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Life expectancy among individuals with spinal cord injuries (SCI) has remained lower than in
the normal population, even with optimal medical management. But signi®cant improvement
has been achieved, as will be illustrated in this retrospective study of an unselected group of
traumatic survivors of SCI, dead or still living. There has been a complete follow-up over 4
decades, information being obtained from available medical records, death certi®cates, and
post mortem records. The survey included a total of 888 individuals (713 men and 175
women) who had survived the injury and primary treatment and were rehabilitated at the
centre for Spinal Cord Injured in Hornbñk, Denmark. At the end of the follow-up, 31st
December 1992, 236 (197 men and 39 women) had died. The commonest causes of death were
lung diseases, particularly pneumonia; suicide; and ischaemic heart disease. Among
functionally complete tetraplegic individuals there was a recognizably high percentage of
deaths from pneumonia, and among the least disabled individuals (Frankel class E) we found
a high frequency of suicides. The Standardised Mortality Ratios (SMRs) were highest for
septicaemia, followed by uraemia and pneumonia. A signi®cant decrease in the overall
mortality was observed from the ®rst (1953 ± 1973) to the second half of the observation
period (1972 ± 1992). Similarly the survival curves for both men and women demonstrate that
the gap in survival probability between the normal population and the SCI has diminished
considerably from the early to the later period. Likewise, except for suicide and ischaemic
heart disease, a decrease in SMRs was seen for all causes of death. In particular there were
large decreases related to lung embolus, septicaemia, pneumonia, and uraemia. The patterns of
causes of death in the study group begin to approximate those of the general population,
though many cause-speci®c deaths for SCI remain substantially above the normal population.
Continuous improvement in preventive measures as well as treatment procedures is still
necessary.
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Introduction

There is general agreement in the literature that life
expectancy among persons with spinal cord injury
(SCI) remains below normal, even with optimal
medical management. But since the Second World
War the mortality rate has decreased dramatically.
Previously, survival following a severe SCI was
relatively rare because of untreatable pyelonephri-
tis.1 ± 4

The mortality before the Second World War has
been reported to be as high as 60 ± 80%, decreasing to
30% in the 1960s, 15% in the 1970s and down to 6%
in the 1980s.5 This decrease in the mortality rate can
be primarily ascribed to the development of SCI
treatment units, including well-trained specialised
team-oriented rehabilitation, and regular follow-up

visits. In addition, improved emergency medical
services, the development of antibiotics etc. have
contributed to the improved survival.

Until the mid 1970s, renal failure and other related
urinary tract complications were reported to be the
most frequent causes of death.2,3,6 ± 9 More recent
studies have suggested that most deaths during the
acute phase of SCI have respiratory causes.1,10 Deaths
at later stages are most often caused by respiratory
complications, particularly pneumonia, which have
surpassed urinary tract complications as the predomi-
nant cause of death.11 ± 15 Other major causes of death
reported are unintentional injuries and suicides,
cardiovascular diseases and septicaemia.1,11,16 ± 20

Despite the large number of studies of post-SCI
mortality, it is di�cult to compare the available
information because of di�erences in study popula-
tion characteristics, statistical methodology, andCorrespondence: A Hartkopp

Spinal Cord (1997) 35, 76 ± 85
 1997 International Medical Society of Paraplegia All rights reserved 1362 ± 4393/97 $12.00



sample size. The studies were carried out during
di�erent periods of time and in di�erent countries
with di�erent medical services and follow-up routines.
The study populations di�ered with regard to
inclusion and exclusion criteria, especially age at the
time of injury, level and completeness of the
neurological e�ects of the SCI. Some studies are
potentially biased by inhomogeneous follow-up
reports, by restriction of the follow-up reports to
deaths only, not taking the living SCI individuals into
account, and by inclusion of patients in which the
injuries happened long before the period of observa-
tion.14

In the last 4 decades the life expectancy of SCI
individuals in Denmark as well as in other countries
has increased remarkably. In this study we calculated
Standardised Mortality Ratios (SMRs) for total
mortality and for some speci®c causes of death
among Danish SCI individuals, and evaluated the
changes over time by comparing mortality in the two
periods of injury, 1953 to 1971 and 1972 to 1990,
respectively.

