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Establishing standard hospital performance measures for
cervical spinal trauma: a Nationwide In-patient
Sample study

DJ Hoh, M Rahman, KM Fargen, D Neal and BL Hoh

Study design: A retrospective national administrative database study.
Objective: Patient safety indicators (PSIs) and hospital-acquired conditions (HACs) are metrics for quality of health care and are linked
to reimbursement. The prevalence of PSIs/HACs may impact access to health care for certain conditions. We estimated the national
occurrence rates of PSIs/HACs among cervical trauma patients and identified patient factors that correlate with their occurrence.
Setting: United States of America.
Methods: We queried Nationwide In-patient Sample database (NIS) hospitalizations (2002–2010) for diagnoses of cervical fracture
with and without spinal cord injury (SCI). The incidence of each PSI/HAC was determined by ICD-9 (International Classification of
Disease, 9th Revision) codes. Multivariate analysis was used to identify the correlation between specific variables and the probability of
each indicator.
Results: There were 52 377 hospitalizations for cervical fracture in the NIS (without SCI, n=41 708; with SCI, n=10669). Among
those without SCI, there were 5374 (12.9%) reported PSIs and 117 (0.3%) HACs. Leading adverse events were postoperative
respiratory failure (8.45%), pulmonary embolism (1.70%) and pressure ulcer (1.12%). Among those with SCI, there were 6600
(61.9%) PSIs and 143 (1.3%) HACs. Leading adverse events were postoperative respiratory failure (39.2%), pressure ulcer (7.78%),
sepsis (5.71%), deep venous thrombosis (3.81%) and PE (1.70%). Adverse events were associated with several factors, including age,
gender, Comorbidity Score and Injury Severity Score. Those with ⩾1 PSI/HAC had significantly longer lengths of stay (Po0.0001) and
higher hospital costs (Po0.0001) and mortality (Po0.0001) compared with patients without events.
Conclusions: These results estimate baseline national rates of PSIs/HACs in patients with cervical spine trauma. These data may be
used to gauge individual institutional quality of care in comparison with national data.
Spinal Cord (2016) 54, 306–313; doi:10.1038/sc.2015.185; published online 20 October 2015

INTRODUCTION

United States health care has made it a priority to improve the overall
quality and safety of patient care. The impetus for this shift is credited
to the 1999 Institute of Medicine report titled ‘To Err is Human’,
where the Institute of Medicine estimated that ~ 44 000–98 000 deaths
occur annually in US hospitals owing to medical errors.1 In a
subsequent call-to-action report titled ‘The Quality Chasm’, the
Institute of Medicine urged the medical community to reduce medical
errors by half. To enact these changes, US health care has looked
toward specific patient safety indicators (PSIs) as measures of quality.
The pay-for-performance (‘value-based’) paradigm is a reimbursement
model, which then rewards institutions that meet benchmarks for
these quality metrics. The Hospital Value-Based Purchasing Program,2

initiated by the Centers for Medicare and Medicaid Services (CMS),
withholds 1% of reimbursement from a hospital’s diagnosis-related
group payments to then financially incentivize hospitals who provide
better quality care.
These changes have coincided with increased public awareness of

these indicators as a measure of individual hospital performance
through publicly available databases, such as the US Department of

Health and Human Services Hospital Compare website.3 On these
websites, individual hospitals can be queried and their rates of PSIs
compared with national averages. Commonly referenced indicators
include the Agency for Healthcare Research and Quality (AHRQ) PSIs,
a series of metrics designed to report potential safety-related adverse
events.4 Additionally, the CMS pay-for-performance program lists a
number hospital-acquired conditions (HACs) that are designated as
indicators of poor quality, and can prompt a denial for
reimbursement.5 Taken together, these PSIs and HACs include a
number of preventable patient care events, such as accidental puncture
or patient falls, as well as potentially avoidable events such as central
venous line (CVL) infection, deep venous thrombosis (DVT) or
pulmonary embolism (PE).
As the US health-care system continues its transition toward value-

