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Life expectancy after spinal cord injury: a 50-year study

JW Middleton1, A Dayton2, J Walsh2, SB Rutkowski3, G Leong3 and S Duong2

Study design: Cohort of incident cases from 1955 to 2006.
Objectives: To analyse acute and long-term mortality, estimate life expectancy and identify survival patterns of individuals
experiencing traumatic spinal cord injury (SCI).
Setting: Specialised SCI unit in Australia.
Methods: Data for patients with traumatic SCI admitted to a spinal unit in Sydney, Australia between January 1955 and June 2006
were collated and deaths confirmed. Cumulative survival probability was estimated using life-table techniques and mortality rates were
calculated from the number of deaths and aggregate years of exposure. Standardised mortality ratios (SMRs) were estimated from the
ratio of observed to expected number of deaths. Life expectancy was then estimated using adjusted attained age-specific mortality
rates.
Results: From 2014 persons, 88 persons with tetraplegia (8.2%) and 38 persons with paraplegia (4.1%) died within 12 months of
injury, most often with complete C1–4 tetraplegia. Among first-year survivors, overall 40-year survival rates were 47 and 62% for
persons with tetraplegia and paraplegia, respectively. The most significant increases in mortality were seen in those with tetraplegia
and American Spinal Injury Association Impairment Scale (AIS) grades A–C lesions, with SMRs between 5.4 and 9.0 for people p50
years, reducing with advancing attained age. Estimated life expectancies from 25 to 65 years ranged between 69–64%, 74–65%,
88–91% and 97–96% for C1–4 AIS A–C, C5–8 A–C, T1–S5 A–C and all AIS D lesions, respectively.
Conclusion: Survival related strongly to extent of neurological impairment. Future research should focus on identifying contextual
factors, personal or environmental, that may contribute to the reduced life expectancy after SCI.
Spinal Cord (2012) 50, 803–811; doi:10.1038/sc.2012.55; published online 15 May 2012
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INTRODUCTION

Accurate prediction of life expectancy and identification of factors
contributing to increased mortality following spinal cord injury (SCI)
is important for lifetime care planning and case management,
development of future service models and targeting health promotion
and prevention interventions. Over the last 50 years or so, various
researchers have studied survival rates after SCI, reporting factors
such as gender, age at time of injury, neurological level and degree of
impairment, ventilator dependency, aetiology, decade of injury, and
interval between injury and estimation of life expectancy as important
predictors.1–15 Data from the Model Systems in the United States (US
Model Systems) remains the largest and most influential source of
information internationally from which long-term trends in mortality
rates and life expectancies have been estimated.16 DeVivo16 has
demonstrated continuing trends over the last 30 years towards
improvement in acute survival rates, however, without similar
reductions in longer-term mortality.
There have been relatively few other studies that have examined

long-term survival and trends in standardised mortality ratios (SMRs)
in a cohort over many decades. The current authors previously

reported on mortality rates and estimates of life expectancy in a
cohort of 1453 individuals with SCI admitted to a specialized spinal
cord injury unit (SCIU) over a 40-year period.12 However, several
studies have reported longer survival analyses in persons with SCI
over a 50-year period in Great Britain11 and Norway.15 Frankel et al.11

reported a 71–82% reduction in mortality over time from the first
decade (1943–1952) to the last 8 years (1983–1990), with the most
noticeable change being in the proportion of surviving individuals
with tetraplegia compared with paraplegia. As well as showing
elevated risk ratios reducing over time, consistent with findings
based on the data from US Model Systems, Frankel et al.11 also
showed a change in ranking of the leading cause of death over time,
being related to the urinary tract and renal failure in the early decades
compared with respiratory system more recently. Using the same
sample of 3178 individuals with SCI injured in Britain between 1943
and 1990, Coll et al.17 proposed a new method to achieve a more
homogeneous classification of individuals based on standardized
mortality risk ratios than the traditional C1–4, C5–8 and
paraplegia, Frankel/American Spinal Injury Association Impairment
Scale (AIS) grades A–C and D subgroups. Hagen et al.15 did not
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demonstrate a reduction over five decades in 1-year mortality after
SCI, noting survival of an increased proportion of older and more
severely injured more recently.
Therefore, the aims of this current study were (1) to analyse the

survival experience and acute and long-term mortality patterns of
individuals with traumatic SCI admitted to a specialised SCI unit over
a 50-year period; (2) to examine data for temporal trends in mortality
rates in Australia; and (3) to calculate life expectancies with prediction
of future improvements in survival rates.

MATERIALS AND METHODS

Data collection
Ethical approvals were obtained both from the local area health service

Human Research Ethics Committee and from the Australian Institute of

Health and Welfare Ethics Committee. A review of all patients who

had sustained traumatic SCI between January 1955 and the end of

June 2006 and admitted to the SCIU at Royal North Shore Hospital in

Sydney, Australia was undertaken. In general, the patients were admitted

to the SCIU within p24 h of injury. Details were obtained from a card

reference data base in the SCIU and from the Medical Records

Department.

The data were reconciled against data similar to that used in the previous

study. The former data were used as the base data set with the new data being

used to add additional records and fill in any missing information.

