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Abstract

Background: Previous studies have reported regional variation in either the incidence or outcomes of sepsis or In-hospital Cardiac Arrest (IHCA)
discretely; however, regional variations in the incidence and outcomes of sepsis-associated IHCA (SA-IHCA) have never been studied.

Methods: From the National Inpatient Sample (NIS), discharges with sepsis and sepsis-associated IHCA were identified in 4 geographic regions
(Northeast, Midwest, South, West) from 2007 to 2014 using applicable ICD-9-CM codes. We assessed the regional incidence and trends in SA-IHCA
and subsequent inpatient outcomes.

Results: Out of 8,058,091 sepsis-related admissions, 187,163 (2.3%) were associated with IHCA with a rising trend in the incidence from 2007- to 2014
(2.0%102.6%, pirena < 0.001). The overall incidence of SA-IHCA was highest in South (2.6%) with the highest mortality in West (74.4%) (p < 0.001). The
incidence of SA-IHCA increased in the South (2.4%-3.0%) and Midwest (1.6%-2.4%) from 2007 to 2014. Mortality has not significantly increased or
decreased across all regions. Compared with the West, survivors in the Northeast, Midwest, and the South were less likely to be discharged home and
were more likely to be transferred to other facilities. In the SA-IHCA cohort, the mean length of stay for SA-IHCA was highestin Northeast (10.9 days) and
lowest in Midwest (8.6 days) (p < 0.001). Hospital charges were highest in the West ($234,278) and lowest in the Midwest ($125,725) (p < 0.001).
Conclusion: This nationwide analysis demonstrates that the highest incidence of SA-IHCA is in the Southern region of the US whereas the associated
in-hospital mortality was highest in the West. The incidence of SA-IHCA is rising in the Midwest and South from 2007 to 2014. Despite significant
advances in the treatment of sepsis and IHCA, there has been no significant improvement in the incidence of SA-IHCA and subsequent survival in any
US geographic region from 2007 to 2014.
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Introduction

In the United States, nearly 200,000 hospitalized adult patients suffer
from an In-hospital Cardiac Arrest (IHCA) each year. Among these
patients with IHCA, the survival rate has been estimated at around
20%."®The prevalence of IHCA among adult hospitalizations has been
measured from 13 to 27% in previous studies.*® Sepsis is the leading
cause of death in critically ill patients.” Sepsis-induced vasodilation,
hypovolemia, myocardial dysfunction, hypoxemia, acidosis, and
metabolic derangements are possible contributors to the development
of IHCA and can also disrupt the successful return of spontaneous
circulation (ROSC) in these patients.® It has been well established that
patients with sepsis-associated IHCA (SA-IHCA) demonstrate worse
outcomes as compared to patients with IHCA without sepsis.>®

While prior studies have evaluated regional variations in the
outcomes of patients with IHCA and OHCA (out of hospital cardiac
arrest),®° regional variations in the outcomes of SA-IHCA have not
been examined. It is important to understand the regional patterns of
disease to identify differences in patient characteristics, health
behaviors, healthcare resource utilization rates, and hospital out-
comes.” " Identifying the spatial pattern of the incidence of SA-IHCA
and associated outcomes may provide insight into factors that portend
a poor prognosis and may help to identify healthcare disparities in the
management of sepsis or IHCA. '2 In this study, our objective is to
assess regional trends in the incidence and in-hospital outcomes of
encounters with SA-IHCA utilizing a nationally representative
inpatient database from 2007 to 2014. We also explore regional
differences in resource utilization rates, patient and hospital-level
demographic characteristics, and medical comorbid conditions in
encounters with SA-IHCA during this period.

