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Abstract

To investigate patient outcomes following hospitalization for out-of-hospital cardiac arrest
(OHCA) in the United States. We used the 2002 to 2013 Nationwide Inpatient Sample database to
identify adults = 18 years old with an ICD-9-CM principal diagnosis code of cardio-respiratory
arrest (427.5) or ventricular fibrillation (VF) (427.41). In 4 pre-defined federal geographic regions:
Northeast, Midwest, South and West, means and proportions of survival, survival stratified by
initial rhythm, hospital charges and cost were estimated. Multiple linear and logistic regression
models were conducted. Of 154,177 OHCA patients hospitalized in the U.S, 25,873 (16.8%) were
in the Northeast, 38,296 (24.8%) in the Midwest, 57,305 (37.2%) in the South, and 32,703
(21.2%) in the West. Variability in survival was noted in VVF arrests; compared to the Northeast,
survival was higher in the Midwest and South [AOR 1.16, 95% CI (1.02-1.32) and AOR 1.24,
95% CI (1.09-1.40) respectively], with no difference detected in the West [AOR 0.93, 95% ClI
(0.82-1.06)]. No variability in survival was noted following non-VF arrests (p > 0.05). Hospital
charges rose significantly across all regions of the United States (P-trend < 0.001), and were
higher in the West as compared with the Northeast [(Hospital charges >$109,000/admission, AOR
1.76; 95% CI (1.50-2.06)]. In conclusion, Nationwide, we observed significant regional variability
in survival of hospitalized patients following out of hospital VF cardiac arrest, no survival
variability following non-VF arrests and a steady increase in hospital charges.
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Investigators have reported regional variations in the incidence and survival following Out-
of-Hospital Cardiac Arrest (OHCA) in 10 US and Canadian resuscitation centers.1:2 More
recently, Girotra et al have examined variations in survival following OHCA across 31 US
states.® Data from these studies, resulted from cardiac arrest registries that focused primarily
on centers of excellence that are highly resourced and motivated to specifically target
improved outcomes. Outcomes from the broad national population remain unknown;
therefore, in an effort to reflect real-life experience of the total United States population, we
sought to study regional variation in survival, total hospital charges and total hospital cost
following OHCA in the Nationwide Inpatient Sample.

Methods

Data were obtained from the 2002—2013 Healthcare Cost and Utilization Project Nationwide
Inpatient Sample. Annually, the Nationwide Inpatient Sample collects data covering 7-8
million hospital stays, reflecting all discharges from ~1000 hospitals. The database contains
patient-level hospital discharge data provided by States that participate in the Agency for
Healthcare Research and Quality's Project (n=44 in 2013). Using a sampling probability of
~20%, the design of the Nationwide Inpatient Sample is stratified and includes U.S. non-
rehabilitation, community hospitals, with the target universe being all acute care hospital
discharges in the United States.*>

We used the International Classification of Diseases, Ninth Edition Clinical Modification
(ICD-9-CM) codes of cardio-respiratory arrest (427.5) or ventricular fibrillation (427.41) to
identify adults = 18 years of age with a principal diagnosis of OHCA. These codes have
been used in prior studies to identify patients with out-of-hospital cardiac arrest.% 7 Prior
studies of state-wide databases as well as Medicare/Medicaid claims data have shown
ICD-9-CM codes, using principal diagnosis, to be reliable in accurately identifying patients
with OHCA .8-10 All patients with concomitant diagnosis of injury were excluded. This
selection process yielded a final sample of 154,177 OHCA patients (Supplemental-
eFigurel). The Johns Hopkins University School of Medicine’s Institutional Review Board
granted a waiver for this study.

