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Abstract

Background—Cervical fractures from falls are a potentially lethal injury in older patients. Little
is known about their epidemiology and outcomes.

Objectives—To examine the prevalence of cervical spine fractures after falls among older
Americans and show changes in recent years. Further, to compare 12-month outcomes in patients
with cervical and hip fracture after falls.

Design, Setting, and Participants—A retrospective study of Medicare data from 2007-2011
including patients =65 with cervical fracture and hip fracture after falls treated at acute care
hospitals.

Measurements—Rates of cervical fracture, 12-month mortality and readmission rates after
injury.

Results—Rates of cervical fracture increased from 4.6/10,000 in 2007 to 5.3/10,000 in 2011,
whereas rates of hip fracture decreased from 77.3/10,000 in 2007 to 63.5/10,000 in 2011. Patients
with cervical fracture without and with spinal cord injury (SCI) were more likely than patients
with hip fracture, respectively, to receive treatment at large hospitals (54.1%, 59.4% vs. 28.1%, p<
0.001), teaching hospitals (40.0%, 49.3% vs. 13.4%, p< 0.001), and regional trauma centers
(38.5%, 46.3% vs. 13.0%, p< 0.001). Patients with cervical fracture, particularly those with SCI,
had higher risk-adjusted mortality rates at one year than those with hip fracture (24.5%, 41.7% vs.
22.7%, p<0.001). By one year, more than half of patients with cervical and hip fracture died or
were readmitted to the hospital (59.5%, 73.4% vs. 59.3%, p<0.001).

Conclusion—cCervical spine fractures occur in one of every 2,000 Medicare beneficiaries
annually and appear to be increasing over time. Patients with cervical fractures had higher
mortality than those with hip fractures. Given the increasing prevalence and the poor outcomes of
this population, hospitals need to develop processes to improve care for these vulnerable patients.

Keywords
Cervical Fracture; Mortality; Readmission

Introduction

Older Americans bear the highest burden of hospitalizations for traumatic injury,! with rates
increasing 3-5% annually.? People over age 65 now comprise up to 25% of trauma
admissions.2 Most trauma in older adults is related to falls, 4 and the annual costs of acute
care associated with falls in older adults is estimated to exceed $8.0 hillion.> Severe trauma
among older patients can have particularly devastating consequences, including prolonged
hospitalization and rehabilitation, permanent functional impairment, and death. Better
understanding the clinical consequences of trauma in older Americans and optimizing their
treatment are essential to meet the needs of this rapidly growing population.

J Am Geriatr Soc. Author manuscript; available in PMC 2016 March 21.
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Much of what we know about the trajectory of older patients after falls is from data on those
who suffer hip fractures. Hip fractures after falls are associated with high morbidity and
costs, and have been a growing public health concern for decades.®” However, cervical
spine fracture is another consequence of falls among older patients and the types of patients
who suffer this injury and their outcomes are largely unknown. Single-institution studies
suggest that one-year mortality associated with these injuries may be quite high.8 However,
there are no national data on the incidence of these injuries, the characteristics of the patients
experiencing cervical spine fracture, types of hospitals where these patients receive care, and
how their short and long-term outcomes, compare to patients with hip fractures.

Given the lack of national data on the frequency or outcomes of cervical fractures after falls,
we used Medicare data to answer the following questions: How often do these injuries occur
and has the rate of injury changed over time? What are the characteristics of patients that
suffer cervical spine fractures and how do they compare with those patients with hip
fractures? What are the characteristics of the hospitals where these patients receive care?
How do rates of mortality and readmissions during the first year after injury with cervical
factures compare to those after hip fractures? And finally, what are the major causes for the
first readmission to acute hospitals for patients with cervical and hip fractures?

Data Sources

We used the 100% Medicare Provider Analysis and Review (MedPAR) file to identify in-
patient care for beneficiaries enrolled in the fee-for-service program. We used the American
Hospital Association (AHA) survey to identify hospital characteristics and the Medicare
Impact File to obtain the hospital's Disproportionate Share Hospital (DSH) index. The DSH
Index determines a hospital's eligibility to receive federal compensation for serving a
disproportionate share of uninsured and Medicaid patients and is a proxy for caring for poor
patients.® We used the Medicare Beneficiary Summary File to obtain vital status post-
discharge and insurance information.

