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Abstract

BACKGROUND: Traumatic cervical spinal cord injuries (SCIs) can be lethal and are especially
dangerous for older adults. Falls from standing and risk factors for a cervical fracture and spinal
cord injury increase with age. This study estimates the 1-year mortality for patients with a cervical
fracture and resultant SCI and compares the mortality rate with that from an isolated cervical
fracture.

METHODS: We performed a retrospective cohort study of U.S. Medicare patients older than 65
years of age. International Classification of Diseases (ICD)-9 codes were used to identify patients
with a cervical fracture without SCI and patients with a cervical fracture with SCI between 2007
and 2014. Our primary outcome was 1-year mortality cumulative incidence rate; our secondary
outcome was the cumulative incidence rate of surgical intervention. Propensity weighted analysis
was performed to balance covariates between the groups.

RESULTS: The SCI cohort had a 1-year mortality of 36.5%, compared with 31.1% in patients
with an isolated cervical fracture (risk difference 5.4% (2.9%-7.9%)). Patients with an SCI were
also more likely to undergo surgical intervention compared with those without a SCI (23.1% and
10.3%, respectively; risk difference 12.8% (10.8%-14.9%)).

CONCLUSIONS: Using well-adjusted population-level data in older adults, this study estimates
the 1-year mortality after SCI in older adults to be 36.5%. The mortality after a cervical fracture
with SCI was 5 percentage points higher than in patients without SCI, and this difference is
smaller than one might expect, likely representing the frailty of this population and unmeasured
covariates.
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INTRODUCTION

Traumatic cervical spinal cord injury (SCI) is a devastating neurologic disease in older
adults. Although traumatic SCI most commonly occurs in younger adult males, the average
age of traumatic SCI patients shifted from 22 years old to 37 years old from 2000 to

2010.1 This shift likely reflects an aging population, which commonly has risk factors
associated with SCI including cervical spondylosis, osteoporosis, falls, and higher frailty
scores.2> Consequentially, older adults suffer from significant neurologic injuries from low-
energy trauma after ground-level falls.%:7 These injuries are often complicated by respiratory
failure during hospitalization, which is the most common cause of death after SCI in

older adult patients.8 Acute management of SCI typically requires the intensive care unit
for monitoring of cardiovascular, respiratory, and neurologic sequela, such as pulmonary
embolism, aspiration pneumonia, and neurogenic shock.910 The most common cause of
traumatic SCI is fracture of vertebral column structures, facet dislocation, ligamentous
injury, or intervertebral disk herniation.3 Patients typically report localized pain to the site
of spinal injury and variable motor and sensory function below the level of the injury.
Higher-energy mechanisms, such as motor vehicle collision, are often associated with
cerebral trauma and other systemic injuries, such as hemorrhagic shock, that can limit the
patient’s ability to report pain and complicate the initial neurologic evaluation.!! Further
neurologic injury may be minimized through early surgical decompression.12 In addition
to decompression, early surgical intervention aims to stabilize the spine and/or reduce

the fractured elements and early surgical decompression and stabilization may improve
outcomes in some patients.12 Surgery may be delayed in patients who are unstable or when
death from other irreversible causes is imminent. Unfortunately, keeping older patients in
spinal precautions may limit the efficacy of respiratory care due to the risks of aspiration
when flat and the development of pulmonary edema from chest trauma. Delays in surgery
can often be interpreted by families as withholding effective treatment when few other
treatment options are available. Knowing the expected mortality rates of older adults with
SCI would provide valuable knowledge to the surgeon and to families who are required to
make these critical decisions.

Reported mortality rates within the first 3 months of an SCI range from 4% to

20%.3:13-16 Age, level of spinal cord injury, presence of traumatic brain injury, and medical
comorbidities play a large role in determining mortality.16-18 Injuries of the spinal cord
occur commonly in the cervical region, which can be the most severe spinal cordinjuries.1?
In our experience, younger patients are willing to take more risks given their resilience and
thus even a 20% mortality rate after SCI would not significantly affect decision making

in these scenarios. Older adults present more of a conundrum. To our knowledge, there

are no data that specifically estimate the long-term risk-adjusted mortality of older patients
with cervical SCI. The primary objective of this study is to estimate the 1-year propensity-
weighted mortality of traumatic cervical spine fracture in patients without and with spinal
cord injury. The secondary objective is to estimate the rate of surgical intervention.
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A retrospective cohort study of Medicare claims data from U.S. citizens 65 and older