Due to ethical concerns, telephone calls were not made to seek further

information about patient deaths, unlike the previous study.12 The National

Death Index (NDI) was instead used to determine if the patient had died since

the previous study (that is, after 31 December 1994). After providing a

complete database to the NDI, 15 separate files were obtained containing

possible matches for these people. Each of these files represents possible

matches based on requiring matching of different combinations of data fields.

For example, the first file contains records where a match is obtained based on

date of birth, names and sex, the second file requires a match on date of birth,

names and sex but where allowance is made for the birth data to be recorded

in American format, and so forth. Each pair of records that are compared

receives a weight that reflects the quality of the match: the higher the weight,

the higher the ‘quality’. The data received from the NDI contained 5423

possible matches for the 3372 records sent. The NDI proposed follow-up with

a clerical review of data received, to determine which possible matches to

accept, and rules of thumb which provide weightings for each data set

supplied, by which the NDI suggests a true match is likely. From the likely

matches for person-deaths identified using this methodology for the period

1 January 1995 to 30 June 2006, there were no additional deaths to those

already known and recorded in the database.

Excluded from the final data analysis were patients with spinal cord

concussion or spinal injury who had recovered by discharge to have no

permanent motor-sensory impairment (AIS E), patients who have since moved

overseas, patients who visited the spinal units at RNSH and Moorong for

follow-up visits only, but whose initial injury admission was elsewhere, and

people who moved interstate before the end date of the previous study

(31 December 1994). Also excluded were those patients where available

information was inadequate for the necessary classification. The methodology

using data matching with NDI in this current study allowed inclusion of

patients who transferred interstate either on discharge from rehabilitation or at

some later time post-injury provided they had been in NSW up until the end

of the previous study.

The main characteristics of patients included in the analysis were as follows:

� Unique identifier (name and unit record number)

� Date of birth

� Date of injury

� Date of death (if applicable)

� Cause of death (if applicable); and

� Severity of impairment at discharge following rehabilitation, categorised as

illustrated in Table 3.

Data for acute survival was analysed at 12 months post-injury, while long-

term mortality and life expectancies were calculated using data for those who

survived 412 months post-injury to be consistent with most international

studies.

Data analysis
The data were analysed by the Consultant Actuary using the following

procedures, similar to those used in the previous study:

(a) In all cases, periods were measured exactly in days and all fractions of a

year contributed to the totals.

(b) All deaths and exposure in the study group within 12 months of injury

were tabulated to estimate the acute death rate, but were excluded from

the longer-term analysis of SMRs and life expectancy.

(c) The acute mortality and long-term mortality groups were further

subdivided into multiple groupings, being for patients with tetraplegia

and paraplegia separately by a range of factors to allow for comparative

tabulations. These included:
(i) Severity of impairment: all (tetra and para), AIS grades ABC (high

and low tetra and para, with AIS grades ABC grouped together)

and combined AIS grade D;

(ii) Year of injury: In 10-year bands from 1955–1964 up to 1995–2004;

(iii) Age at injury: Less than 20 years, 20–29 years, then 10-year bands

to age 89, and 90 years and over. Note that with only 369 females in

the data set, and 64 female deaths throughout the duration of the

study period, we have not attempted to perform separate analysis

by gender.

(d) For each of these major groupings, the number of deaths (dx) and the

aggregate years of exposure (Ex) were tabulated across the period of

investigation from date of injury until death, withdrawal alive from the

analysis, or 30 June 2006 where ‘x’ took the value of:
(i) Current attained age in 10 year bands to measure age-specific

mortality; or

(ii) Duration after injury—for the first 12 months, second 12 months,

3–5 years, and then 5-year groupings to 40 years to measure

duration-specific mortality. The mortality rate for each particular

group was then estimated as qx¼ dx/Ex, using the accepted

methodology as described in Lilienfeld and Stolley.18 In the case

of the duration-specific investigation, a cumulative survival

probability was estimated, using the life-table techniques as

described in Cutler and Ederer.19

(e) For each group, an SMR was calculated, being the ratio of (actual number

of deaths observed): (number of deaths expected using population

mortality). ‘Population mortality’ was from the Australian Life

Tables 1995–97 (ALT 95–97), using 80% male and 20% female mortality,

in accordance with the approximate spread of exposure to the risk of death

and gender distribution of the sample. A 95% confidence limit was

calculated for the SMR of each group. In the case of the survival rate

analysis, an expected survival rate was estimated by applying ALT 95–97

survival rates to the study sample.

(f) For the projected expectation of life at each attained age, the sequence of

observed SMRs over the remaining lifetime was studied, and a curve

assumed using the observed values and the surrounding confidence

limits. This allowed the derivation of a smooth sequence of attained

age-specific mortality rates appropriate to the population using the

Australian Life Tables 2005–07 (ALT 05–07). These adopted SMRs were

then applied to standard mortality tables to calculate the attained age-

specific mortality rate for this group. Figure 1 compares the adopted

mortality rates for the C1–C4 ABC grouping to the mortality rate of the

general population.

The expectation of life was then calculated as the sum of cumulative survival

probabilities for all future ages and compared with the population expectation

of life as shown in Table 1.

The authors were fortunate to have been in personal contact with Professor

Michael DeVivo regarding the methodology for estimating life expectancies
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based on SMRs. As a result of email correspondence, it is concluded that the

methodology for conversion of SMRs to life expectancy by age for each group

in this study is in agreement with the methodology used by DeVivo et al.

