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Abstract

As the incidence of traumatic spinal cord injury (tSCI) in the elderly rises, clinicians are increasingly faced with difficult
discussions regarding aggressiveness of management, likelihood of recovery, and survival. Our objective was to outline risk
factors associated with in-hospital mortality in elderly surgical and non-surgical patients following tSCI and to determine those
unlikely to have a favorable outcome. Data from elderly patients (= 65 years of age) in the Canadian Rick Hansen SCI
Registry from 2004 to 2017 were analyzed using descriptive analysis. Survival and mortality groups in each of the surgical and
non-surgical group were compared to explore factors associated with in-hospital mortality and their impact, using logistical
regression. Of 1340 elderly patients, 1018 had surgical data with 826 having had surgery. In the surgical group, the median
time to death post-injury was 30 days with 75% dying within 50 days compared with 7 days and 20 days, respectively, in the
non-surgical group. Significant predictors for in-hospital mortality following surgery are age, comorbidities, neurological
injury severity (American Spinal Injury Association [ASIA] Impairment Scale [AIS]), and ventilation status. The odds of
dying 50 days post-surgery are six times higher for patients >77 years of age versus those 6576 years of age, five times higher
for those with AIS A versus those with AIS B/C/D, and seven times higher for those who are ventilator dependent. An
expected probability of dying within 50 days post-surgery was determined using these results. In-hospital mortality in the
elderly after tSCI is high. The trend with age and time to death and the significant predictors of mortality identified in this
study can be used to inform clinical decision making and discussions with patients and their families.
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Introduction retirement age.' This wave increased the elderly population by
20%, and it continues to steadily increase.>* Forecasts indicate

THE FASTEST GROWING AGE COHORT in North America is the that by 2050, individuals 265 years of age will constitute ~20% of
elderly (defined as 265 years old), which is attributed both to  the United States population,* and with similar growth to 25% of
rising life expectancy, and the wave of “baby boomers” reaching  the Canadian population projected.’ Traditionally, traumatic spinal
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ELDERLY MORTALITY AFTER TRAUMATIC SCI

cord injury (tSCI) has been an injury related to high energy
mechanisms in a younger male population; however, because of the
increasing proportion of the elderly in the population, and in-
creasing life expectancy, falls in the older population are becoming
an increasingly common cause.®® This is because of a number of
factors including: age-related deterioration of mobility and coor-
dination, cognitive impairment, and accumulating medical issues
and their associated medications, coupled with increasing rates of
cervical stenosis which increases the risk of spinal cord injury.”?
This has seen the average age of those incurring a tSCI to rise
from ~29 in the 1970s to 240 years of age in current estima-
tes,9’13 *14 and forecasts indicate that by 2032, ~ 40% of individuals
experiencing a tSCI will be 260 years old."*

A tSCI is both a devastating physiological and psychological
insult for all patients, particularly in the elderly who often have
multiple pre-existing comorbidities. In-hospital mortality rates
in elderly patients with tSCI are reported as being 12-40%,'>°
considerably higher than the estimated mortality of <5% in youn-
ger patient populations.'® Previously identified risk factors for
mortality in the elderly include older age, higher cervical level
of injury, neurological severity, and increasing number of co-
IIlOI’biditieS;l7’18’20 however, to our knowledge, no one has devel-
oped a clinical decision-making aid using a combination of these
factors for in-hospital mortality for this elderly population.

As well as the greater risk of mortality, tSCI and its subsequent
treatment are associated with substantial morbidity in the elderly
patient population. Aggressive surgical management is often fol-
lowed by an extended intensive care unit (ICU) stay, tracheostomy
and mechanical ventilation, and percutaneous endoscopic gastro-
stomy (PEG) tube insertion.?*>* This may lead to lengthy hospital
admissions, a myriad of complications or adverse events, and, ul-
timately, in-hospital death.?**>

Knowing that this clinical course is not unusual for elderly
patients after tSCI, and given their frailty and limited functional
and neurological recovery, clinicians are increasingly faced with
the challenge of weighing the risks and anticipated potential
benefits of surgery.?® A further challenge is the limited evidence
and tools available to facilitate the discussion and education
about prognosis with patients and their families making difficult
decisions regarding goals of management in severely injured
elderly patients.”” Few studies focus on in-hospital mortality of
the elderly population, with fewer comparing this outcome fol-
lowing surgical and non-surgical interventions.'”'® Further, most
studies compare the elderly with a younger population'*!>-16:20
or involve only cervical SCI or spine fractures,'>!7:19-20.28-30
Further understanding on the clinical course of elderly patients
with tSCI and the specific risk factors for those who die despite
aggressive surgical management will inform early communica-
tion and shared decision making between clinicians and patients
and family.