Methods

Sources of data for the background population (the total
Danish population)
Information was obtained from The National Registry
of Causes of Death, whose records include all deaths
occurring since January 1, 1943, and from the general
public records of vital statistics (Danmarks Statistik),
which provided the basis for the calculation of
mortality rates.

Inclusion criteria
This retrospective study includes all patients admitted
to the Rehabilitation Hospital in Hornbñk, Denmark,
with traumatic SCIs that occurred between 1st January
1953 and 31st December 1990. All deaths among these
individuals have been registered up to 31st December
1992. The area of admission to the Rehabilitation
Hospital has included East and South Denmark,
Greenland, and the Faroe Islands. Patients requiring
permanent respiratory support were not admitted
during this period. Admission was restricted to
patients with SCIs so severe that specialised treatment
was necessary.21

Data collection
Information has been obtained from The Danish Central
Population Registry which provides information on vital
statistics for all Danish citizens. A unique personal
identi®cation code (a 10-digit code including the date of
birth) makes it possible to trace any Danish citizen,
irrespective of residence. Additional information has
been obtained from available medical records, death
certi®cates, and post mortem records. Information
concerning gender, date of birth, and date of injury was
collected. The neurological level is given as the last
preserved segment at the time of injury, and the
functional level according to Frankel et al,22 at the last
follow-up. Analyses were performed in relation to a
combined neurological level and functional classifica-
tion,22 ie functionally complete tetraplegia (cervical cord
lesions and Frankel class A ±C), functionally complete
paraplegia (thoracic and lumbar cord lesions andFrankel
class A ±C), Frankel class D, and Frankel class E.

Table 1 Crude distribution of causes of death of spinal cord injured individuals by gender

Cause of death Men Women All
(ICD 8 numbers) no. (%) no. (%) no. (%)

Neoplasms (140 ± 239)
Cardiovascular disease (390 ± 458)
Ischaemic heart disease (410 ± 414)
Cerebrovascular disease (430 ± 438)
Lung embolus (450)

Other natural causes (0 ± 136, 240 ±
389, 460 ± 796)
Septicaemia (38)
Lung disease (460 ± 519)
Pneumonia (480 ± 486)
Digestive organs (520 ± 577)
Urogenital system (580 ± 629)
Uncertain (780 ± 796)
Oliguria, anuria (786)
Uraemia (792)

Accidents and suicide (E800 ±E999)
Accidents (E800 ±E949, E960 ±
E999)
Suicide (E950 ±E959)

Total

14
47
19
6
6

114

7
62
40
9
5
27
2
8
22
5

17
197

7
24
10
3
3
58

4
31
20
5
3
14
1
4
11
3

9
100

2
9
3
2
0
20

1
7
6
2
0
9
0
3
8
2

6
39

5
23
8
5
0
51

3
18
15
5
0
23
0
8
21
5

15
100

16
56
22
8
6

134

8
69
46
11
5
36
2
11
30
7

23
236

7
24
9
3
3
57

3
29
19
5
2
15
1
5
13
3

10
100

ICD 8: International Classi®cation of Disease, 8th edition
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The following details relating to their deaths have
been registered: cause of death classi®ed according to
ICD 8 (International Classi®cation of Disease, 8th
edition), place of death, and whether an autopsy was
performed. The 40 year observation period (1953 ±
1992) has been divided in two corresponding to the
year of injury: 1953 ± 1971 and 1972 ± 1990, ie the
1953 ± 1971 material was observed until the end of
1973 and the 1972 ± 1990 material until the end of
1992.

