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Abstract—Survivability characteristics after cardiopulmo-
nary resuscitation in the population with spinal cord injury
(SCI) are unclear but may be useful for advanced care planning
discussions with patients. Retrospective evaluation from
records of all SCI patients over 10 yr at a Department of Veter-
ans Affairs medical center who experienced in-hospital cardiac
arrest was performed. Demographic data and other common
measurements were recorded. Thirty-six male subjects were
identified, and only two patients survived to discharge (5.5%
survival rate), both of whom were admitted for nonacute issues
and were asymptomatic shortly before the cardiac arrest. The
mean age at the time of cardiopulmonary arrest was 62.4 yr,
with a mean time from cardiac arrest to death of 3.02 d. No sig-
nificant demographic parameters were identified. Overall, SCI
likely portends worse outcome for acutely ill patients in the sit-
uation of a cardiac arrest. Conclusions are limited by sample
size.

Key words: advanced care planning, cardiac arrest, cardiopul-
monary resuscitation, CPR, inpatient, SCI, spinal cord injury,
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INTRODUCTION

Cardiopulmonary resuscitation (CPR) was initially
developed in the 1960s to treat patients with sudden,
unexpected cardiopulmonary failure [1]. Subsequently,
CPR usage has spread worldwide and is the standard of

care for the acute management of cardiac arrest, including
in the hospitalized setting, unless a “do not resuscitate”
(DNR) order has been designated. Survival rates after in-
hospital cardiac arrest range from 0 to 44 percent, with a
15-20 percent mean rate [2]. Of interest, no published
studies have examined the survivability after cardiac
arrest in patients with spinal cord injury (SCI), a condition
with multiple life-threatening comorbidities. For medical
professionals working with any high-risk patient popula-
tion, including patients with SCI, advanced care planning
(ACP) involves educating patients on decisions that will
need to be made in the event of a severe, life-threatening
acute illness and then helping patients communicate their
wishes. In many circumstances, however, patients and
families misunderstand the role of ACP and avoid appro-
priate planning, thereby making uninformed decisions
during urgent situations, such as cardiopulmonary arrest

Abbreviations: ACP = advanced care planning, BMI = body
mass index, CPR = cardiopulmonary resuscitation, DNR = do
not resuscitate, ICU = intensive care unit, SCI = spinal cord
injury, SD = standard deviation.
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[3]. When next of kin is unavailable, physicians are inac-
curate ~50 percent of the time when predicting patient
preferences in cardiac arrest situations [4].

Moss reviewed 19 major studies of the nondisabled
population and documented a 14 percent average survival
rate for in-hospital CPR, with a 5.3-18.5 percent survival
rate 6 mo postdischarge [5]. The best survival rates were
associated with myocardial infarction-induced arrhyth-
mias (26%-46%), ventricular arrhythmia associated with
congestive heart failure (19%-50%), and drug overdose/
reaction (22%—28%). The poorest survival rates (<10%)
were consistently associated with malignancies, neuro-
logical disease, renal failure, and sepsis with survival
rates. Survival was not associated with sex, age, or where
in the hospital the arrest occurred [5].

A number of studies have examined the effect of
demographics on survivability after cardiac arrest in the
nondisabled population. In a study of 28,389 cardiac
arrests, the mean age of arrest was 65.9 yr [6]. African
Americans have been shown to have lower hospital dis-
charge rates after CPR [7]. In a review of 21,237 adults,
individuals with a body mass index (BMI) <30 or >35
had lower rates of discharge with shockable rhythms than
did those with a BMI between 30 and 34.9 [8]. Addition-
ally, patients with a BMI <18.5 were less likely to survive
a nonshockable rhythm than were patients with a BMI
>18.5. Importantly, a 63.4 percent decrease in discharge
functional status has been demonstrated in survivors of
CPR compared with other non-CPR discharges [9] and
one-third of in-hospital CPR survivors wish that CPR had
not been performed [7].

