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Trends in Life Expectancy After Spinal Cord Injury
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ABSTRACT. Strauss DJ, DeVivo MJ, Paculdo DR, Shavelle
RM. Trends in life expectancy after spinal cord injury. Arch
Phys Med Rehabil 2006;87:1079-85.

Objective: To investigate whether there have been improve-
ments in survival after spinal cord injury (SCI) over time, both
in the critical first 2 years after injury and in the longer term.

Design: Pooled repeated observations analysis of person-
years. For each person-year, the outcome variable is survival
and mortality, and the explanatory variables include age, level
and grade of injury, and calendar year (the main focus of the
analyses). The method can be viewed as a generalization of
proportional hazards regression.

Setting: Model spinal cord injury systems and hospital SCI
units across the United States.

Participants: Persons (N=30,822) admitted to a Spinal
Cord Injury Model Systems facility a minimum of 1 day after
injury. Only persons over 10 years of age and known not to be
ventilator dependent were included. These persons contributed
323,618 person-years of data, with 4980 deaths, over the 1973
to 2004 study period.

Interventions: Not applicable.

Main Outcome Measure: Survival.

Results: Other factors being equal, over the last 3 decades
there has been a 40% decline in mortality during the critical
first 2 years after injury. However, the decline in mortality over
time in the post-2-year period is small and not statistically
significant.

Conclusions: The absence of a substantial decline in mor-
tality after the first 2 years postinjury is contrary to widely held
impressions. Nevertheless, the finding is based on a large
database and sensitive analytic methods and is consistent with
previous research. Improvements in critical care medicine after
spinal cord injury may explain the marked decline in short-term
mortality. In contrast, although there have no doubt been im-
provements in long-term rehabilitative care, their effect in
enhancing the life span of persons with SCI appears to have
been overstated.
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HERE HAVE BEEN DRAMATIC improvements in sur-

vival after slpinal cord injury (SCI) in the 60 years since
World War IL'"™ Several studies™®'*'** have suggested the
improvements have continued over the last few decades. The
possibility of such secular trends is important because it affects the
planning of resources for lifelong health care and other needs.
Such trends are also of interest because they are likely to be
markers for trends in morbidity and for health in general. Further-
more, they are a principal outcome measure for assessing im-
provements in medical care in SCI over the decades.

Most studies that have investigated such trends have not
distinguished the critical first year or 2 after the injury from the
subsequent period. The distinction is of interest because al-
though there are reasons to expect improvements in critical
care after SCL%'*'>!® the case for longer-term improvements
is less clear. In 1 study that excluded the experience of the first
postinjury year, DeVivo et al'? estimated that mortality rates in
the 1988 to 1992 period were reduced to 81% of their values in
the mid-1970s. This reduction was statistically significant but
relatively modest. Furthermore, the downward trend appeared
to have reversed direction for their most recent study interval
(1993-1998). Similarly, Strauss et al'® found that the marked
secular improvements for the early years postinjury were not
matched by the pattern for the subsequent period. The latter,
however, was a methodologic article that included a prelimi-
nary analysis of trend as an example.

In the present study, these issues were examined by using a
larger database with more up-to-date information and more
sensitive analytical methods than have been used in most
previous studies. As discussed in the Methods section, we
analyzed mortality rates on a person-year basis rather than
follow a cohort of subjects longitudinally through the whole
study period (as in Kaplan-Meier or proportional hazards anal-
ysis). This allows us to focus on whether there have been
changes in mortality rates over the years, other factors being
equal. The main question was whether there has been improved
survival since the 1970s in both the immediate postinjury
period and in the longer term.

METHODS

Study Population

Data for the present study were collected through the Model
Spinal Cord Injury Systems (MSCIS) program and submitted
to the National Spinal Cord Injury Statistical Center (NSCISC).
As many as 25 SCI centers located around the United States
have contributed to this database at various times. Detailed
descriptions of the history, eligibility criteria, data collection
protocol, data quality control procedures, and current status of
the NSCISC database have been published previously.*?!
This is the largest and most comprehensive source of data on
SCI available. Briefly, to be included in the database, people
must have (1) had a clinically discernible degree of neurologic
(spinal cord) impairment after a traumatic event, (2) been
treated at a model system within 1 year of injury, (3) resided in
the model system geographic catchment area at the time of
injury, and (4) given informed consent.