based reimbursement, the AHRQ PSIs and CMS HACs are becoming
an important component of assessing the quality of care that hospitals
provide, and will likely affect how hospitals are reimbursed. One
concern, however, is that a consequence of this value-based reimbur-
sement paradigm is the potential for restricted access to health care for
certain medical conditions that pose higher risk for PSI- and HAC-
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related complications. Patients with traumatic cervical spinal cord
injury (SCI) are particularly susceptible as they not only require
significant health-care resources but are highly vulnerable to patient
safety events such as PSIs and HACs. Unfortunately, there are
currently few national data describing the rate of PSI/HACs for
individual diagnosis codes by which institutions may compare their
own performance. Also, there is a paucity of literature demonstrating
which patient and hospital characteristics may affect PSI/HAC
occurrence, which may be relevant given the varying hospital types
and patient populations across the United States. To address this
question, our specific aim was to estimate the national occurrence rate
of PSIs and HACs among patients with cervical spine trauma with and
without SCI using the Nationwide In-patient Sample database (NIS).
Further, we sought to identify patient and hospital factors that
correlate with these quality metrics, and determine the potential
impact their occurrence may have on mortality, length of stay and cost
outcomes.

MATERIALS AND METHODS
We obtained the NIS database from the AHRQ’s Healthcare Cost and
Utilization Project (Rockville, MD, USA). The NIS is a stratified systematic
sample of hospitalization and discharges from all hospitals participating in the
Healthcare Cost and Utilization Project (approximately equivalent to a random
sample of 20% of all US nonfederal admissions, excluding rehabilitation and
long-term acute care hospitals). NIS stratifies hospitals by region, location,
teaching status, size and ownership. We followed methods outlined in the NIS
documentation to account for this stratification in our estimates of the total
number of hospitalizations for the years 2002–2010, and the national incidence
of each indicator during that period. For more information regarding the NIS,
please see http://www.hcup-us.ahrq.gov/nisoverview.jsp.
We searched the NIS for all teaching and nonteaching hospital admissions

for cervical spinal trauma between 2002 and 2010. To specifically identify
hospitalizations in the NIS for cervical spinal trauma, we used the ICD-9
(International Classification of Disease, 9th Revision) diagnosis codes for
cervical fracture with SCI (806.0, 806.00–806.09, 806.1, 806.10–806.19) and
cervical fracture without SCI (805.0, 805.00–805.08, 805.10–805.18). Separate
analyses were performed on the basis of the presence or absence of SCI. The
incidence of a particular PSI or HAC among these hospitalizations was
determined by summing the number of hospital records that included the
ICD-9 code(s) indicating the presence of each PSI/HAC for each group. The
quality indicator for ‘Falls and trauma’ was excluded from analysis as it was not
possible to differentiate between a diagnosis code upon admission versus one
occurring during hospitalization (i.e. the diagnosis code for ‘Falls and trauma’
occurred in 100% of patients queried for cervical fracture either with or
without spinal cord injury, thereby not distinguishing between this specific
quality indicator as being present on admission or not).

Statistical methods
We used he SAS statistical software package (version 9.3, SAS Institute Inc.,
Cary, NC, USA) to calculate means, standard deviations and frequencies for all
patient and hospital characteristics and to estimate all PSI/HAC incidences. For
incidences o1%, we constructed confidence intervals using the Agresti-Coull
method.6

We performed multivariate analysis of all indicators that had an observed
incidence rate 40.1%. We generated an overall Comorbidity Score for use as a
covariate by summing the number of Elixhauser comorbidities7 recorded in the
NIS for each hospitalization. We also generated an Injury Severity Score (ISS) as
a covariate using methods developed by Clark et al.8 We used generalized
estimating equations (SAS PROC GENMOD, version 9.3) to assess possible
associations between patient and hospital characteristics and PSI/HACs. In all
models, the presence of the indicator (yes or no) was taken as the outcome
variable. The patient’s age, gender, Comorbidity Score and ISS, as well as the
hospital type (teaching versus nonteaching), size (small, medium, large) and
region (northeast, midwest, south, west), were included as covariates. Results

