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Causes of death following spinal cord injury during inpatient
rehabilitation and the first five years after discharge.
A Dutch cohort study

R Osterthun1, MWM Post2, FWA van Asbeck3, CMC van Leeuwen2 and CF van Koppenhagen3

Study design: Prospective multicentre cohort study.
Objectives: To determine mortality, causes and determinants of death of individuals with spinal cord injury (SCI) within five years
after first inpatient rehabilitation.
Setting: The Netherlands.
Methods: Patients were included on admission to first clinical rehabilitation after traumatic or nontraumatic SCI. Inclusion criteria:
age between 18 and 65, American Spinal Injury Association impairment scale A–D and expected long-term wheelchair dependency.
Information about survival, cause of death, relevant comorbidity and psychosocial circumstances was obtained from the rehabilitation
physician or general practitioner. Determinants of death were retrieved from a prospectively collected database. Deceased persons and
survivors were compared using w2-test and t-test. Cox regression analysis was performed to describe independent predictors of death.
The Kaplan–Meier method was used to calculate survival curves for independent predictors. Excess mortality was described by a
standardized mortality ratio (SMR).
Results: Mean duration of follow up was 6.2 years. A total of 27 persons (12.2%) died during this period (SMR 5.3). Main
causes of death were cardiovascular disease (37.0%), pulmonary disease (29.6%) and neoplasm (14.8%). Older age at injury,
nontraumatic SCI, family history of cardiovascular disease, less social support and a history of other medical conditions on
admission were related to death. Older age at injury, nontraumatic SCI and a history of other medical conditions were
independent predictors of death.
Conclusion: Twelve per cent of persons with SCI who had survived the acute hospital phase died during follow up (SMR 5.3). The
main causes of death were cardiovascular and pulmonary disease.
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INTRODUCTION

Although survival of persons with spinal cord injury (SCI) has
improved considerably in the last decades,1–3 there remains an
increased risk of premature death owing to, for example,
pneumonia or suicide.1,4–7 The main long-term causes of death of
persons with SCI have changed from urological complications to
cardiovascular and pulmonary diseases.1 Several studies on mortality
after SCI have been performed.1 Comparing results of these studies is
however difficult owing to the methodological differences, such as
case selection and survival periods. Furthermore, most of these
studies restricted their samples to persons with traumatic SCI and
most focus on long-term mortality.1,4–7 It has been suggested that the
decline in mortality since the 1980s is mainly based on improvement
of acute care.2,3 The risk of death is however still the highest during
the first few years after injury.3,7,8 In addition to personal and lesion
characteristics, several psychosocial and lifestyle factors have been
found to be associated with death.4,9,10

In the Netherlands, persons with a new SCI are generally admitted
to the hospital for a few days to weeks. When their medical condition
has been stabilized, they are transferred to a nursing home or a
rehabilitation centre with a specialized SCI unit to continue their
inpatient rehabilitation. Some information on mortality in the acute
care hospital is available,11 but post-acute mortality and causes of
death of persons with SCI have not previously been described in the
Netherlands. Internationally, only limited information is available
about the causes of death in the first few years after SCI for persons
who survived the hospital phase.5,6,12 Understanding the causes of
death in this period can yield relevant information for further
improvements of care.

The purpose of this study is to describe mortality, causes and
determinants of death between the start of first inpatient SCI
rehabilitation until five years after discharge in the Netherlands. We
hypothesised that besides personal and lesion characteristics, health
variables, lifestyle and psychosocial factors are associated with mortality.
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MATERIALS AND METHODS

Study population
The study population consisted of 225 individuals with traumatic and

nontraumatic SCI included in the Dutch prospective multicentre cohort study

‘Restoration of (wheelchair) mobility in SCI rehabilitation’.13 The observation

period started on admission of their first inpatient rehabilitation in eight

rehabilitation centres with specialised SCI units in the Netherlands between

August 2000 and July 2003. Further inclusion criteria of the cohort were: age

between 18 and 65 years, grade A, B, C or D on the American Spinal Injury

Association (AISA) Impairment Scale (AIS) and expected wheelchair

dependency. Participants were excluded if their SCI was caused by a

malignant tumour, if they had a progressive disease, psychiatric problems or

insufficient command of the Dutch language to participate in the study.