However, there is a difference in assumptions regarding SMRs adopted after

the attained age of 60 years. While DeVivo et al.’s analysis assumed that SMRs

remain constant after age 60, the current analysis has assumed that the SMRs

continue to tail off after age 60 years. In these advanced ages, data were

insufficient to observe credible SMRs, however, a reducing trend of SMRs were

selected to recognise the increasing curve of deaths among the population at

these ages, the different mix of cause of death at advanced ages and to

recognise standard actuarial practice by the insurance industry in setting

annuity rates at advanced ages. In order to demonstrate the effect, this

difference in assumptions has on the resulting life expectancy calculations, a

scenario is presented where SMRs are kept constant after age 60; this scenario

causes the mortality rate to increase at a faster rate after age of 60 years. The

impact of this scenario on the mortality curve of the C1–C4 ABC grouping is

shown in Figure 2. The paucity of data on persons aged 80 and over with a SCI

makes it difficult to prove or disprove either of these options. However, the

authors of the current paper are familiar with a number of people aged 90

years and over with these high-level spinal cord injuries, suggesting that the

Australian experience does not support a mortality rate of 100% being applied

at this age.

This scenario also decreases the calculated life expectancy of the current

study cohort. The impact this assumption would have on the C1–4 ABC

grouping is shown in Table 2.

In the analysis presented in the remainder of this paper, adopted SMRs

assume reductions from age of 60 years as described above.

Causes of death
The NDI uses the International Classification of Diseases (ICD) to classify

causes of death. The ICD encompasses the entire range of disease and injury

within chapters that are based on body systems, disease types and external

causes of injury. Due to revisions of ICD in the last decade, there are different

classifications (ICD-9-CM and ICD-10-AM) in the causes of death data used

for this study. In our previous study by Soden et al.,20 causes of death (based

on ICD-9-CM) for the study population were grouped into 17 categories. For

comparison purposes, the more recent ICD-10 codes were manually matched,

where possible, into the 17 categories previously used. In addition, three new

categories were created (Infectious and Parasitic, Endocrine and Other), as they

did not clinically match the previous 17 categories.

Deaths in people with SCI are often multifactorial and multiple ICD-10

codes have been entered for cause of death. DeVivo and Stover21 have

previously defined the underlying cause of death as the cause that initiated the

sequence of events that directly led to the person’s death. The underlying cause

of death is thus different from the immediate cause of death (for example,

cardiorespiratory arrest may be an immediate cause of death whereas

pneumonia would be the underlying cause of death). Extrapolating from

this, where septicaemia is listed as the cause of death, if information is

available with regards to the source, then the source should be the underlying

cause of death and septicaemia as the secondary cause of death, unless it is

from a pressure ulcer (for which no primary category exists). Bearing these

rules in mind, the authors reviewed all the codes in deaths since 1995 together

to reach an agreement as to the most likely major factor in the death.

The methodology for comparing cause-specific mortality rates for people

with SCI compared with the general population was similar to that used to

calculate SMR values as described above. Age and cause-specific mortality rates

for the general population were obtained from a special data tabulation request

of the ABS (Australian Bureau of Statistics) series of Causes of Death

publications.

RESULTS

Sample characteristics
From a total of 3372 patients with SCI identified on the data base, 559
patients were excluded from this study because either their injury was

Table 1 Life expectancy by attained age for persons with C1–4 ABC

neurological impairment in comparison to the general Australian

population

Attained age (years) C1–4 ABC Population

SMR LE LE %

25 8.8 38.7 55.7 69

35 8.8 31.3 46.2 68

45 8.0 24.4 36.7 67

55 4.9 17.9 27.6 65

65 3.9 12.1 19.1 64

Abbreviations: LE, life expectancy; SMR, standardised mortality ratio.

Table 2 Impact of constant SMRs after age 60 on the life expectancy

for C1–4 ABC grouping

Attained age Life expectancy for C1–4 ABC

Adopted Scenario Impact

25 38.7 37.2 �1.5

35 31.3 29.6 �1.6

45 24.4 22.6 �1.8

55 17.9 15.7 �2.1

65 12.1 9.4 �2.8

Abbreviation: SMR, standardised mortality ratio.

0.00

0.10

0.20

0.30

0.40

0.50

15 35 45 75 85 95

M
or

ta
lit

y 
R

at
e

Age (years)

Mortality Rate for C1-4 ABC

q(ALT 05-07) Adopted

655525

Figure 1 Mortality rate for C1–4 ABC grouping in comparison with the

general population.
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Figure 2 Impact of constant SMRs after age 60 years on the mortality rate

for C1–4 ABC grouping.
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non-traumatic in origin or the mechanism of injury was unknown (to
be certain that injury was traumatic); 61 were excluded because their
injury occurred before 1955 or after 30 June 2006; 505 were excluded
because their lesion was unclassified and 49 had no permanent spinal
cord deficit (AIS E classification at discharge). A further 184 were
excluded because they were attending as an Outpatient only, or had
moved Overseas, or Interstate, and hence were lost to follow-up,
before 31 December 1994. After these exclusions, 2014 patients
remained comprising 1076 persons with tetraplegia and 938 persons
with paraplegia.
The mean age (and s.d.) at injury of the study population was