The study period was 1973 to 2004. Overall, the database
included 38,870 people who survived at least 24 hours after
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injury. Age at injury ranged from O to 99 years (mean, 27).
There were 7169 deaths over the follow-up period.

Data Collection

The model systems data collectors reported date of death to
the NSCISC database whenever, in the course of their routine
follow-up data collection activities, they determined an indi-
vidual to be deceased. In addition, during March and April
2004, the staff of the NSCISC checked on the survival status of
persons in the database by searching the Social Security Death
Index (SSDI) online at http://www.ancestry.com. Persons not
reported as deceased by the model system and not found in the
SSDI were assumed alive on January 1, 2004. The SSDI has
previously been found to be 92.4% sensitive and 99.5% spe-
cific for persons in the NSCISC database.*

Statistical Methods

The pooled repeated observations method was used for an-
alyzing the datasets.'® Here the unit of analysis is not a person,
as in many survival analyses, but instead a person-year. With
each person-year, an outcome variable indicating whether the
person lived or died in that year was associated with a set of
explanatory variables as listed later. Logistic regression anal-
ysis®® was used to relate the outcome variable to the explana-
tory variables. This approach has been widely used in related
work.'2?*2¢ For analysis of secular trends, it is preferable to
the cohort approach (eg, proportional hazards modeling®’) be-
cause the focus here is on mortality rates in a given calendar
year and whether these rates change over the years, rather than
on the experience of persons over long-term follow-up. The
analysis was restricted to person-years in which (1) the person
was over age 10; (2) the level of neurologic injury was known;
(3) the American Spinal Injury Association (ASIA) grade was
A, B, C, or D; (4) the person was not ventilator dependent; and
(5) the calendar year was between 1973 and 2004 (even though
the injury may have been before 1973).

The first restriction was imposed because the effects of
injury in childhood, when physiologic development is incom-
plete, may be different. Long-term survival in young children
with SCI will be the subject of a separate report.

For this study, ventilator dependence was defined as partial
or total respiratory mechanical support on a long-term daily
basis. Ventilator-dependent persons will be the subject of a
separate report. Two percent of persons in the database were
excluded because of being ventilator dependent at model sys-
tem discharge, and 10% of persons in the database were ex-
cluded because of unknown ventilator status.

After all exclusions, a total of 30,822 persons, 4980 of whom
died during the 32-year study period, contributed 323,618.2
person-years to the dataset. (Note that for some of the analyses
we required a finer time scale than a year and worked instead
with person-tenths-of-a-year. For example, the number of days
between injury and entry into the MSCIS database varied
considerably and has tended to be shorter in recent years. A
subject’s first person-tenth-of-a-year begins at the time of entry
because survival between injury and entry is in effect guaran-
teed by his/her presence in the database. By using person-
tenths rather than person-years, we were able to specify the
time since injury accurately. This avoids bias arising from the
higher mortality in the early postinjury period.)

Variables considered in the analyses were as follows.

Level and grade of SCI. The neurologic examination was
performed just before model system discharge in accordance
with the most current version of the International Standards for
Neurological Classification of Spinal Cord Injury.*® Neuro-
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logic level of injury was defined as the most caudal segment of
the spinal cord with normal sensory and motor function on both
sides of the body. The ASIA Impairment Scale (AIS) was used
to categorize the extent of injury. Categories were neurologi-
cally complete (grade A), incomplete with sensory but not
motor function preserved through the S4-5 segment (grade B),
incomplete with motor function preserved and more than half
of key muscles below the neurologic level having a grade less
than 3 out of 5 (grade C), or incomplete with motor function
preserved and at least half of key muscles below the neurologic
level having a grade of at least 3 out of 5 (grade D).