was conducted. The sample was constructed by randomly selecting 20% of fee-for-service
beneficiaries with concurrent Medicare Parts A, B, and D coverage for at least 1 month
between 2007 and 2014. Our institutional review board approved the study (IRB 16-0533).
We defined isolated acute cervical fractures without SCI (no SCI group) as an inpatient
hospitalization with a primary, secondary, or tertiary discharge ICD-9 code of 805.0x
(closed cervical fracture without SCI). We defined cervical fractures with SCI (SCI group)
as an inpatient hospitalization with a primary, secondary, or tertiary discharge code of
806.0x (closed cervical fracture with SCI). Patients were excluded if they had multiple
spine fractures or any spinal cord injury in the year before their cervical fracture. Thus

the remaining patients were considered to have both isolated and acute/incident fractures.
Patients with codes for pathologic fractures, coma, skull fractures, severe brain injury, or
skull fractures were excluded. Race and E code variables (indicating circumstance causing
injury) were sometimes missing due to the limitations of claims data. Patients with unknown
race were grouped with “Other” race, while “No E code” was included for patients without
an E code.

The primary outcome was 1-year mortality, and secondary outcome was incidence of
surgical intervention. Primary exposures in this study were cervical spine fracture without
and with SCI. The 2 groups (no SCI group and SCI group) were analyzed separately

and then compared using risk differences (the no-SCI group was used as the reference
group). Propensity weighting was used to account for differences in baseline characteristics
potentially affecting mortality (i.e., potential confounders). The groups were weighted to the
overall population resulting in cohorts without and with SCI having similar distributions of
measured risk factors for mortality. Standardized absolute mean differences of <0.1 indicate
an acceptable covariate balance. We then estimated cumulative 1-year risks for mortality and
surgical intervention in the weighted (pseudo) populations.

There were 7482 patients with a cervical fracture included in the study. Among those
patients, 5420 patients (72.4%) had an isolated acute cervical fracture without SCI (no SCI
group) and 2062 patients (27.6%) had a cervical fracture with SCI (SCI group).

Crude and weighted covariates shown in Table 1 indicate that, even before weighting, the 2
cohorts had similar risk factors for mortality.

Comparing the patients without SCI with those with SCI, the groups had similar age (81.9
vs. 81.4 years old, respectively), race (90.2% white vs. 88.7% white), and use of prescription
medications at the time of injury (58.6% vs. 58.0% on 10+ medications). The no-SCI group
had more patients from the Midwest, while the SCI group had more patients from the West.
About 32% of patients were on anticoagulants, 31% were on loop diuretics, and around

33% were on a proton pump inhibitor in both groups. Low-energy trauma accounted for a
majority of the injuries in both groups, but patients without SCI were less likely to have
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sustained low-energy trauma compared with the SCI group (76.6% vs. 80.6%). Charleson
Comorbidity and frailty indices were similar in the 2 cohorts.

The crude and propensity weighted cumulative incidence of 1-year mortality and surgical
intervention by type of injury is displayed in Table 2. For our primary outcome, patients
without SCI were less likely to die within 1 year of index fracture compared with the
patients with an SCI (31.1% compared with 36.5%, respectively; weighted values). The
risk difference, calculated as the absolute difference in mortality, slightly decreases from
5.8 (crude) to 5.4 (weighted) when the data are weighted, indicating some correction of
confounding. For our secondary outcome, the rate of surgical intervention was lower in
patients without SCI compared with those with SCI in the weighted data (10.1% compared
with 23.1%, respectively). The difference slightly decreased in the weighted model from
14.2% (crude) to 12.8% weighted).

DISCUSSION

The estimated 1-year mortality was 36.5% in our study population with acute traumatic
cervical spine fractures with associated SCI. This mortality rate was 5 percentage points
higher than the mortality rate among those with an acute isolated cervical spine fracture
without SCI (see Table 2). Patients with SCI were more likely than those without SCI to
receive surgical treatment. Although patient characteristics that may account for variation

in outcome did not differ between the 2 groups, the type of trauma leading to the cervical
fracture did differ. Interestingly, the patients with SCI were more likely to have suffered low-
energy trauma. This counterintuitive finding correlates with recent literature, which indicates
that geriatric patients sustaining high-energy trauma were more likely to be walking and
living independently within 1 year when compared with patients who sustained low-energy
trauma.20 Thus patients who sustained higher-energy trauma likely had higher functional
status at baseline, which is a positive prognostic indicator and may be protective against
spinal cord injury after cervical fracture. Another explanation is that patients sustaining
high-energy trauma and an SCI were more likely to have also sustained other fatal injuries,
such as traumatic brain injuries leading to immediate death before presentation, and thus

are not included in the study or carrying those diagnoses, which were excluded in our
cohort. Finally, the Charlson Comorbidity Index has been shown to reliably predict hospital
mortality in SCI patients.2! However, our results indicate mean Charlson Comorbidity Index
was not significantly different between the 2 groups.