34.0±17.4 years, with a median of 28.3 years (range 0–91 years).
The majority of study subjects were male (82%). Motor vehicle
accidents were the most common cause of injury among the cohort
(53%), followed by falls (19%) and sporting and recreational injuries
(18%). In all, 53% of all subjects in the study cohort had tetraplegia,
however, with proportionately more people over time surviving with
high tetraplegic lesions (for example, the acute death rate for persons

with C1–4 AIS A lesions in period between 1995–2006 was 13.5% in
comparison to 32.4% for 1975–1984; see Table 4). Other demographic
changes over the last 25 years include a greater proportion of new
injuries to persons over 65 years of age (12%) and those sustaining
incomplete lesions (54%) since 1980, compared with 4 and 37%,
respectively, before and including 1980. At the same time, we have
seen a significant increase in the proportion of injuries as a result of
falls, from 14% before and including 1980 to 24% after 1980, a slight
increase in those due to sport and recreation, 16–18%, and offsetting
decreases for all other mechanisms of injury.

First-year survival/acute mortality rates
Table 3 shows the distribution of deaths within the study cohort by
neurological category.
From the total study cohort of 2014 patients, 88 persons with

tetraplegia (8.2%) and 38 persons with paraplegia (4.1%) died within
the first 12 months after injury, with the highest death rates occurring
in those with complete lesions, particularly in the high tetraplegia
(C1–4) subgroup. Table 4 shows temporal trends in acute death rates
over five decades between 1955–2006 for persons with tetraplegia and
paraplegia, respectively. While the first 4-year bands covers 10 years,
for completeness, the last year band covers 11.5 years to 30 June 2006.
While acknowledging that low numbers of admissions and deaths

may cause fluctuations in estimates of acute death rates over time,
and noting that overall reductions in acute mortality rates are not
apparent, there do appear to be trends towards reductions in acute
death rates over the last three decades for persons with tetraplegia and
AIS A lesions (refer to Table 4). A disproportionately increased
mortality rate was also found in the second post-injury year for
persons with tetraplegia (2.3% overall), in particular for those with
C1–8 AIS A lesions (3.7%) in comparison to C1–8 AIS B/C lesions
(2.1%), C1–8 AIS D (0.9%) and all paraplegia (0.9%). This increased
mortality risk stabilized thereafter.

Long-term survival
Among first-year survivors, the overall survival rate at 40 years post-
injury for persons with tetraplegia is 47% compared with 62% for

Table 4 Temporal trends in acute death rates for (a) tetraplegia over five decades and (b) paraplegia over five decades

1955–1964 1965–1974 1975–1984 1985–1994 1995–2006Impairment

(neurol. group

and AIS grade) N Deaths in

1st 12

months

Acute

death

rate (%)

N Deaths in

1st 12

months

Acute

death

rate (%)

N Deaths in

1st 12

months

Acute

death

rate (%)

N Deaths in

1st 12

months

Acute

death

rate (%)

N Deaths in

1st 12

months

Acute

death

rate (%)

(a)

All tetraplegia 42 2 4.8 139 11 7.9 319 29 9.1 304 28 9.2 272 18 6.6

C1–C4 A 2 0 0.0 23 4 17.4 37 12 32.4 48 10 20.8 37 5 13.5

C5–C8 A 22 2 9.1 55 6 10.9 107 13 12.1 84 6 7.1 56 3 5.4

C1–C8 B and C 12 0 0.0 35 1 2.9 65 2 3.1 71 8 11.3 76 5 6.6

C1–C8 D 6 0 0.0 26 0 0.0 110 2 1.8 101 4 4.0 103 5 4.9

(b)

All paraplegia 44 0 0.0 152 6 3.9 296 12 4.1 235 14 6.0 211 6 2.8

T1–S5 A 29 0 0.0 117 5 4.3 158 11 7.0 126 9 7.1 110 3 2.7

T1–S5 B and C 11 0 0.0 15 0 0.0 47 0 0.0 36 1 2.8 49 3 6.1

T1–S5 D 4 0 0.0 20 1 5.0 91 1 1.1 73 4 5.5 52 0 0.0

Abbreviation: AIS, American Spinal Injury Association Impairment Scale.
Note: The 1995–2006 band covers 1 January 1995 to 30 June 2006.

Table 3 Distribution of deaths

Impairment

(neurol. group

and AIS grade) N

Deaths in

1st 12

months

Acute

death

rate (%)

Exposure

(years) after

12 months

Deaths

after 12

months

Crude long-

term death

rate (%)

Tetraplegia

C1–C4 ABC 227 36 15.9 2734 50 1.83

C5–C8 ABC 503 41 8.2 7933 141 1.78

C1–C8 D 346 11 3.2 5176 62 1.20

Subtotal 1076 88 8.2 15844 253 1.60

Paraplegia

T1–S5 ABC 698 32 4.6 12652 134 1.06

T1–S5 D 240 6 2.5 4202 28 0.67

Subtotal 938 38 4.1 16854 162 0.96

All D 586 17 2.9 9378 90 0.96

Grand total 2014 126 6.3 32698 415 1.27

Abbreviation: AIS, American Spinal Injury Association Impairment Scale.
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those with paraplegia. Survival was strongly related to neurological
level but also degree of impairment. Figure 3 illustrates age-adjusted
survival curves stratified for separate neurological impairment group-
ings compared with the results of the previous study.12 Note that not
all groups have sufficient experience to present valid results beyond
30 years duration.
The following Figure 4 compares the survival curve for the C1–C4