The objectives of this study were to describe the incidence and
pattern of in-hospital mortality following surgery in the elderly
after tSCI. We aim to identify factors associated with in-hospital
mortality in both surgically and non-surgically treated patients, and
to determine their impact on in-hospital mortality.

Methods

The study cohort utilized data from the Rick Hansen Spinal Cord
Injury Registry (RHSCIR), which prospectively enrolled adults
who were admitted with a new acute tSCI to one of the 18 acute and
12 rehabilitation facilities across Canada. The registry was initiated
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in 2004 to answer a priori research questions and to facilitate im-
plementation of best practices. All RHSCIR sites obtained local
research ethics board approval prior to enrolling participants, and
data sharing agreements are in place with each site. Details on the
RHSCIR data set have been described elsewhere.”'

Analysis cohort

Individuals eligible for this study were patients who were ad-
mitted to a RHSCIR acute facility with a reported injury date be-
tween May 2004 and February 2017, were 265 years of age, and
had neurological deficit as described by the American Spinal Injury
Association (ASIA) Impairment Scale (AIS) (AIS A-D) affecting
any neurological level from C1 to L1 identified at admission using
the International Standards for the Neurological Classification of
Spinal Cord Injury (ISNCSCI).**

Study variables

The main outcome of the study was in-hospital mortality (yes;
no) in the acute or rehabilitation facility during the initial in-patient
stay. Patient factors considered were age at time of injury (65-76;
>77 for surgical cohort, 65-79; >80 for non-surgical cohort), sex
(female; male), and pre-existing medical comorbidities assessed by
the Charlson Comorbidity Index (CCI). The CCI includes 19 dis-
eases weighted on their seriousness, and is commonly used to
predict mortality over 5 years for hospitalized patients.>® Injury
factors examined were injury mechanism (falls, sports, transport,
other), AOSpine Trauma Classification Systems for subaxial cer-
vical (C3-C7)* and thoracolumbar (T1-L5)* spine (Type A, Type
B, Type C), Injury Severity Score (ISS) (<25; >25 indicative of
major trauma to region in addition to the spine),*® neurological
severity (AIS A, B, C, D) and neurological level at admission (high
cervical, C1-C4; low cervical, C5-T1; thoracolumbar, T2-L1).
Neurological data as classified by the ISNCSCI was collected and
verified using the validated Rick Hansen Institute ISNCSCI Al-
gorithm (v1.0.3)*’ to ensure that severity and level were derived
accurately from the raw ISNCSCI data. Care management factors
included were triage pattern from injury to RHSCIR acute facility
(directly, via another facility), time from injury to arrival at
RHSCIR acute facility (<12 h, >12 h), had surgery or not, time from
injury to start time of surgical decompression where applicable
(224 h, >24h), days in ICU, had received a tracheostomy (yes, no),
ventilation (yes, no), and PEG tube (yes, no).

Time from injury/surgery to death (days), acute length of stay
(LOS), and discharge destination from initial in-patient stay (acute
or rehabilitation care) were also reported.

Statistical analysis

Descriptive statistics were used to describe the patient, injury,
and care management factors of the cohort. Further analysis was
performed to compare those who survived with those who did not in
both the ‘‘surgical” and the ‘‘non-surgical’’ groups, to explore
factors associated with in-hospital mortality. The comparison was
made using the ¢ test or the Wilcoxon rank sum test for normally
distributed or non-normally distributed continuous variables, re-
spectively; if the expected cell counts were five or less, 3 test or
Fisher’s exact test was used for categorical variables. Data visu-
alization was performed to understand the pattern of age and time to
death for in-hospital mortality and to determine any threshold of
these two variables to inform the logistical regression modeling. To
determine the impact of risk factors on in-hospital mortality, lo-
gistical regression model was performed adjusting for potential
confounding variables that are deemed clinically relevant and in-
formed by the literature. Variables examined were age at injury,
neurological injury severity and level, comorbidities, and ventila-
tion dependence. Status on tracheostomy and PEG were considered
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clinically relevant but were omitted from the model because they
were not significant in the final model and also because they were
related to ventilation status, which would cause collinearity in the
model. For the surgical group, the model included only patients
who died before the threshold (50 days post-surgery), to have a
homogenous sample. A similar threshold was not used for the non-
surgical group given the smaller sample size. Using the parameter
estimates from the final model, expected probabilities of in-hospital
mortality were obtained for several scenarios of different patient
characteristics. Goodness-of-fit tests were performed for all re-
gression models. Associations with a p value <0.05 were consid-
ered statistically significant. All analyses were performed using
SAS software, Version 9.4 of the SAS System for Windows.
©2013, SAS Institute Inc., Cary, NC, USA.