Statistics

Using The National Registry of Causes of Death, and
the general public records of vital statistics (Danmarks
Statistik), we calculated the survival rates of the
Danish population of the same age for each gender
in the calendar year that the patients sustained the SCI,
thus enabling us to calculate the standardised mortality
ratios (SMRs). SMR is the quotient of observed to
expected number of deaths. Exactly 95% con®dence
limits of the SMRs were established, assuming deaths
to be Poisson variables.23 We constructed life tables,
with the time of SCI as time zero and death or end of
follow-up as the ®nishing point. Thus patients were
classi®ed according to the year in which follow-up,
emigration, or death was last reported. We used the
statistical program package SAS (SAS Institute Inc.,
Cary, NC, USA) for the analyses. Speci®c life table
analyses were carried out for comparison with results
reported in previous studies.

Results

Three patients, known to be dead, could not be
retrieved in the Registry of Causes of Death, ie the

causes of death were not established, so they had to be
categorized as dead of unknown causes. One could not
be traced, probably owing to an inaccurate birth date
on the death certi®cate. And we could not get the
death ceritifcates of two patients who died abroad.

A total of 888 (713 men and 175 women) sustained
their SCIs in the inclusion period (1953 ± 1990). Of
these, 359 (305 men and 54 women) sustained their
SCIs in the ®rst period (1953 ± 1971), while 529 (408
men and 121 women) sustained theirs in the last
period (1972 ± 1990). At the end of follow-up, 31st
December 1992, 236 (197 men and 39 women) were
dead. For the ®rst observation period, 52 (42 men and
10 women) were dead by the end of 1973, and for the
second observation period, 87 (69 men and 18 women)
were dead by the end of 1992.

The SCI population included 424 with cervical and
464 with thoracic/lumbar injuries.

For the whole period (1953 ± 1990) the median age
at the time of injury was 28 years (men 27.5 years;
women 31 years). For the ®rst period (1953 ± 1971) the
median age at injury was 27.5 years (men 27 years,
range 1 ± 80; women 31 years, range 2 ± 75). In the
second period (1972 ± 1990) the median age at injury
was 28.5 years (men 28 years, range 0 ± 82; women 30
years, range 0 ± 84).

Among those who died, 57.3% died in hospital and
35.7% at home. In 32.3% a post-mortem examination
was performed.

Table 1 gives the crude distribution of causes of
death speci®ed by gender for all the SCI individuals
who died before 1993. The predominant causes of
death were lung diseases, and in particular pneumonia;
suicide; and ischaemic heart diseases. Table 2 similarly
gives the crude distribution of causes of death speci®ed
by the combined neurological level and functional

Table 2 Crude distribution of causes of death by a combined spinal cord level (Cervical (C); Thoracic (T); Lumbar (L)) and
functional classification (Frankel A-E) for spinal cord injured individuals

Tetraplegics Paraplegics
C/Frankel A-C T-L/Frankel A-C Frankel D Frankel E

Cause of death no. (%) no. (%) no. (%) no. (%)

Neoplasms
Cardiovascular disease
Ischaemic heart disease
Cerebrovascular disease
Lung embolus

Other natural causes
Septicaemia
Lung disease
Pneumonia
Digestive organs
Urogenital system
Uncertain
Oliguria, anuria
Uraemia

Accidents and suicide
Accidents
Suicide

Total

2
9
2
2
1
50
2
30
21
2
3
11
±
4
6
1
5
67

3
13
3
3
1
75
3
45
31
3
4
16
±
6
9
1
8

100

3
14
5
2
1
44
6
16
11
4
1
14
1
6
8
2
6
69

4
20
7
3
1
64
9
23
16
6
1
20
1
9
12
3
9

100

7
27
10
4
3
32
±
19
11
4
1
8
±
1
9
4
5
75

9
36
14
5
4
43
±
25
15
5
1
11
±
1
12
5
7

100

4
6
5
±
1
8
±
4
3
1
±
3
1
±
7
±
7
25

16
24
20
±
4
32
±
16
12
4
±
12
4
±
20
±
28
100
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classi®cation. Particularly noteworthy are the high
percentages of death due to lung disease, especially
pneumonia, among those with functionally complete
tetraplegia, and the high frequency of suicides among
the least disabled individuals (Frankel class E).