ABC group to the general population, where the curve for the general
population has been age adjusted to be comparable to the age
distribution of injuries included in this neurological impairment
group, so that the differences in the curves above are driven by the
impact of the injuries.
Similarly, in Figures 5–7, the survival curves for the C5–C8 ABC,

T1–S5 ABC and all D groups, respectively, are compared with the
general population age adjusted for each neurological impairment
grouping.

Age-specific mortality rates
Results for attained age-specific SMRs shown in Table 5 were used
subsequently to estimate long-term extra mortality and project life
expectancy for persons experiencing different levels and extents of
spinal cord impairment. Analysis of SMRs revealed an increased
mortality overall in persons with SCI, generally being greater in
persons with tetraplegia (SMR for all ages of 2.2, and 2.9 for aged

20–79 years—with the former number being lowered by the exposure
in the over 80s age group for which SMRs are closer to 1) than
paraplegia (SMR of 1.7 for all ages, and 1.8 for aged 20–79 years only)
and those individuals with the most functional incomplete lesions
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Tetraplegia (Prev Cervical), Paraplegia (Prev Thoracic)).
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Figure 4 Rates of survival for persons with C1–4 ABC neurological

impairment in comparison to age-adjusted general population.
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Figure 5 Rates of survival for persons with C5–8 ABC neurological

impairment in comparison to age-adjusted general population.
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Figure 6 Rates of survival for persons with T1–S5 ABC neurological

impairment in comparison to age-adjusted general population.
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Figure 7 Rates of survival for persons with AIS grade D neurological

impairment in comparison to age-adjusted general population. Note the

worse population survival curve for the AIS Ds is to be expected as the

median age at injury for all other groups is between 26 and 27 years of

age, compared to a median age of 32 years for the AIS grade D cohort.
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(AIS grade D). Given the limited exposure in the over 80s age group
for both tetraplegia and paraplegia, the 20–79 age grouping represents
a reasonable overview of the overall SMR for each neurological
impairment group. A consistent trend of reduction in SMR with
advancing attained age was evident. For example, SMRs for 20–79
year olds with the highest level of neurological impairment (C1–4
tetraplegia, AIS A–C lesions) were estimated to be 4.5 (95%
confidence interval: 3.2–5.9) overall, but range between 5.4 and 9.0
at younger ages (o50 years), reducing to around 4.0 in middle
age (50–69 years), 2.0 in 70–79 years age range and 1.1 for ages
80–89 years.

Life expectancy
To estimate life expectancy by age, in the first instance, actuarial
modelling techniques were used to derive a smooth curve of SMRs
across the life-age spectrum. The SMRs reduced across age groups,
blending into a flat extra mortality loading at the oldest ages for each
group, where the number of observed deaths was insufficient to
determine a specific value. This loading was selected using the
observed data to confirm the reducing trend in SMRs at advanced
ages. Standard practice among actuaries in loading mortality rates for
the underwriting of impaired lives annuities where data are limited
was also considered. This methodology is most appropriate in

Table 5 Standardised mortality ratios

Category 20–29 years 30–39 years 40–49 years 50–59 years 60–69 years 70–79 years 80–89 years 20–79 years All ages