Procedure
Information was prospectively collected at the start of active rehabilitation,

defined as the moment that the participant was able to sit in a wheelchair for

3–4 h, by a medical examination, an oral interview by a trained research

assistant and self-report questionnaires.

Additional information on survival status and, if applicable, cause of death

was requested retrospectively from the rehabilitation physician with a form

developed for this project. If this procedure yielded insufficient information,

the participant’s general practitioner was approached.

The research protocol of the cohort study was approved by the Medical

Ethics Committee of the SRL/iRv. All persons gave written informed consent.

The additional collection of data on survival and causes of death was approved

by the local medical ethics committee of De Hoogstraat Rehabilitation,

Utrecht, the Netherlands.

Instruments
Survival status and causes of death: with a structured self-developed form,

information was asked about the survival status, cause of death based on the

ICD-10, date of death, relevant comorbidity and psychosocial circumstances

that had possibly contributed to death.

Lesion characteristics: level and completeness of SCI were assessed according

to the International Standards for Neurological Classification of Spinal Cord

Injury.14 Functional independence was measured with the motor score of the

Functional Independence Measure, consisting of 13 items about self-care,

mobility, transfers and toileting. The Functional Independence Measure motor

score is a responsive measure in persons with SCI.15

Psychosocial factors: social support was measured with the Social Support

List, which is a reliable and valid short version of the Social Support List-

Interactions, consisting of 12 items.16 A total score is calculated by adding up

all items (range 12–48). Mental health and vitality were assessed using the

Mental Health and Vitality subscales of the 36-Item Short Form Health Survey

(SF-36), consisting of 5 and 4 items, respectively. The SF-36 has shown

acceptable reliability and validity in persons with SCI.17 Life satisfaction was

measured with the LS questions, which have shown good validity in measuring

life satisfaction in persons with SCI.18

Health factors: whether persons had a history of other medical conditions or

a family history of cardiovascular disease was assessed by the research assistant.

A history of other medical conditions included all other medical conditions

before admission to the rehabilitation centre, other injuries at lesion onset and

in-hospital complications. Secondary SCI conditions were not included. Body

mass was assessed by the research assistant and body height was self-reported.

The Body Mass Index (BMI) was computed and being overweighed was

defined as a BMI425.

Lifestyle factors: playing sports before SCI, smoking and drinking alcohol

before SCI were self-reported on admission.

Data analysis
Analyses were performed using IBM SPSS Statistics version 19.0 (Armonk, NY,

USA). Differences between deceased persons and survivors were described

using the w2-test and t-test. A cox regression analysis was performed to describe

independent predictors of death. The Kaplan–Meier method was used to

calculate the observed survival curves for independent predictors. Age at injury

was dichotomized (ageo45 years and age X45 years) to enable the calculation

and display of survival curves for this variable. This cut-off point was chosen to

create more or less equal-sized groups.

The excess mortality was described by calculating a standardized mortality

ratio (SMR). This is the ratio of the observed patient mortality and the

expected mortality in the Dutch population. The number of expected deaths

during the time interval of the study, adjusted by sex and age, was calculated

using the database of Statistics Netherlands (www.cbs.nl).

RESULTS

General characteristics
Survival status was successfully identified in 222 persons (98.7%). The
remaining three persons were excluded. Mean time between injury
and admission to the rehabilitation centre, that is, time from injury to
start of the observation period, was 45.8 (s.d. 43.4) days (median 32
days, range 0–281). Mean age at injury was 40.6 (s.d. 14.1) years
(median 40.3 years, range 18.1–65.7), 74.3% were male, 59.9% had
paraplegia, 69.1% had a motor complete lesion and 73.0% had a
traumatic lesion. Accidents (69.2%) and falls (22.2%) were the most
common causes of traumatic SCI. The causes of nontraumatic SCI
were vascular disease (21.7%), inflammation (15.0%), iatrogenic
(13.3%), benign tumour (10.0%) and other nontraumatic causes
(40.0%).