Results
Analysis cohort

The total cohort consisted of 1340 patients with tSCI who were
>65 years of age; 24% did not have any data on surgery, 62% had
surgery, and 14% did not have surgery (Fig 1). The patient, injury,
and management characteristics for the groups are presented in
Table 1. The surgical and the non-surgical groups were signifi-
cantly different regarding many factors examined including age at
injury, sex, and CCI, as well as injury factors (neurological injury
severity and level, AOSpine classification), and care management
factors (triage pattern, ICU stay, treatment with tracheostomy,
ventilator, PEG, rehabilitation, and acute LOS) (Table 1). Of the
total cohort, 43% went home, 41% were discharged to another

RHSCIR participants

65 or older
n=1382

Total elderly cohort
n=1340

INGLIS ET AL.

hospital or long-term care, and 16% died (10% for the surgical
group and 27% for the non-surgical group).

In-hospital mortality incidence and pattern

For the surgical group, the median time to death post-injury was
30 days, but post-surgery, the median time to death was 24 days.
The majority of patients (75%) died within the first 50 days after
surgery and then the rate of mortality slowed down afterward
(Fig. 2a). Sixteen percent of the surgical mortality group died
within 1 week of surgery, 60% died within 1 month, 76% died
within 2 months, and 97% died by 6 months. The age threshold was
77, with the highest rate of mortality observed in the 77-85 age
group (20%) compared with 5% in the 65-76 group, and 10% in the
=86 group (Fig. 3a). For the 77-85 age group, their median time to
death was 26 days from surgery and 32 days from injury.

For the non-surgical group, the median time to death post-injury
was 7 days. The majority of patients (75%) died within 20 days
post-injury (Fig. 2b). Within 1 week of injury, 53% of the non-
surgical mortality group had died, 83% died within 1 month, and
91% died by 2 months. The age threshold was 80 with the highest
rate of mortality in the 80-90 age group (51%) compared with 12%
in the 65-79 group (Fig 3b). For the 280 group, the median time to
death from injury was 9 days.

Factors associated with in-hospital mortality

In the surgical group, patients who died were significantly older,
had higher comorbidities, and more had AIS A compared with

Excluded participants with
injury level L2 or below
n=42

Excluded participants with
missing surgery status

n=322

L

. J

Had surgery Did not have surgery (non-
(surgical group) surgical group)
n=2826 n=192
h 4 ¥
Survived Died Survived Died
(surgical survival (surgical mortality (non-surgical survival (non-surgical
group) group) group) mortality group)
n=748 n=78 n=141 n=51

FIG. 1.
spinal vertebra.

Flow and selection of participants for the analysis. RHSCIR, Rick Hansen Spinal Cord Injury Registry; L2, second lumbar
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TABLE 1. CHARACTERISTICS FOR THE TOTAL STUDY COHORT AND COMPARISON
oF THOSE WHO HAD SURGERY WITH THOSE WHO Dip NoT