Table 3 shows SMRs for various causes of death
speci®ed by gender. The SMR was highest for
septicaemia, followed by uraemia and pneumonia.

Examination of the con®dence interval reveals that all
cause-speci®c mortality rates, except for cancer,
cardiovascular diseases, ischaemic heart diseases,
cerebrovascular diseases, and accidents, were signifi-
cantly higher for the SCI population compared with
the Danish population at large. Tables 4 and 5 give
the SMRs for the two observation periods, respec-
tively. A signi®cant decrease in the overall mortality

Table 3 Standardised mortality ratios (SMRs) for various causes of death by gender. Period of injury 1953 ± 1990. End of
follow-up: December 31, 1992. An empty cell indicate that only 0 or 1 death was recorded, why SMR is not given

SMR (95% confidence limit)
Cause of death Men Women All

Neoplasms
Cardiovascular disease
Ischaemic heart disease
Cerebrovascular disease
Lung embolus

Other natural causes
Septicaemia
Lung disease
Pneumonia
Lung disease excl. pneumonia
Digestive organs
Urogenital system
Uncerain
Uraemia
Uncertain excl. uraemia
Urogenital system and uraemia

Accidents and suicide
Accidents
Suicide

Total

0.55 (0.30 ± 0.91)
1.15 (0.85 ± 1.53)
0.68 (0.41 ± 1.06)
0.95 (0.35 ± 2.07)
14.3 (5.25 ± 31.1)
5.98 (4.93 ± 7.18)
136 (54.8 ± 281)
10.2 (7.79 ± 13.0)
29.5 (21.0 ± 40.1)
4.63 (2.90 ± 7.02)
2.56 (1.17 ± 4.87)
4.61 (1.50 ± 10.7)
8.56 (5.64 ± 12.5)
84.9 (36.6 ± 167)
6.21 (3.74 ± 9.70)
11.0 (5.87 ± 18.8)
2.18 (1.36 ± 3.29)
0.89 (0.29 ± 2.08)
3.78 (2.20 ± 6.05)
2.07 (1.79 ± 2.38)

0.39 (0.05 ± 1.41)
1.13 (0.52 ± 2.14)
0.67 (0.14 ± 1.96)
1.10 (0.13 ± 3.98)

±
5.25 (3.21 ± 8.11)

±
6.21 (2.50 ± 12.8)
13.8 (5.06 ± 30.0)

±
3.23 (0.39 ± 11.7)

±
12.6 (5.77 ± 24.0)
95.0 (19.6 ± 278)
8.81 (3.23 ± 19.2)
9.91 (2.04 ± 28.9)
6.01 (2.60 ± 11.8)
2.50 (0.30 ± 9.04)
11.3 (4.14 ± 24.6)
2.15 (1.53 ± 2.94)

0.52 (0.30 ± 0.84)
1.15 (0.87 ± 1.49)
0.68 (0.42 ± 1.02)
0.99 (0.43 ± 1.94)
11.4 (4.19 ± 24.8)
5.86 (4.91 ± 6.94)
125 (54.0 ± 246)
9.54 (7.42 ± 12.1)
25.6 (18.8 ± 34.2)
4.23 (2.68 ± 6.35)
2.66 (1.33 ± 4.77)
3.68 (1.20 ± 8.60)
9.31 (6.52 ± 12.9)
87.4 (43.6 ± 156)
6.68 (4.32 ± 9.86)
10.8 (6.17 ± 17.5)
2.62 (1.77 ± 3.74)
1.09 (0.44 ± 2.25)
4.57 (2.90 ± 6.86)
2.08 (1.83 ± 2.37)