Methods

Our study cohort was acquired from the National Inpatient Sample
(NIS) databases (2007-2014), one of the largest all-payer inpatient
healthcare datasets in the United States. The NIS is a part of the
Healthcare Cost and Utilization Project (HCUP), financed by the
Agency for Healthcare Research and Quality (AHRQ). Each year of
the NIS dataset comprises more than 7 million unweighted and almost
35 million weighted hospital stays. Weighted discharge data
represents 97% US population and is sampled from 20% of inpatient
stays of all nonfederal US community hospitals (rehabilitation and
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long-term acute care hospitals are excluded). Institutional review
board permission was not required to publish this de-identified data,
which is publicly available.'®

We identified a primary discharge diagnosis of sepsis by using the
applicable clinical classifications software (CCS) code. CCS codes
incorporate multiple associated International Classification of Dis-
eases, Ninth Revision, Clinical Modification (ICD-9 CM) codes into
smaller, more clinically meaningful classes.'* The selected ICD-
9 codes were utilized in previously published studies.” We then
identified IHCA from any of the secondary discharge diagnoses using
the ICD-9 CM codes 427.5 [cardiac arrest], 427.1 [ventricular
tachycardia], 427.41 [ventricular fibrillation] or 427.42 [ventricular
flutter]) or procedure codes for cardiopulmonary resuscitation (ICD-9-
CM codes 99.60, 99.63) detailed elsewhere.'®

We compared the demographics, hospital-related characteristics,
and medical comorbidities in SA-IHCA hospital encounters among
4 geographic regions (the Northeast, Midwest, South, and West). The
primary outcomes were the incidence and trends in SA-IHCA and
subsequent in-hospital mortality across all 4 regions. The secondary
outcomes explored differences in encounter characteristics (demo-
graphic and medical comorbid conditions in the patient, and
healthcare resource utilization rates (as measured by discharge
disposition, mean length of stay in days, and hospitalization charges)
associated with hospital encounters with SA-IHCA across all
4 geographic regions.

SPSS version 22 (IBM Corp, Armonk, NY, USA) was used for all
statistical analyses and maps were prepared using ArcGIS Release
version 10.3. Continuous and categorical variables were analyzed by
Student’s t-test and Pearson’s chi-square test, respectively. Continu-
ous and categorical variables were displayed as mean =+ standard
deviation (SD) and percentages, respectively. A two-tailed p-value
<0.05 was taken as statistically significant. Trends were analyzed by
the Mann-Kendall trend test and/or linear-by-linear association test.

Results

Atotal of 8,058,091 sepsis-related admissions from 2007 to 2014 were
included in the final analysis. Of these, 187,163 (2.3%) admissions
were associated with IHCA with a rising trends in incidence from 2007
t0 2014 (2.0% t0 2.6%, Pirend < 0.001). The overall incidence of IHCA
among all sepsis-related admissions was highest in the South (2.6%)
followed by West (2.4%), Midwest (2.1%) and Northeast (2.0%)
(p < 0.001) (Fig. 1a). Fig. 1b displays the in-hospital mortality following
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Fig. 1 - Regional variation in sepsis-associated in-hospital cardiac arrest and inpatient mortality.
(a) Regional variation in sepsis-associated in-hospital cardiac arrest.
(b) Regional variation in inpatient mortality following sepsis-associated in-hospital cardiac arrest.
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SA-IHCA, which was highest in the West (74.4%) followed by
Northeast (73.2%) (p < 0.001).

Fig. 2 shows regional trends in SA-IHCA and associated inpatient
mortality, respectively. The incidence of SA-IHCA increased in the
South (2.2%-3.0%; p=0.006) and the Midwest (1.6% to 2.4%;
p=0.005) from 2007 to 2014 (Fig. 2a). There was no significant
change in inpatient mortality following SA-IHCA from 2007 to 2014
(Fig. 2b).