Study Sample

We included beneficiaries who were discharged from acute-care hospitals from January 1,
2007 through December 31, 2011 in our cohort. We used data from 2012 to ensure one year
follow-up. Patients under 65 and enrolled in a Medicare Advantage health plan for part of
the year were excluded since they would not have full claims data. The first admission for
cervical or hip fracture was considered the index case. Cervical fracture and cervical fracture
with spinal cord injury (SCI) were identified using International Classification of Diseases,
9th Revision, Clinical Modification (ICD-9-CM) codes: 805.0x, 805.1x, 806.0x, 806.1x
cervical fracture. We also calculated the number of patients who sustained high cervical
fracture (atlanto-occipital, first or second cervical vertebrae (ICD-9 codes 805.00, 805.01,
805.11, 805.02, 805.12). Hip fracture was identified using code, 820.x, and falls were
identified using codes: 880.1, 884.2, 884.3, 884.4, 884.6, 885.9, 888.0, 888.1, low-impact
fall. These codes exclude patients who fell from heights, including ladders (presuming that
they would generally be more robust than patients who suffered low-impact falls). Patients

J Am Geriatr Soc. Author manuscript; available in PMC 2016 March 21.
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with both cervical and hip fracture, who were discharged from Federal hospitals, outside of
the 50 United States or District of Columbia, or who were admitted to or discharged from
non-acute care hospitals, were also excluded. Lastly, we excluded 1, 522 (0.14%) patients
who had both cervical spine and hip fracture. In cases where patients were transferred from
one acute hospital to another, only data from the receiving hospitals were used to determine
readmission rates. Lastly, we determined the reason for the first readmission to an acute care
hospital.

The primary outcome of interest was mortality 30, 90, and 360 days after admission. The
secondary outcome was a composite measure of mortality and hospital readmissions 30, 90,
and 360 days after discharge from the index hospitalization.

Other Variables

Analysis

We examined variables to describe baseline characteristics of the patients and the hospitals
that treated them. All patient characteristics were obtained from Medicare files and included:
demographics, comorbidities, and an injury severity measure. Demographics included: age
(65-69, 70-79, = 80), gender, and race (white, African-American and others). Medical
comorbidities, which were identified using ICD-9 codes in Medicare Claims, included:
dementia, congestive heart failure, coronary artery disease, end-stage renal disease, and
diabetes. In order to adjust for patient comorbidities, we used the Hierarchical Condition
Category (HCC) model, which is used by the Centers for Medicare and Medicaid to adjust
payment for patients with chronic conditions.1% The HCC includes 70 disease categories,
which correlate to ICD-9 codes captured during all outpatient and inpatient encounters up to
and including index admission, and is superior to Charlson or Elixhauser measures for
predicting mortality in Medicare beneficiaries.11 We controlled for dementia separately
because it is not included in the HCC. Head injury is a condition in the HCC and, was
therefore, included in the adjusted model. Injury severity was quantified using ICDPIC 12
conversion software to map each diagnosis code to an Abbreviated Injury Score (AIS) and
to calculate an Injury Seventy Score (1SS)13 (0-9=low;10-24=moderate; >25=severe).
Discharge location was also obtained from Medicare Claims for patients with cervical
fracture and hip fracture.

Hospital characteristics which were obtained from the American Hospital Association
database included: size (small 1-99 beds; medium 100-399 beds; large = 400 beds),
membership in the Council of Teaching Hospitals, trauma center status (regional,
community, rural, or non-trauma), region, profit status, and the Disproportionate Share
(DSH) index (a proxy for caring for poor patients).

We described patient and hospital characteristics using frequencies, percentages, means, and
standard deviations where appropriate. Annual rates of cervical fracture and hip fracture
were calculated per 10,000 Medicare beneficiaries for each of the study years (from 2007-
2011), and displayed graphically. Characteristics of older Medicare beneficiaries and
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discharge location were compared between patients with cervical fracture and hip fractures.
Rao-Scott Chi-Square tests were used which account for clustering at the hospital level.

