the most reliable
predictive variable. The FIM score reflects the general
clinical situation of a patient. Therefore, the indication
for rehabilitative efforts should be based on the patient’s
clinical status at the time of presentation. Tumour type
and level of lesion should also be considered, but were
less potent as indicators of survival in our series.
The observed longer survival of female patients may
be explained by the distribution of tumour types (less
aggressive for females).
Recently, Tomita et al7 presented a prognostic scoring

system for the indication of primary surgical treatment:
tumour aggressiveness and evidence as well as localisa-
tion of metastases were identified as prognostic factors.
In their study, only 34 of the 61 patients had neurologic
deficits, and postoperative improvement was noted in 25
patients. The follow-up or the functional status of the
remaining patients with SCI is not addressed further.7

We were not able to obtain retrospectively the
definitive oncological status of all our patients (evidence
of visceral, pulmonary or other bone metastases)
because there was no standard protocol for the staging
of the tumour and the search for metastases. We
therefore cannot comment on the impact of metastases
towards survival time. However, we expect that a
combination of both functional and oncological para-
meters will give the best survival prognosis. Patients
with metastatic disease of the spine are subject to
extensive surgery,3–8 sophisticated chemotherapy11,12 or
radiation protocols.9,10 Consequently, SCI – once it is
evident that neurological symptoms will not regress –
should not be answered with rehabilitative nihilism. On
the contrary, according to our data and the data already
published concerning the rehabilitation efficiency,26

patients who are in acceptable clinical status will benefit
from an intensive inpatient rehabilitation programme of
a dedicated SCI unit.
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