Four key outcomes of interest were examined: (A) Survival to hospital discharge, overall and
by arrest rhythm, (B) Length of hospital stay (days), (C) Total hospital charges (US $) and
(D) Total hospitalization cost (US $). Hospital charges and cost were adjusted for inflation
using the 2015 consumer price index. Other secondary outcomes were: (E) Discharge
disposition, and (F) use of Percutaneous Coronary Intervention (PCI). Patients’
characteristics studied across the 4 pre-defined federal geographic regions (Northeast,
Midwest, South and West), included patient age, gender, race, primary payer, house hold
income, co morbidities (hypertension, diabetes, coronary artery disease, congestive heart
failure, peripheral vascular disease, chronic pulmonary disease, metastatic cancer, chronic
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anemia, liver disease, renal failure, drug abuse and alcohol use, smoking, dyslipidemia,
previous myocardial infarction, previous percutaneous coronary intervention, previous
coronary artery bypass grafting, depression, atrial fibrillation, family history of coronary
artery disease, carotid artery disease, previous cardiac arrest, family history of sudden
cardiac death), and the Charlson co-morbidity index. Hospital-level characteristics were
similarly studied and included size and location/teaching status. Relevant co-morbidities that
were not readily available in the Nationwide Inpatient Sample were obtained using the
appropriate ICD-9-CM codes (Supplemental eTable 1).

Statistical analyses were performed using Stata 13.0, accounting for survey design
complexity, sampling weights, primary sampling units and strata. Consequently, population
estimates of proportions, means and regression coefficients were obtained. Standard errors
were estimated using Taylor series linearization. First, patient demographics, co-morbidities
and hospital characteristics were compared across the 4 geographic regions using Pearson
XZ test for categorical variables and linear regression (1-way ANOVA) for continuous
variables. Second, means and proportions of outcomes of interest were similarly compared.
Third, multiple logistic regression models were conducted to examine the association
between geographic regions and outcomes of interest. These models were adjusted for age,
sex, race, arrest rhythm, income, primary payer, Charlson co-morbidity index, hospital size
and hospital location/teaching status. Adding calendar year to the model, adjusted trends in
outcomes were estimated taking 2002 as the referent year. In a third multiple logistic
regression model, those trends were compared across regions with continuous Year (centered
at 2006=median year), categorical region and YearxRegion interaction terms added along
with potentially confounding covariates. Fourth, regional differences in survival were
examined by rhythm type, adjusting for the same covariates in addition to PCI use. Other
related secondary analyses were also conducted to examine linear trends in survival, hospital
charges and cost using multiple linear and logistic regression models with continuous year
as the main predictor and stratifying the models by geographic region. Additional details on
statistical analyses can be found in the supplemental file. All P values were 2 sided and type
I error was set at 0.05.

Our study included 154,177 OHCA patients who survived to hospital admission, with mean
age 66.2 £0.1 years and 59 % males. Of those patients, 78,540 (51%) had ventricular
fibrillation while 75,637 (49%) patients had non-VF as initial arrest rhythm, with no
regional differences in type of initial rhythm (p > 0.05). Compared to the Northeast, the
South had a higher proportion of African American, the Midwest had a higher proportion of
Caucasian, and the West had a higher proportion of Hispanics and Asians.

Patients in the West were less likely to have Medicare as a primary payer and more likely to
have Medicaid and private insurance. Patients in the South had the lowest proportion of
patients with a household income in the highest quartile. The regional distribution of other
co-morbidities and Charlson co-morbidity index are presented in (Tablel and Supplemental
eTable 2).
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Overall, 45% were discharged alive and no significant regional difference in survival was
detected (p = 0.64). Nevertheless, following adjustment, survival was significantly higher in
the Midwest compared with the Northeast, marginally higher in the South and similar
between the West and the Northeast (Supplemental eTable 3,4). After stratifying the total
population by initial arrest rhythm, 70% of VVF patients and only 15.5% of non-VF patients
survived to hospital discharge. Survival in VF patients was higher in the Midwest and South
compared to the Northeast, and not different in the West. There was no statistically
significant regional variation in survival in the non-VF group (Figure 1A, B; Table 2).