From 2007 to 2014, we identified 187,163 SA-IHCA stratified by
hospital geographic region; Northeast, Midwest, South, and West.
78,712 (42.1%) patients were hospitalized in the South, 42,446
(22.7%) in the West, 36,393 (19.4%) in the Midwest, and 29,612
(15.8%) in the Northeast. Patients in the Northeast region had a mean
age of 69.8 + 15.3 years, which was higher than the mean age of the
overall cohort (67.4 +15.6 years). A male predominance was seen
across all 4 regions. In comparison to the overall cohort, the Midwest
region had a higher proportion of whites (69.5% vs. 62.3%), and the
South had a higher proportion of African Americans (25.5% vs.
20.1%). As compared to other geographic regions, the West had the
greatest proportion of encounters with Hispanic (19.6% vs. 10.2%)
and Asian or Pacific Islander (10.0% vs. 3.4%) patients. The
proportion of Medicare beneficiaries was lowest in the Western
region (61.7% vs. 66.3%) as compared to the overall cohort, whereas
the proportion of Medicaid beneficiaries was the highest in the West
(15.8% vs. 11.9%). In the South, 44.4% of encounters had a median
household income in the lowest quartile, as compared to only 20.7% in
the West. Encounters in the Northeast were associated with the
highest proportion of median household incomes in the first quartile
(31.3%). The greatest proportion of hospital encounters were non-
elective admissions to large urban teaching hospitals, except for the
West, where there the greatest proportion of encounters with SA-
IHCA were in large urban non-teaching hospitals (59.5% vs. 37.2%).
The p value for all of these interactions is <0.001 (Table 1).

With respect to medical comorbid conditions, the highest
prevalence of smoking, obesity, fluid/electrolyte disorders, and
cardiopulmonary disease was observed in the Midwest, where there
was the lowest prevalence of septic shock. Patients in the West had
the highest prevalence of end-organ dysfunction associated with
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sepsis as compared to other regions. The prevalence of alcohol and
drug abuse was also notably higher in the West than in other regions.

Overall in-hospital mortality was 72.1% for the study cohort, with
the highest and lowest rates of mortality observed in the West (74.4%)
and Midwest (69.9%), respectively. The use of therapeutic hypother-
mia for hospital encounters with SA-IHCA was lowest in the South and
highest in the West (0.5% vs.1.2%, respectively). Compared with the
West, survivors of SA-IHCA in the Northeast, Midwest, and South
were less likely to have a routine discharge disposition (e.g. discharge
home or to another short-term hospital). The mean length of stay was
highest in the Northeast (10.9 days) and lowest in the Midwest
(8.6 days). Total hospital charges incurred per admission for SA-IHCA
were highest in the West ($234,278) and the lowest in the Midwest
($125,725). All p-values were <0.001 (Table 2).

Discussion

The present study demonstrates substantial geographic variation in
the incidence and outcomes of hospital encounters with SA-IHCA. To
the best of our knowledge, this is the first study to investigate regional
trends in the incidence and outcomes of hospital encounters with SA-
IHCA using a nationally representative sample. We found the highest
incidence of encounters with SA-IHCA in the South and the highest
associated in-hospital mortality in the West. We observed an upward
trend in the incidence of encounters with SA-IHCA in the Midwest and
South. Despite advances in the identification and treatment of sepsis
and in-hospital cardiac arrest, the overall mortality of patients in the
United States with SA-IHCA did not improve from 2007 through 2014.

Most of the hospital encounters with SA-IHCA were for white
patients in every region. The Western region had the highest
proportion of encounters with Hispanic, Asian or Pacific Islander,
and Native American patients. Encounters in the South were by and
far associated with the lowest median household income. We also
found that the greatest number of encounters for SA-IHCA were at
non-teaching facilities in the West as compared to other geographic
regions, where encounters were most commonly at teaching facilities.
With respect to resource utilization, the Midwest had the lowest cost of
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Fig. 2 - Regional trends in sepsis-associated in-hospital cardiac arrest and inpatient mortality.
(a) Regional trends in sepsis-associated in-hospital cardiac arrest.
(b) Regional trends in inpatient mortality following sepsis-associated in-hospital cardiac arrest.
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Table 1 - Baseline characteristics of in-hospital cardiac arrest secondary to sepsis-related admissions stratified by

hospital region.