Total elderly Surgical Non-surgical
cohort group group
Variable n=1340 n=3826 n=1792 p-value
Age at injury (years); mean (SD) 74.6 (7.1) 73.6 (6.5) 76.2 (8.1) 0.0002
Male; n (%) 957 (71.4) 605 (73.2) 124 (64.6) 0.0165
Charlson Comorbidity Index; mean (SD) 1.0 (2.0) 1.4 (1.5) 1.7 (1.7) 0.0122
Mechanism of injury; n (%) 0.1377
Falls 1018 (77.4) 629 (76.7) 160 (83.8)
Transport 213 (16.2) 136 (16.6) 24 (12.6)
Sports 31 (2.4) 21 (2.6) 4 2.1
Other 53 (4.0) 34 4.1) 3 (1.6)
Injury Severity Score; n (%) 0.1871
<25 428 (72.7) 263 (69.4) 93 (75.6)
>25 161 (27.3) 116 (30.6) 30 (24.4)
Neurological injury severity (AIS); n (%) 0.0304
AIS A 234 (22.2) 148 (22.2) 27 (17.9)
AIS B 72 (6.8) 56 (8.4) 7 (4.6)
AIS C 252 (23.9) 168 (25.3) 31 (20.5)
AIS D 496 (47.1) 293 (44.1) 86 (60.0)
Neurological injury level; n (%) 0.0009
High cervical (C1-C4) 461 (46.4) 265 (42.9) 86 (59.3)
Low cervical (C5-T1) 402 (40.5) 260 (42.1) 48 (33.1)
Thoracolumbar (T2-L1) 130 (13.1) 93 (15.0) 11 (7.6)
AOSpine classification; n (%) <0.0001
Type A 330 (43.3) 237 (40.6) 88 (52.7)
Type B 243 (31.9) 179 (30.7) 59 (35.3)
Type C 189 (24.8) 167 (28.6) 20 (12.0)
Arrival at RHSCIR facility; n (%) <0.0001
Directly 302 (39.8) 206 (34.7) 86 (57.0)
Via another facility 457 (60.2) 387 (65.3) 65 (43.0)
Time from injury to RHSCIR facility; n (%) 0.0931
<12h 621 (52.1) 396 (52.4) 100 (59.5)
>12h 571 (47.9) 360 (47.6) 68 (40.5)
Time from injury to surgery; n (%) N/A
<24h 200 (28.7) 200 (28.7) N/A
>24h 497 (71.3) 497 (71.3) N/A
Had ICU stay; n (%) 605 (58.7) 431 (63.4) 82 (53.6) 0.0245
ICU stay (days); median (IQR) 3.0 (12.0) 4.0 (14.0) 1.2 (6.0) 0.0001
Had tracheostomy; n (%) 195 (17.3) 158 (19.6) 10 (5.6) <0.0001
Had ventilator; n (%) 379 (34.1) 290 (36.4) 34 (19.1) <0.0001
Had PEG tube; n (%) 92 (8.3) 77 (9.8) 11 (6.2) <0.0001
Acute LOS (days); median (IQR) 24.0 (35.0) 27.5 (36.5) 14.0 (24.5) <0.0001
Attended rehabilitation; n (%) 663 (49.5) 468 (56.7) 83 (43.2) 0.0008
Discharge destination; n (%) <0.0001
Home 569 (43.0) 388 (47.2) 79 (42.0)
Long-term care 155 (11.7) 105 (12.8) 19 (10.1)
Hospital 385 (29.1) 251 (30.5) 39 (20.7)
Morgue 215 (16.2) 78 (9.5) 51 (27.1)
Time from injury to death (days); median (IQR) 15.0 (41.0) 30.0 (60.0) 7.0 (16.0) <.0001
Time from admission to death (days); median (IQR) 14.0 (37.0) 26.5 (48.0) 6.0 (12.0) <.0001
Time from surgery to death (days); median (IQR) 24.5 (50.0) 24.5 (50.0) N/A N/A

p values in bold indicate statistical significance.
SD, standard deviation; AIS, American Spinal Injury Association (ASIA) Impairment Scale; RHSCIR, Rick Hansen Spinal Cord Injury Registry; ICU,
intensive care unit; IQR, interquartile range; PEG, percutaneous endoscopic gastrostomy; LOS, length of stay.

those who survived (Table 2). More patients in the mortality group  in the mortality group had ICU stays (79% vs. 61%, p=0.0026) and
also had an ISS >25 and more had an AO Spine Classification Type C  their stays were significantly longer (median 11 days vs. 3 days,
(AOC) type injury than the survival group, but data were not avail- p<0.0001) compared with the survival group. Patients who died
able for 46% and 30% of patients for these two variables, respec-  were more likely to have received a tracheostomy (38% vs. 18%),
tively. For the care management factors, significantly more patients  have been ventilator dependent (76% vs. 32%), and have required a
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FIG. 2. Cumulative percent of participants who died in-hospital for the (a) surgical group and (b) non-surgical group.

PEG tube (23% vs. 9%) than those who survived (Table 2). Com-
paring the 77-85 age group that had the highest mortality rate among
the surgical group with other age groups, patient and injury factors
were not different between those who died in these age groups.

In the non-surgical group, similar factors were found associated
with in-hospital mortality including older age, AIS A, ICU stay, and
ventilator dependency, but comorbidities, length of ICU stay, tra-
cheostomy, and PEG status were not significantly different between
those who survived and who did not (Table 3). Comparing the
patient and injury factors between the >80 age group that had the
highest mortality rate and the other age group, the only difference
observed was the higher proportion of high cervical injuries in the
>80 group (p=0.0023).

Impact of patient, injury, and management factors
on in-hospital mortality

The significant predictors for in-hospital mortality for patients
who had undergone surgery were age, comorbidities (CCI), neu-

65 66 67 68 69 TO TY T2 73 T4 75 TE TT 78 7O BO @1 82 B3 84 85 86 67 @8 89 o0 91 02 83

PERCENT

Age (Years) at Tima of Injury

InhospitalMoriality mmmm 0 1

rological injury severity (ALS), and ventilation status (Table 4). In
particular, the odds of dying 50 days post-surgery is six times
higher for those 77 years of age than for the 65-76 year age group
(95% confidence interval [CI] 3-15), five times higher for pa-
tients with AIS A than for those with AIS B, C, or D injury (95% CI
2-11), seven times higher for patients who are ventilated than for
those who are not (95% CI 3—-17), and the odds are also higher with
more comorbidities (95% CI 1.1-1.7). Considering all these pre-
dictors together to give a patient’s perspective, the expected
probability of dying within 50 days of surgery for an individual
who is 77 years old, has a high cervical AIS A injury, a CCI of 2,
and is ventilated, is 66% compared with 3% for someone with a
similar injury but who is younger with fewer comorbidities and
does not require a ventilator (Table 5). The model was significant as
a whole (p<0.0001) and there was no lack of fit (Hosmer and
Lemeshow Goodness-of-Fit Test, p=0.6642), meaning the model
was robust, and the area under the curve (AUC) value was 0.876.