A total of 27 persons (12.2%) died during the mean follow up
period of 6.2 (s.d. 1.3) years. With a number of expected deaths in the
general population of 5.1, the standardized mortality ratio was 5.3
(95% CI 3.6–7.6). Mean age at death was 53.5 (s.d. 13.2) years. Mean
time between injury and death was 4.1 (s.d. 2.7) years. The survival
for persons with traumatic and nontraumatic SCI was 93.2% and
73.3% respectively. Mortality rates in the different subgroups of
nontraumatic SCI did not significantly differ, although there was a
tendency towards higher mortality rates in subgroups with vascular
and ‘other’ nontraumatic causes of SCI. Further characteristics of
deceased persons and survivors are displayed in Table 1.

Causes of death
The characteristics of deceased persons are displayed in Table 2. The
main causes of death were cardiovascular disease (37%), pulmonary
disease (29.6%) and neoplasm (14.8%). Three persons (23, 24 and 39
years of age, all with motor complete paraplegia) died during the first
year after injury, all from pulmonary embolism, of whom two during
inpatient rehabilitation. For one person, the heparin anticoagulation
had been restarted a few days before death. The other two persons
had used oral anticoagulation during their admission, of which one
until death. Seven persons died owing to other cardiovascular disease
of which six had a nontraumatic lesion. Of the eight persons who
died owing to pulmonary disease, six had a traumatic SCI and five
had a tetraplegia. One death occurred owing to homicide. This person
had survived a previous assault that had resulted in the SCI.
Psychosocial circumstances had possibly contributed to death in
22% of cases.

Determinants of death
Older age at injury, nontraumatic cause of injury, family history of
cardiovascular disease, less social support and having a history of
other medical conditions were related to death (Table 1). Lesion
characteristics were not related to death, neither when calculated
separately for traumatic and nontraumatic SCI.

In cox regression analyses, age at injury, nontraumatic aetiology
and having a history of other medical conditions were independent
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Table 1 Characteristics of deceased persons and survivors

Characteristics Deceased (%) (N¼27) Survivors (%) (N¼195) Total (%) (N¼222) w2 P-value

Sex

Male 74.1 74.4 74.3 0.001 0.975

Female 25.9 25.6 25.7

Marietal status

Together 29.6 24.0 24.7 0.410 0.522

Alone 70.4 76.0 75.3

Education

Low 40.7 32.5 33.5 9.078 0.215

Middle 33.3 50.8 48.6

High 25.9 16.8 17.9

Cause of injury

Traumatic 40.7 77.4 73.0 16.192 0.000

Nontraumatic 59.3 22.6 27.0

Level of injury

Tetraplegia 44.4 39.5 40.1 0.243 0.622

Paraplegia 55.6 60.5 59.9

Completeness of injury

Motor complete 72.0 68.7 69.1 0.112 0.738

Motor incomplete 28.0 31.3 30.9

Neurological classification

Incomplete paraplegia 16.0 16.9 16.8 0.569 0.904

Complete paraplegia 40.0 43.6 43.2

Incomplete tetraplegia 12.0 14.4 14.1

Complete tetraplegia 32.0 25.1 25.9

Family history of cardiovascular disease

Yes 46.2 24.5 27.1 5.450 0.020

No 53.8 75.5 72.9

History of other medical conditions

Yes 77.8 44.1 48.2 10.772 0.001

No 22.2 55.9 51.8

Being overweighed (BMI425)

Yes 26.1 28.7 28.4 0.070 0.791

No 73.9 71.3 71.6

Playing sports before injury

Yes 51.9 65.1 63.5 1.793 0.181

No 48.1 34.9 36.5

Drinking alcohol before injury

Yes 81.5 76.0 76.7 0.392 0.531

No 18.5 24.0 23.3

Smoking before injury

Yes 46.2 42.7 43.1 0.111 0.739

No 53.8 57.3 56.9

Mean (s.d.) Mean (s.d.) Mean (s.d.) t-test P-value

Age at injury (years) 50.1 (11.9) 39.3 (13.9) 40.6 (14.1) 3.849 0.000

Social support (range 12–48) 32.0 (5.5) 35.6 (5.9) 35.1 (6.0) �2.833 0.005

Mental health (range 0–100) 63.7 (20.9) 66.9 (18.0) 66.5 (18.3) �0.823 0.412

Vitality (range 0–100) 56.8 (25.5) 58.3 (17.0) 58.1 (18.1) �0.286 0.777

FIM motor score (range 13–91) 38.9 (18.3) 41.2 (19.0) 40.9 (18.9) �0.569 0.570

Life satisfaction (range 2–13) 5.2 (2.3) 5.4 (2.3) 5.3 (2.3) �0.412 0.681

Abbreviations: BMI, body mass index; FIM, Functional Independence Measure.