Variable Northeast Midwest South West Overall P
(n=29,612) (n=36,393) (n=78,712) (n=42,446) (n=187,163)
Age (years) at admission
Mean age + SD 69.8+15.3 67.3+15.3 66.7 +15.5 67.3+15.9 67.4+15.6 <0.001
18-44 6.4% 7.9% 8.6% 8.6% 8.1%
45-64 27.8% 32.5% 33.2% 32.1% 31.9%
>65 65.8% 59.6% 58.2% 59.3% 59.9%
Sex <0.001
Male 51.8% 51.8% 51.4% 53.5% 52.0%
Female 48.2% 48.2% 48.6% 46.5% 48.0%
Race <0.001
White 67.2% 69.5% 60.9% 56.4% 62.3%
African American 18.0% 23.1% 25.5% 9.8% 20.1%
Hispanic 6.6% 2.6% 9.4% 19.6% 10.2%
Asian or Pacific Islander 2.3% 1.1% 1.1% 10.0% 3.4%
Native American 0.2% 0.5% 0.6% 1.3% 0.7%
Other 5.7% 3.1% 2.5% 2.9% 3.2%
Primary expected payer <0.001
Medicare® 69.7% 67.8% 66.8% 61.7% 66.3%
Medicaid® 10.9% 11.2% 10.4% 15.8% 11.9%
Private including HMO® 15.4% 15.9% 14.5% 15.0% 15.0%
Self-pay 2.6% 3.0% 5.4% 4.4% 4.3%
No charge 0.1% 0.2% 0.5% 0.2% 0.3%
Others 1.3% 1.8% 2.4% 2.9% 2.2%
Median household income <0.001
0-25" 23.4% 32.5% 44.4% 20.7% 33.4%
26-50™" 21.5% 30.4% 25.9% 25.6% 26.0%
51-75™ 23.8% 24.2% 17.5% 28.6% 22.3%
76-100'" 31.3% 12.9% 12.2% 25.1% 18.2%
Type of admission <0.001
Non-elective 98.2% 95.4% 94.8% 97.4% 96.1%
Elective 1.8% 4.6% 5.2% 2.6% 3.9%
Bed size of hospital <0.001
Small 16.0% 11.9% 10.5% 10.5% 11.6%
Medium 31.2% 22.2% 27.7% 24.9% 26.5%
Large 52.8% 65.9% 61.8% 64.6% 61.8%
Location/teaching status of <0.001
hospital
Rural 5.2% 8.9% 11.4% 3.3% 8.1%
Urban— non teaching 28.9% 31.1% 40.1% 59.5% 41.0%
Urban— teaching 65.9% 59.9% 48.4% 37.2% 50.9%

p-Values <0.05 indicates statistical significance. “Medicare” and “Medicaid”, both are types of health coverage funded by federal US government that provides
health coverage for US people who are 65+ or under 65 with disability and US people with very low income, respectively.

Abbreviations: HMO = Health Maintenance Organization.

hospital care with the shortest length of hospital stay but had the
highest rate of transfer to skilled nursing facilities (SNF), intermediate
care facilities (ICF) or other facilities.

Previous studies have demonstrated a disproportionately large
number of hospitalizations in the South for either sepsis or IHCA,
though regional differences in the rate of SA-IHCA had not been
previously characterized.”'® Although reasons for such regional
variations are not clearly understood, possible explanations could be
variations in patient demographics, comorbid conditions, and differ-
ences in hospital characteristics.®'” A recent study has shown
substantial regional variation in behavioral cardiovascular risks
including smoking, poor diet and physical activity, as well as
differences in the rates of diagnostic cardiac catheterization and
revascularization.'®

The rate of non-routine discharge disposition (e.g. to SNF, ICF,
and other facilities) was highest in whites and Medicare enrollees from
smaller, urban teaching hospitals in the Midwest and Northwest,
consistent with the findings of prior studies.'® A possible reason for the
higher rate of non-routine disposition at discharge in these regions
may be that the patient population had a greater severity of iliness, as
evidenced by a higher rate of non-elective admissions, multi-organ
dysfunction associated with sepsis or septic shock, and a higher
prevalence of cardiopulmonary comorbid conditions. Numerous
studies have reported increased sepsis-related mortality with chronic
alcoholism and opioid use,?®?' and among heroin users due to
subcutaneous, intradermal and intramuscular injection site infections
in the Western US.?* Interestingly, encounters with SA-IHCA in the
Western region of the US had higher rates of comorbid alcohol and
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Table 2 - Comorbidities and outcomes in in-hospital cardiac arrest secondary to sepsis-related admissions

stratified by hospital region.