For the non-surgical group, the significant predictors for in-
hospital mortality were age and neurological injury severity

b 8

T

65 68 67 €8 69 TO 71 T2 73 T4 75 TE 7T T8 TO B0 81 B2 B3 B4 85 86 87 83 8D 00 91 92 93 M4 97 09
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FIG. 3. Percent of participants who survived (black) and who died in-hospital (white) by each age year for the (a) surgical group and

(b) non-surgical group.
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TABLE 2. CHARACTERISTICS FOR THE SURGICAL GROUP AND COMPARISON OF THOSE WHO SURVIVED WITH THOSE WHO Dib NoT

Surgical group

Survival group Mortality group

variable n=748 (90.6%) n=78 (9.4%) p value
Age at injury (years); mean (SD) 73.3 (6.4) 76.8 (6.6) <0.0001
65-76; n (%) 538 (71.9) 31 (39.7) <0.0001
>77 210 (28.1) 47 (60.3)
Male; n (%) 547 (73.1) 58 (74.4) 0.8153
Charlson Comorbidity Index; mean (SD) 1.3 (1.4) 1.8 (1.8) 0.0333
Mechanism of injury; n (%) 0.3430
Falls 575 (77.3) 54 (71.1)
Transport 118 (15.9) 18 (23.7)
Sports 19 (2.6) 2 (2.6)
Other 32 (4.3) 2 (2.6)
Injury Severity Score; n (%) 0.0129
<25 247 (71.2) 16 (50.0)
>25 100 (28.8) 16 (50.0)
Neurological injury severity (AIS); n (%) <0.0001
AIS A 120 (19.8) 28 (47.5)
AIS B 50 (8.3) 6 (10.2)
AIS C 157 (25.9) 11 (18.6)
AIS D 279 (46.0) 14 (23.7)
Neurological injury level; n (%) 0.1135
High cervical (C1-C4) 239 (42.5) 26 (47.3)
Low cervical (C5-T1) 234 (41.5) 26 (47.3)
Thoracolumbar (T2-L1) 90 (16.0) 3(54)
AOSpine classification; n (%) 0.0009
Type A 232 (41.9) 517.2)
Type B 172 (31.1) 7 (24.1)
Type C 150 (27.1) 17 (58.6)
Arrival at RHSCIR facility; n (%) 0.5017
Directly 196 (35.1) 10 (29.4)
Via another facility 363 (64.9) 24 (70.6)
Time from injury to RHSCIR facility; n (%) 0.7731
<12h 355 (52.2) 41 (54.0)
>12h 325 (47.8) 35 (46.0)
Time from injury to surgery; n (%)
<24h 180 (28.2) 20 (34.5) 0.3088
>24h 459 (71.8) 38 (65.5)
Had ICU stay; n (%) 373 (61.5) 58 (79.5) 0.0026
ICU stay (days); median (IQR) 3.0 (130.0) 11.0 (30.8) <0.0001
Had tracheostomy; n (%) 130 (17.7) 28 (37.8) <0.0001
Had ventilator; n (%) 234 (32.4) 56 (75.7) <0.0001
Had PEG tube; n (%) 62 (8.6) 15 (22.7) <0.0001
Time from injury to death (days); median (IQR) N/A 30.0 (60.0) N/A
Time from admission to death (days); median (IQR) N/A 26.5 (48.0) N/A
Time from surgery to death (days); median (IQR) N/A 24.5 (50.0) N/A

p values in bold indicate statistical significance.

SD, standard deviation; AIS, American Spinal Injury Association (ASIA) Impairment Scale; RHSCIR, Rick Hansen Spinal Cord Injury Registry; ICU,
intensive care unit; IQR, interquartile range; PEG, percutaneous endoscopic gastrostomy.

(Table 6). The odds of dying for a patient in the non-surgical group
is 14 times higher for those >80 years of age than for those 65-79
(95% CI 4-47) and 12 times higher for those with an AIS A injury
than for those with an AIS B, C, or D injury (95% CI 3-44).
Comorbidities, status on tracheostomy, ventilation, and PEG were
not significant and were therefore omitted from the final model. The
expected probability of dying for an elderly patient without surgical
treatment who is 80 years old and has a high cervical AIS A is 86%
compared with 25% for someone who is of similar age but with an
incomplete injury (Table 7). This final model was significant as a

whole (p<0.001) with no lack of fit (Hosmer and Lemeshow
Goodness-of-Fit Test, p=0.7889) and an AUC of 0.872.