In this study, level was categorized as high tetraplegia (C1-3),
mid tetraplegia (C4 and C5), low tetraplegia (C6-8), and para-
plegia (T1-S5). Grade was based on the AIS and divided into
3 groups: A, B and C, and D. There were thus 15 (5X3)
combinations of level and grade. However, preliminary analy-
sis showed that the 2 paraplegia categories of grade A and
grades B and C did not differ significantly and were combined.
Similarly, the 5 categories of grade D were also combined.

Age. For the effect of age on mortality, 2 linear terms, 1 for
grades A, B, and C and 1 for grade D, appeared preferable to
the inclusion of separate terms for each 5- or 10-year age
group.'® Under these linearity assumptions, the log-odds on
dying increases by the same amount for each extra year of age.

Sex. Sex was coded as male or female.

Ethnicity. A white and nonwhite classification was re-
tained to make the study comparable to previous work,”'? even
though the difference did not prove to be significant in the
present study.

Etiology of injury. Preliminary analyses indicated that per-
sonal violence (eg, as opposed to an accident) was the only
etiology of injury that had significant predictive value. As
noted elsewhere,'? an etiology of violence tends to be associ-
ated with poorer socioeconomic class and nonwhite ethnicity.

Time since injury. As reported in previous work, mortality
was greatest in the first 2 years after injury. A term for the
period 24 to 36 months after injury was retained because
mortality was somewhat higher then than after the third anni-
versary of injury. For the period after the third anniversary,
mortality appeared to be entirely independent of time since
injury, other factors being equal, and therefore this period was
not stratified in the models reported here.

Calendar year. How mortality risk has changed over the
years, other factors being equal, was the central issue in the present
study. Calendar years were originally broken into the intervals
1973 to 1979, 1980 to 1989, 1990 to 1999, and 2000 to 2004.
Analysis showed no appreciable difference between the last 2
of these, and they were thus combined.

Model selection was performed by using Wald and deviance
statistics for nested models, and the Akaike information crite-
rion otherwise.?’®”® The latter is formally similar to the usual
deviance statistic for comparing 2 models, but it applies when
1 model is not “nested” within the other. For the analyses, the
dataset was separated into subsets according to time since
injury. Preliminary analysis indicated that it was appropriate to
work with 2 subsets, according to whether the time since injury
was more or less than 2 years. Life table methods*=® were
used to determine life expectancy (average number of addi-
tional years of life in a large group of similar persons) for
25-year-old white males with nonviolent etiology who had
already survived more than 2 years postinjury. This combina-
tion of age, sex, and ethnicity was chosen as an example
because it is among the most commonly occurring patterns
among persons with SCI.


http://www.ancestry.com
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Table 1: Subjects’ Characteristics, by Period of Injury

Period
Characteristics 1973-1979 1980-1989  1990-2004
No. of injured persons
entering system 5438 10,988 13,716
No. died 1592 2112 1125
Men 81 82 79
Age at injury (y)
10-20 29 23 21
20-30 37 38 28
30-40 15 18 20
40-50 9 9 14
50-60 5 6 8
60+ 5 6 9
Injury level and ASIA grade
C1-4, grade A 5 5 6
C1-4, grades B and C 2 3
C5-8, grade A 18 14 11
C5-8, grades B and C 10 10
T1-S5, grade A 31 28 34
T1-S5, grades B and C 7 8 10
Grade D, all levels 27 32 26

NOTE. Values are percentages unless otherwise noted.

RESULTS

The data were stratified into 3 time periods, as indicated in
table 1: 1973 to 1979, 1980 to 1989, and 1990 to 2004. Table 1
shows how the subjects in each of the injury periods were
distributed according to age, sex, injury level, and grade. It may
be noted that the subjects in the late period were slightly more
likely to be in the most severe group (Cl1-4), which may
indicate a trend over time toward improved survival in this
group until entry to the MSCIS. More strikingly, the percentage
of injured persons who are older has increased over time. For
example, in the 1970s, only 34% of the subjects were of age 30
or more at time of injury compared with 51% in the late period.
The reasons for this are related to etiologies of injury and the
aging general population. A detailed discussion of these demo-
graphic trends in the NSCISC database has been published.”’
Because subjects in the late period tend to have more severe
injuries and to be older, both negative factors for life expect-
ancy, it is necessary to control for these factors when survival
in different time periods is compared.