Comorbidities Northeast Midwest South West Overall p
(N=29,612) (N =36,393) (N=78,712) (N=42,446) (N=187,163)

Alcohol abuse 4.5% 6.3% 5.8% 8.3% 6.3% <0.001
Smoking 11.1% 19.3% 16.2% 17.2% 16.2% <0.001
Deficiency anemias 19.1% 30.5% 28.1% 33.1% 28.3% <0.001
Chronic blood loss anemia 0.8% 1.5% 1.4% 1.5% 1.3% <0.001
Congestive heart failure 31.4% 35.0% 31.6% 31.8% 32.3% <0.001
Chronic pulmonary disease 23.0% 29.2% 25.5% 24.4% 25.6% <0.001
Coagulopathy 18.7% 22.7% 22.2% 26.0% 22.6% <0.001
Depression 5.3% 9.0% 6.6% 6.8% 6.9% <0.001
Diabetes, uncomplicated 22.1% 27.0% 26.4% 25.4% 25.6% <0.001
Diabetes with chronic complications 6.7% 9.4% 8.7% 11.5% 9.2% <0.001
Drug abuse 2.5% 2.7% 2.9% 5.6% 3.4% <0.001
Hypertension 46.7% 57.6% 54.9% 54.1% 53.9% <0.001
Liver disease 6.4% 6.4% 7.4% 10.4% 7.7% <0.001
Fluid and electrolyte disorders 64.9% 73.4% 71.4% 71.4% 70.8% <0.001
Obesity 7.7% 13.4% 11.4% 11.1% 11.1% <0.001
Peripheral vascular disorders 9.2% 12.4% 12.0% 12.3% 11.7% <0.001
Pulmonary circulation disorders 6.9% 9.4% 8.2% 8.4% 8.3% <0.001
Renal failure 26.5% 32.9% 31.3% 32.1% 31.0% <0.001
Valvular heart disease 8.2% 8.8% 7.9% 8.6% 8.3% <0.001
Dyslipidemia 16.8% 22.8% 19.0% 20.0% 19.6% <0.001
Previous MI PCI CABG 8.9% 11.0% 9.8% 11.1% 10.2% <0.001
Acute myocardial infarction 16.0% 14.2% 15.4% 13.9% 14.9% <0.001
Atrial fibrillation 24.5% 27.4% 22.7% 24.4% 24.3% <0.001
VFNT 19.7% 20.5% 19.5% 19.6% 19.7% 0.001
Sepsis without organ dysfunction 16.2% 18.4% 18.3% 14.6% 17.2% <0.001
Sepsis with acute/multiple organ 69.2% 66.8% 67.7% 77.8% 70.0% <0.001
dysfunction
Septic shock 61.5% 56.9% 57.3% 62.0% 58.9% <0.001
Intubation/mechanical ventilation 82.3% 82.2% 83.1% 83.0% 82.8% <0.001
Prior history of sudden cardiac arrest 0.3% 0.5% 0.4% 0.4% 0.4% <0.001
Outcomes
All-cause In-hospital mortality 73.2% 69.9% 71.4% 74.4% 72.1% <0.001
Therapeutic hypothermia 1.1% 1.0% 0.5% 1.2% 0.9% <0.001
Extracorporeal membrane 0.3% 0.2% 0.1% 0.1% 0.2% <0.001
oxygenation
Disposition of patient <0.001

Routine 2.4% 3.5% 4.1% 4.7% 3.8%

Transfer to short-term Hospital 3.0% 2.7% 2.8% 3.8% 3.0%

Other transfers (SNF, ICF, Another 17.7% 20.2% 17.7% 13.4% 17.2%
facility)

Home health care 3.5% 3.2% 3.7% 3.2% 3.4%
Length of stay (days) Mean+ SD 10.9+18.3 86+11.6 9.1+14.4 9.3+ 15.1 9.4+14.8 <0.001
Total hospital charges (mean) $203,041 $125,725 $151,793 $234,278 $179,421 <0.001

p-Values <0.05 indicates statistical significance. HMO = Health Maintenance Organization, Ml = myocardial infarction, PCI = percutaneous coronary intervention,
CABG =coronary artery bypass grafting, VF = ventricular fibrillation, VT = ventricular tachycardia, SNF = skilled nursing facility, ICF =intermediate care facility.