We considered two outcomes in these analyses: 1. survival and, 2. composite measure of
survival and hospital readmission. We calculated survival from the date of index
hospitalization and date of death, and calculated readmission based on the date of discharge
from the index hospitalization. We used Kaplan-Meier survival curves to examine
unadjusted survival and the composite rates of survival and readmissions for patients with
cervical and hip fractures. We used Rao-Scott Chi-Square tests to compare unadjusted
proportions of those who died by 30, 90, and 360 days after injury.1* We performed a
second analysis to compare composite rates of death or readmission by 30, 90, or 360 days
as a secondary outcome for patients with cervical (with and without spinal cord injury) and
hip fracture; since this outcome includes censored observations, these proportions were
obtained from the unadjusted Kaplan-Meier survival curves, and compared across three
groups using an Wald test that takes clustering by hospital into account. 15

To calculate adjusted proportions of death and composite death/readmission at the three time
points (30, 90, and 360 days) in the cervical and hip fracture groups, we used a weighted
propensity score approach to calculate adjusted Kaplan-Meier curves.16:17 P-values
comparing the cervical and hip fracture groups were calculated accounting for clustering at
the hospital level.117 The propensity for being in the cervical and hip fracture groups was
calculated using logistic regression models with age, gender, race, Injury Severity Score,
Hierarchical Conditional Categories, dementia, and hospital characteristics as independent
variables as predictors of each group. By estimating the propensity for being in each of the
three groups (cervical fracture, cervical fracture with SCI, or hip fracture) propensity score
methods provide better control for observed confounding factors than regression models
alone; propensity methods improve the ability to compare groups in observational studies.
When we calculated the propensity-weighted Kaplan-Meier curves, each patient was
weighted by the inverse propensity of being in their observed group, with the goal of
balancing characteristics across the groups.

All analyses were conducted using SAS statistical software, version 9.3 (Cary, NC). A p
value of <0.05 was considered statistically significant. The study was approved by the
Partners Human Research Committee and by the institutional review board of the Harvard
School of Public Health

Rates of cervical fracture and hip fracture over the study period (Figure 1)

Among Medicare beneficiaries over 65 years old in 2007-2011, there were 67,162
admissions for cervical fracture without spinal cord injury, 5,593 for cervical fracture with
spinal cord injury (SCI) and 1,009,738 admissions for hip fracture after low-impact falls.
There were 1522 (0.14%) patients with both cervical spine and hip fracture who were
excluded from this analysis. Among cervical fractures, 44.9% had high cervical injury
(atlanto-occipital, first and second cervical vertebrate). The number of cervical spine
fractures increased 15% from 4.6 per 10,000 Medicare beneficiaries in 2007 to 5.3 per
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10,000 Medicare beneficiaries in 2011 whereas the number of hip fractures decreased 18%
from 77.3 per 10,000 Medicare beneficiaries in 2007 to 63.5 per 10,000 Medicare
beneficiaries in 2011.

Patient characteristics

Patients with cervical fracture were younger than patients with hip fracture (60.8% cervical,
46.4% SCI, vs. 70.0% hip, = 80 years, and more likely to be male (42.8% cervical, 61.7%
SCI, vs. 27.1% hip). The majority of patients in the cervical fracture without SCI and hip
fracture groups had low severity injuries (78.2% SCI vs. 93.0% hip, ISS < 9). Patients with
cervical fracture were more likely to have moderate (19.6% cervical, 52.3% SClI, vs. 6.5%
hip, ISS 10-24) or severe injury (2.2% cervical, 17.0% SCI, vs. 0.4% hip, ISS > 25) than
patients with hip fracture. All differences in patient characteristics were statistically
significant (p <0.001). (see Table 1)

Patients with cervical fracture with or without SCI were more likely to die in hospital than
patients with hip fracture (8.5 % cervical, 26.1% SCI, and 3.2% hip). Of those patients who
were discharged from the hospital, patients with cervical facture were more likely to be
discharged home (30.1% cervical, 12.0% SCI, and 8.7% hip). Across groups the majority of
patients were discharged to a skilled nursing facility or long-term care (54.9% cervical,
52.7% SCI, 83.6% hip). All differences in discharge location were statistically significant (p
<0.001). (Not shown).