Discussion

Key findings and relevance

This study describes an overall in-hospital mortality rate of 16%
for the whole cohort of patients >65 years of age with tSCI in the
RHSCIR; 10% for the surgical group and 27% for the non-surgical
group. There was a dramatic difference in the time to death between
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TABLE 3. CHARACTERISTICS OF THE NON-SURGICAL GROUP AND COMPARISON
OF THOSE WHO SURVIVED WITH THOSE WHO Dip Not
Non-surgical group Survival group Mortality group
variable n=141 (73.4%) n=51 (26.6%) p value
Age at injury (years); mean (SD) 74.2 (7.3) 81.9 (7.6) <0.0001
65-79; n (%) 105 (74.5) 15 (29.4) <0.0001
>80 36 (25.5) 36 (70.6)
Male; n (%) 86 (61.0) 38 (74.5) 0.0837
Charlson Comorbidity Index; mean (SD) 1.7 (1.5) 1.9 (2.0) 0.5345
Mechanism of injury; n (%) 0.1840
Falls 119 (85.0) 41 (80.4)
Transport 14 (10.0) 10 (19.6)
Sports 4 (2.9) 0 (0)
Other 320 0 (0)
Injury Severity Score; n (%) <0.0001
<25 76 (90.5) 17 (43.6)
>25 8 (9.5) 22 (56.4)
Neurological injury severity (AIS); n (%) <0.0001
AIS A 10 (8.5) 17 (51.5)
AIS B 3 (2.5) 4 (12.1)
AlIS C 24 (20.3) 7 (21.2)
AIS D 81 (68.6) 5(15.2)
Neurological injury level; n (%) 0.1158
High cervical (C1-C4) 61 (56.0) 25 (69.4)
Low cervical (C5-T1) 41 (37.6) 7 (19.4)
Thoracolumbar (T2-L1) 7(6.4) 4 (11.1)
AOSpine classification; n (%) 0.0002
Type A 76 (57.1) 12 (35.3)
Type B 48 (36.1) 11 (32.3)
Type C 9 (6.8) 11 (32.3)
Arrival at RHSCIR facility; n (%) 0.7553
Directly 67 (56.3) 19 (59.4)
Via another center 52 (43.7) 13 (40.6)
Time from injury to RHSCIR facility; n (%) 0.6192
<12h 70 (58.3) 30 (62.5)
>12h 50 (41.7) 18 (37.5)
Had ICU stay; n (%) 48 (46.6) 34 (68.0) 0.0128
ICU stay (days); median (IQR) 0.0 (6.0) 3.0 (6.0) 0.0626
Had tracheostomy; n (%) 7(5.2) 3 (6.8) 0.7102
Had ventilator; n (%) 13 (9.2) 21 (47.7) <0.0001
Had PEG tube; n (%) 6 (4.3) 5 (12.8) 0.0635
Time from injury to death (days); median (IQR) N/A 7.0 (16.0) N/A
Time from admission to death (days); median (IQR) N/A 6.0 (12.0) N/A

p values in bold indicate statistical significance.

SD, standard deviation; AIS, American Spinal Injury Association (ASIA) Impairment Scale; RHSCIR, Rick Hansen Spinal Cord Injury Registry; ICU,
intensive care unit; IQR, interquartile range; PEG, percutaneous endoscopic gastrostomy.

the surgical and non-surgical groups, with those managed surgi-
cally having a median time to death of 30 days and >90% dying
within 6 months, compared with 7 days and 2 months respectively
in the non-surgical group. Our analysis has shown the factors as-
sociated with in-hospital mortality in both groups are age, neuro-
logical severity of injury, concomitant comorbidities, and need for
ventilation in the surgical group.

These findings are highly relevant and reinforce benefits that
may arise from the development of a predictive clinical tool to
assist with up-front decision making around early management of
elderly patients with tSCI and discussions with them and their
families. The results also provide information on the course of care
of these patients in terms of ICU admission and interventions such

as tracheostomy and PEG tube insertion, to help inform discussion
around the morbidity associated with surgery.