Overall survival to hospital discharge decreased over 12 years of study by an average of 2%
annual decrement [AOR 0.98, 95% CI (0.97-0.99), P-trend < 0.001], while remaining stable
in the Northeast and the West, slightly decreasing in the South and Midwest. When stratified
by arrest rhythm, the decrease in survival trend was confined to the non-VF group for all
regions combined as well as in each region separately. Additionally, no change was observed
over the years in VF survival (Supplemental eTable5).

Mean total hospital charges per case was $63,826 while mean total hospitalization cost per
case was $19,911. Both outcomes were highest in the West: $87,226 and $24,426,
respectively (eTable 3). Similarly, following adjustment for key covariates including
demographics, primary payer, co-morbidities and hospital characteristics, significantly
higher cost and charges were observed in the West compared with the Northeast. Over the
years, there was an increasing trend in both total hospital charges and total hospitalization
cost (Figure 2A, B, C). This increase was confined to the Midwest and the West for
hospitalization cost, with the West experiencing a significantly faster increase compared
with the Northeast (interaction term YearxHospital Region, p < 0.05) (Supplemental-eTable
4).

Length of hospital stay was significantly lower in the West compared to the Northeast, and
not different in other regions (eTable 4). Of all patients who survived to hospital discharge
(68,798), 53.2% were discharged home, 17.4% discharged to short-term rehab, 20%
discharged to skilled nursing facilities, 8.3% to home health care, and 1.1% to another
facility. Discharge home was a more likely event in regions other than the Northeast
(Supplemental eFigure?2).

PCI following arrest was more likely to be used in the Midwest and the West compared to
the Northeast, both overall and within the VF patient group (Supplemental eTable6).

Discussion

In this large nationally representative study of non-traumatic out-of-hospital cardiac arrest
patients who survived to hospital admission, we observed regional variation in survival and
expenditure. Survival rates following VF arrest were higher in the Midwest and the South
compared with the Northeast, while hospital charges and costs were highest in the West and
home discharge rates were higher in all regions compared with the Northeast. The use of
PCI was more likely in the Midwest and the West compared with the Northeast. Regional
variation in survival was evident following VF arrest. However, there were no regional
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differences in survival following non-VF arrest. The slight decreases in survival trends were
confined to the non-VF group.

Regional variation in survival following OHCA arrest has been studied using quality
improvement registries.1~311 Investigators reported regional variability in OHCA survival
from 3% to 16.3%!, others reported survival variability at county level from 3.4% to 22%.3
The overall survival rate in our study of 45% (range from 44% in the Northeast to 46% in
the Midwest) is derived from patients who survived to hospital admission after out-of-
hospital cardiac arrest. The Nationwide Inpatient Sample database does not provide
information about OHCA patients who died before hospital admission. Therefore, survival
rates calculated in the Nationwide Inpatient Sample represent the proportion of hospitalized
OHCA patients who were discharged alive (OHCA survival rate=Number of OHCA patients
discharged alive/Total number of OHCA patients admitted to the hospital). Cardiac arrest
registries estimate OHCA survival to hospital admission to be in the range of 14.3% to
20.8%.12 Therefore, the overall rate of survival to hospital discharge in our study would
approximately range from 6.4% [14.3%x44.6%] to 9.3% [20.8%x44.6%] comparable to
other rates reported in the literature.1=3 The higher survival rate noted in the Midwest was
also evident in studies of in-hospital arrest using the same database 13 as well as other
databases.14

This variation has been attributed to variability in patient demographics, cardiac arrest
characteristics, bystander cardiopulmonary resuscitation, and the use of automated external
defibrilator.1-3 Other important variables that would likely impact reported variability in
survival include: Emergency Medical Services response time, quality of cardiopulmonary
resuscitation, care withdrawal and the applications of life sustaining therapies post return of
spontaneous circulation such as therapeutic hypothermia and early percutaneous coronary
interventions. In our study, we were able to adjust for many variables including patient
demographics, age, race, gender, social status, hospital characteristics, initial rhythm, acute
myocardial infarction, co-morbidities and the use of percutaneous coronary interventions.
The Nationwide Inpatient Sample does not provide pre-hospital information; therefore, the
regional difference in survival of OHCA patients using this database would mainly reflect
differences in post-arrest care following hospital admission.