Figure 1 shows the Kaplan-Meier survival plots for the first
2 years of survival for the same periods of injury as described
earlier. To control for these factors, we considered only persons
over the age of 30 who had C1-4 injuries of grade A, B, or C.
The graph shows much higher mortality rates during the ear-
liest of the 3 time periods than during the latest time period
(71% vs 86% survival).

Table 2 shows the results of a logistic regression model
applied only to the time between admission to the MSCIS and
the second anniversary of injury. The model and following
findings are similar to those reported by DeVivo and Stover’ in
their proportional hazards analysis of survival over the whole
postinjury period.

1. Being white is a modestly positive factor for survival,
whereas male sex and an etiology of personal violence
(rather than an accident) are modestly negative factors.

2. The odds on dying in a given person-year increase
steadily with age, by 7% per year (not per tenth-of-a-
year). Following DeVivo and Stover,”™"*® we used a
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Fig 1. Two-year Kaplan-Meier survival curves for C1-4 grade A, B,
and C injuries by period of injury; age greater than 30.

simple linear age-trend term to model the odds on dying;
the inclusion of separate terms for each 5-year (or 10-
year) age group proved not to be necessary according to
the Akaike information criterion (ie, the data were con-
sistent with the assumption that the log odds on dying
increase by the same amount per year at every age).

3. Among persons with complete (grade A) injuries, mor-
tality rates are considerably higher for those with high
tetraplegia (the C1-3 group) than for mid (C4 or C5) to
low tetraplegia (C6-8), and the latter in turn have higher
mortality than for paraplegia. The same pattern was
observed for incomplete injuries of grades B and C, with
the exception of a nonsignificant reversal for C6 to C8
and paraplegic injuries.

Table 2: Logistic Regression Model for Prediction of Mortality
for Less Than 2 Years Since Injury

Variable Odds Ratio 95% ClI

Male 1.220 1.04-1.44
White 0.840 0.73-0.97
Violence 1.420 1.16-1.74
Age 1.073 1.07-1.08
C1-3, grade A 17.114 11.6-25.2
C4, grade A 8.212 6.40-10.5
C5, grade A 6.952 5.38-8.99
C6-8, grade A 3.202 2.40-4.26
C1-3, grades B and C 4.272 2.57-7.09
C4, grades B and C 3.229 2.45-4.25
C5, grades B and C 2.780 2.06-3.75
C6-8, grades B and C 1.927 1.37-3.72
T1-S5, grades A, B, and C 2.218 1.83-2.70
Grade D and E 1.000 NA

Time since injury 0.0 to 0.3y 2.658 2.17-3.25
Time since injury 0.3 to 1.5y 1.366 1.14-1.64
Time since injury 1.5 to 2.0y 1.000 NA

Years 1973-1979 1.000 NA

Years 1980-1989 0.786 0.65-0.95
Years 1990-2004 0.613 0.51-0.74

NOTE. 475,310 person-tenths-of-a-year, 959 deaths.
Abbreviations: Cl, confidence interval; NA, not applicable.
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Table 3: Logistic Regression Model for Prediction of Mortality
for More Than 2 Years Since Injury

Variable Odds Ratio 95% ClI

Male 1.303 1.20-1.42
White 1.017 0.95-1.09
Violence 1.225 1.11-1.35
Age, grades A, B, and C 1.063 1.06-1.07
Age, grade D 1.073 1.07-1.08
C1-3, grade A 7.439 5.00-11.1
C4, grade A 6.825 5.13-9.09
C5, grade A 5.069 3.81-6.75
C6-8, grade A 3.539 2.67-4.69
C1-3, grades B and C 4.279 2.73-6.71
C4, grades B and C 3.509 2.565-4.82
C5, grades B and C 3.286 2.42-4.47
C6-8, grades B and C 3.054 2.27-4.12
T1-S5, grades A, B, and C 2.855 2.17-3.75
Grade D and E 1.000 NA

Time since injury 2.0 to 3.0y 1.114 0.98-1.27
Time since injury =3.0y 1.000 NA

Years 1973-1979 1.000 NA

Years 1980-1989 0.829 0.67-1.03
Years 1990-2004 0.856 0.69-1.06

NOTE. 2,760,870 person-tenths-of-a-year, 4021 deaths.