Rationale for surgical and non-surgical groups

It was not the objective of this study to examine the impact of
surgery on mortality, but the surgical and non-surgical groups were
examined separately because there are key differences between the
two regarding their course of care and early decision making by
patients, families, and their surgeons. Treatment decision making in
the elderly is less clear than in younger individuals given the elderly
are less likely to withstand the physiological insult of surgery and
more likely to have potential complications. They often have spine
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TABLE 4. MULTIVARIABLE LOGISTICAL REGRESSION MODEL ANALYZING IMPACT OF VARIABLES
ON IN-HOSPITAL MORTALITY 50 DAYS POST-SURGERY FOR THE SURGICAL GROUP

Outcome: In-hospital mortality 50 days post-surgery
Parameter Estimate  Standard error  Odds ratio 95% confidence interval p value
Intercept -6.54 0.86 <.0001
Age at injury 277 1.91 0.41 6.76 3.04 15.05 <0.0001
Neurological injury level High cervical 1.15 0.70 3.14 0.79 12.47 0.1032

Low cervical 1.11 0.70 3.02 0.76 11.99 0.1157
Neurological injury severity ~ AIS A 1.59 0.43 4.90 2.13 11.29 0.0002
Charlson Comorbidity Index  Continuous 0.29 0.11 1.34 1.07 1.66 0.0093
Ventilation dependence Yes 1.98 0.45 7.21 297 17.51 <0.0001

p values in bold indicate statistical significance.

instability requiring extensive surgery with a poor neurological
prognosis, and subsequent healthcare issues associated with living
with more significant neurological deficit. This reflects clinical
decisions to “‘watch and wait,” or clinical preference in deter-
mining how aggressively to manage. For those older and more
severely injured, there is less push toward operative intervention
and an acceptance of a conservative ‘‘comfort care’’ approach by
patients and their families. Early decisions might also come from
individuals who have advanced care directives to forego any ag-
gressive medical and surgical care for serious medical issues re-
quiring aggressive management, including resuscitation and
intubation.

In addition, little is known about the details of the course of
injury when a patient’s injury may be so severe that it leads to death
prior to surgery, or the patient has significant co-morbidities that
preclude operative intervention. These details and the early deci-
sions, neither of which are captured in the registry, might explain
the different characteristics observed in these two groups, as well as
the faster and higher rate of mortality in the non-surgical group.
Subsequently the surgical group may have been biased, re-
presenting a group of more robust surgical candidates.

Relation to literature

Concordant with previous literature, we note that the in-hospital
mortality rate increases with age, with a significantly higher rate
observed in those =77 years of age for the surgical group and in
those >80 years of age in the non-surgical group. This is consistent
with the findings by Martin and coworkers,® who described an
“inflection point™ at the age of 75 for in-hospital mortality fol-
lowing cervical SCI. Our overall in-hospital mortality rate of 16%

is slightly lower than the 12-40% reported by others,'>™° but our
data may underestimate the rate, as some patients who died shortly
after admission may not have been enrolled in the registry.

The risk factors for in-hospital mortality found in our study are
similar to those reported in the literature.'”-'8?° With the largest
Canadian tSCI registry, the sample size was big enough to allow for
robust multivariable analysis and for examining the impact of care
management such as surgical intervention, days in ICU, tracheos-
tomy, and ventilatory and nutritional support. This enabled the
estimation of in-hospital mortality within 50 days, allowing iden-
tification of the subset of patients unlikely to have a favorable
outcome to guide the need for discussions with patients and fami-
lies around acute management.

Clinical implication

For this certain subset of patients, this study raises the question
of whether surgery simply delays the inevitable. The median time
to death post-injury was 7 days in the non-surgical group versus 30
days in those post-surgery; 75% of non-surgical patients died
within the first 20 days and 91% died by 2 months versus 75% dying
within 50 days and 97% dying by 6 months for surgical patients.

Does an extension of life by 4 months justify the morbidity
associated with surgery? Post-surgical patients who died in-
hospital were more likely to have received a tracheostomy, been
ventilated, and have had a PEG tube inserted. They were more
likely to be admitted to the ICU and they stayed longer. In contrast,
very few patients in the non-surgical group had a tracheostomy or
PEG tube although 48% received ventilation. Once a decision to
surgically intervene is made, it becomes difficult to pull back and
withdraw active treatment. These may represent futile interventions

TABLE 5. EXPECTED PROBABILITIES FOR IN-HOSPITALITY MORTALITY 50 DAYS POST-SURGERY
DERIVED FROM LOGISTICAL REGRESSION MODEL

Neurological Neurological Charlson Ventilation Expected probability
Age (years) injury level injury severity Comorbidity Index dependence of in-hospital mortality
>77 High cervical A 2 Yes 66%
277 High cervical A 14 Yes 62%
>77 Low cervical B/C/D 14 Yes 24%
277 High cervical A 14 No 18%
65-76 High cervical A 14 Yes 19%
65-76 High cervical A 14 No 3%
65-76 Low cervical B/C/D 1.4 Yes 5%
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TABLE 6. MULTIVARIABLE LOGISTICAL REGRESSION MODEL ANALYZING IMPACT OF VARIABLES
ON IN-HOSPITAL MORTALITY FOR THE NON-SURGICAL GROUP