Survivability information for the SCI population
would be useful for ACP by both patients and clinicians.
Individuals with acute and chronic SCI have a number of
elevated risks for cardiopulmonary arrest, including deep
venous thrombosis, mucous plugging, autonomic dysre-
flexia [10], and cardiomyopathy; however, no studies
have investigated rates of hospital survival after cardio-
pulmonary resuscitation in this population. The same fac-
tors that put many of these individuals at risk for cardiac
arrest could also be expected to reduce the success of
CPR in this group. The goals of this pilot investigation
were to better characterize the prevalence of sudden in-
hospital death and the survivability after CPR in a large
SCI population over a 10 yr period. This information will
have utility for both clinicians and patients to better
inform ACP and end-of-life decisions.

METHODS

Subjects

Records for all consecutive SCI patients admitted to
the Hunter Holmes McGuire Department of Veterans
Affairs Medical Center from January 1, 2002, through
January 1, 2012, who experienced in-hospital cardiac
arrest on the SCI unit were retrospectively reviewed.
These data were provided by the regional Veterans Inte-
grated Service Network Data Warehouse site manager as
screened by documentation of a “code blue” note in the
chart. The presence of true cardiac arrest was then veri-
fied through chart review, with cardiac arrest defined as a
sudden cessation of heart function including pulseless
electrical activity, asystole, and ventricular fibrillation.
Data elements extracted from the medical record for each
patient included demographic data, duration of disease,
neurological level defined by American Spinal Injury
Association classification, BMI, status of survival, hospi-
tal day number, admission diagnosis, and discharge dis-
position. Several additional variables were obtained to try
to characterize and assess illness severity before the car-
diac arrest. “Acutely ill at time of cardiac arrest” was
defined by acute worsening of laboratory values, vital
signs, intensive care unit (ICU) location status, or nota-
tion from any provider of concern for decompensation in
the 5 d before the cardiac arrest. Verification of prior
ACP was assessed as well.

Statistical Analysis

Statistical analyses were performed using SPSS 14.0
(IBM Corporation; Armonk, New York) to calculate fre-
guencies, means, ranges, and standard deviations (SDs)
as applicable. Pearson product moment correlations were
also performed to examine relationships between various
variables. The small sample size precluded meaningful
testing for between-group mean differences.

RESULTS

Complete demographic data are displayed in Table 1.
Of a total of 5,290 patients admitted to the SCI unit during
the 10 yr study period, 36 (0.6%) experienced in-hospital
cardiac arrest. All 36 subjects were male, with a mean
age of 62.5 yr (range = 40-91) and a mean BMI of 24.1.
Regarding race, 13 (36.1%) of the subjects were African
American, 13 (36.1%) were Caucasian, and 10 (27.8%)
were of unknown/undeclared race. The SCI lesion level
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Table 1.
Demographic variables for 36 male patients with spinal cord injury (SCI) who experienced in-hospital cardiac arrest.

Variable n Mean % SD
Age 36 62.5 — 10.8
Weight (Ib) 35 178 — 43.0
BMI 25 24.1 — 5.9
Race
Caucasian 13 — 36 —
African American 13 — 36 —
Other/Unknown 10 — 28 —
AIS
A 28 — 78 —
B 6 — 17 —
Cc 2 — 6 —
D 0 — 0 —
SCI Level
Tetraplegia 22 — 61 —
Paraplegia 14 — 39 —
Chronic Conditions”
Cancer 6 - 17 -
End Stage Renal Disease 8 — 22 —
Diabetes 16 — 44 —
Cardiovascular Disease 16 — 44 —
COPD/Tracheostomy 4 — 11 —
Pressure Ulcer 25 - 69 —

*Cancer includes any history of cancer excluding skin cancer. Cardiovascular disease includes heart failure, coronary disease, arrhythmia, or peripheral vascular dis-

ease. Pressure ulcers must have been stage 111 or IV.