Tetraplegia

Years of exposure 3223 4240 3438 2195 1225 716 228 15036 15844

Deaths 18 26 37 46 52 45 23 224 253

Expected deaths 3.5 5.5 7.3 12.1 19.6 30.4 26.6 78.3 117.0

Central estimate 5.2 4.8 5.1 3.8 2.7 1.5 0.9 2.9 2.2

Upper 95% limit 7.6 6.6 6.7 4.9 3.4 1.9 1.2 3.2 2.4

Lower 95% limit 2.8 2.9 3.4 2.7 2.0 1.1 0.5 2.5 1.9

C1–C4 ABC

Years of exposure 691 845 577 274 138 70 31 2594 2734

Deaths 4 9 11 6 8 6 4 44 50

Expected deaths 0.7 1.1 1.2 1.5 2.2 3.0 3.6 9.7 14.2

Central estimate 5.4 8.3 9.0 4.0 3.6 2.0 1.1 4.5 3.5

Upper 95% limit 10.6 13.6 14.2 7.1 6.1 3.6 2.1 5.9 4.5

Lower 95% limit 0.1 2.9 3.7 0.8 1.2 0.5 0.1 3.2 2.6

C5–C8 ABC

Years of exposure 1740 2240 1866 1075 469 199 42 7590 7933

Deaths 12 14 21 32 35 19 8 133 141

Expected deaths 1.9 2.9 4.0 5.9 7.5 8.5 4.9 30.6 38.6

Central estimate 6.4 4.8 5.3 5.4 4.7 2.2 1.6 4.3 3.6

Upper 95% limit 10.0 7.4 7.6 7.3 6.2 3.2 2.6 5.1 4.2

Lower 95% limit 2.8 2.3 3.0 3.6 3.2 1.3 0.6 3.6 3.1

Paraplegia

Years of exposure 3060 4659 4089 2501 1281 611 147 16201 16854

Deaths 14 20 22 26 31 30 18 143 162

Expected deaths 3.3 6.0 8.7 13.8 20.4 25.9 17.1 78.1 97.7

Central estimate 4.3 3.3 2.5 1.9 1.5 1.2 1.1 1.8 1.7

Upper 95% limit 6.5 4.8 3.6 2.6 2.0 1.6 1.5 2.1 1.9

Lower 95% limit 2.0 1.9 1.5 1.2 1.0 0.8 0.6 1.5 1.4

T1–S5 ABC

Years of exposure 2310 3527 3103 1854 895 427 101 12116 12652

Deaths 13 17 22 23 24 19 16 118 134

Expected deaths 2.5 4.6 6.6 10.2 14.3 18.1 11.8 56.2 70.4

Central estimate 5.2 3.7 3.3 2.3 1.7 1.0 1.4 2.1 1.9

Upper 95% limit 8.1 5.5 4.7 3.2 2.3 1.5 2.0 2.5 2.2

Lower 95% limit 2.4 2.0 1.9 1.3 1.0 0.6 0.7 1.7 1.6

All D

Years of exposure 1542 2286 1980 1493 1005 632 200 8937 9378

Deaths 3 6 5 11 16 31 13 72 90

Expected deaths 1.7 2.9 4.2 8.2 16.0 26.8 23.3 59.9 91.5

Central estimate 1.8 2.0 1.2 1.3 1.0 1.2 0.6 1.2 1.0

Upper 95% limit 3.9 3.7 2.2 2.1 1.5 1.6 0.8 1.5 1.2

Lower 95% limit �0.2 0.4 0.1 0.6 0.5 0.8 0.3 0.9 0.8
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obtaining equity between settlements by liability insurers and the
price required of people in purchasing life annuities or structured
settlements. Each curve of SMRs was then applied to the most recent
general population mortality rates (ALT 05–07) to derive life
expectancy by age for each group.
Table 6 shows the amended life expectancy compared with the life

expectancy of the general population.
Analysis of the data 10 years post-injury indicate that the increased

mortality risk with age for tetraplegia is more related to aging with an
injury than getting injured at an older age. In comparison to results
reported in our previous study12 (which included persons injured
between 1955–1994), exposure in person-years excluding deaths in
the first 12 months post-injury for all subjects with AIS grades A–D
lesions in the current study (32 698 years) was double. While SMRs
were generally similar between the studies, with tighter confidence
intervals in all groups, an overall improvement for paraplegia was
observed in the current study, which has led to relative improvements
in life expectations for all ages in this group.

Causes of death
Categorised causes of death and SMRs for deaths 412 months post-
injury and the time period after 1995 following completion of the
previous study by Soden et al.20 are shown in Table 7. The leading
causes of death in this more recent group of patients with established
SCI across all ages were similar to those found previously, being
cancer (14.5%), followed by ischaemic heart disease (13.2%), and
pneumonia and influenza (12.7%), compared with 12.3, 10.8 and
13.9%, respectively, in previous study.20

DISCUSSION

DeVivo and colleagues13,16,21,22 have shown that while there have been
continuing trends over the last 20 years towards improved survival
rates in the first year after SCI, unlike the general population similar
progress for further reductions in long-term annual mortality rates is
not apparent. In fact, after years of progressive improvements, recent
data have disturbingly suggested a pattern of slowing or possibly even
reversal in the previous trend of diminishing mortality rates and
improving life expectancies. On closer examination of the model
systems data, however, DeVivo observed that this reversal appeared
mostly related to an increased mortality in the second post-injury
year and to a lesser extent also in years 3–5 post-injury, whereas
mortality rates for 10–20 years post-injury continued to fall slightly.
Results of the current study are consistent in general with the findings
of these recent studies from the Model Systems in USA demonstrating
improved acute survival following SCI, particularly in those more
severely injured, presumably reflecting improved pre-hospital retrieval
and trauma systems, intensive medical care and rehabilitation
management. While a similar pattern of increased mortality
persisting into the second post-injury year was observed in the
current study, unlike DeVivo et al. we did not observe any trends
towards reduction after this period.
SMRs for the current study were also compared with the findings

of previous studies by Frankel and his colleagues.11,17 Using
information presented in Frankel et al.,11 we can undertake a
detailed exploration of the differences in SMRs by level of lesion
and age, including consideration of the confidence intervals of the
SMRs. Through personal email correspondence with Professor
Michael DeVivo, we also received SMRs based on the previous
study by DeVivo and Stover21 recalculated for the level of lesion and
injury age groupings presented in Frankel et al.11 These data are
presented in Table 8 below.