Outcome: In-hospital mortality

Parameter Estimate  Standard error  Odds ratio 95% confidence interval p value
Intercept -2.93 0.89 - - - 0.0010
Age at injury (years) >80 2.64 0.62 14.04 4.15 47.51 <0.0001
Neurological injury level High cervical -0.36 0.84 0.69 0.14 3.59 0.6644

Low cervical -0.81 0.94 0.45 0.07 2.84 0.3920
Neurological injury severity ~ AIS A 2.49 0.66 12.03 3.27 44.24 0.0002

p values in bold indicate statistical significance.

in patients with a high likelihood of mortality imposing substantial
morbidity on the individual without altering the final outcome,
when an earlier decision toward comfort care may have been
more appropriate. A better understanding of when treatment may
be ineffective could help in determining a more comfortable course
of care.

Next steps

Conversations on course of care with surgeons early after injury
may be difficult for patients and families who have expressed
concern regarding confusing terminology, false hope, and com-
munication on prognosis at odds with the aggressiveness of treat-
ment.”” Development of tools supported by evidence would assist
in conversations and decision making relating to comfort versus
more aggressive care. With the demographic shifting toward a
greater proportion of older individuals both in the general popu-
lation and among those experiencing tSCI, such a tool would re-
quire more person and injury factors specific to this population to
guide shared decision making. Further, closer examination is also
warranted to better understand the impact of surgery on in-hospital
mortality by carefully matching those who had surgery with those
who did not, to account for the early decisions made by surgeons
and patients. In consideration of having the results useful for cli-
nicians to support their early decision making, only variables
readily available at time of a patient’s admission were examined in
our model. But the aging process, in which patient’s physiological
reserve declines,*® or frailty as measured by the Frailty Index,*
have previously been related to outcomes in elective spine surgery
cohorts,*” highlighting that more physiological indicators also need
to be evaluated given the variability in deficits within the elderly
population.

TABLE 7. EXPECTED PROBABILITIES FOR IN-HOSPITALITY
MORTALITY DERIVED FROM LOGISTICAL REGRESSION MODEL
FOR ELDERLY WHO Dip NoT HAVE SURGERY

Expected probability

Age Neurological ~— Neurological of in-hospital
(vears) injury level injury severity mortality

>80 High cervical A 86%

=80 High cervical B/C/D 34%

>80 Low cervical B/C/D 25%

65-79 High cervical A 31%

65-79 High cervical B/C/D 4%

65-79 Low cervical B/C/D 2%

These future studies, along with assessing generalizability in the
wider tSCI population such as testing the recently developed SCI
Risk Score Model for mortality in the general tSCI population will
be important steps toward our goal of developing a simple,
evidence-informed tool for clinical use in early prognostication and
management decisions for tSCI.

Limitations

Our study considered all tSCIs including central cord syndrome
which is highly prevalent in the elderly population. In fact, patients
with central cord syndrome may well account for this 6-day dis-
crepancy observed between the time to death post-injury and the
time to death post-surgery, when surgical intervention was often
delayed until the patient’s neurological improvement had pla-
teaued. Separate analysis on this subgroup would have been ben-
eficial, but would require imaging to confirm the diagnosis of
central cord syndrome. However, as the data for this study come
from an observational registry that does not include magnetic res-
onance imaging (MRI) data yet, our analysis is limited to the data
currently collected. This also prevented the investigation of MRI
signal characteristics such as the degree of spinal cord edema and
hemorrhage, which have been associated with poorer functional
outcome.*' Whether MRI is also helpful in predicting survival re-
mains to be determined.

Surgical data were missing on 24% of patients who were ex-
cluded from further analysis, leading to potential bias in the anal-
ysis. Limited data availability on injury factors including ISS and
AOSpine classification might have underestimated the role of
multiple traumas on outcome. ISS is obtained from the trauma
registry, and usually only patients with more severe injuries are
included in the registry. Neurology data were not available for all
patients, partly because neurological examinations at admission are
not feasible in patients who are unconsciousness and have con-
current injury such as traumatic brain injury. Further, our in-
hospital mortality rates do not include pre-hospital deaths, because
of lack of data availability, which may also fail to identify the
presence of tSCIL.

Conclusion

In-hospital mortality is significant in both surgical and non-
surgical groups after tSCI in elderly patients. Increasing age, neu-
rological injury severity, and comorbidities are significant predic-
tors of mortality and can be used to inform clinical decision making
and discussions with patients and their families. Further delineating
the factors associated with inevitable in-hospital mortality versus
an acceptable quality of life either as in-patients or in the com-
munity would assist clinicians in these situations.
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