AIS = American Spinal Injury Association Impairment Scale, BMI = body mass index, COPD = chronic obstructive pulmonary disease, SD = standard deviation.

was cervical in 22 (61%) of the subjects and thoracic in
14 (39%); 34 (94%) of the subjects had motor complete
injuries and 28 (78%) had motor and sensory complete
injuries. Of the 36 patients, 6 had cancer (excluding skin
cancers), 8 had kidney disease, 16 were diabetic, 16 had
cardiovascular disease, and 4 had pulmonary conditions.
Of these five chronic condition classifications, 25 percent
of subjects had three or more. Only two subjects had
none of these conditions but had complications from sur-
gical procedures.

None of the subjects was admitted for their primary
SCI rehabilitation and only five of the subjects were less
than 1 yr from their initial injury (Table 2). Twelve
(33.3%) subjects had decubitus ulcers as a major medical
reason for admission; four (11.1%) subjects were conve-
nience admissions for routine laboratory work or testing
because of distance of home from hospital; and the
remainder were admitted for various other medical care
issues, such as elective cystoscopy, failure to thrive, fecal
impaction, deep vein thrombosis, end stage renal disease,

and thoracic osteomyelitis. Length of hospitalization
from day of admission until cardiac arrest ranged from a
few days to nearly 19 mo (mean = 91.8, SD = 109.7).

Two-thirds of the patients met criteria for being
acutely ill at the time of the cardiac arrest (defined as
fever, abnormal vitals, abnormal laboratory values, ICU
or medicine service transfer, or noted to be unstable or
other concerns reflected in the chart by hospital staff),
and nearly 20 percent were already in the ICU before car-
diac arrest. Intubation occurred during every cardiac
arrest. Of the 36 patients, 28 (78%) had chart documenta-
tion indicating that advanced care directives had been
explained by staff. Eighty-nine percent declined consent
to a DNR order, while four consented to a DNR. Interest-
ingly, three of the patients who initially consented later
rescinded consent.

Of the 36 patients, only 2 survived and were later dis-
charged to their previous living environment (survival rate
of 5.5%). For the remainder, the mean time from resusci-
tation to death was 3.02 d. All patients were transferred to
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Table 2.
Clinical variables for 36 male patients with spinal cord injury (SCI) who experienced in-hospital cardiac arrest.

Variable n Mean % SD
Mortality (d) 34 3 94.4 7
Mortality Timing
Day of Cardiac Arrest 23 — 64.0 —
Before Discharge 11 — 36.0 —
SCI-Injured Years Before Cardiac Arrest 26 22
<1 5 — 14.0 —
1-2 4 — 11.0 —
>2 27 — 75.0 —
Reason for Admission
Nonacute 3 — 8.0 —
Decubitus Ulcer-Related 12 — 33.0 —
Other Acute Reason 21 — 58.0 —
Hospital Day No. 36 91.8 109.7
Acutely Il at Time of Cardiac Arrest 34 — 66.7 —
ICU at Time of Cardiac Arrest 7 — 19.4 —
Intubated Prior to Cardiac Arrest 7 — 19.4 —

ICU = intensive care unit, SCI = spinal cord injury.

the ICU after cardiac arrest. All deaths occurred in the
ICU. There were no significant Pearson correlation coeffi-
cients between time from injury to cardiac arrest and
either weight, BMI, or age. Of the survivors, one had car-
diac arrest secondary to opiate overdose. The other’s
arrest occurred for unclear reason, but he was admitted for
an annual SCI evaluation, was asymptomatic before the
arrest, and had a history of mucous plugging. One survi-
vor was alive at the time of the study’s completion, but the
other died 1 yr after cardiac arrest from malignancy. For
those who survived the first day but died in-hospital (36%
of subjects), the average survival time was 11 d. None
regained enough stability to be transferred from the ICU.
Statistical analysis did not yield differences in demo-
graphics between those surviving the initial cardiac arrest
and nonsurvivors.