The use of PCI following cardiac arrest of presumed cardiac etiology with or without ST
elevation was recommended by the American Heart Association and the European
Resuscitation Council 2015 guidelines.1>:16 In our study, we accounted for the use of PCI
and despite the increase in performing PCI following arrest, and its positive impact on
survival,17:18 the low percentages of performed PCI following arrest might explain the small
impact on survival noted in the adjusted models. Our data pre-dates the latest American
Heart Association and the European Resuscitation Council guidelines recommending
cardiac catheterization and PCI following cardiac arrest; therefore, a larger impact of PCI
could be expected in the years following the 2015 guidelines.

The use of therapeutic hypothermia following out-of-hospital cardiac arrest has been shown
to improve survival as well as neurologically intact survival.1® Therefore, the availability and
variability in its use may impact reported outcomes.29 However, using ICD-9-CM codes for
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therapeutic hypothermia has not shown to be reliable,! and thus we chose not to account for
its use.

The poor survival rates noted following non-shockable rhythm, decrease trend of survival
and the lack of regional variability is likely related to multiple factors namely increased co
morbidity burden, treating sicker patients and limited therapeutic options following non-
shockable rhythms. Reports of survival trends in the cardiac arrest registries indicated
increase survival trends in both VF/VT and to a lesser degree in non-VF/VT rhythm.22 This
improvement in centers of excellence might not be reflected in all hospitals nationally.

There was significant regional variation in total hospitalization cost and hospital charges
with the highest cost and charges in the West. This increase in charges and cost is further
perplexing to explain since the West had a lower length of hospital stay, and could be related
to procedural costs, imaging, consultations, diagnostic and therapeutic procedures (PCl,
therapeutic hypothermia and implantable cardioverter defibrillator). Identifying the specific
driving factors for such increase is an important area for further research.

The significant regional variability in survival and expenditure noted in our study suggest
that quality improvement efforts emphasizing post-arrest care may present an opportunity
for improving overall survival and providing cost effective therapies. Indeed, the Institute of
Medicine has put forth multiple strategies to improve quality of care and survival following
cardiac arrest that can be accomplished by adopting models of excellence in high performing
communities throughout the United States.23

There are limitations to our study; First, similar to other administrative databases, it is not
possible to account for all treatment interventions and medications directly used in patient
care. Therefore, the magnitude of such factors cannot be measured. The use of ICD-9-CM
codes for therapeutic hypothermia is not reliable as previously mentioned, and the outpatient
use of medications that decrease the incidence of cardiac arrest; such as Beta blockers 24 and
statins,2® cannot be assessed. Second, there are no specific ICD-9-CM codes for Pulseless
Electrical Activity and Asystole, therefore we considered those coded with ICD-9-CM code
427.5 as presenting with non-VF cardiac arrest. Third, the Nationwide Inpatient Sample
database lacks pre-hospital variables (e.g. location of OHCA, time delay between the onset
of OHCA and cardiopulmonary resuscitation, time to return of spontaneous circulation,
bystander cardiopulmonary resuscitation, quality of cardiopulmonary resuscitation, time to
defibrillation), which may vary among Emergency Medical Services systems and influence
OHCA survival.26 Finally, the variability of care withdrawal following cardiac arrest would
likely impact reported survival and was not captured by the database. That said it is still a
valid, broad overview of national trends that can be used to better examine care and broadly
identify areas of excellence, whose systems of care may warrant further detailed
examination.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Regional Risk-Adjusted (A)Ventricular Fibrillation, (B) Non-Ventricular Fibrillation Cardiac

Arrest Survival in the United States: 2002-2013.
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Fig. 2.
Trends in (A) Overall Hospital Charges and Hospitalization Costs, (B) Regional Hospital

Charges, (C) Regional Hospital Costs in Out-of-hospital Cardiac Arrest patients in the
United States: 2002-2013. Data is adjusted for inflation using the 2015 consumer price
index.
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