Table 4 Standardised mortality ratios (SMRs) for various causes of death by gender. Period of injury 1953 ± 1971. End of
follow-up: December 31, 1973. An empty cell indicate that only 0 or 1 death was recorded, why SMR is not given

SMR (95% condidence limit)
Cause of death Men Women All

Neoplasms
Cardiovascular disease
Ischaemic heart disease
Cerebrovascular disease
Lung embolus

Other natural causes
Septicaemia
Lung disease
Pneumonia
Lung disease excl. pneumonia
Digestive organs
Urogenital system
Uncertain
Uraemia
Uncertain excl. uraemia
Urogenital system and uraemia

Accidents and suicide
Accidents
Suicide

Total

±
3.19 (1.38 ± 6.29)

±
±

131 (27.1 ± 384)
26.2 (17.7 ± 34.4)
542 (65.7 ± 1959)
47.8 (26.1 ± 80.2)
92.2 (37.1 ± 190)
32.3 (13.0 ± 66.5)
13.2 (2.73 ± 38.6)
22.8 (4.71 ± 66.8)
67.2 (27.0 ± 138)
1548 (568 ± 3369)

±
66.6 (30.4 ± 126)
2.37 (0.49 ± 6.91)

±
4.17 (0.51 ± 15.1)
6.47 (4.66 ± 8.74)

±
3.50 (0.09 ± 19.5)

±
±
±

40.6 (16.3 ± 83.6)
±

65.3 (7.91 ± 236)
164 (19.9 ± 594)

±
±
±

247 (50.9 ± 721)
±

175 (21.2 ± 633)
±

21.8 (2.63 ± 78.6)
±
±

12.1 (5.81 ± 22.3)

±
3.22 (1.47 ± 6.12)
1.08 (0.13 ± 3.91)

±
107 (22.1 ± 313)
28.1 (19.8 ± 38.7)
720 (148 ± 2103)
49.5 (28.3 ± 80.4)
102 (46.7 ± 194)
29.8 (12.0 ± 61.3)
11.6 (2.40 ± 33.9)
18.7 (3.85 ± 54.6)
86.0 (41.2 ± 158)
1518 (610 ± 3127)
26.9 (5.54 ± 78.5)
60.5 (29.0 ± 111)
3.68 (1.19 ± 8.58)
2.39 (0.29 ± 8.63)
5.74 (1.18 ± 16.8)
7.10 (5.31 ± 9.32)
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was observed from the ®rst to the second observation
period. Except for suicide and ischaemic heart disease
a decrease in SMR was seen for all causes of death. In
particular the decreases related to lung embolus,
septicaemia, pneumonia, and uraemia are noteworthy.

SMRs for cervical and thoracic/lumbar lesions,
respectively, are given in Table 6. No di�erences of
SMRs were found between cervical and lower lesions.
Especially interesting is the fact that no di�erence was
found with respect to lung diseases.

Figure 1 gives the survival probability of the SCI
individuals, men and women, and the matching
general populations for the whole period. A speci®c
period of cumulative probability of survival, (eg 25
years) can be obtained from the ®gures. The 25 year
probabilities of survival for SCI men and women
were 60.6% and 66.7% respectively. The same ®gures

for the general population of men and women were
66.9% and 76.5% respectively. Likewise the number
of years of survival can be read from the ®gures.
Thus 70% of the population of SCI, men and
women, were still alive after 19.5 and nearly 22
years, respectively. The corresponding duration of
survival for the general population of men and
women were 23.5 and 29 years, respectively. The
survival curves were not followed longer than 30
years since observations of more than 30 years of
survival are scarce.

