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Long-Term Survival
and Causes of Death

Michael J. DeVivo and Samuel L. Stover

INTRODUCTION

During the past 50 years, both acute and long-term survival rates for persons
with SCI have improved dramatically.'-'*In fact, although the prognosis for some
persons (particularly those injured later in life who sustain neurologically
complete tetraplegia) remains relatively poor, the life expectancy of others (e.g.,
persons with neurologically incomplete motor functiona! injuries and normal
bladder function who survive the initial effects of the injury)} now approaches
normal. For most individuals with SCI, however, life expectancy remains
somewhat below normal."

Mortality rates are significantly higher during the first year after injury than
during subsequent years, particularly for more severely injured individ-
uals. /2472 Not surprisingly, the most significant prognestic factors related to
survival ate age and measures of injury severity such as neurologic level, degree
of injury completeness, and ventilator dependency,*'*'%*- Given comparable
age and injury severity, females and whites have slightly higher survival rates
than males and nonwhites, but the difference is not as great as it would be in the
absence of SCL. % Undoubtedly, the long-term quality of care received by persons
with SCT as well as many psychosocial factors are also important determinants
of sarvival, but these have received relatively little attention %

Until recently, renal failure and other urinary tract complications were
reported to be the leading causes of death among persons with SCL'™*™3! This jed
many clinicians and investigators to focus their attention and research efforts on
management of the neurogenic bladder and prevention of renal failure. As a
result, enormous progress has been made toward reducing urinary tract-related
morbidity and mortality. Studies conducted more recentty suggest that respira-
tory system complications, particularly pneumonia, have surpassed urinary tract
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confirmed by autopsy.
Since collection of follow-up data i often difficult, the mortality information
contained in the Nationa] Database is somewhat mcomplete. As discussed in

Administration was enlisted to assist in iﬂentifying the survival statug of persons
who were otherwise lost to fol low-up by searching its Master Beneficiary Record
and Summary Earnings Record files forinformation on persons for whom benefit
claims were submitted or for whom benefits were ferminated because of death,
By testing the accuracy of the Socia) Security Administration data with persons
from the Nationgz} Database whoge survivai status was aiready known, sensitivi ty
{the abiity to correctly identify pecple who were deceased) was found to be
92.4% and specificity (the ability to correctly identify people whe were still
alive) was found to be 99,595
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misclassifications of vital status will occur from using the Social Security
Administration data, their impact on the results is negligible and far outweighed
by the benefits of using these data to increase follow-up and identify deceased
- persons of whom the Model Systems were unaware. The overall data-merging
process enhanced the quality of the data by increasing the study population size
from 14,791 to 17,349 persons and increasing the length of follow-up for many
- of these individuals. However, the last collaborative study included follow-up
only to the end of 1985, and the last Social Security Administration file search
was conducted in 1989, Therefore, follow-up remains incomplete for many
petsons. For purposes of thisreport, all data collection ceased asof June 30, 1992.

LONG-TERM SURVIVAL

Cumulative survival was analyzed using standard Cutler-Ederer life table
techniques.”” In addition, the number of person-years of follow-up was calcula-
ted, with each person contributing 1 person-year for each year followed from
injury until death, loss, or study termination. * Expected numbers of deaths and
cumulative survival rates in the absence of SCI were calculated by applying U.S.
population annval mortality rates to the actyal follow-up period for each
individual. These rates were published by the federal government for the year
1982 (the midyear of the study period) and were specific for age, sex, and race.®

The overall 18-year cumulative survival for persons injured since 1973 who
survived at least 24 hours postinjury and were treated at a Model System within
1 year of injury was 74.6% (Figure 14-1). This compared with an expected
cumulative survival in the absence of SCI of 92.4%.

Actual and expected mortality during each year after injury appears in Figure
14-2. The mortality rate for persons with SCI was 3.75% during the first
postinjury year and 1.61% during the second postinjury year. Over the next 10
years, the mortality rate was approximately 1.2% per year {range 0.9% to 1.5%).
After the 12th postinjury year, estimates of the annual mortality rate became
increasingly unstable as sample sizes diminished. It does appear, however, that
the annual mortality rate was beginning to increase as the population of persons
with SCI aged. Annual expected mortality ranged from 0.4% to 0.5% per year.

Since the mean time from injury to admission to the Model System was
31 days, a small bias was introduced into the first-year mortality rate shown in
Figure 14-2. This is because the number of persons who died between 24 hours
after injury and time of System admission could not be determined. In a previous
Model System study of postinjury survival from 1973 to | 985, first-year
mortality increased to 6.3% when only persons admitted withir 24 hours of injury

were considered.” This bias would also have a small effect on the 18.year
enrmulative airrvival chasim in Biomea 14
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As in previous studies, survival rates were strongly associated with neurologic
tevel of injury, Frankel grade A and ageat injury. 51318202 In previous studies in
which stratified (grouped) analyses were performed, the injury severity sirata
most often used were incomplete paraplegia, complete paraplegia, incomplete
tetraplegia, and complete tetraplegia. The severity of neurologically incomplete -
lesions varies widely, however, with survival rates for persons who have only
sensory sparing (Frankel grade B} o nonfunctional motor capability (Frankel
grade C) below the injury level being closer to those of persons with neurolog-
ically complete lesions (Frankel grade A) than to persons with functional motor
capability below the injury level (Frankel grade D). Moreover, among persons
withtetraplegia, substantial differences in survival rates occur ateach neurologic
level.!s Therefore, a more effective way to group persons with SCI that
maximizes differences in survival rates is to create the following four groups:
(1} injury level between C1 and C4 with Frankel grade A, B,or C;(2) injury level
between C5 and C8 with Frankel grade A, B,orC; (3) thotacic, lumbar, or sacral
injury with Frankel grade A, B, orC; and (4} Frankel grade D regardless of injury
level,

Ten-year cumulative survival foreach of these groups by age at injury appears
in Figure 14-3. As can be seen, survival rates vary dramatically across strata.
Persons in the oldest age group have relatively poor prognoses regardless of
neurologic category. In fact, more than half of all persons in group I over 60 years
of age at injury die within the first postinjury year. Older persons in group 1 who
qurvive this initial high-risk period, however, have substantially improved
survival rates thereafier. Conversely, cumulative 10-year survival rates are
almost normal for persons in group 4 who are less than 46 years of age and persons
in group 3 who are less than 31 years of age.