4. The terms for time since injury (TSI) 0.0 to 0.3 and TSI
0.3 to 1.5 refer to the person-tenths-of-a-year whose
times since injury are between 0.0 to 0.3 years and 0.3 to
1.5 years, respectively. The reference category is TSI
between 1.5 and 2.0 years. The odds ratios of 2.66 and
1.37 indicate that mortality is extremely high in the first
three tenths of a year after injury and is almost twice as
large as in the subsequent 1.2 years after that initial
period. This reflects the high mortality risk in the imme-
diate months after an SCIL.

The results shown in table 2, however, also reveal the

following findings that have not previously been reported:

1. Among those with high cervical injuries (C1-3), mortal-
ity rates are dramatically higher for those with complete
(ASIA grade A injuries) than for those with incom-
plete (grades B or C) injuries. Table 2 shows that
during the first 2 years, those with complete injuries have
arelative risk of 4.0 (=17.11/4.27) compared with those
with incomplete injuries.

2. A similar, although less extreme, finding held for those
with midlevel (C4 or C5) cervical injuries and low
(C6-8) cervical injuries, with relative risks of 2.5 and
1.7, respectively. Again, relative risks are for complete
versus incomplete (grade B or C) injuries.

3. Among those with paraplegia, no significant difference
was found between ASIA grade A, B, or C injuries.
Thus, the distinction between these injury grades is an
important one for those with the highest levels of injury
but not so for those with lower injuries.

4. Although not shown in table 2, within the group of
paraplegic injuries (T1-S5) there appeared to be a rela-
tion between level of injury and mortality. Specifically,
those with high thoracic injuries (T1-6) had somewhat
higher mortality. Such a difference may be biologically
plausible in that high thoracic injuries may involve com-
promise of the respiratory function.

5. Of particular interest is the strong secular trend in sur-
vival during the first 2 years postinjury. In the middle
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period (1980-1989), the odds on dying were only 79%
of their values in the early period (1973-1979), and this
dropped to 61% during the late period (1990+). As
noted, there were no significant differences within this
late period. Thus, mortality odds during the first 2 years
postinjury decreased by 39% from the 1970s to the
current period. This finding is broadly similar to that
reported by DeVivo and Stover” for the whole postinjury
period and roughly corresponds to the relative mortality
risk observed in figure 1. Furthermore, the secular trend
did not differ significantly according to level or grade of
injury or other factors that were considered.

Table 3 used essentially the same model as table 2, the differ-
ence being that the data considered were based on time since
injury more than 2 years rather than less than 2 years. Many of the
results from this analysis are similar to those of table 2, including
the effects of male sex, being white, etiology of personal violence,
and the pattern of mortality in the various groups based on level
and grade of injury. In contrast to table 2, the rate of increase in
mortality per year of age was appreciably different (by 1% per
year) for persons with grades A, B, and C injury and those with
grade D injury. Once again, a substantial difference in survival
was found in complete versus incomplete grade B or C injuries:
relative risks of 1.7 and 1.9 in the C1-3 and C4 groups,
decreasing to 1.5 in the C5 group and to 1.2 in the C6-8 group.
As noted, the relative risk was approximately 1.0 (ie, no
difference) for those with paraplegia.

The striking difference between tables 2 and 3 is that the
latter shows no substantial trend in survival over time. Al-
though the data suggest that mortality rates decreased slightly,
by about 17%, after the 1970s, this rather small difference
proved not to be statistically significant. Furthermore, there
was no evidence at all for any decline over the 25-year period
of 1980 to 2004. The conclusion is that after the critical first 2
years postinjury, there is no evidence of a major improvement
in survival over the 30-year study period once age, level and
grade of injury, and so on were taken into account. Various
regroupings of the time periods were considered, but these also
failed to yield any significant trend in survival over time.
Furthermore, there were again no significant interactions (ie,
there was no evidence of a trend for some subgroups of
patients).