Hospital Characteristics

Survival

As compared to patients with hip fracture, patients with cervical fracture were more likely to
receive care in large hospitals (54.1% cervical, 59.4% SCI vs. 28.1% hip), teaching hospitals
(40.0% cervical, 49.3% SClI, vs. 13.4% hip), and regional trauma centers (38.5% cervical,
46.3% SCI, vs. 13.3% hip). Hospital characteristics and the distribution of these three
groups of patients are presented in Table 2.

We compared unadjusted mortality over one year between patients with cervical fracture
without SCI, cervical fracture with SCI and hip fracture (Figure 2). In adjusted analyses
accounting for patient factors and hospital characteristics, patients with cervical fractures,
and cervical fractures with SCI had substantially higher 30-day mortality rates than those
with hip fractures (13.0% cervical, 28.4% SCI, vs. 8.1% hip respectively, p <0.001). This
gap persisted at 90 days (cervical 18.5%, 35.6 SCI%, vs. hip, 14.7%, p<0.001) and one year
after the initial hospitalization (cervical 24.5% SCI 41.7%.vs. 22.7% hip, p<0.001). (See
Table 3)

Survival and Readmission

Adjusted rates of composite mortality and readmissions were high in both groups: by 30
days approximately one-third of patients died or were readmitted a (31.6 % cervical, SCI,
50.1% vs. 29.7% hip, p<0.001), at 360 days more than half were readmitted (59.5% cervical,
73.4% SCI, vs. 59.3% hip, p <0.001 across 3 groups, p=(0.50 cervical vs. hip). (See Table 4)
The top 5 reasons for the first readmission, within a year of the incident admission, to an

J Am Geriatr Soc. Author manuscript; available in PMC 2016 March 21.
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acute care hospital across all three groups were rehabilitation, pneumonia, septicemia,
urinary tract infection, and hip fracture. (See Appendix A)

Discussion

Among older Medicare patients in the U.S., we found that annual rates of cervical spine
fractures occur in approximately 5 per 10,000 beneficiaries during 2007 through 2011, and
the rates are increasing over time. Important clinical differences between patients who
suffered cervical fracture versus hip fracture included age, gender, and injury severity score.
We, and others, have found that men are more likely to sustain cervical spine trauma and
women are more likely to sustain hip fracture.1® One possible explanation is that because
hip fracture is so much more common than cervical fracture after low-impact falls, fall
prevention and treatment for osteoporosis may shift the age-specific incidence of hip
fracture towards the oldest old, who are more likely to be women.1® Not surprisingly, head
injury is closely associated with cervical spine injury,20 leading to higher ISS among
patients with cervical fracture both with and without SCI. After accounting for these
differences between groups using propensity score modeling, we found that despite being
younger, having fewer comorbid illnesses, and being more likely to receive care at teaching
hospitals and higher-level trauma hospitals, Medicare patients who sustained a cervical
fracture after a low-impact fall were nearly twice as likely to die within 30 days of their
injury as those who suffered a hip fracture. Further, within a year of injury, almost one-
quarter of patients who had a cervical fracture without SCI had died, and over half had died
or been readmitted. Among those with cervical fracture and SCI, at one year, over 40% died
and almost three-quarters had died or been readmitted. Given the high mortality and
suffering caused by this condition, it is surprising that relatively little attention has been paid
to describing its epidemiology or identifying the consequences of this injury.

Our study corroborates single-center studies demonstrating high mortality among older
patients with cervical fracture, and extends this work by using a national sample to
characterize cervical fracture as an injury occurring with increasing frequency, and with
health outcomes that are worse than for hip fracture.” The Centers for Disease Control and
Prevention guidelines suggest that older injured patients should receive treatment at trauma
centers, because even when less severely injured, older patients are less likely to display
physiologic signs that would activate transfer in younger patients.2! However, patients with
cervical fractures were much more likely to receive care at large, teaching hospitals and
regional or community trauma centers and, therefore, we suspect that getting care at these
institutions may be necessary but insufficient to improve outcomes.