for hospital region were largely uninformative, showing no clear patterns, and
are omitted. For all models, we graphically assessed the relationship between
the probability of having the indicator and age, Comorbidity Score, ISS and
hospital type and size.9,10 A linear model assumes a linear relationship between
a continuous or ordered independent variable and the response variable. To
determine whether this assumption was reasonable, we plotted the observed
probability of experiencing the indicator by the deciles of age, Comorbidity
Score and ISS, and by the ordered categories of hospital size. For age,
Comorbidity Score and ISS, if this graphical assessment suggested a nonlinear
association (such as increasing probability of the event with Comorbidity Score,
but a plateau effect after a certain number of comorbidities), we modeled that
relationship by using a quadratic or other nonlinear term. If a linear
assumption was not plausible for hospital bed size, we modeled this variable
as categorical. We used these results and the quasi-likelihood information fit
criterion for generalized estimating equation models to determine whether any
particular covariate modification (typically, adding a quadratic term in age, or
treating hospital size as an ordered rather than a nominal variable) resulted in a
better fit than the baseline model. We assumed a binary distribution for the
outcome variable, with a logit link function. To account for the clustering of
observations on hospitals, we treated hospital as a repeated factor, and we
assumed an exchangeable working correlation. Finally, mean length of stay,
hospital charges (adjusted 3% per year for inflation) and mortality were
compared between those with one or more PSI/HAC during their hospital
stay and those with no PSI or HAC. Statistical significance was determined
by a P-value o0.05.

RESULTS

The NIS query resulted in 52 377 admissions for cervical spinal
fracture (without SCI, n= 41 708; with SCI, n= 10 669). Patient
and hospital characteristics are listed in Table 1. The incidence of
PSI/HACs is listed in Table 2.
Among these hospitalizations for patients without SCI, there were

5374 (12.9%) PSIs and 117 (0.3%) HACs, with 10.9% of patients
experiencing one or more PSI/HACs. Leading adverse events were
postoperative respiratory failure (8.45%), pulmonary embolism (PE)
(1.70%) and pressure ulcer (1.12%). Among these hospitalizations for
patients with SCI, there were 6600 (61.9%) PSIs and 143 (1.3%)

Table 1 Patient and hospital characteristics for patients with cervical

fracturea

Characteristic Without SCI

(n= 41 708)

With SCI

(n=10 669)

P

Age (years) (mean± s.d.) 56.7±24.4 47.7±22.3 o0.0001

Gender
Female 17 937 (43.2%) 2900 (27.2%) o0.0001

Male 23 626 (56.8%) 7761 (72.8%)

Comorbidity Score

(mean± s.d., median)

1.5±1.6, 1.0 1.5±1.5, 1.0 0.158

ISS (mean± s.d., median) 7.0±5.4, 5.0 22.5±16.9, 17.0 o0.0001

Hospital type
Nonteaching 12 643 (30.6%) 2529 (23.9%) o0.0001

Teaching 28 675 (69.4%) 8046 (76.1%)

Hospital bedsize
Small 2071 (5.0%) 443 (4.2%) o0.0001

Medium 8600 (20.8%) 2000 (18.9%)

Large 30 647 (74.2%) 8132 (76.9%)

Abbreviations: ISS, Injury Severity Score; SCI, spinal cord injury.
aWithout SCI (n=41708) and with (n=10669) SCI.
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HACs. Leading adverse events were postoperative respiratory failure
(39.2%), pressure ulcer (7.78%), sepsis (5.71%), DVT (3.81%) and
PE (1.70%), with 46.3% of patients experiencing one or more
PSI/HACs.

Effect of patient characteristics on PSI/HAC incidence
For patients without SCI, the effect of age, gender, Comorbidity Score
and ISS on the incidence of PSI/ HACs is displayed in Table 3.
Increasing age was linearly correlated with higher risk for

Table 2 Incidence (with 95% CI) of PSIs and HACs in patients with cervical fracturea

Indicator Without SCI (n=41 708) With SCI (n=10 669)

Number with

condition

Estimated national

rate (95% CI)

Number with

condition

Estimated national

rate (95% CI)

Patient safety indicators
Anesthetic complications—therapeutic b b b b

Anesthetic complications—poisoning b b b b

Pressure ulcer 467 1.12% (1.02%, 1.23%) 830 7.78% (7.29%, 8.30%)

Foreign body b b b b

Iatrogenic pneumothorax 56 0.13% (0.103%, 0.175%) 69 0.65% (0.510%,

0.819%)

Central venous line infection 67 0.16% (0.126%, 0.204%) 108 1.01% (0.838%, 1.22%)