A simpler approach to quantifying long-term survival prospects for persons
with SCI is to calculate a measure of average length of future survival. One such
measure, commonly referred to as median survival, 1s the point in time at which
50% of the population has died. Because the Model System program did not
begin until 1973, median survival has not yet been reached for several strata.
Median survival time was 14.4 years for persons in group 1 (high tetraplegia,
C1 to C4) between 31 and 45 years of age at injury, and 18.0 years for persons
of comparable age in group 2 (low tetraplegia, C5 to CR). Median survival times
for persons in these two neurologic groups who were between 46 and 60 years
of age at injury were 6.7 and 13.3 years, respectively. Among persons over 60
years of age at injury, median survival times for the four neurologic groups were
0.9 years for group {, 3.0 years for group 2, 7.7 years for group 3 (paraptegia),
and 10.3 years for group 4 (Frankel grade D).

A second and perhaps more popular measure is life expectancy, which is
defined as the arithmetic average (mean) remaining years of life for an individ-




SeiNaL CorD INTURY

294

Anlugsoy @ap

-~

&mfo] 18 63y Aq sdnolny MTo[oINoN J0J [EATAING FATRINUING X835 -UST, £—b1 3N

q esuesy

Anlupsog Jeo i

1}
+ ot
- 0z
ES
- OE m
B
S
M
L
0Ok
G|tk
oe0-a
sancug by
ol
+ 0
S
2]
[ =
3
&
2
=
[
M

Anfunsod o)

D 'd v ijuRid 'SS-iL

Anfunsod Jea)

.— N

28 3 8 8 e

g g

[BAIAING BANEINWNG %

[BAIING SANBINUNG %




Long-Term Survival and Causes of Death 295

ual. The process by which life expectancies for persons with SCI can be
calculated has been discussed in detail elsewhere: ' A fter determining the actual
and expected number of deaths as diseygsed previously, the ratio of actual o
expected deaths is calculated for each stratumi. This is known as either the
standardized mortality ratio (SMR) ox the relatiive mortality ratio (RMR), An
SMR of 1.0 implies that there is noincregse in the mortality rate, whereas an SMR
of 2.0 implies that the mortality rate for persoms with SCIs in that stratum is
twice the rate for the general population of comparable age, sex, and race. These
ratios are sometimes multiplied by 100 and expressed as percentages so that an
SMR of 1.5 would be expressed as 150% of normal. The annual probabilities of
dying in the general population that appear in th.e standard life table published
by the federal government are then multiplied by the appropriate SMR. These
revised mortality probabilities are subtracted from 1.0 to get the corre, sponding
survival probabilities that are then multiplied in .a cumulative manner to arrive
at the cumulative survival probability for each yearafter injury. Life expectancy
(in years) is calculated as the sum of these cumalative survival probabilities.

Standardized mortalityratios for the Model System study population strati fied
by age at injury and neurologic group appear im Table 14—1. Because of the
relatively high mortality experienced Yuring the first postinjury Year, a second
set of SMRs was calculated with actyz] and expected deaths during the first
postinjury year excluded. Although the exact pattern is somewhat inconsistent,
in general, the SMR declines with advancing age and reduced injury severity,
The SMR is consistently lower when the fipst posttinjury year is excluded. It has
also been demonstrated that the SMR decreases with advancing time after
injury.’ . :

Estimated life expectancies by age at injury and neurologic group for persons
who survive at least 24 hours after injury appear in Table 14-2. These life
expectancies are based on the SMR valyeg with the first postinjury year included
that appear in Table 14-1. Normal life expectancies for the general population
taken from the standard life tables published by the federal government for the
year 1988 (the most recent available) sre included for comparison purposes.
These estimates of life expectancies aresubstantially higher than those that were
published during the mid-1980s.>%* A individualin neurologic group 1 injured
at 25 years of age now has a life expecancy that iis 43.4% of normal, while the
same individual in neurologic group 4now has a life expectancy that is 83.9%
of normal.

Estimates of life expectancy by currint age and neurologic group for persons
who survive the first postinjury year afpear in Taible 14—3. These estimates are
based on the SMR values with the firstpostinjury vear excluded tha appear in
Table 14-1. Figures for normal life CXP:ctancy are the same as those that appear
in Table 14-2. Not surprisingly, givan the difference in SMR values, the
estimates appearing in Table 14-3 ar¢ uniformly higher than those shown in
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Table 14-1 Stendardized Mortality Ratios for Parsons with Spinal Coq Injuries with
First Postinjury Year Included and Excluded by Age at INiry angd
Neurologic Category

Standardized Mortality Rati,

First Ci1-C4 C5-C8 T1-55

Pastinjury Age at (Franke! Grade (Franke! Grade (Franke! Grayg Franke!
Year injury A B C A B C) A B C) Grade D
Included 0-30 14.47 5.83 4.22 293
31-45 16.98 7.85 427 204

46-60 9.53 552 2.44 1.99

61+ 9.22 5.37 3.01 1.85

Excluded D-30 10.94 5.07 3.88 258
31-45 9.78 6.30 3.74 203
46-60 5224 3.83 1.96 166

61+ 3.07 3.07 2.21 1.68

Table 14-2. Nonetheless, these life expectancy estimates are si]] well below
normal, particularly for more severely injured persons.

There is a common misconception, often expressed by many rehabilitation
professionals, that as a result of recent medical advances, life sxpectancy for
persons who survive the first postinjury year is either normal 0 reduced by at
most 10%. While much progress has been made, there is clearly 10 justification
forsuch statements. Anindividual in neurologic group 1 who has syryived at least
1 year after injury and is now 25 yearsof age has a life eXpeCtancy that is 57.9%
of normal, while the same individual in neurologic groups 2, 3, and 4 now has
a life expectancy that is 67.2%, 79.1%, and 86.6% of nermal, sspectively.