Older patients with cervical fracture could have such poor outcomes from underlying
conditions or because of adverse consequences from the injury or how it is managed. For
example, patients with cervical fracture who are treated with halo fixation have high rates of
dysphagia and aspiration.22 Highly coordinated, multi-disciplinary care for older injured
patients, including medical management by a hospitalist, is associated with lower rates of
complications, shorter hospital length of stay, and fewer discharges to long-term care
facilities.2324 Trauma centers that treat higher volumes of geriatric patients have lower rates
of in-hospital mortality, complications and failure-to-rescue than centers with lower volumes
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of older patients.2> Developing new and better treatment strategies for this population would
also be immensely helpful. For example, improving outcomes among older patients who
sustain fractures after falls warrants greater focus on medical processes of care and may
require specialized pathways, such as Acute Care of the Elderly (ACE) Units.26
Furthermore, clinicians and policy makers must continue to focus on reducing fractures in
elderly patients, by increasing knowledge of risk factors for falls and developing
individualized fall-prevention programs. 27 This is particularly important because in this
study, hip fracture was the fifth leading cause of readmission among patients with both
cervical fractures and hip fractures.

We found that composite rates of mortality and readmission for patients with cervical
fracture rivaled or, in the case of SCI, exceeded patients with hip fractures. Readmissions
are important for two reasons. First, transitions of care and hospital readmissions reduce
quality of life and are associated with increased functional dependence and mortality,
especially after surgery.2® In patients with limited life expectancy due to advanced dementia
or other underlying illness, or where acceptable functional recovery is unlikely, clear
discussions about goals of care should precede hospital discharge. In these cases, offering
palliative care, supporting caregivers, and easing transitions to comfort-directed care may be
most appropriate. Given their high rates of readmission, older trauma patients with cervical
fractures are an appropriate target for interventions to improve transitions of care and reduce
hospital readmission.

Our study has several limitations. First, MedPAR is a large administrative database lacking
the detailed clinical data needed for optimal risk adjustment. MedPAR does not include
physiologic pre-hospital data, obscuring other factors that could contribute to high mortality
after injury. Furthermore, ICD-9 codes do not specify the anatomic characteristics of a
fracture that may render it unstable and therefore more severe. Although we sought to
control for injury characteristics by using propensity score modeling and adjusting for injury
severity, we could not determine whether patients were triaged correctly and that patients
received care at the appropriate site of care. Second, patients with cervical fracture may have
higher mortality than other injured patients because they are sicker in ways that we could not
measure. For example, frailty or diminished functional reserve is strongly associated with
falls 29 but is not captured in billing codes. This was why we compared their outcomes with
hip fracture, which also occur among older individuals who are often frail. Third, there is a
lack of standardized approaches to cervical fractures in elderly patients, and controversy
exists as to which patients benefit most from surgery or spinal immobilization alone. We
were unable to determine the appropriateness of surgery or its impact on outcomes after
cervical fracture, because we lacked detailed information about the injury itself.

Elderly patients who sustain cervical fractures after low impact falls have very high rates of
mortality and hospital readmission for up to a year. Much of that risk of death is upfront —in
the early weeks after trauma — but the risk of poor outcomes remain elevated, even when
compared to hip fractures. Hospitals and healthcare systems need to determine optimal
strategies for these patients given the high risk of death and healthcare utilization during the
year after injury. Identifying older patients who are most susceptible to cervical fracture,
employing preventive measures prior to falls and more effective clinical and rehabilitative
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management strategies during and after hospitalization will be critical to ensure that this
vulnerable population of older Americans receives the most appropriate treatment to achieve
the best possible outcomes.
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Appendix

Appendix A

Top five reasons among Medicare beneficiaries for first readmission, after the incident
admission, to an acute care hospital after cervical fracture and hip fracture 2007-2011

Primary Diagnosis (ICD-9 code) Cervical fracture Cervical fracture with Hip fracture
without spinal cord spinal cord injury (N=482,102) %
injury (N=28,786) % (N=2202) %

Rehabilitation V5789 11.7 21.8 17.4

Pneumonia 486.xx 5.1 3.3 4.1

Septicemia 038.9 3.7 5.9 4.0

Urinary Tract Infection 599.0 3.6 3.0 3.8

Hip fracture 820.21 13 0.5 2.1

References

1.