Postoperative hip fracture 231 0.554% (0.487%, 0.630%) 118 1.11% (0.924%, 1.32%)

Postop physiologic derangement—secondary diabetes with ketoacidosis b b b b

Postop physiologic derangement—diabetes with ketoacidosis 11 0.03% (0.0141%,

0.0479%)

b b

Postop physiologic derangement—diabetes with hyperosmolarity b b b b

Postop physiologic derangement—diabetes with other coma b b b b

Postoperative hemorrhage 57 0.14% (0.105%, 0.177%) 42 0.39% (0.290%,

0.533%)

Postoperative respiratory failure 3525 8.45% (8.19%, 8.72%) 4181 39.20% (38.3%, 40.1%)

Deep vein thrombosis 372 0.89% (0.806%, 0.987%) 407 3.81% (3.45%, 4.20%)

Pulmonary embolism 142 1.70% (1.47%, 1.96%) 181 1.70% (1.47%, 1.96%)

Sepsis 380 0.34% (0.289%, 0.401%) 609 5.71% (5.28%, 6.16%)

Postop wound dehiscence b b b b

Accidental puncture or laceration 62 0.15% (0.116%, 0.191%) 50 0.47% (0.354%,

0.618%)

Transfusion reaction b b b b

Hospital-acquired conditions
Foreign object retained after surgery b b b b

Air embolism b b b b

Blood incompatibility b b b b

Pressure ulcer stages III and IV (years 2008–2010 only)—without SCI,

n=17 235; with SCI, n=3785

35 0.20% (0.145%, 0.283%) 56 1.48% (1.14%, 1.92%)

Catheter-associated urinary tract infection b b b b

Vascular catheter-associated infection (years 2007–2010 only)—without SCI,

n=21 921; with SCI n=4931

16 0.07% (0.0439%, 0.120%) 20 0.41% (0.259%,

0.630%)

Manifestations of poor glycemic control—diabetic ketoacidosis 11 0.03% (0.0141%,

0.0479%)

b b

Manifestations of poor glycemic control—nonketotic hyperosmolar coma b b b b

Manifestations of poor glycemic control—hypoglycemic coma b b b b

Manifestations of poor glycemic control—secondary diabetes with ketoacidosis b b b b

Manifestations of poor glycemic control—secondary diabetes with hyperosmolarity b b b b

Surgical site infection, mediastinitis, following coronary artery bypass graft b b b b

Surgical site infection following certain orthopedic procedures 45 0.11% (0.0803%, 0.145%) 62 0.58% (0.453%,

0.745%)

Surgical site infection following bariatric surgery for obesity b b b b

Deep vein thrombosis and pulmonary embolism following certain orthopedic

procedures

b b b b

Abbreviations: CI, confidence interval; HAC, hospital-acquired condition; PSI, patient safety indicator; SCI, spinal cord injury.
aWithout SCI (n=41708) and with SCI (n=10669).
bA small number of patients (n⩽10).
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pressure ulcer, postoperative hemorrhage, DVT, PE and sepsis.
Risk increased exponentially with increasing age for postoperative
hip fracture and postoperative respiratory failure. Male gender was
linearly correlated with increased risk for postoperative hemorrhage,
postoperative respiratory failure, PE and sepsis. Higher Comorbidity
Score was associated with increased risk for pressure ulcer, CVL
infection, postoperative hip fracture, postoperative hemorrhage,
postoperative respiratory failure, DVT, PE and sepsis. Higher ISS
was linearly correlated with increased risk for pressure ulcer,
postoperative hip fracture, postoperative respiratory failure, DVT
and sepsis. Risk for CVL infection and PE increased exponentially
with increasing ISS.
For patients with SCI, the effect of individual patient characteristics

on the incidence of PSI/HACs is displayed in Table 4. Increasing age
was linearly correlated with higher risk for pressure ulcer and
postoperative hip fracture. Risk for postoperative hemorrhage and
DVT increased exponentially until age 50 years, and then decreased
exponentially with older age. Risk for PE and surgical site infection
exponentially increased until age 41 and 45 years, respectively, and
then decreased thereafter. Male gender was linearly correlated with
increased risk for pressure ulcer, postoperative respiratory failure, PE
and sepsis. Higher Comorbidity Score was associated with increased
risk for pressure ulcer, CVL infection, postoperative hip fracture,
postoperative hemorrhage, postoperative respiratory failure, DVT, PE
and sepsis. Higher ISS was linearly correlated with increased risk for
pressure ulcer, CVL infection, postoperative respiratory failure, DVT,
PE and sepsis. Risk for postoperative hip fracture increased exponen-
tially with increasing ISS.