Causes of death following SCI
R Osterthun et al

485

Spinal Cord



predictors of death (Table 3). Calculated survival curves for indepen-
dent predictors are shown in Figures 1–3.

DISCUSSION

A high number of persons with SCI who had survived the acute
hospital phase died during the 6.2 year follow up (12%, standardized
mortality ratio 5.3), with cardiovascular and pulmonary diseases as
major causes of death (65%). Age at injury, nontraumatic aetiology
and a history of other medical conditions were independent
predictors of death.

Comparing the results of our study with other studies is difficult
owing to methodological differences. As all participants in our study
had survived the acute hospital phase, our results are applicable to the
rehabilitation phase and the first few years afterwards. Previously we
described an in-hospital mortality rate of 14% in traumatic SCI.11

Considering the generalisation of our results, the participants of this
study were on average younger, had more often a complete and
traumatic SCI than persons with SCI admitted to Dutch and Flemish
rehabilitation centres.19 The inclusion criteria of our study thus render
a positive selection and, consequently, probably an underestimation of
mortality compared with the Dutch SCI population.

Hartkopp et al.6 described mortality and causes of death of a
traumatic SCI population that had also survived the acute phase (days
to several months). Our standardized mortality ratio was more than
twice as high as in their study, probably owing to the inclusion of
nontraumatic SCI in our study. Hartkopp et al.6 described a 10-year
survival rate of 86.8%, which seems to correlate with our 93.2% in the
subgroup of persons with traumatic SCI after a mean follow up of 6.2
years. Mesard et al.20 studied mortality of persons with traumatic SCI
between 1955 and 1965. This study found a high mortality rate in the
first 3 months and a 5-year survival of about 91% for persons who

Table 2 Characteristics of deceased persons (N¼27)

Characteristic Traumatic

(N)

Nontraumatic

(N)

Total

(N)

Total

(%)

Cause of death

Cardiovascular disease

Pulmonary embolism 2 1 3 11.1

Other cardiovascular disease 1 6 7 25.9

Airway/pulmonary

Sepsis airway 2 0 2 7.4

Influenza and pneumonia 2 2 4 14.8

Other pulmonary disease 2 0 2 7.4

Neoplasm 0 4 4 14.8

Peritonitis 0 1 1 3.7

Sepsis owing to pressure sore 1 0 1 3.7

Euthanasia 0 1 1 3.7

Homicide 1 0 1 3.7

Unknown 0 1 1 3.7

Living situation at moment of death

Independent with partner 13 48.1

Independent without partner 4 14.8

Independent living with regular help 2 7.4

Nursing home 1 3.7

Other 5 18.5

Unknown/missing 2 7.4

Location of death

Home 12 44.4

Hospital 8 29.6

Rehabilitation centre 2 7.4

Nursing home 2 7.4

Other 1 3.7

Unknown/missing 2 7.4

Relevant comorbidity

Yes 20 74.1

No 4 14.8

Unknown/missing 3 11.1

Psychosocial circumstances possibly contributing to death

Yes 6 22.2

No 16 59.3

Unknown/missing 5 18.5

Table 3 Cox regression analyses of predictors of death

Predictor Relative risk 95% CI P-value

Cause of injury (nontraumatic) 4.0 1.6–10.4 0.004

Age at injury (older) 1.0 1.0–1.1 0.046

Having a history of other medical conditions (yes) 5.7 1.9–16.7 0.001

Survival Functions Age at injury
(years)

age < 45
age 45 and older

age 45 and older-
censored

age < 45-censored
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Figure 1 Survival curves for age at injury.
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Figure 2 Survival curves for history of other medical conditions.