Figure 2 gives the survival probability of the SCI
individuals and the matching general population for
men and women for the two periods during which the
injuries were sustained. (The 10 year probability of
survival for SCI men and women in the ®rst and
second period were for men 78.7% and 86.8%, for

Table 5 Standardised mortality ratios (SMRs) by gender and cause of death. Period of injury 1972 ± 1990. End of follow-up:
December 31, 1992. An empty cell indicate that only 0 or 1 death was recorded, why SMRs are not given

SMR (95% confidence limit)
Cause of death Men Women All

Neoplasms
Cardiovascular disease
Ischaemic heart disease
Cerebrovascular disease
Lung embolus

Other natural causes
Septicaemia
Lung disease
Pneumonia
Lung disease excl. pneumonia
Digestive organs
Urogenital system
Uncertain
Uraemia
Uncertain excl. uraemia
Urogenital system and uraemia

Accidents and suicide
Accidents
Suicide

Total

0.61 (0.20 ± 1.42)
1.27 (0.71 ± 2.09)
1.22 (0.58 ± 2.24)

±
±

5.94 (4.19 ± 8.19)
132 (16.0 ± 476)
12.6 (7.99 ± 18.9)
52.6 (31.2 ± 83.1)
3.37 (1.10 ± 7.87)
2.57 (0.53 ± 7.52)

±
6.17 (2.48 ± 12.7)

±
5.41 (1.99 ± 11.8)

±
3.08 (1.59 ± 5.38)
0.92 (0.11 ± 3.32)
5.80 (2.78 ± 10.7)
2.30 (1.79 ± 2.90)

±
2.64 (0.86 ± 6.16)

±
4.41 (0.53 ± 15.9)

±
5.88 (2.36 ± 12.1)

±
15.6 (5.08 ± 36.5)
49.8 (13.6 ± 127)

±
±
-
±
±
±
±

11.1 (4.07 ± 24.2)
±

18.9 (6.12 ± 44.0)
3.22 (1.91 ± 5.09)

0.49 (0.16 ± 1.14)
1.45 (0.89 ± 2.25)
1.19 (0.59 ± 2.13)
1.35 (0.28 ± 3.96)

±
5.93 (4.31 ± 7.96)
96.4 (11.7 ± 348)
13.1 (8.68 ± 18.9)
52.1 (32.6 ± 78.8)
3.49 (1.28 ± 7.59)
2.91 (0.79 ± 7.44)

±
5.94 (2.56 ± 11.7)

±
5.33 (2.14 ± 11.0)

±
4.05 (2.40 ± 6.41)
1.22 (0.25 ± 3.58)
7.54 (4.22 ± 12.4)
2.44 (1.95 ± 3.01)

Table 6 Standardised mortality ratios (SMRs) for various causes of deaths by level of spinal cord lesion: Cervical versus
thoracic/lumbar. Period of injury 1953 ± 1990. End of follow-up: December 31, 1992

SMR (95% Confidence limit)
Causes of death Cervical lesion Thoracic/lumbar lesion

Neoplasms
Cardiovascular disease
Other natural causes
Septicaemia
Lung disease
Pneumonia
Lung disease excl. pneumonia

Accidents and suicide
Total

0.64 (0.32 ± 1.15)
1.07 (0.72 ± 1.53)
5.86 (4.60 ± 7.35)
55.4 (6.70 ± 200)
9.95 (7.17 ± 13.5)
26.2 (17.4 ± 37.9)
4.44 (2.43 ± 7.45)
3.04 (1.77 ± 4.87)
2.09 (1.75 ± 2.48)

0.37 (0.12 ± 0.85)
1.26 (0.82 ± 1.84)
5.85 (4.47 ± 7.53)
215 (79.0 ± 469)
8.97 (5.91 ± 13.0)
24.8 (14.7 ± 39.2)
3.94 (1.80 ± 7.48)
2.22 (1.18 ± 3.80)
2.07 (1.69 ± 2.51)
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women 72.1% and 86.9%, respectively. The corre-
sponding probabilities for the general population in
the ®rst and second period were for men 93.7% and
92.5%, for women 96.7% and 94.5% respectively.

The only very slight initial decrements of the curves
in Figures 1 and 2 are a consequence of the inclusion
criteria, ie we included only the SCI individuals who
had survived the acute phase after the injury.