Effect of hospital type and size on PSI/HAC incidence
For patients without SCI, the effect of hospital type and size on the
incidence of PSI/HACs in multivariate analysis is displayed in Table 3.
Nonteaching hospitals were associated with a lower risk for post-
operative respiratory failure, DVT, PE and sepsis. Hospital size was
linearly correlated with increasing risk for postoperative respiratory
failure and DVT, for each level size increase from small to large.
Medium hospital size was associated with a lower risk for sepsis
compared with large hospitals.
For patients with SCI, the effect of hospital characteristics on the

incidence of PSI/HACs in multivariate analysis is displayed in Table 4.
Nonteaching hospitals were associated with a lower risk for pressure
ulcer, postoperative hemorrhage, postoperative respiratory failure,
PE, sepsis and accidental puncture or laceration. Hospital size was
linearly correlated with increasing risk for DVT and sepsis, for each
level size increase from small to large. Risk for postoperative
respiratory failure was lower for small versus medium or large hospital
size. Risk for PE was lower for medium versus large hospital size. Risk
for pressure ulcer stages III and IV was higher for small versus large
hospital size.

Effect of PSI/HAC on length of stay, mortality and hospital charges
The effect of PSI/HACs on outcome measures is displayed in Table 5.
Patients without SCI, and who had ⩾ 1 PSI/HAC, had significantly
longer mean lengths of stay (16.4 versus 4.5 days, Po0.0001),
higher mortality rates (17.2% versus 1.3%, Po0.0001) and higher
mean hospital charges (US$158 800 versus US$41 000, Po0.0001)
compared with patients without a PSI/HAC. Patients with SCI, and
who had ⩾ 1 PSI/HAC, had significantly longer mean lengths of stay
(26.6 versus 10.7 days, Po0.0001), higher mortality rates (25.7%
versus 4.1%, Po0.0001) and higher mean hospital charges (US

$262 500 versus US$103 600, Po0.0001) compared with patients
without a PSI/HAC.

DISCUSSION

The purpose of this study was to estimate the national occurrence rate
of PSIs and HACs among patients hospitalized for cervical spinal
fracture either with or without SCI, and to identify patient and
hospital factors that correlated with their occurrence. The data reveal
that, for these two specific populations, the occurrence of PSIs/HACs
is relatively high, indicating the complexity of the underlying condi-
tions and the vulnerability of patients to suffer from one or more of
these events. Among 41 708 admissions for cervical fracture without
SCI, there were 5374 PSIs with an incidence of 12.9%. More notably,
in 10 669 admissions for cervical fracture with SCI, there were 6600
PSIs. The incidence of PSIs in this susceptible population was 61.9%,
with nearly 40% having respiratory failure. The incidence of PSIs in
both groups was significantly affected by multiple patient and hospital
factors, including age, comorbidities, injury severity, hospital type and
size. Age, Comorbidity and ISSs appear to have the largest effect on
PSIs in this patient population. This would suggest that hospitals
caring for disproportionately high numbers of elderly, systemically ill,
complex and/or spinal cord-injured patients are likely to have higher
PSIs compared with those caring for younger, healthier and neuro-
logically normal patients.
We additionally sought to determine the potential impact of having

one or more PSIs/HACs on mortality, length of stay and cost
outcomes. The occurrence of a single PSI or HAC had a significant
association with each of these measures. A single PSI/HAC event was
associated with more than 11 additional hospital days, a 4 (without
SCI)- and 2.5 (with SCI)-fold increase in hospital charges, and a
13 (without SCI)- and 6 (with SCI)-fold increase in mortality
compared with those without a PSI/HAC during hospitalization.
Although this statistical analysis cannot determine a causal link
between harm events and worse outcome measures, this analysis does
indicate that further evaluation of this association will be an integral
step in realizing the importance of PSI/HACs in future quality and
reimbursement initiatives. The potential impact of PSI/HACs on
reimbursement and consequently access to health care is most relevant
for those with SCI. Current comprehensive acute and long-term
medical care for the SCI population has demonstrated major
improvements in reducing morbidity and increasing overall life
expectancy; however, with a significant burden on health-care
resources. Therefore, one must consider the effect of a ‘value-based’
reimbursement paradigm on possibly restricting resource-limited SCI
medical care for affected individuals.
The AHRQ PSIs were created as part of a Department of HHS