While projections of life expectancy contained in Tables 14-) an4 14-3 are
of great use in tracking progress in the overall medical management of persons
with SCI, great caution should be exercised when applying these figures to
individual cases for several reasons. First, considerable variatility in injury
severity exists within each neurologic group. This is particyjarly true for
neurologic groups | and 4. For example, the tabulated life €Xpectancies for
persons in neurologic group 1 would be overestimates for individya]s who were
ventilator dependent and underestimates for persons who were por ventilator
dependent. Second, the effects of gender, race, and other known determinants of
general population survival are not considered, Moreover, the effects of numer-
ous psychosocial factors and the anticipated lifetime quality of caye are also not
considered, although they are difficuit to quantify. Therefore, more precise
projections should be made for specific persons only by matching such charac-
teristics of the individual as the exact neurologic level of injury and Frankel
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Tabie 14-2 Life Expectancy for Persons with Spinal Cord Injuries Who Survive at Least
24 Hours Postinjury by Age at Injury and Neurologic Category

Life Expectancy (Years)

: C1-C4 C5-C8 T1-85

Age at (Franke! Grade (Franke! Grads (Frankel Grade Franke!
injury  Normal® A B C) - A B Cj A B, Cj Grade D
5 70.8 37.3 anr 55.7 61.4
10 65.9 329 43.1 51.0 56.6
15 61.0 285 384 46,3 51.8
20 56.3 25.3 34.3 42,1 47.5
25 51.6 224 30.5 38.1 ) 433
30 46.9 19.3 26.5 34.0 39.0
as 42,2 16.5 229 30.0 34.6
4G 376 14.2 19.5 26.2 . 303
45 - 330 12.2 16.4 226 26.0
50 28.6 9.7 13.1 18.7 21.9
55 24.4 - 7.3 - 102 15.0 18.1
60 20.5 50 - 7.8 11.6 14.8
65 . 16.8 35 58 8.9 11.8
70 . 13.6 2.2 4.0 6.7 8.0
75 0.7 1.3 2.7 4.8 6.7
80 B.1. D3 1.5 3.2 4.6

*Normal values are from 1988 U.5. Life Tables for the general population.

grade, age, gender, race, ventilator status, length of postinjury survival to date,
presence of pre-existing or unrelated concurrent medical conditions, motivation
in self-care, and availability of good medical care to the largest possible sample
population.

Finally, because of their uncertain nature, these projections cannot take into
consideration possible future advances in medical treatment and prevention
practices, not onty for potentially fatal secondary medical complications related
to SCI, but also for unrelated medical congitions such as cancer, heart disease,
and stroke that nonetheless affect life expectancy for persons with SCls. In fact,
by using Cox proportional hazards regression analysis to control for confound-
ing due to trends over time in age, gender, race, and neurologic category, a
striking trend toward improving survival rates is clearly evident.** As seen in
Table 144, the mortality rate for persons injured between 1976 and 1979 was
0.92 times the mortality rate for persons injured in the referent time period
(1973-1975). Stated simply, this means that given comparable age, gender, race,
andneurologic category, the mortality rate for 1976-1979 was 8% lower than the
mortality rate for 1973-1975. Similarly, the mortality rate was reduced by 25%
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Table 14-3 Life Expectancy for Perscns with Spinal Cord Injuries Who Survive at Least
1 Year Postinjury by Current Age and Neurologic Category

Life Expectancy (Years)

C1-C4 C5-C8 T1-85

Current (Frankel Grade (Franke! Grade (Frankel Grade  Franket!

Age Normat” A 8 C A, B, C) A, B, C) Grade D
5 70.8 45.0 52.0 59.5 63.0
10 85.9 40.5 47.3 53.7 58.2
18 81.0 36.1 42.6 48.0 53.4
20 56.3 328 38.6 44.8 49.0
23 81.6 29.9 34.7 40.8 44.7
30 46.9 26.8 30.7 38.7 40.5
35 422 23.7 27.0 32.7 36.1.
40 378 20.9 23.8 28.8 N7
45 33.0 18.4 2.4 251 27.5
50 28.6 15.5 17.0 21.2 23.4
55 24.4 12.8 13.8 17.3 19.5
(1] 205 11.0 1.2 13.8 15.9
85 18.9 8.8 8.8 10.9 13.2
70 13.6 6.6 a8 8.3 10.4
75 10.7 4.7 4.7 8.1 8.0
80 8.1 3.1 31 4,2 6.1

*Normal values are from 1988 U.S. Life Tables for the genaral poputation.

for persons injured between 1980 and 1982, by 28% for persons injured between
1983 and 1985, by 37% for persons injured between 1986 and 1988, and by 42%
for persons injured between 1989 and 1992 relative to persons injured between
1973 and 1975. This improvement represents one of the major accomplishments
of the Model System program. :

Table 144 also confirms the necessity for taking race and gender into account
when projecting life expectancy for individuals with SCIs. While these factors
are somewhat less important than neurclogic category, the mortality rate for
males is 27% higher than that for females, and the mortality rate for nonwhites
is 19% higher than that for whites given comparable neurclogic category, age,
and injury year.

CAUSES OF DEATH

Why is life expectancy below normal, even for persons who survive the initial
high-risk period immediately after injury? To answer this question, one must
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Table 144 Results of Proportional Hazards Regression Analysis of Survival Following
Spinal Cord Injury

~ Predictor Ralativa Risk
Mala 1.27
Female _ 1.00
Nonwhite 1.19
White - 1.00
Each Year of Age : 1.06
Neurologic Category '
C1-C4, Franke] Grade A, B, C 5.42
C5-C8, Frankel Grade A, B, C 2.72
T1-55, Frankel Grade A B, C 158
Frankel Grade D 1.00
Year of injury
© 197375 1.00
1976-79 0.g2
1980-82 . 0.75
1983-85 . 0.72
198688 : 0.63
1988-92 ) 0.58

consider cause-specific mortality rates for persons with SCI compared with those
ofthe general population. The methodology for doing thisis the same aswas used
to calculate the SMR values shown in Table 14-1 except that cause-specific
mortality rates for the general population are used rather than overall mortality
rates to determine the expected number of deaths from each cause. The general
population mortality rates for each cause are also age-, sex-, and race-specific
so that differences in these characteristics between the general and the SCI
population can be controlled.” The expected number of deaths from each cause
is then compared with the actual number of deaths from that cause to arrive at
a separate SMR for each cause. A more detailed understanding of why life
expectancy remains below normal can then be obtained by stratifying the cause-
of-death analyses by age, neurologic group, and time postinjury. %

Before proceeding further, it is important to understand that when someone
with SCI dies, multiple causes (sometimes even unrelated causes) may playarole
in that death. The same is true for persons in the general population. The cause-
specific mortality rates for the genetal population published by the National
Center for Health Statistics, however, are based solely on the underlying cause
of death. Contributing causes and incidental findings are not considered. For
these purposes, the underlying cause of death is defined as the cause that initiated
the sequence of events that directly led to the person’s death. It is often different
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from the immediate cause of death. For example, if the death certificate listg
cardiorespiratory arrest due to or as a consequence of pneumonia, then cardio-
respiratory arrest would be the immediate cause of death and pneumonia would
be the underlying cause of death. Although comparison of causes of death
between the SCI and general population by calculating the SMR is therefore
restricted to the underlying cause, frequencies and descriptive information about
secondary or contributing causes among the SCI population are included to
provide a more complete picture of the impact of particular causes on life
expectancy.