Discussion

One limitation to our ®ndings might be the fact that
the study population had already survived the
immediate injury and the period of emergency and
primary treatment (days to several months) when
admitted to the Rehabilitation Hospital. On the other
hand this omission of the primary deaths makes the
survival information more relevant when considering

the individuals who come as far as entering the
rehabilitation phase after their SCI.

There is a noticeable trend towards improvement in
life expectancy for SCI patients from the beginning of
the observation period until its end. In Figure 2 it is
clearly demonstrated that for men as well as women
the gap in survival probability between the normal
population and the SCI is considerably diminished
from the 50s and 60s to the 70s and 80s. The
signi®cance of this may be even greater, when
considering that the individuals in the ®rst period
were a selected group in the sense that they were able
to survive with less developed emergency medical
services, and, additionally, surviving a longer period
between the day of injury to admittance to the
Rehabilitation Hospital in Hornbñk. In the second
observation period SCI individuals were admitted to
the centre as soon as they were out of intensive care.

Figure 2 Survival probability of spinal cord injured individuals and of the matched general population. Periods of injury:
1953 ± 1971. End of follow-up: December 31, 1973. 1972 ± 1990. End of follow-up: December 31, 1992

Figure 1 Survival probability of spinal cord injured individuals and of the matched general population. Period of injury:
1953 ± 1990. End of follow-up: December 31, 1992
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The lower survival probability for the normal
population in the second period (1972 ± 1990) can be
explained by the fact that the age when sustaining the
SCI has been increasing slightly during the last 40
years. Therefore the age of the matching normal
population had to be higher also at time zero, thus
contributing to a lower survival probability.

In general our survival probabilities throughout the
whole study period are similar to the results reported
by others14,17,24 ± 27 (Table 7), but as already pointed
out in the introduction it is very di�cult to compare
the di�erent studies.

DeVivo et al, had reported several studies giving
cumulative survival probabilities for various year
spans.25 ± 27 Similarly, in their studies all SCI
individuals were treated in Rehabilitation Hospitals
within a year from the date of injury and had survived
24 h when included. But it is not clear whether all SCI
individuals among the residents in the particular area
had the opportunity to stay in one of the Rehabilita-
tion Hospitals. If not there is a bias in their results,
and another bias comes from losses to follow-up,
although the population sizes are impressive. DeVivo
et al,26 found an estimated 12 year cumulative survival
probability of 85.1%. Because of the problems arising
from the losses to follow-up the authors had also
calculated the worst (78.2%) and best (85.7%) 12 year
cumulative survival probability, presuming that all the
losses in follow-up had either died or survived until
the time of the end of follow-up. The corresponding 12
year survival probability for our study (83.2%) lies
between these two extremes. As all hospital treatment
and rehabilitation in Denmark is free of charge, we
have most probably included all SCI individuals in the
`catchment' area.

In the 12 months of 1971, Kraus et al,14 were able
to include all SCI individuals in the `catchment' area.
The 5 -year cumulative survival probability was
calculated for all SCI individuals who survived for
more than 24 h. Their ®gures are somewhat lower than
ours (Table 7). However, we assess the 5 -year
cumulative survival probablity for SCI individuals in
Kraus et al, study14 who had survived one week, to be
88%. One week of delay between SCI and inclusion in
the survival study is similar to the protocol used in our
study and after this adjustment the survival probabil-
ities in the two studies are similar.

Mesard et al,24 found an impressively high 10 year
cumulative survival probability in their study from the
mid ®fties to the mid sixties, ranging from 80% for
those with tetraplegia to 86% for those with
paraplegia, although the individuals included survived
the ®rst 3 months.