drug use disorders, possibly accounting in part for the higher
in-hospital mortality observed in the West. Other possibilities to
account for the higher mortality rate observed in the West include
differences in hospital characteristics, which were less likely to be
teaching facilities. Also of interest was a higher rate of therapeutic
hypothermia used in the West as compared to other regions, the use of
which may potentially be harmful in patients with sepsis.?*** Among a
number of other potential contributing factors, the lower mortality
observed in the Midwest as compared to other regions may in part be
attributable to its high smoking prevalence, as smoking may be a
protective factor in patients who experience IHCA — the so called
“smokers paradox”.?® However, this phenomenon is not well-
established and remains contentious.?®

Another interesting observation was the regional variation in
resource utilization in SA-IHCA. We found that both all-cause
mortality and total cost of care were highest in the West and lowest
in the Midwest region, while the disposition of patients as transfer to
other facilities (SNF, ICF, and others) was highest in the Midwest
and lowest in the West region. While the average cost of in-hospital
care is known to be highest in the Western US and lowest in the
Midwest, the staggering difference in cost for encounters with SA-
IHCA observed in the present study is worth noting ($234,278 vs
$125,725).°%” The increase in non-routine discharge disposition
may be in part related to the lower mortality observed in the
Midwest, as patients surviving IHCA can be surmised to require
greater care at discharge.
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Interestingly, previous studies have shown the greatestincidence of
sepsis and sepsis-related mortality in the Southern US,""2® with the
highest primary-IHCA related mortality in the Northeast.® These studies
also pointed out possible differences in cardiovascular risk factors,
including medical comorbidities, lifestyle, diet, socioeconomic status,
genetics, and medication adherence that could account for the findings.
In our study, the higher mortality among hospitalizations for SA-IHCA in
the West could be attributable to its higher proportion of minority
populations, who are known to have a generally poorer prognosis with a
higher rate of multiple organ dysfunction with sepsis.'”*° Variations in
sepsis treatment protocols, availability of nursing and other ACLS/BLS
trained staff, and other regional differences in hospital-specific
standards and protocols may also account for some of the observed
differences in patient outcomes.?*%=3

The observations in the present study draw attention to prevailing
regional discrepancies in the current state of severe sepsis care,
resuscitation practice, and cardiac emergency protocols in the United
States. The 2018 CMS Medicare data on hospital compare showed
that only 51% of patients received appropriate care for severe sepsis
and septic shock, with substantial variations in hospital protocols and
priorities across US regions.®* The Surviving Sepsis Campaign
consensus guidelines outline the optimal clinical approaches,
treatment protocols, and antibiotic usage in sepsis.®® However,
how the care should be organized and implemented in the clinical
setup is missing. Furthermore, state laws regarding AEDs and their
use in hospitals vary across the US,*® though some research suggests
thatthe use of AEDs in hospitals may resultin decreased survival rates
from cardiac arrest.*” In addition, regional variation in evidence-based
practices, physicians’ behavior, and cardiologists’ propensity to test
and treat partly influence noticed variation in the cardiac arrest
outcomes across the states.*®*? Identifying the multitude of factors
that account for the regional differences in the incidence and
outcomes of SA-IHCA can allow for focused interventions by
policymakers and healthcare providers to help reduce these observed
disparities.

Our study also has several limitations. First, given the administra-
tive nature of the NIS, the accuracy and consistency of collected data
is highly dependent on the expertise of medical coders and the data
management capabilities of individual hospitals. Second, there are
discrepancies in applying ICD-9-CM code for a diagnosis of IHCA and
it is not possible to prove a direct causal relationship between sepsis
and IHCA due to the nature of NIS data."*'® Third, increased clinical
and political awareness with campaigns like Surviving Sepsis (SSC)
could impact the overall estimation of sepsis.“® Fourth, overestimation
of IHCA incidence is possible due to inconsistent coding of CPR or use
of defibrillators. Fifth, NIS data does not collect data on patient and
family preference on end of life care, Do-not-Resuscitate (DNR) status
ortiming of DNR. Itis possible that patients with DNR orders for whom
no treatments are attempted may also be coded under in-hospital
cardiac arrest, which could be varied by the systemic difference in
regional and hospital use of DNR order.*’

Conclusion

Using a population-based nationwide cohort, we observed the highest
incidence of SA-IHCA in South with the highest subsequent in-hospital
mortality in West. The incidence of SA-IHCA is rising in the Midwest
and South. Despite significant improvements in healthcare access
and delivery, the incidence and mortality associated with SA-IHCA did

notimprove in the US from 2007 through 2014. Future research should
assess the factors affecting sepsis-associated IHCA and the observed
regional disparities in outcome.