The results of these analyses appear in Tables 14-5 through 14-9. Because
most specific causes of death are relatively rare, particularly among younger-
aged persons who comprise the largest segment of the SCI population, sample
sizes preclude use of multivariate analyses, even though our study popula-
tion includes over 17,000 persons. Therefore, age, neurologic group, and
time postinjury were analyzed separately rather than jointly (Tables 14-7
through 14-9),

Pneumonia and Other Respiratory Diseases

The leading cause of death for persons with SCls is pneumonia. Overall, 16.3%
of all deaths of known cause were due to pneumonia (Table 14-5). Pneumonia
was also listed as a contributing cause of an additional 21 deaths (1.5%).
Pneumonia is the leading underlying cause of death in all age groups, ranging
from 20.3% in the oldest age group to 12.8% in the youngest age group. It is the
leading underlying cause of death in persons with high-level (C1 to C4)
tetraplegia (24.7%) and persons with low-level (C5 to C8) tetraplegia (19.6%).
Pneumonia is also the leading underlying cause of death during all postinjury
time periods, ranging from 18.9% during the first postinjury year to 12.7% after
the fifth postinjury year.

The actual number of deaths due to pneurnonia was 35.6 times the ex-
pected number of deaths given the age, gender, race, and length of follow-up of
these persons. The pneumonia SMR was particularly high for younger persons
(SMR = 65.7) and persons with high-level tetraplegia (SMR = 151.7), and was
highest during the first postinjury year (SMR = 83.8). Nonetheless, there were
substantially more deaths due to pnewnonia than expected for all groups and time
periods,

In addition to pneumonia, there were 109 deaths due to other diseases of the
respiratory system (58 underlying and 51 secondary). Combining these with the
deaths due to pneumnonia, respiratory system complications are the undertying
cause of death in 20.4% of cases and, accounting for duplication, a secondary
cause of death in an additional 3.5% of cases.
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Table 14-5 Underlying and Secondary Causes of Death for Perssons with Spinal Cord
Injuries Who Survive at Least 24 Hours after Injury

Underlying Secon,d,gry

Cause of Caustg of
Dﬁafhr De&f{hf Totat
Cause of Death* No, % - No. % No. %
Septicemia (038) 122 87 47 33 169 120
Cancer (140-239) 71 851 8 0.6 79 5.6
Diseases of the Narvous System .

{320-359) 30 21 28 2.0 58 41
ischemic Heart Disease (410-414) 91 85 13 0.9 104 7.4
Diseases of Pulmonary Circulation i )

(415-417) 113 8.1 3 0.2 116 8.3
Monischemic Heart Disease {420-429} 171 122 60 4.3 231 16.5
Cerebrovascular Disease {430-438) 41 29 12 0.9 53 3.8
Diseases of Arteries (440-448) 17 1.2 16 1.1 33 2.4
Preumnonia and Influenza (480-487) 228 16.3 21 1.5 249 7.7
Other Respiratory Diseases

(460478, 490-519) 58 441 51 3.6 109 7.8
Diseases of the Digestive System

(520-579) 67 48 28 2.0 95 6.8
Dissases of the Urinary System )

(580-599) 49 35 73 52 122 8.7
Symptoms and Hi-Defined Conditions

(780-799) . 12 7.3 . 112 B0 214 153
Unintentional Injuries {(E800-E948) 72 5.1 — —_ 72 5.1
Suicide (E950~E959) ' 80 87— — 8¢ 57
Homicigde and. iLegal Intervention :

{EY60-ES7E) 15 1.1 — - 15 1.1
Ali Other External Causes (E980-E399) az 2.3 - — az 2.3
Residual {All Others) 44 31 70 50 114 8.1
Taotal Deaths of Known Cause 1403 100.0
Unknown 198 -

Total Deaths 1601

“CD-9-CM codes arg in parentheses,
1Al percentages are based an 1403 deaths of known causs,

Of the 109 deaths due to other diseeases of the respiratory system, there were
12 cases of pulmonary congestion ((11.0%); 10 cases of pylmonary collapse
(9.2%); 9 cases of acute pulmonary e:dema (8.3%); 8 cases gach of lung abscess
and preumothorax (7.3%); 6 cases ceach of pleurisy and emphysema (5.5%);
5 cases of bronchitis (4.6%); 4 casess each of asthma anq pulmonary insuffi-
ciency (3.7%); 2 cases each of pulmodnary fibrosis, empyerma, and mediastinitis
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Table 14-8 Standardized Mortality Ratios for Underlying Cause of Death among
Persons with Spinal Cord Injuries Who Survive at Least 24 Hours F'astinjury

Expeacted

Cause of Death Actuaf Deaths - Deaths SMR
Septicemia 122 1.8 64.2
Cancer 71 82.0 0.9
Diseases of the Nervous System a0 51 59
Ischemic Heart Disease 91 78.4 1.2
Diseases of Pulmenary Circulation 113 2.4 47.1
Nonischemic Heart Disease 171 26.7 6.4
Cersbrovascutar Diseasa a1 18.6 22
Diseases of Arteries 17 5.0 3.4
Pneumonia and Influsnza 228 6.4 35.6
Other Respiratory Diseases 58 12.8 4.5
Diseases of the Digastive System 67 17.8 3.8
Diseases of the Urinary System 49 4.5 g
Symptoms and lll-Defined Conditions 102 7.4 13.8
Urintenttonal !njuries 72 51.8 1.4
Suicide 80 16.6 4.8
Homicide and Legal Intervention 15 21.8 0.7
Al Other Extemnal Causes 3z 2.3 13.9
Residual 44 23.2 1.9

Unknown 198

(1.8%); 1 case each of asphyxiation, tracheostomy complications, chronic
airway obstruction, upper respiratory infection, and sinusitis (0.9%); and 26
unspecified cases of lung or respiratory system diseases (23.9%).