Geisler et al's study from the seventies17 excluded all
deaths within 12 months of trauma. They calculated
the excess death rate to 15.2 extra deaths per 1000
SCI/years. We have carried out a similar calculation
on our data for comparison, giving an excess death
rate of 24 for the ®rst period and 8.6 for the second
period of injury (Table 7). It seems that the ®gures of

Geisler et al which were obtained from the last years
of our ®rst period and the ®rst years of our second
period, also coincide nicely with the ®gures calculated
in our study. This also emphasises the importance that
the time of the study period since survival has
improved considerably in recent years.

Some of the SMRs in our study have been
calculated on the basis of few deaths (Table 1) and
should therefore be interpreted with caution. Espe-
cially some of the extremely high SMRs, eg for
septicaemia and uraemia. Septicaemia usually results
from severe infected pressure sores or from urinary
tract infections.

This study did not con®rm the previously suggested
increased mortality from urinary bladder cancer.28,29

This complication appears to be associated with long-
term use of indwelling bladder catheters. The
introduction of intermittent catheterisation in recent
decades may well have reduced the risk of the
development of this neoplasm.

It has earlier been found that death due to
cardiovascular disease is increasing due to longer
post-injury survival times and the sedentary lifestyle
of SCI individuals.16,30 ± 32 Our data did not support
this suggestion, nor did the recent Stockholm SCI
Study ®nd an increased risk of cardiac disease.33

Our results did not con®rm the previously suggested
higher mortality caused by lung disease among the
cervical lesioned individuals compared to individuals
with lower lesions.1,10,11,16 On the other hand we
found a high crude percentage of death of lung
diseases, in particular pneumonia, among those with
functionally complete tetraplegia. This discrepancy
may be explained by the fact that the SMRs in our
study included patients with both complete and
incomplete lesions. A complete cervical cord injury
markedly reduces respiratory function, corresponding
to absence of abdominal and intercostal muscles. Also
increased retention of secretions in the respiratory
tract, bronchospasm and inability to cough and
breathe e�ectively causes retained secretions and
atelectasis and favours the development of bronchitis
and bronchopneumonia.10

An unexpected and very interesting ®nding in our
study was the high frequency of suicide in Frankel
class E, which implies nearly complete recovery. This
counter-intuitive lack of correlation between level of
neurological loss and psychosocial adjustment has
previously been partly demonstrated.34 Less physical
and social support is provided to individuals in
Frankel class E, which, combined with over optimistic
hopes of recovery and increased expectations, may
result in a heavier burden of coping. Some spasticity
and sexual problems may occur, including impotence
for men.35 It looks as if the Frankel class E individuals
adjust insu�ciently to their loss, which can lead to
frustration, depression, and suicide.

Although the mortality rates for SCI individuals
have declined dramatically in recent years and may
approach those of the non-paralysed population, there
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are still some cause-speci®c mortality rates which
remain substantially above normal. Death due to
septicaemia, pneumonia, and suicide is still much too
frequent.

Infection, primarily pneumonia, is a major cause of
mortality and morbidity in SCI individuals, in
particular in those with functionally complete tetra-
plegia. SCI individuals are also predisposed to
infections from the urinary tract and from pressure
sores. Thus continuous improvements in preventive
measures as well as in treatment procedures are still
necessary.

As the life expectancy for individuals with SCI
increases, attention has been focusing on the relatively
high rate of suicide among individuals with
SCI.2,6,9,15,18,36 ± 38 Suicide even appears to be more
frequent in recent years. Both the high crude suicide
rate and the high SMRs, especially in the second
period, were documented in this study. Increased
awareness is needed among rehabilitation sta�,
general practitioners, patients, and their families.
Frank discussions of the risk of suicide must take
place, as well as clinical recommendations to improve
the coping skills. The necessary social support should
be provided. All of these and of other essential
measures should be taken to provide meaningful
activities in order to improve the quality of life.39 ± 43

The preservation of family structure and open
communication is fundamental. Better diagnosis and
treatment of depression is required and the detection
of psychological adjustment di�culties is important.

Adequate initial care and a life-long follow-up
system of physical as well as psychological status are
important for the proper treatment of SCI individuals.
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