A 1-year mortality rate of 36.5 per 100 patients is double the mortality of hip fractures in a
similar population.22 Hip fractures, which are also associated with ground-level, low-energy
falls, carry a 1-year mortality rate of 21% (or 21 per 100),22 which is much lower than

the 36.5% 1-year mortality rate for acute isolated cervical fractures with SCI found in the
present study. Falls are the most common cause of SCI in the elderly, and most of those

falls occur at the patient’s home due to slipping, tripping, or falling from beds, chairs, or
toilets.23:24 Steps that may reduce the risk of falls include ensuring adequate lighting for
visibility, avoiding uneven walking surfaces, properly positioned hand rails, and safe beds,
chairs, and toilets. The Centers for Disease Control emphasizes exercise, adequate vitamin D
level, vision checks, and multidisciplinary approaches to prevent falls.2> Additionally, over
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half of older adults in 2013 were on a drug increasing the risk of falls.28 Women were more
likely to be on medications that were linked to falls like opioids and benzodiazepines.28 To
address this issue the Centers for Disease Control developed the Stopping Elderly Accidents,
Deaths, and Injuries initiative to train nurses and health care providers to reduce the risk

of falls. These approaches will reduce not only the incidence and costs associated with SCI
but also the incidence of hip fractures and other traumatic injuries in the elderly population
caused by minor ground-level falls.

The burden of SCI in older adults is significant. In our study population, a large proportion
of medical expenses are incurred at the end of life. Likely related to this finding is that

the patients with the highest expected mortality were also more likely to undergo surgical
intervention. This is not to say that surgical intervention in these cases is futile because the
objective of this study was not to estimate the effectiveness of surgery but rather to provide
a real-world estimate of mortality after SCI in the elderly, regardless of treatment. The more
striking proportion is the 76.9% of patients with a cervical fracture and SCI that did not
have surgery. Using the available data sources, it is impossible to know the severity of the
SCI of these patients, but cervical spinal cord injuries are only rarely treated nonsurgically
in younger patient populations. The most significant consequences of not operating are
ascending myelopathy (possibly affecting respiration), pain, and vertebral artery injury. We
expected the rate of surgery to be much higher. This could indicate that a large number

of surgeons and patients are choosing to defer surgical intervention likely in the face of a
high expected mortality rate regardless of the intervention and a focus on quality of life.
Alternatively, this could represent a limitation in the granularity of the data, which precludes
detailed analysis of the surgical indication in each case and thus introduces unmeasurable
bias into our results.

This study has several limitations. It is retrospective with reliance on the accuracy of
coding within the Medicare database and diagnostic classification is restricted by the

ICD system. This system does not take into account surgical considerations relevant to
each disease, which limited the conclusions that can be drawn from the estimated rate

of surgical intervention in this cohort. Furthermore, the complications and complexity of
each patient are not represented through real-word data like vital signs, laboratory data,
and pathology reports.2” While we attempted to exclude patients with certain confounding
factors or comorbidities and balanced a large number of mortality risk factors, inaccurate
or incomplete coding could introduce bias. The similarity of cohorts without and with SCI
before weighting limits the potential for residual confounding, however, and is therefore
reassuring. Despite these limitations, with a large population-based cohort and a strong
propensity model to balance differences in groups, the reported estimate of 1-year mortality
is believed to represent the actual mortality rate experienced in patients over this period of
time.

CONCLUSION

The estimated 1-year mortality after acute isolated cervical fracture with SCI was 36.5%,
slightly higher than the mortality in patients without SCI (31.1%) and higher than most
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lethal traumatic injuries in older adults. Public health measures should be taken to improve
the living environments of older adults in order to reduce the risk for falls.

Abbreviations and Acronyms

ICD: International Classification of Diseases
SClI: Spinal cord injury
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