Pulmonary Embolus

There were 113 deaths for which the underlying cause was coded as a disease
of pulmonary circulation (8.1% of all deaths of known cause). All of these
deaths were the result of a pulmonary embolus that usually occurs secondary to
deep venous thrombosis. Pulmonary embolus was also listed as a secondary
cause of death in 3 cases (0.2%). Therefore, respiratory diseases plus pulmonary
emboli account for 28.4% of all underlying causes of death in this population,
and when secondary causes of death are included, respiratory disease plus
pulmonary emboli can be said to contribute to 31.9% of all deaths, Pulmonary
emboli were among the leading underlying causes of death for persons in the
younger and middle age groups (9.4% and 10.1% of all deaths of known cause,
respectively). Pulmonary emboli were the third leading underlying cause of
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Table 14-8 Underlyirg Cause of Death for Persons with Spinal Cord Injuries Who
Survive at Least 24 Hours after Injury, by Neurolagic Category

C1-C4, Frankel Grade ABC

C5-C8, Frankel Grade ABC

Actual Expected

Actual Expected

Catise of Death Deaths Deaths SMR Deaths Deaths SMR
Septicemia 27 0.2 135.0 39 0.4 97.5
Cancer 4 7.0 0.6 14 171 0.8
Diseaseas of the Nervous

Systam 15 0.5 30.0 9 1.2 7.5
lschemic Heart Disease 17 8.7 2.5 22 16.1 1.4
Diseases of Pulmonary

Circulation 21 0.2 105.0 32 0.5 64.0
Nonmischemic Heart

Disease 56 2.5 22.4 54 57 8.5
Cerebrovascular Disease 14 1.8 7.8 1 3.9 2.8
Diseases of Arteries 2 0.5 4.0 4 1.1 3.6
Pneumonla and Influenza 91 0.8 151.7 88 1.5 58.7
Other Respiratary Disease 18 1.1 16.4 26 2.7 9.6
Diseases of Digestive

Systemn 21 1.5 14.0 17 4.0 4.3
Diseases of Urinary System 10 0.4 25.0 19 1.0 19.0
Symptoms and Ili-Defined

Conditions 44 0.7 62.9 37 1.8 20.6
Unintenticnal Injuries 11 55 2.0 26 14.8 1.8
Suicide 3 1.7 1.8 22 4.8 4.8
Homicide and Legal

Intervention 0 2.3 0.0 4 5.8 Q.7
All Other External Causes 3 g.2 15.0 9 0.6 15.0
Rasidual 11 22 5.0 17 5.1 3.3
Unknaown 46 53

T1-85, Frankel Grade ABC

Franke! Grade D

Septicemia 46 0.5 92.0
Cancer Kh] 25.6 1.2
Diseases of the Nervous

System 3 1.7 1.8
Ischemic Heart Disease 28 23.4 1.2
Dieases of Pulmonary .

Circulation . 34 0.7 48.6
Nonischemic Heart

Disease : 27 7.9 3.4
Cerebrovascular Disease 7 5.2 1.3
Diseases of Arteries & 1.3 6.2
Prneumonia and Influenza 23 1.8 12.8
Other Respiratory Disease g 3.8 2.4

10 a7 14.3
22 3a2.2 0.7

3 1.7 1.8
23 32.2 0.7
26 0.2 289
34 10.6 3.2

9 7.7 1.2

3 2.1 1.4
26 25 104

5 5.2 1.0

continugs
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Table 14-8 continued

T1-85, Frankel Grade ABC Frankel Grade D

Diseases of Digestive

System 16 6.1 2.6 13 6.3 2.1
Dissases of Urinary System 15 1.3 11.5 5 1.8 2.8
Symptoms and El-Defined i

Conditions 9 2.5 36 12 2.4 5.0
Unintenticnal Injuries 18 18.1 1.0 17 13.6 1.3
Suicide a0 58 - 6.8 i5 4.4 3.4
Homicide and Legal

Intervention 6 8.5 07 5 53 0.9
All Other External Causes 15 0.8 18.8 5  06. 83
Residual 12 7.7 1.6 4 8.4 0.5
Unknown 57 42

death for persons with paraplegia (9.8%), tied for the second leading underlying
cause of death for persons with Frankel grade D lesions (11.0%), and the third
teading underlying cause of death during the first postinjury year (14.6%).
However, the frequency of deaths due to pulmonary embohi decreased substan-
tially with advancing time after injury, accounting for only 2.5% of deaths after
the fifth postinjury year.

Overall, pulmonary embolus had the second highest SMR among all causes of
death. The actual number of deaths due to pulmonary emboli was 47.1 times the
expected number of deaths given age, gender, race, and length of follow-up of
these persons. The pulmonary embolus SMR was particularly high for both
younger persons (SMR = 113.3) and persons in the middle age group (SMR =
57.3). The pulmonary embolus SMR decreased substantiaily with decreasing
injury severity, ranging from 105.0 for persons with high-leveltetraplegiato 28.9
for persons in the Frankel grade D group. Nonetheless, pulmonary embolus had
the highest SMR among personsin the Frankel grade D group, the second highest
SMR among persons with paraplegia or low-level tetraplegia, and the third
highest SMR among persons with high-level tetraplegia. Pulmonary embolus
had the highest SMR during the first postinjury year (SMR =210.0) and the third
highest SMR during postinjury years 2 through 5 (SMR = 19.1),

Diseases of the Urinary System
Diseases of the urinary system now account for only a small percentage of

underlying causes of death in this population. Overall, there were 49 deaths for
which the underlying cause was a disease of the urinary tract (3.5% of all deaths




Srinar Corp INjURY

306

€4 68 9g UMOL LY

9L 2’01 i 9L 48 14 Fe 8¢ €l |ENpisey
€1 80 1 6oL Ll gl 57 0 g SOSNED jBLIBLXg U0 By
§E 8e Fi 50 6'FL Fi 20 L'y L Loliwanisiut rebe pue apioiuoy
oe 0g g1 t'9 03] i1 os b £l apiaing
g1 S9) 62 2l ase Ze A SE Lt saun(u [euousULN
'S 9z ¥l i'6 St < L'Ey £ 95 SuotIpUoD pauyeq-(l| pue swodwig
ool Sl Sl 58 L' 414 9'GL B0 43 - wiaIsAg Aeuun ay) o saseas|(
g2 g9 a1 oe &8 [+74 i1 [ |24 walsAg aansabiq sy o saseasi()
2l Sy 8 g 65 9l a4t ¥z PE S38BAsI() Aojendsay Joyi)
064 L'g o £9z oe 7 e £l 60} BZUanju) pue elucwinaug
£'e L1 4 oe €2 L g oL 9 S9UALY O Seseas)]
'L 50 g 6L S'g 91 b gg 2i 95BaS5|( JBINOSBACIQEI)
L'e 80l > 8t L'OL i1 €61 8'g [51:] 9sBasIq UESH JHLSUISIUON
68 60 g LBt LL 4 002 P10 g UoieINag Aleuowing jo seseasiq
£0 g2 61 gL 8'6e 44 Le SPL ot BSEasI] LEOH SllWayos|
¥'g 2L v P e 14 0zz ol Zc wajsig snomep ayl jo S98RIsI
60 9'6e 9z 60 LiE £e g0 Fin 40 clL 1souern)
L9% 90 8c ] 80 a5 0’56 [ 4] 8E : Elluaondeg
HWS  S41Beq  syieegd  ywo P8 Sylesg gwe  sywpag syreaqg LS jo ssney
poloedyy  jemoy paloadxy  renoy pajosdxz  jemoy