initiative to improve patient safety through three mechanisms: by
serving as a screening instrument to detect potential patient safety
problems, offering insight into the adverse impact of medical errors
and providing benchmarks for tracking progress in patient safety
effort. Since the publication of the AHRQ PSIs, the validity of PSIs as
measures of quality of care has been evaluated in a number of
settings.11–16 Currently, the role of PSIs is greatest in publicly available
hospital comparison websites, such as Hospital Compare,2 but PSIs
have yet to play a role in CMS reimbursement. Although the AHRQ
PSIs are not included in the new CMS Hospital Value-Based
Purchasing Program, health-care professionals continue to debate
the validity of generalizing such broad measures to hospitals with very
different patient populations. Further, the ability of PSIs to accurately
differentiate pre-existing from HACs has come into question.16

Because of the implications of PSI and HAC rates for hospitals and
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physicians in terms of reimbursement and ratings, significant effort is
now being invested in accurately coding patient preadmission risk
profiles and in developing system-based practices that may prevent
such in-patient harm events. Standardized procedural protocols have
been highly successful in reducing the number of patient harm
events.17–19

As the US health-care system continues its paradigm shift toward
value-based reimbursement, PSIs may become an important addition
to other quality indicators, such as those currently used by CMS, for
determining reimbursement. Therefore, examination of the incidence
of such PSIs within potentially susceptible patient populations, such as
those with cervical trauma, is important for determining nationwide
rates and associated risk factors. Currently, the University HealthSys-
tem Consortium, an alliance of 120 academic medical centers and
their affiliates that collect and report quality data for comparison, and
publicly available online data such as the Department of Health and
Human Services Hospital Compare website represent avenues for
hospital-specific comparisons to national data. The NIS appears to
represent an additional data set that may become increasingly helpful
in cataloging national harm event trends, and for establishing guide-
lines for quality goals among institutions. Further, the NIS appears to
be helpful in assessing pertinent associations between health-care cost,
outcome measures and quality of care.
Limitations of this study include its retrospective nature and the

inherent potential for selection bias. The NIS also does not provide
clinical data with regard to certain patient factors and outcomes that
may have offered even greater insight, such as patient neurologic and
functional outcome, or intensive care unit length of stay. The NIS is
also subject to coding errors and variability in coding. Our data are
limited as the NIS does not allow distinction between preadmission
conditions and hospital-acquired diagnoses. Therefore, some of these
reported PSI/HACs may have been present on admission and
mistakenly identified as new events.
Further, we did not attempt an analysis comparing the incidence of

quality indicators in those with and without SCI as these represent
different patient populations with multiple confounding factors
besides the presence of neurologic deficit. One can speculate, however,

on the basis of these data that the presence of a neurologic injury does
impact the likelihood of developing an adverse event. Many of these
are likely related to the underlying neurologic deficit (such as
respiratory failure), whereas others may suggest the implicit challenges
in treating patients with significantly impaired function (e.g. pressure
ulcers, DVT, PE).

CONCLUSION

Health care in the United States is looking to various patient safety and
quality metrics as measures of hospital performance, and linking
reimbursement and penalties to their occurrence in order to prioritize
higher standards of care. Cervical spinal trauma with and without
spinal cord injury is shown to have a relatively common occurrence of
PSIs and HACs, perhaps underscoring the complexity of these
underlying conditions. The occurrence of a single PSI or HAC is also
associated with a significant increase in length of stay, mortality and
hospital charges. These data may serve as benchmarks by which
individual hospitals may compare their performance against national
standards. Also, given the relatively high rate of these PSIs and HACs
in this susceptible population, hospitals that provide care for a
disproportionately higher number of cervical spinal trauma patients
may be more greatly impacted by these changes to the US health-care
system.
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