Most previous work on life expectancy of persons with SCI
has combined subjects with complete (grade A) and incomplete
(grades B and C) injuries. Therefore, the effect of making this
distinction was examined by using the new findings reported in
table 3. For illustration, table 4 shows life expectancies for a

Table 4: Sample Life Expectancies for 25-Year-Old White
Man: Nonviolent Etiology and Time Since Injury 3 Years, by Injury
Level and ASIA Grade

Group Life Expectancy (y)
General population 50.9
C1-3, grade A 25.4
C1-3, grades B and C 32.2
C4, grade A 26.4
C4, grades B and C 34.9
C5, grade A 30.0
C5, grades B and C 35.7
C6-8, grade A 34.7
C6-8, grades B and C 36.7
T1-S5 (paraplegia), grades A, B, and C 37.6
All grade D 44.7
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white male of age 25 injured 3 years ago with a nonviolent
injury etiology. As may be seen, for a C1-3 injury, the com-
plete versus incomplete grade B or C distinction makes an
estimated 6.8-year difference in life expectancy. For a C4
injury, the difference in life expectancy is 8.5 years, and for a
CS injury the difference decreases to 5.7 years. For C6-8
injuries, the difference in life expectancy is much smaller
(2.0y), and for paraplegia no significant difference was ob-
served. As may be expected, the life expectancies reported in
DeVivo and Stover’s table 3 for grades A, B, and C combined
are intermediate to the figures shown here in table 4 for A and
for B and C separately.’

DISCUSSION

The primary focus of this study was an investigation of
improvements in survival in mortality after SCI since the
1970s. There were dramatic improvements for the first 2
postinjury years, which is consistent with previous reports. The
principal findings, however, were that for the subsequent pe-
riod there was at most a modest improvement since the 1970s
and no evidence for any improvement after 1980.

Although these findings may appear to be inconsistent with
previous research, this is not the case. For example, the 1999
U.S. study by DeVivo et al began, “In the past several decades,
acute and long-term survival rates for persons with spinal cord
injury (SCI) have improved dramatically. . .”"*®!*!D and cited
16 studies. Most of these studies, however, were based on data
before 1980 and did not stratify the results according to time
since injury (eg, the first 2y postinjury and the subsequent
period).

Perhaps the most relevant of the previous studies is the
previously cited 1999 article itself.'* Its table 1, which gives
the results of proportional hazards regression modeling of
mortality during the first year after injury only, shows a dra-
matic decline in mortality since the 1970s. However, table 2 of
that study, which follows the subjects after the first postinjury
year, indicates only a 9% decline in odds on dying from the
1973 to 1977 period to 1983 to 1987 and a 19% decline to 1988
to 1992. In the final period, 1993 to 1998, the trend appeared to
reverse, with mortality rates if anything higher than those in the
1970s.

To our knowledge, the only other work on recent trends in
SCI mortality is the U.K. study by Frankel et al,” who consid-
ered survival of persons alive 12 months after their injuries.
These authors reported a 33% decline in mortality, after ad-
justment for various risk factors, from 1973 to 1982 to 1983 to
1990 (the latest period considered in the study). The 95%
confidence interval for the reduction was rather wide, ranging
from 8% to 51%, and is thus not inconsistent with the results
reported here. Furthermore, it seems likely that smaller reduc-
tions would have been obtained if the first 2 years after the
injury, rather than the first year, had been excluded.

It is conceivable that 1 consequence of improvements in
critical care is the postponement of some deaths that would
previously have occurred during the first 2 postinjury years. If
such deaths now tend to occur in the subsequent period rather
than the earlier period, it would (1) partly explain the decline in
acute-period mortality over time and (2) offset any improve-
ments that may have occurred in the long-term period. Al-
though this postponement-of-mortality theory cannot easily be
disproved, it is unlikely to be a major factor in the results
reported here. For example, if it were true, then (when age and
other factors are controlled) the mortality rates between 3 to 5
years postinjury would be substantially higher than those for 10
to 20 years postinjury. As noted in the Methods section, this
was not the case.
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There have been anecdotal reports that because of modern
critical care techniques and more rapid transfer of patients to
specialist facilities, it is often possible to preserve the level of
injury or ASIA grade at a less severe level than previously. We
are not aware of any formal studies on this. If it were true,
however, it would indicate a hidden improvement in survival
over time; the effect would disappear in any statistical analysis
that compared mortality rates after the level of injury was taken
into account.