SIBOL 5[ feAAINg

SO G< [BAAING

[BAIANG Ainfunsoq
30 (iBue Aq ‘Aunfunsag SINOH pg 1587 1B 8AAING OYA saunluy P09 feuids LM suossey o4 yiea Jo esne) Bukpspun &-FL aqet




Long-Term Survival and Causes of Death 307

of known cause). However, diseases of the urinary system were listed as a
secondary contributing cause of death for an additiona!l 73 persons (5.2%),
making this the most frequent secondary cause of death among persons with
SCIs. :

Of 122 deaths for which diseases of the urinary system were either the
underlying or secondary cause, only 13 were due to renal failure (10.7%).
There were 40 urinary tract infections (32.8%), most of which were listed as
secondary causes of death. There were 19 cases of glomerulonephritis {15.6%);
two cases of kidney stones (1.6%); cne case each of kidney cyst, cystitis, and
unspecified bladder disease (0.8%); and 45 cases of unspecified kidney disease
(36.9%). o

The actual number of deaths due to diseases of the urinary system was 10.9
times the expected number of deaths given age, gender, race, and length of
follow-up of these persons. The SMR for diseases of the urinary system
decreased with advancing age and with decreasing injury severity. However, no
trend in the SMR for diseases of the urinary system was observed by time
postinjury. '

Septicemia

Septicermia is the third leading underlying cause of death for persons with
SCIs. Overall, there were 122 deaths for which the underlying cause was
septicemia (8.7% of all deaths of known cause). Septicemia is usually secondary
to an infection occurring in any of several organ systems of the body. Unfortu-
nately, the source of septicemia is often not documented on death certificates.
Among the 122 deaths where septicemia was listed as the underlying cause,
27 cases were actually secondary to pressure sores (22.1%). These deaths were
included in the septicemia category rather than in a newly created category for
diseases of the skin. The source of 55 cases of septicemia was not documented
(45.1%), while the remaining 40 cases were included in this category
because they had multiple possible sources listed as contributing causes of death
(32.8%). .

In addition, septicemia was listed as a secondary cause of death for 47 cases
(3.3%). Of these, 23 were secondary to urinary fract infections (48.9%), 18 were
secondary to respiratory infections (38.3%), ang 6 were secondary to peritoneal
infections (12.8%). This generally agrees with others who reported that urinary
tract infections were the source of bacteremia in 47% of cases.*

Septicemnia is tied for the second leading underlying cause of death in the
middle-aged-group (10.1%), the leading underlying cause of death among
persons with paraplegia (13.2%}, the third leading underlying cause of death
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among persons with low-level tetrapiegia (8.7%), and the second leading
underlying cause of death between | and 5 years postinjury {10.9%). Overall,
septicemia has the highest SMR of any cause of death in this population (SMR
= 64.2). It has the highest SMR across all age groups, the second highest SMR
arong persons with either high-level tetraplegia or Frankel grade D lesions, the
highest SMR among persons with either low-level tetraplegia or parapiegia, the
highest SMR after the first postinjury year, and the second highest SMR during
the first postinjury year.

Many of these deaths might be preventable with appropriate skin care, proper
supplies and equipment, routine long-term follow-up, and improved compliance
with therapeutic regimens. Therefore, increased emphasis should be placed on
patient education, particularly in the areas of proper skin care and bladder
management. Regular home visits by skilied personnel trained to identify and
manage problems before they become life-threatenin gmayalso prove beneficial
for some persons with SCIs, Nonetheless, many infections are probably not
preventable in this population. Therefore, prompt and appropriate treatment of
infections when they occur in these organ systems is also important in preventing
septicemia.

Diseases of the Digestive System

There were 67 deaths for which diseases of the digestive system were listed
as the underlying cause (4.8% of all deaths of known cause). In addition,
diseases of the digestive system were listed as a secondary contributing cause of
death in 28 cases (2.0%). Of the 95 total cases in which diseases of the digestive
system were cited as either the underlying or a contributing cause of death, 39
(41.1%) were cases of peritonitis or gastrointestinal hemorrhage usually second-
ary to perforated and/or hemorrhaging ulcers; 25 (26.3%) were diseases of the
liver (usually alcoholic cirrhosis); 16 (16.8%) were intestinal disorders, includ-
ing obstructions, adhesions, fistulas, and enteritis; 5 (5.3%) were pancreatic
diseases; 5 (5.3%) were unspecified vascular insufficiencies; and there was 1
case each of obstructed inguinal hernia, unspecificd disorder of gastric motility,
unspecified disorder of the esophagus, unspecified disorder of the stomach, and
acute appendicitis (1.1%).

Diseases of the digestive system were not among the leading underlying
-auses of death for any age, neurologic, or time postinjury group. Nonetheless,
here were 3.8 times more deaths due to diseases of the digestive system than
xpected in this population. While this is not an exceptionally high SMR
:ompared with other causes, it does suggest that digestive system complications
‘annot be ignored as a contributor to reducedlife expectancies in this population,
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particularly among young persons for whom the SMR was 10.0 and among
persons with high-level tetraplegia for whom the SMR reached 14.0.

Unintentional Injuries, Suicide, and Homicide

By definition, all deaths in these categories begin with a traumatic event.
Therefore, these events will always constitute the underlying cause rather than
a secondary cause of death. '

There were 72 deaths due to unintentional injuries that occurred subsequent
to the event that caused the SCI (5.1% of all deaths of known cause). This was
oniy slightly more than the expected number of deaths from this cause {SMR =
1.4). Unintentional injuries were not among the leading underlying causes of
death for any neurologic group or time postinjury. However, they were the third
leading underlying cause of death for persons in the youngest age group (9.7%).
This is not surprising, since unintentional injuries are the leading cause of death
in the younger-aged general population.®

Recently, attention has been focused on the relatively high rate of suicide in
this population.*~* The data presented in Tables 14—5 through 14-9 confirm this
disturbing trend. There were 80 confirmed suicides in this population (5.7% of
all deaths of known cause). Suicide was the second leading underlying cause of
death among persons in the youngest age group (11.1%), the second leading
underlying cause of death for persons with paraplegia (11.5%), and the third
leading underlying cause of death between the first and fifth postinjury years
{9.6%). Conversely, suicide was rare among persons with high-level tetraplegia.