The second column to the right summarises whether the SMRs
calculated using the data in the current paper fall within the
confidence limits provided in Frankel et al.11 The experience of the
two injury cohorts do not appear to be significantly different for most
of the higher impairment grades (and those differences that do exist
in the oldest and youngest age bands may be driven by different age
distributions within these bands), but the SMRs for the AIS D group
are significantly lower in the Australian cohort. Interestingly, these
SMRs for the AIS D group are closer to those presented in the data
supplied by DeVivo. Some of the differences in SMRs may be
attributable to differences in the assumptions and data of the three
papers, especially since any differences in the assumed population
mortality rates and the ages within each broad age band (for instance,
whether the average age of those in the band over 60 years are similar
between the papers) cannot be determined from information
contained within the Frankel et al. and DeVivo et al. papers or
correspondence. These findings, however, do confirm that
neurological level and degree of impairment, as well as age, are
important prognostic factors to be taken into account when
estimating life expectancy. The most significant increases in
mortality rates were seen in the group with C1–4 tetraplegia and
AIS A–C lesions, with SMRs ranging between 5.4 and 9.0 for the

Table 7 Causes of death after 1995

From 1 January 1995 to 30 June 2006

(using equivalent ICD-10 and old ICD-9

codes)

Actual

deaths

% of

deaths

SMR SMR 95%

limits

Other bacterial diseases 10 4.4 14.53 5.53 23.53

Cancer 33 14.5 1.13 0.75 1.52

Diseases of the nervous system 8 3.5 2.93 0.90 4.96

Ischaemic heart disease 30 13.2 1.77 1.14 2.41

Diseases of the pulmonary circulation 1 0.4 2.08 0.00 6.16

Non-ischaemic heart disease 8 3.5 1.78 0.55 3.00

Cerebrovascular disease 20 8.8 2.61 1.47 3.75

Diseases of the artery 1 0.4 0.62 0.00 1.84

Pneumonia and influenza 29 12.7 17.11 10.89 23.32

Other respiratory diseases 14 6.1 2.56 1.22 3.90

Diseases of the digestive system 9 3.9 2.85 0.99 4.72

Diseases of the urinary system 11 4.8 6.84 2.80 10.88

Unintentional injuries 17 7.5 3.36 1.77 4.96

Suicide 10 4.4 4.37 1.66 7.07

All other external 2 0.9 25.57 �9.87 61.00

Infectious and parasitic 1 0.4 1.86 0.00 5.51

Endocrine 7 3.1 2.42 0.63 4.20

Other and unknown 17 7.5 2.72 1.43 4.01

228 100

Abbreviations: ICD, International Classification of Diseases; SMR, standardised mortality ratio.

Table 6 Life expectancy by attained age for persons with SCI in

comparison to the general Australian population

Age C1–4 ABC (%) C5–8 ABC (%) T1–S5 ABC (%) All D (%)

25 69 74 88 97

35 68 72 88 97

45 67 68 88 97

55 65 66 89 97

65 64 65 91 96

Abbreviation: SCI, spinal cord injury.
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group of people 50 years or younger, and SMRs reducing with
advancing current attained age.
Coll et al.17 and more recently Strauss et al.22 have highlighted the

importance of distinguishing not only between high and low levels of
tetraplegia, but also between complete (AIS grade A) and incomplete
(AIS grades B and C) lesions when estimating life expectancy. Results
of the current study also support this contention, with relative SMRs
ranging between 96 and 144% in comparison to Coll et al.17 for the
same impairment groups (shown in Table 9 below). This analysis
particularly highlights the substantially worse experience of those with
AIS grade A lesions in both the C1–4 and C5–8 groups, compared
with the incomplete lesions, and further that the C1–4 group have
significantly worse experience than the C5–8 group. In addition,
Strauss et al.22 showed that C1–4 incomplete (AIS grades B and C)
lesions may also carry a higher mortality risk.
The differences seen in Table 9, suggesting that persons with lower-

level tetraplegia and higher-level paraplegia in the Australian cohort
have relatively greater risk of death compared with the base reference
group than is the case in the United Kingdom, may be explained by
dissimilar base reference group SMR experiences in each country
(refer to Table 8), as well as different age distributions within groups.
Compared with the broad age bands in the Coll et al. paper,17 using
information from the Frankel et al.11 paper (which used the same
data), persons with higher-level tetraplegia appear younger, the AIS D
group are older in general in the current paper and persons with
lower-level tetraplegia and persons with higher-level paraplegia are
similar in age between the papers.
These various statistics provide a framework within which life

expectancy can be considered for each individual. However, care must
be taken when applying projections for life expectancy to an individual
from grouped data. In applying these estimates of life expectancy, one
must be careful not to discount expected improvements in survival
of patients who have sustained SCI. In an Australian High Court
judgment: Golden Eagle International Trading Pty Ltd v Zhang (2007)
HCA 15 (http://www.hcourt.gov.au/media/GoldenEagle_v_Zhang.pdf),

the principle of future mortality improvements was accepted and for
the purpose of compensation payments, it was determined that life
expectancy calculations should use prospective life expectancy tables,
not historical tables, both from the ABS. The actual prospective life
tables used in this judgment were based on the medium mortality
improvement, based on a similar principle to those published later by
the ABS in ‘Population Projections Australia 2004–2101’ Cat. No.
3222.0. The application of these prospective life tables would yield, for
example, a life expectancy for a person aged 25 with a C1–4ABC level
lesion of 45.9 years (compared with 39.8 with no expected mortality
improvement), with similar proportionate increases in life expectancy
for other groups.
DeVivo and Ivie23 have shown that being ventilator-dependent

carries a high risk of acute mortality, as well as a major reduction in
life expectancy. Data from the Model Systems in United States
demonstrate that around 4–5% of their SCI population still require
mechanical ventilation on discharge.16 While few in the current study
cohort required permanent ventilator support after discharge, it is
likely that some of those persons with high-level tetraplegia, who were
only weaned successfully from the ventilator after several months in
hospital due to borderline respiratory function, remain at higher risk
of premature death due to late respiratory failure.