The pattern of causes of death to persons with SCI over
recent decades deserves attention. If mortality after the second
anniversary of injury has indeed declined dramatically over
recent decades, one would expect a marked shift in the pattern.
Death rates from major risk factors in the SCI population, such
as respiratory infections, would be expected to have declined
more than conditions such as heart disease and cancer, which
are the main causes of death in the general population. If this
were so, the proportions of deaths from the various causes
would have changed substantially over time. The available
evidence suggests that this is not the case. The largest and most
detailed investigation appears to be that of DeVivo,"? who
analyzed 1543 deaths occurring beyond the first year after
injury. After controlling for age, severity of injury, and other
factors, they found no significant trends in cause-specific pro-
portions of deaths. The sole exception was diseases of the
genitourinary system, whose proportion declined significantly
during the final 6 years of the study period.

A relatively recent work on this topic is the U.K. study of
Frankel.® It has the advantage of giving direct comparisons of
cause-specific mortality rates over time, after adjustment for
age and sex. The picture here was somewhat mixed. Frankel’
reported a marked decline in deaths from urinary tract infec-
tions over their 50-year study period. There was also a steady
decline in heart disease mortality, which mirrors the decline
observed in the general population and is not obviously reflec-
tive of changes in the treatment of patients with SCI. However,
with respect to respiratory infections, which are now the lead-
ing cause of death in this population, Frankel found no statis-
tically significant trend, “suggesting that the risk of dying from
these causes has remained relatively constant over the last 50
years.”>®27D

DeVivo'? note that there has been widespread concern about
the influence of managed care on the quality of the U.S. health
care system. They found significant differences in mortality
rates according to the sponsor of health care (eg, Medicare or
health maintenance organizations [HMOs]). More recently,
Krause et al'? reported that coverage through worker’s com-
pensation, as opposed to other sponsorship of care, was a
strong positive factor for survival, even after control for age
and severity of injury. The issue is complex, however, because
various selection biases operate. For example, HMOs may
select against patients with the greatest medical needs, and
recipients of worker’s compensation, being in the workforce
before injury, are on average in better health initially than those
not in the workforce. Whether changes in the health care
system have affected mortality after SCI is not yet clear.

From a methodologic point of view, a strength of the present
study is its use of person-years rather than persons as the unit
of analysis. This approach, used here, allows one to focus on
mortality rates for a given calendar year or time since injury,
rather than on the risks of persons over a long follow-up period.
In this way, it is straightforward to compare mortality rates in
different periods or to stratify according to time since injury.
This is technically possible in the context of proportional
hazards modeling with time-varying covariates but is more
cumbersome.'®

Arch Phys Med Rehabil Vol 87, August 2006



1084

The present study has been restricted to persons with SCI
who are not ventilator dependent. Recent work on ventilator-
dependent persons in the NSCISC database has indicated a
similar pattern to that reported here. There has been a marked
improvement over the last 30 years in the survival of such
persons during the first 3 years after injury (and especially in
the first year) but no significant improvement for the post
3-year period (RM Shavelle, PhD, et al, unpublished data,
2006).

Further comparison may be made to work on mortality
trends in cerebral palsy (CP) and other developmental disabil-
ities. A dramatic improvement in survival over recent decades
has been reported for infants in the vegetative state.”® For
adults with CP, however, the pattern appears to be quite dif-
ferent. A recent study examined the pattern of mortality over
the last 20 years in a large California population of persons
with CP.*? For persons of age 15 and over, the authors found
substantial improvements over time in the small subset of
subjects who required gastrostomy feeding (these were gener-
ally the most severely disabled people) but only a weak and
marginally significant trend otherwise. There are, of course,
considerable differences in rehabilitation medicine for persons
with CP and SCI. Nevertheless, the similarity of the findings in
the 2 conditions is striking: marked improvements over recent
decades in “critical care” mortality and at best a minimal
improvement in long-term mortality.