The overall SMR forsuicide was4.8. The highest suicide SMR was for persons
withparaplegia (SMR = 6.8). The suicide SMR washigher during the first 5 years
than later postinjury. These trends are similar to those reported previously.*
Additiona} analyses and discussion of the issue of suicide in this population
appears in Chapter 10, and other reports have also been published. -

Very few personsin this population were homicide victims (1.1%of all deaths
of known cause), Moreover, the number of homicides was slightly below that
which was expected giventhe age, gender, race, and length of postinjury follow-
up for this pepulation (SMR = 0.7).

There were 32 deaths due to “all other external causes.” These are invariably
cases of fatal injuries that were sustained from events of uncertain circumstances.
Since there were 72 confirmedunintentional injuries, 80 confirmed suicides, and
15 confirmed homicides, it might be assumed that approximately these same
proportions should apply to the 32 cases of uncertain circumstances. If that were
true, then these 32 cases would include 14 deaths due to unintentional injuries,
15 suicides, and 3 homicides. This would increase the overall SMR to 1.7 for
unintentional injuries, 5.7 for suicide, and 0.8 for homicide.
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Cardiovascular, Cerebrovascular, and Arterial Diseases

Nonischemic heart disease is the second leading underlying cause of death in
this population, while ischemic heart disease ranks sixth. Combining these two
categories, heart disease accounts for 18.7% of all deaths of known cause,
ranking second only to pneumonia and other diseases of the Iespiratory system
as the underlying cause of death. In addition, there were 71 deaths (5.1%) for
which heartdisease waslisted asa secondary contributing cause (58 nonischemic,
11 ischemic, and 2 with both). After eliminating duplication among the under-
lying and secondary causes, heart disease contributes to 22.4% of all deaths.

If both ischemic disease and nonischemic disease are combined, then heart
disease is the second leading underlying cause of death among persons with
tetraplegia and the leading underlying cause of death among persons with
paraplegia and persons with Frankel grade D injuries. Heart discase would also
be the second leading underlying cause of death during the first 5 postinjury
years, and the leading underlying cause of death thereafter.

Interestingly, there is no significant increased risk of} mortality duetoischemic
heart disease in this population (SMR =1,2). However, it is possible that follow-
up is not yet long enough for significant increases in mertality due to ischemic
heart disease to appear. There is a significant increase in mortality due to
nonischemic heart disease (SMR = 6.4) that requires further scrutiny.

Among the 231 deaths for which nonischemic heart disease was either the
underlying or secondary cause, 98 (42.4%) were classified as cardiac arrests not
otherwise specified ({CD9CM code 427.5). The remaining 133 causes of death
in this category included 71 cases of congestive and other heart failure, 40 cases
of cardiac dysrhythmia, 19 cases of ill-defined heart disease, two cases of
endocardial disorders, and one case of cardiomyopathy,

Closer inspection of the 98 deaths coded as cardiac amests not otherwise
specified revealed that this category was often used in cases where the cause of
death appeared uncertain. These are virtually always listed as immediate causes
of death with no secondary cause listed. These deaths often occur during the first
postinjury year. Many of these individuals are young and have no previous
history of heart disease, and only 30% of these cases were autopsied. It is likely
that several of these cases represent sudden death secondary to vagal arrest rather
than intrinsic heart disease, particularly among persons with high-level
tetraplegia.*’ Therefore, the true number of deaths due to nonischemic heart
disease is probably considerably overestimated. Nonetheless, even if all suspect
deaths were excluded from the nonischemic heart disease category, there would
still be almost three times as many deaths remaining as expected.

Unlike ischemic heart disease, there is a small increase in mortality due to
cerebrovascular disease (SMR = 2.2). Overall, cerebrovascular disease was the
underlying cause 0f2.9% of all deaths of known cause. Cerebrovascular disease
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also contributed as a secondary cause to 12 additional deaths (0.9%). Cere-
brovascular disease was not among the leading underlying causes of death for any
study group, and SMR values were consistently small by comparison with other
causes.

Diseases of the arteries were also a relatively rare underlying cause of death
(1.2% of all deaths of known cause). However, the overall SMR was somewhat
elevated (SMR = 3.4). Among older persons, the usual cause of death in this
category was arteriosclerosis, while among younger persons aneurysms were the
usual cause. Diseases of the arteries were also listed as a secondary contributing
cause of death for 16 cases (1.1%). In almost all of these secondary cases, heart
diseage or cerebrovascular disease was listed as the underlying cause of death.

Although the SMRs for heart disease, cerebrovascular disecase, and
diseases of the arteries are not particularly high relative to those of other causes,
there are nonetheless a substantial number of excess deaths due to these
combined causes. Therefore, these data suggest that smoking cessation, chang-
ing diet, and increasing exercise to the extent possible wouldhave an even greater
impact on life expectancy of persons with SCIs than they would in the general
population.

Cancer

Cancer mortality rates do not appear to be increased among persons with SCL
Overall, 5.1% of all deaths of known cause were due to cancer. Cancer was also
listed as a contributing cause of an additional eight deaths (0.6%). Of 79 deaths
where cancer was either the underlying or a contributing cause, 27 were
metastatic lung disease (34.2%). There were six prostate cancers (7.6%); five
colorectal cancers (6.3%); four pancreaticmalignancies (5.1%); three each ofthe
braitl, esophagus, bladder, and connective and soft tissue of the head, face, and
neck (3.8%); two each of liver, kidneys, endocrine glands, leukemia, and
multiple myeloma (2.5%); and one each of urinary system (unspecified),
endometrium, ovary, breast, bone, peritoneum, melanema, and other malignant
neoplasm of the skin (1.3%). The remaining seven cases were disseminated or
unspecified malignancies (8.9%). This pattern of cancers seems consistent with
what one would expect in the general population of comparable age, sex, and
race. Cancer would be expected to increase as a cause of death as the population
1s followed longer and ages.