Ciesla DJ, Pracht EE, Tepas JJ 3rd, Cha JY, Langland-Orban B, Flint LM. The injured elderly: A
rising tide. Surgery. 2013; 154(2):291-298. [PubMed: 23889955]

. Nirula R, Gentilello LM. Futility of resuscitation criteria for the “young” old and the “old” old

trauma patient: a national trauma data bank analysis. J trauma. 2004; 57(1):37-41. [PubMed:
15284545]

. Haas B, Gomez D, Xiong W, Ahmed N, Nathens AB. External benchmarking of trauma center
performance: have we forgotten our elders? Ann Surg. 2011; 253(1):144-150. [PubMed: 21233613]

. Centers for Disease Control and Prevention. [Accessed November, 30, 2010] Web-based Injury
Statistics Query and reporting System (WISQARS). 2010. http://www.cdc.gov/injury/wisgars/
index.html

. Roudsari BS, Ebel BE, Corso PS, Molinari NA, Koepsell TD. The acute medical care costs of fall-
related injuries among the U.S. older adults. Injury. Nov; 2005 36(11):1316-1322. [PubMed:
16214476]

. Magaziner J, Lydick E, Hawkes W, et al. Excess mortality attributable to hip fracture in white
women aged 70 years and older. Am J Public Health. 1997; 87(10):1630-1636. [PubMed: 9357344]

. Bentler SE, Liu L, Obrizan M, et al. The aftermath of hip fracture: discharge placement, functional
status change, and mortality. Am J Epidemiol. 2009; 170(10):1290-1299. [PubMed: 19808632]

. Harris MB, Reichmann WM, Bono CM, et al. Mortality in elderly patients after cervical spine
fractures. J Bone Joint Surg Am. Mar; 2010 92(3):567-574. [PubMed: 20194314]

J Am Geriatr Soc. Author manuscript; available in PMC 2016 March 21.


http://www.cdc.gov/injury/wisqars/index.html
http://www.cdc.gov/injury/wisqars/index.html

1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cooper et al.

Page 10

9. Centers for Medicare and Medicaid Services. [Accessed June 21, 2012] Disproportionate Share
Hospital (DSH): The Medicare DSH Adjustment (42 CFR 412.106). 2012. https://www.cms.gov/
Medicare/Medicare-Fee-for-Service-Payment/AcutelnpatientPPS/dsh.html

10. Pope GC, Kautter J, Ellis RP, et al. Risk adjustment of Medicare capitation payments using the
CMS-HCC model. Health Care Financ Rev. 2004; 25(4):119-141. [PubMed: 15493448]

11. Li P, Kim MM, Doshi JA. Comparison of the performance of the CMS Hierarchical Condition
Category (CMS-HCC) risk adjuster with the Charlson and Elixhauser comorbidity measures in
predicting mortality. BMC Health Serv Res. 2010; 10(1):245. [PubMed: 20727154]

12. Sears JM, Blanar L, Bowman SM. Predicting work-related disability and medical cost outcomes: a
comparison of injury severity scoring methods. Injury. Jan; 2014 45(1):16-22. [PubMed:
23347762]

13. Baker SP, O'Neill B, Haddon W Jr, Long WB. The injury severity score: a method for describing
patients with multiple injuries and evaluating emergency care. J Trauma. Mar; 1974 14(3):187—
196. [PubMed: 4814394]

14. Wei L-J, Lin DY, Weissfeld L. Regression analysis of multivariate incomplete failure time data by
modeling marginal distributions. J Am Stat Assoc. 1989; 84(408):1065-1073.

15. Wei L-J, Lin DY, Weissfeld L. Regression analysis of multivariate incomplete failure time data by
modeling marginal distributions. Journal of the American statistical association. 1989; 84(408):
1065-1073.