DISCUSSION

This pilot study was initiated to investigate survival
rates from CPR in a Veteran SCI population over a 10 yr
period. As expected, we found a poor survival rate of
5.5 percent, which was about one-third the reported rate
for general populations. This study represents the first
published investigation of the rates and survivability of
in-hospital sudden death in an exclusively disabled

cohort of patients. It may provide additional information
to assist clinicians and patients in ACP.

The average age of 62.5 yr at time of sudden death
was comparable with the literature for individuals who
sustain an in-hospital sudden death [8]. The higher preva-
lence of cervical SCIs in this study is consistent with the
overall higher prevalence of tetraplegic injuries versus
paraplegic injuries [11]. While a correlation between
BMI and poor survivability has been demonstrated in a
large, nondisabled population sample [12], there was no
association in this SCI cohort. However, the changes in
body composition, particularly muscle mass, that occur
after SCI can lead to an underestimation of obesity by
BMI methods [12]. Additionally, height records in the
study population institution are not measured but rather
taken from the patient’s history, because accurate height
recordings are difficult to obtain as a result of joint con-
tractures and/or spasticity. Thus, these BMI measure-
ments are inherently prone to error.

Certain comorbidities in the SCI population may
decrease the prognosis of survival after cardiopulmonary
arrest. Chronic kidney disease is an established risk fac-
tor for sudden cardiac arrest [13]. Patients with SCI are at
increased risk for chronic kidney disease and equations
used in the nondisabled population to determine esti-
mated glomerular filtration rate may overestimate kidney
function in the SCI population [14]. This is attributed to
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poor accounting for muscle mass, impacted by SCI-
related muscle atrophy, especially in patients with motor
complete injuries (present in 94.4% of this cohort). Silent
cardiac ischemia is another concern in the SCI popula-
tion. Individuals with SCI rostral to thoracic 4 may not
recognize cardiac angina pain due to disruption of sym-
pathetic afferent fibers traveling with cardiac pain fibers.
In this study, nearly 80 percent of the patients had motor
and sensory complete injuries. Interestingly, one of the
two survivors was classified as having cervical 5 motor
and sensory complete tetraplegia. Finally, although not
unique to the SCI population, grade Il and grade IV
pressure ulcers are associated with increased mortality
and pressure ulcer management was the most common
reason for admission in this study [15].

End-of-life discussions are crucial in any patient pop-
ulation. Although we found no specific contributing fac-
tors to patients’ survivability after cardiopulmonary
resuscitation, this study suggests that the SCI patient
population has a poorer survival rate after CPR than gen-
eral hospitalized patient populations. Having this knowl-
edge may encourage SCI physicians to be more
aggressive about discussing advanced directives with
their patients, especially patients at risk of significantly
decreased functional status after a CPR event. In addi-
tion, patients may have a strong desire to not die in the
ICU on a ventilator. Armed with this information,
patients may be more inclined to decline CPR.

This study has several limitations that affect general-
izability. The data were from Veterans, who may present
a unique cohort. Additionally, all subjects were male and
the relevance to females with SCI is unknown. This
investigation was based at a tertiary SCI center that offers
aggressive treatments for acute and chronic medical ill-
ness, thereby attracting patients who are potentially more
medically complex than the typical community-dwelling
individual with SCI. Importantly, the small sample size
did not afford the ability to validly subanalyze the cohort
to assess factors that influenced outcome from CPR and
limited statistical analysis. Despite these limitations, this
pilot study provides clinicians with survival rates after
CPR in the SCI population that can help guide ACP with
patients and families.

CARUSO et al. Cardiac arrest survival with SCI
CONCLUSIONS

The purpose of this pilot study was to better charac-
terize the prevalence of sudden in-hospital death and the
survivability after CPR in the SCI population. Our find-
ings, although limited by sample size, single location, and
specialty population, suggest that survivability after CPR
is likely equally as poor as for patients with other neuro-
logical conditions. We hope that these findings will help
guide further inquiry into defining the appropriate cir-
cumstances for resuscitative efforts in the SCI population.
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