Other Causes of Death

There were 30 deaths for which the underlying cause was listed as a disease
of the nervous system (2.1%). In addition, diseases of the nervous system were
listed as a secondary contributing cause of death in 28 other cases (2.0%). These
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figures do not include any persons with I(DoCM code 344 (other para-
lytic syndromes) because these codes typicall, gre yseq 1, represent the SCI
itself. Four cases of meningitis, three cases of abgegges, and two cases of epilepsy
were documented. The exact nature of the I€Méning 49 caseg was unspecified

Interestingly, most of these deaths occur 4nong persqpg with high-lev el
tetraplegia during the first postinjury year. In feet, although the overall SMR is
5.9, the SMR for persons with high-level tetraplygiy js 39,0, and the SMR for the
first postinjury year is 22.0. Given the Unspesified nature of most of these
reported deaths, there may be some overestimatiyy of deaths
to potentially inappropriate use of these nons,ecific cent
codes in cases wheneitherthe exact cause of deaty jg ynknow
very shortly after injury and is attributed to
performed on only 30% of cases for which di
the underlying cause.

Another indicator of the relatively poor qualyy of informgation contained on
many death certificates is the exceptionally hig, 44 of reported deaths due to
symptoms and ill-defined conditions. Overall, s;mptoms an 4 ill-defined condi-
tions were listed as the underlying cause of degep in 7.3% of cases and as a
secondary contributing cause in an additional g oy of ciges. The SMR for
symptoms and iil-defined conditions was 13.8; however, opce again, most of
these deaths occur during the first postinjury year (SMR = 43.1) an’d among
persons with high-level tetraplegia (SMR = 62.9, pfost of thege (;ases are coded
in the respiratory arrest (ICD9CM code = 795 1) sybeate orv of “other ill-
defined and unknown causes of morbidity and 1o rtality.” fhge fore, many of
these cases might be more appropriately classified in the “other r f;Spiratory
disease” category described previously. If so, thig would substantially increase
the percentage of total deaths due to diseases of e respiratory system

Finally, there were 44 deaths for which the Uqerlying Cauger\);ras “non‘e ofthe
above” (3.1% of all deaths of known cause). Iy, addition, 70 other cases had
residual secondary causes of death (5.0%). The 1,56 frequen; residual cause of
death was infectious diseases (n = 20}, followed by diabetes mellitus (n = 15),
nutritional deficiencies (n = 12), unspecified disegges of the
(n = 12), acquired immune deficiency syndrome ¢, — . =
7}, hypertension {n = 6}, osteomyelitis (n = 3), (0~ 8) hyperosmolality (n

C5agulation ¢ = nd
assorted others (n = 24). Because these cauSeg were 1i2:ef§cgi(1;ﬂ yS);;)re
frequently than expected as the underlying cause Gf death (SMR =1 9% it appears

that many of these deaths were probably related 1o gCL.

in this category due
ral nervous system
Su horthe death occurs
th'e Injury itse]f, Autopsies were
S€ises of the neryous system were

circulatory system

Cause of Death Data Limitations and Biases

Cause of death information was unavailable for ygg

persons (12.4% of deaths).
These are often persons who are not actively folloye (12.4%0

d by the Mode! System but
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who instead either retum to the care of their local community physician or
receive little or no care. Frequently, these deaths are identified only through
Social Security Administration records that provide dates and locations of death
but not causes.

Acquisition of death certificates is often unrevealing. Unfortunately, attribut-
ing cause of death on death certificates simply to SCI or the original event that
caused the injury without identifying the secondary complications that actually
caused death is relatively common, even when the individual has survived
several years after the injury. As a result, the percentage of deaths due to
unknown causes is relatively high. Moreover, as in the general population,
autopsies are not always performed on persons with SCI, even when cause of
death is uncertain. In fact, only 38% of the causes of death appearing in Tables
14—5 through 14-9 were confirmed by autopsy.

Because the person-years that these individuals with unknown causes of death
survived until the time of their deaths were included in the calculation of
expected deaths, the cause-specific SMRs are slightly underestimated. In
general, the higher the SMR, the greater the underestimation due to unknown
causes is likely to be. Therefore, the greatest impact would probably be on the
SMR for septicemia. For example, if the 198 deaths of unknown cause were
allocated in accordance with the distribution of known causes of death, then 17
additional deaths would be expected to have resulted from septicemia, thereby
bringing the total number of actual deaths to 139 and raisingits overall SMR from
64.2 to 73.2. However, adding an anticipated 10 cancer deaths from the 198
deaths of unknown cause would only change the cancer SMR from 0.9 10 1.0.

The SMR will alse be underestimated to a somewhat greater degree in the
strata that have higher percentages of unknown causes of death. For example,
only 5.9%. of deaths during the first postinjury year resulted from unknown
causes, whereas 18.9% of deaths occurring more than 5 years after injury had
unknown causes.

CONCLUSION

In comparing these results with our previous studies of 7- and 12-year survi-
val, it is clear that mortality rates have continued to decline and that correspond-
ing life expectancies have increased. 5% Infact, the sequential results of these
studies confirm the improvement in survival rates reflected in Table 14-4.
Interestingly, this appears to have occurred largely due to a decline inthe overall
SMR for septicemia from 140.7 in our first study to 82.2 in our second study and
64.2 currently.’*® For persons in the youngest age group (defined originally as
less than or equal to age 25), the SMR for septicemia has declined from 500 in
our first study to 388.9 in our second study and 140 currently 2%’ Nonetheless,




314  Seinal Corp hwsury

the SMR for septicemia remains higher than that of any other cause of death in
this population. Overall SMR values for other causes are relatively consistent
with the results of our 12-year study, except for a slight increase in unspecified
external causes of death.”

Because life expectancy is affected more by deaths occurring early after SCI
rather than later, the causes of death that appear to have the greatest impact on
reduced life expectancy for this population are pneumonia, pulmonary emboli,
and septicemia (Table 14-9). With the development of improved methods of
prevention and management of these three secondary complications, life expect-
ancies should continue to improve.

The dramatic reduction in mortality due to diseases of the urinary tract clearly
demonstrates the value of clinical emphasis and research in the prevention of
secondary complications and deaths. The respiratory system hasnotreceivedthe
attention that the urinary tract has received over the past years. Therefore,
although other types of potentially fatal secondary medical complications that
~ontinue to oceur among persons with SCI cannot be ignored, these data strongly
mgpest that increased clinical attention, research, and dissemnination activities
should be focused on the respiratory system in much the same way they have been
‘ocused on the urinary tract.
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