Table 8 SMRs by level and age band—comparison to Frankel et al.11

Injury group Age at injury Current paper Frankel et al. Agree within

confidence limits?

DeVivo

SMR Lower 95% CL Upper 95% CL SMR Lower 95% CL Upper 95% CL
SMR

C1–C4 ABC 0–30 7.54 1.98 13.10 6.54 1.70 14.52 Yes 8.92

31–45 6.85 2.82 10.87 5.03 0.95 12.34 Yes 10.29

46–60 7.35 3.56 11.15 5.10 3.15 7.52 Yes 5.99

61þ 2.31 1.29 3.34 3.29 1.84 5.17 Yes 3.19

C5–C8 ABC 0–30 5.51 2.53 8.50 6.80 5.29 8.50 Yes 5.27

31–45 4.84 2.78 6.90 5.19 3.92 6.63 Yes 6.41

46–60 6.37 4.64 8.09 5.16 3.91 6.59 Yes 4.83

61þ 2.92 2.19 3.65 3.71 2.71 4.85 Yes 2.71

Para ABC 0–30 4.67 2.31 7.03 4.16 3.51 4.85 Yes 4.34

31–45 3.74 2.31 5.18 3.25 2.72 3.83 Yes 4.29

46–60 2.97 2.02 3.92 3.02 2.43 3.67 Yes 3.04

61þ 1.46 1.09 1.83 3.25 2.25 4.43 No 2.09

All D 0–30 1.45 �0.19 3.09 2.91 2.12 3.82 No 2.10

31–45 1.72 0.53 2.92 2.58 1.98 3.25 No 2.16

46–60 1.90 0.97 2.82 1.90 1.50 2.35 Yes 1.78

61þ 1.23 0.93 1.53 1.63 1.21 2.12 Yes 1.35

Abbreviation: SMR, standardised mortality ratio.

Table 9 Standardised mortality risk ratios relative to reference

group—comparison to Coll et al.17

Category Current

paper

Coll et al.

paper

Relativity

(%)

C1–C4A 5.30 5.52 96

C5–C8A 4.04 2.80 144

T1–L1A and C1–T6B/C 2.24 1.68 133

L2–S5A and T7–S5B/C and C1–S5D 1.00 1.00 100
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In our analysis of causes of death after 1995, there was a higher
than normal incidence of premature deaths in similar causes to those
found in our previous study of deaths before 1995—pneumonia
(SMR 17.11) and the urinary system (SMR 6.84). Septicaemia
(contained within ‘Other bacterial diseases’ in Table 9 above), a
leading cause of death in the previous study, was less so in the current
study (SMR 14.53) due to the different mechanism of attributing
underlying cause of death. SMRs for suicide and unintentional
injuries were also elevated. Again, SMRs were not significantly
elevated for causes of death associated with cancer (1.13) and
ischaemic heart disease (1.77). This analysis highlights the necessity
for regular systems review, with close vigilance to respiratory and
urinary health maintenance and psychosocial issues.
Data quality is of utmost importance in a project such as this, thus

consideration needs to be made of the fact that in determining actual
deaths since the previous study, reliance was placed on data collected
in the hospital databases. While the completeness of this methodology
were able to be reinforced by matching to the NDI, the standardized
mortality rates presented in this paper can be considered to be subject
to some further uncertainty due to the method of collection of death
records.
Krause et al.24 showed using logistic regression that, after adjusting

for demographic characteristics and injury severity, measures of
health status, community integration and economic status had
small but statistically significant effects on likelihood of death
during the next year. These authors along with ourselves12 and
others have flagged the need for greater research attention to now be
given to contextual factors, either personal or environmental, that
may interact with age and impairment to further reduce life
expectancy after SCI. In this regard, better understanding is
required of the impact of pre-morbid education, health and risk-
taking behaviours, pre-existing conditions or co-morbidities,
including traumatic brain injury, depression and drug and alcohol
use, lifestyle factors including smoking and exercise, as well as
psychosocial variables, such as living circumstances, access to care
and social support, finances and employment. This information
would enable clearer interpretation of cross-sectional group
mortality trends and adjustment to an individual taking into
account risk-factor profiles, which may be valuable for medico-legal
purposes, lifetime care planning, future service development and
prevention initiatives. Regular health monitoring and periodic
functional review by a multidisciplinary team are recommended as
important services for achieving maximum longevity and quality of
life after SCI.

CONCLUSION

It is evident that although there have been improvements in survival
and life expectancy over time, most notably in the group with
paraplegia in comparison to 10 years ago, mortality rates after SCI
remain elevated with life expectancy most significantly reduced in
those persons with higher level, more severe impairment. Future
improvements will require a greater understanding of and proactive
attention to the way in which contextual factors, either personal or

environmental, interact with age and impairment to contribute to the
reduced life expectancy after SCI.
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