16. Xie J, Liu C. Adjusted Kaplan-Meier estimator and log-rank test with inverse probability of
treatment weighting for survival data. Stat Med. Oct 30; 2005 24(20):3089-3110. [PubMed:
16189810]

17. Nguyen LL, Hevelone N, Rogers SO, et al. Disparity in outcomes of surgical revascularization for
limb salvage: race and gender are synergistic determinants of vein graft failure and limb loss.
Circulation. Jan 6; 2009 119(1):123-130. [PubMed: 19103988]

18. Amin S, Achenbach SJ, Atkinson EJ, Khosla S, Melton LJ 3rd. Trends in fracture incidence: a
population-based study over 20 years. J Bone Miner Res. Mar; 2014 29(3):581-589. [PubMed:
23959594]

19. Bergstrom U, Jonsson H, Gustafson Y, Pettersson U, Stenlund H, Svensson O. The hip fracture
incidence curve is shifting to the right. Acta Orthop. Oct; 2009 80(5):520-524. [PubMed:
19916682]

20. Wang H, Coppola M, Robinson RD, et al. Geriatric Trauma Patients With Cervical Spine Fractures
due to Ground Level Fall: Five Years Experience in a Level One Trauma Center. J Clin Med Res.
Apr; 2013 5(2):75-83. [PubMed: 23519239]

21. Centers for Disease Control and Prevention. Guidelines for Field Triage of Injured Patients.
Recommendations of the National Expert Panel on Field Triage, 2011. 2012; 61(1) http://
www.cdc.gov/mmwr/pdf/rr/rr6101.pdf.

22. Bradley JF 3rd, Jones MA, Farmer EA, Fann SA, Bynoe R. Swallowing dysfunction in trauma
patients with cervical spine fractures treated with halo-vest fixation. J Trauma. Jan; 70(1):46-48.
discussion 48-50. [PubMed: 21217480]

23. Mangram AJ, Mitchell CD, Shifflette VK, et al. Geriatric trauma service: a one-year experience. J
Trauma Acute Care Surg. 2012; 72(1):119-122. [PubMed: 22310125]

24. Lenartowicz M, Parkovnick M, McFarlan A, et al. An evaluation of a proactive geriatric trauma
consultation service. Ann Surg. Dec; 2012 256(6):1098-1101. [PubMed: 23108129]

25. Matsushima K, Schaefer EW, Won EJ, Armen SB, Indeck MC, Soybel DI. Positive and Negative
Volume-Outcome Relationships in the Geriatric Trauma Population. JAMA Surg. Jan 22.2014

26. Baztan JJ. Improving hospital hospitality in elderly patients with acute disease. Rev Esp Geriatr
Gerontol. May-Jun;2008 43(3):129-130. [PubMed: 18682127]

27. Karlsson MK, Vonschewelov T, Karlsson C, Coster M, Rosengen BE. Prevention of falls in the
elderly: a review. Scandinavian journal of public health. 2013; 41(5):442-454. [PubMed:
23554390]

28. Covinsky KE, Palmer RM, Fortinsky RH, et al. Loss of independence in activities of daily living in
older adults hospitalized with medical illnesses: increased vulnerability with age. J Am Geriatr
Soc. 2003; 51(4):451-458. [PubMed: 12657063]

J Am Geriatr Soc. Author manuscript; available in PMC 2016 March 21.


http://https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/AcuteInpatientPPS/dsh.html
http://https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/AcuteInpatientPPS/dsh.html
http://www.cdc.gov/mmwr/pdf/rr/rr6101.pdf
http://www.cdc.gov/mmwr/pdf/rr/rr6101.pdf

1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Cooper et al.

Page 11

29. Ensrud KE, Ewing SK, Cawthon PM, et al. A comparison of frailty indexes for the prediction of
falls, disability, fractures, and mortality in older men. J Am Geriatr Soc. Mar; 2009 57(3):492—
498. [PubMed: 19245414]

J Am Geriatr Soc. Author manuscript; available in PMC 2016 March 21.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Cooper et al.

Figure 1.