Finally, it is important to note the contrast between survival
after complete (grade A) and incomplete (grade B or C) inju-
ries. For high tetraplegia (levels C1-4), the distinction is a
significant one for life expectancy, making a difference of
approximately 7 years for a young adult. The difference is
smaller for low tetraplegia (C5-8), and no discernable differ-
ence was observed in paraplegia (T1 and below). A similar
finding was reported by Coll et al*® in their analysis of U.K.
SCI data. In the estimation of the life expectancy of persons
with tetraplegia, it may be appropriate to distinguish between
complete and incomplete (grade B or C) injuries.

There are several limitations of the present study. First, the
NSCISC database is not population based. It only captures data
from approximately 13% of the persons who have sustained
SCI in the United States and only from persons who are treated
at the MSCIS.? It is possible that persons who are not treated
at the MSCIS experience different short-term and long-term
mortality rates and that the trend in mortality rates for those
persons might be different than the trend for persons who are
treated at the MSCIS.

Another limitation is that the NSCISC database does not
include information on many factors such as smoking history,
associated injuries, or preexisting major medical conditions
that might be of prognostic importance in determining life
expectancy. If there were trends in these potentially important
prognostic factors, it would confound the assessment of overall
trends in mortality over time.

Missing and incomplete data represent another limitation of
this study. As already noted, 10% of persons in the database
were excluded from the study because of missing information
on ventilator status. Most of these persons have high level
neurologically complete cervical injuries, causing this neuro-
logic group to be underrepresented in the study. Some other
persons had missing neurologic data. Missing neurologic data
occur disproportionately among persons who die soon after
injury before an accurate assessment of neurologic status can
be made. As a result, the odds ratios for time since injury
reflected in table 2 are probably slightly underestimated.

As already noted, the SSDI is 92.4% sensitive in identifying
deceased persons. Although this was not the only method of
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identifying deceased persons, it is likely that a few persons who
died were misclassified as alive, thereby causing a slight over-
estimation of life expectancy. In a recent study of deceased
persons with traumatic brain injury, young age, being unmar-
ried, and being female all significantly decreased the sensitivity
of the SSDI.?*> Moreover, if sensitivity of the SSDI changed over
time, this would affect the analysis of mortality trends.

CONCLUSIONS

This study confirms the substantial progress that has oc-
curred over the past 30 years in reducing the mortality rate
during the first 2 years after SCI. As a result, life expectancy
measured from the time of injury has also increased substan-
tially. However, the study also shows that since 1980 there has
been no substantial change in either annual mortality rates after
the second postinjury year or in life expectancy as measured
from the second anniversary of injury or later. However, the
National Center for Health Statistics reports that the life ex-
pectancy for a 25-year-old white man from the U.S. general
population has increased from 47.8 years in 1980 to 51.4 years
in 2004. Therefore, the gap between life expectancies of per-
sons with SCI who have already survived at least 2 years
postinjury and comparable individuals from the general popu-
lation may have actually increased. At a minimum, there is no
evidence that the gap has narrowed. Additional studies of the
latest causes of death among persons with SCI are needed to
better understand the reasons for this lack of longer-term
progress in reducing annual mortality rates.

Until such cause of death studies are performed, we must
rely on existing literature®'® that indicates pneumonia and
septicemia to have the highest long-term standardized mortality
ratios, with heart disease also causing a high percentage of
premature deaths. Routine annual screenings and follow-ups
are important for prevention and early treatment of secondary
medical complications. Pneumococcal vaccine should be given
during initial hospitalization and will likely need to be repeated
over time.** Influenza vaccine should be given annually. Long-
term monitoring of the skin and urinary tract and aggressive
treatment of pressure ulcers and symptomatic urinary tract
infections is needed to reduce the risk of septicemia. Smoking
cessation and appropriate nutrition and exercise must also be
encouraged to reduce the risk of cardiovascular disease. Given
the current cause of death profile, these activities would likely
have the greatest immediate impact on improving life expect-
ancy.
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