Causes of death following SCI
R Osterthun et al

486

Spinal Cord



had survived the first 3 months.20 An Israeli study in a large group of
persons with nontraumatic SCI described 5-year and 10-year survival
rates of 93.7 and 84.2%, respectively.21 These are considerably higher
than the 73.3% survival rate of persons with nontraumatic SCI in our
study. Unfortunately, there is no consensus on the definition of
nontraumatic SCI and outcomes may vary on the underlying
disease.2,21

Few other studies have compared survival rates in persons with
traumatic and nontraumatic SCI. In one study, nontraumatic SCI was
a predictor of mortality in univariate analyses, but was not after the
adjustment for age.22 Another study found no significant differences
in risk factors for mortality in nontraumatic and traumatic SCI, other
than the effect of age at lesion onset, which was a greater risk factor in
the latter group.21

Advanced age at injury is commonly described as risk factor of
mortality.1 The strength of the predictive value of age at injury in our
study was reduced in the cox regression analyses by the few young
persons who died early after SCI, as can be seen in the survival curve
(Figure 1).

A history of other medical conditions was an independent
predictor of death in our study. The additional gathered information
showed that 74% had relevant co-morbidities, suggesting this may
have been an important factor, which is confirmed by several other
studies.1

Altogether, persons with nontraumatic SCI are generally older and
have more co-morbidities, which makes them even more at risk for
premature death. The high mortality ratio in persons with SCI may be
partly ascribed to the result of a sedentary lifestyle, causing the
cardiovascular system to deteriorate more rapidly than in the general
population. A healthy lifestyle thus seems extra important for persons
with SCI.23

Social support was related to death in bivariate analyses,
probably owing to the restricted social support that older
people experience. In contrast to several other studies,4,9,10

our study did not support the hypothesis that other health,
lifestyle and psychosocial factors on admission contributed to
death. However, persons with psychiatric diagnosis were excluded,
which may have caused a selection bias. Lesion characteristics were
also not related to death in our study. Some studies found the same
result,5,12,21,22 but other studies did find associations with lesion
characteristics.3,4,7,8

The predominant causes of death we found, pulmonary and
cardiovascular disease, are a confirmation of the study by Hartkopp
et al.6 and other studies that describe long-term mortality in persons
with SCI.4,6,7,22 No death owing to suicide occurred in our study,
whereas in some other studies it appears to be a common cause of
death.4–7 This may be owing to the exclusion of persons with
psychiatric problems in our study. Furthermore, our sample did not
include persons with mild lesions, a group that has been reported to
have higher risk on suicide.6 One death occurred owing to euthanasia.
Euthanasia is illegal in the Netherlands. However, it goes without
prosecution since 2002 as long as legal requirements are met. We also
found no deaths owing to urinary tract complications. Several studies
have described a reduction of deaths owing to this cause.1,5,8 The
improved care and increased awareness of possible urinary tract
complications have probably contributed to the absence of urinary
tract related deaths in our study.

Pulmonary embolism is described as an early cause of death in
older studies.24,25 In our study, strikingly, within the first year after
the onset of SCI three young people died of a pulmonary embolism.
Two of them used oral anticoagulation during their admission,
indicating they had a higher risk of developing a thromboembolic
event. As one person used oral anticoagulation until death, the dose
of oral anticoagulation may not have been correctly adjusted.
Nevertheless, this finding implicates the importance of awareness
for deep venous thrombosis and pulmonary embolism.

Limitations
Several limitations should be addressed. In-hospital deaths were not
included. The study group was relatively small and concerned a
selected cohort of persons with traumatic and nontraumatic SCI.
They were expected to remain wheelchair dependent, meaning that
persons with mild lesions were excluded. The age criteria for inclusion
probably render an underestimation of mortality when compared
with SCI-population-based studies. Effects of psychosocial factors on
mortality are possibly underestimated as persons with psychiatric
problems were excluded.

Nontraumatic SCI may be owing to different aetiologic
mechanisms, which makes mortality data in this group more
difficult to compare. No firm conclusions can be drawn from our
variable ‘history of other medical conditions’ which included
several factors.

Implications
Persons with nontraumatic SCI, with a higher age at injury and a
history of other medical conditions have a higher risk of dying in the
first few years after injury. Discussing the importance of a healthy
lifestyle with patients in this group should start early and be a routine
part of regular follow up after discharge of rehabilitation.

Further research could include a prolonged follow up and a
description of in-hospital deaths of persons with SCI in the Nether-
lands. More research is required on the factors that affect mortality in
different nontraumatic etiologies. Awareness of deep venous throm-
bosis and pulmonary embolism is important to reduce SCI-related
deaths.
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