Rate per 10,000 Medicare Beneficiaries

Cervical Spine and Hip Fracture Rates Over Study Period

80.0

75.0

70.0

65.0

60.0

550,
6.0 e

55
5.0
4.5
4.0

35

3.0

e CRTViCAI SpiNe == == Hip Fracture

N~ - - 66.14

-

=~ 6349

5.34
5.12

4.59

2007 2008 2009 2010 2011
Year

Page 12

Rates of Cervical Spine and Hip Fractures in Older Medicare Beneficiaries after Falls 2007—

2011

J Am Geriatr Soc. Author manuscript; available in PMC 2016 March 21.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Cooper et al.

0.9

0.8+

0.7 4

Survival Probability

0.6 4

0.5+

T
100

T
200 300 400
Days

Mortality Cervical Fracture w/ Spinal Cord Injury
— — — Mortality Cervical Fracture w/o Spinal Cord Injury
— - — Mortality Hip Fracture

500

T
600

Figure 2.

Survival of elderly Medicare beneficiaries with cervical and hip fracture after fall
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Table 1

Characteristics of Patients with Cervical Fracture and Hip Fracture”

Page 14

Cervical fracture without
spinal cord injury

Cervical fracture with

spinal cord injury

Hip fracture (N=1,009,738)
%

(N=67,162) % (N=5,693) %
65-69 104 17.0 5.8
Age (years) 70-79 28.8 36.6 24.2
80+ 60.8 46.4 70.0
White 92.8 87.7 93.2
Race Black 3.9 7.9 35
Others 3.3 4.4 3.4
Male 42.8 61.7 27.1
Gender
Female 57.2 38.3 72.9
Dementia 14 0.8 2.3
CHF 184 144 19.8
CAD 12.0 114 114
Comorbidities
Renal Failure 171 16.3 17.7
Diabetes 16.4 16.1 15.7
COPD 133 10.8 16.5
0-9 78.2 30.6 93.0
Injury Severity Score | 10-24 19.6 52.3 6.5
225 2.2 17 0.4

Injury Severity Score: 0-9=low; 10-24= moderate; =25 = severe

CHF = Congestive Heart Failure, CAD = Coronary Artery Disease, COPD = Chronic Obstructive Pulmonary Disorder.

*
All differences are statistically significant across groups (p<0.001).
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Characteristics of Hospitals where Patients with Cervical Fracture and Hip Fracture Receive Care”

Cervical fracture without
spinal cord injury

Cervical fracture with

spinal cord injury

Hip fracture

(N=1,009,738) %

Disproportionate Share Hospital T

(N=67,162) % (N=5,693) %
Small (<100 beds) 3.4 19 12.0
Hospital Size Medium (100-399 beds) 42,5 38.7 59.9
Large (= 400 beds) 54.1 59.4 28.1
Major Teaching Yes 40.0 49.3 13.4
Regional 38.5 46.3 13.3
Trauma Center Level | Community 33.0 30.0 34.6
Rural and Others 28.5 23.7 52.1
Northeast 20.3 22.9 18.7
Midwest 26.4 22.9 24.7
Hospital Region
South 37.7 36.9 41.2
West 15.6 174 15.4
For profit 9.1 8.6 13.1
Profit Status Not for profit 76.4 738 75.0
Public 145 17.7 11.9
13.2 16.5 8.1

*
All differences statistically significant across groups (p<0.001).

TThe top decile in Disproportionate Share Hospitals Index.
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Table 3

Adjusted Mortality and Composite Mortality and Readmissions after Cervical and Hip Fracture
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Cervical fracture without Cervical fracture with Hip fracture P value
spinal cord injury spinal cord injury (N=1,009,738) %
(N=67,162) % (N=5,693) %
30-day 130 284 8.1 <0.001
Mortality 90-day 185 35.6 14.7 <0.001
360-day 245 41.7 227 <0.001
30-day 31.6 50.1 29.7 <0.001
Composite mortality and i
readmissions 90-day 43.3 62.8 42.1 <0.001
360-day 59.5 734 59.3 <0.001

J Am Geriatr Soc. Author manuscript; available in PMC 2016 March 21.