Disclosure

None.

Funding source

None

Conflict of interest

The authors report no relationships that could be construed as a
conflict of interest.

Acknowledgement

None.

REFERENCES

1. Ehlenbach WJ, Barnato AE, Curtis JR, et al. Epidemiologic study of in-
hospital cardiopulmonary resuscitation in the elderly. N Engl J Med
2009;361:22-31, doi:http://dx.doi.org/10.1056/NEJMo0a0810245.

2. Merchant RM, Berg RA, Yang L, et al. Hospital variation in survival
after in-hospital cardiac arrest. J Am Heart Assoc 2014;3:e000400,
doi:http://dx.doi.org/10.1161/JAHA.113.000400.

3. Kazaure HS, Roman SA, Sosa JA. Epidemiology and outcomes of in-
hospital cardiopulmonary resuscitation in the United States, 2000~
2009. Resuscitation 2013;84:1255-60, doi:http://dx.doi.org/10.1016/j.
resuscitation.2013.02.021.

4. Girotra S, Nallamothu BK, Spertus JA, et al. Trends in survival after in-
hospital cardiac arrest. N Engl J Med 2012;367:1912-20, doi:http://dx.
doi.org/10.1056/NEJMoa1109148.

5. ChanPS, Berg RA, Spertus JA, et al. Risk-standardizing survival forin-
hospital cardiac arrest to facilitate hospital comparisons. J Am Coll
Cardiol 2013;62:601-9, doi:http://dx.doi.org/10.1016/].
jacc.2013.05.051.

6. Larkin GL, Copes WS, Nathanson BH, Kaye W. Pre-resuscitation
factors associated with mortality in 49,130 cases of in-hospital cardiac
arrest: a report from the national registry for cardiopulmonary
resuscitation. Resuscitation 2010;81:302-11, doi:http://dx.doi.org/
10.1016/j.resuscitation.2009.11.021.

7. Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G, Carcillo J,
Pinsky MR. Epidemiology of severe sepsis in the United States:
analysis of incidence, outcome, and associated costs of care. Crit Care
Med 2001;29:1303-10.

8. Morgan RW, Fitzgerald JC, Weiss SL, Nadkarni VM, Sutton RM, Berg
RA. Sepsis-associated in-hospital cardiac arrest: epidemiology,
pathophysiology, and potential therapies. J Crit Care 2017;40:128-35,
doi:http://dx.doi.org/10.1016/j.jcrc.2017.03.023.

9. Kolte D, Khera S, Aronow WS, et al. Regional variation in the incidence
and outcomes of in-hospital cardiac arrest in the United States.
Circulation 2015;131:1415-25, doi:http://dx.doi.org/10.1161/
CIRCULATIONAHA.114.014542.

Wang HE, Devlin SM, Sears GK, et al. Regional variations in early and
late survival after out-of-hospital cardiac arrest. Resuscitation


http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0005
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0005
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0005
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0010
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0010
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0010
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0015
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0015
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0015
http://dx.doi.org/10.1016/j.resuscitation.2013.02.021
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0020
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0020
http://dx.doi.org/10.1056/NEJMoa1109148
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0025
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0025
http://dx.doi.org/10.1016/j.jacc.2013.05.051
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0030
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0030
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0030
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0030
http://dx.doi.org/10.1016/j.resuscitation.2009.11.021
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0035
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0035
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0035
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0035
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0040
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0040
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0040
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0040
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0045
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0045
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0045
http://dx.doi.org/10.1161/CIRCULATIONAHA.114.014542
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0050
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0050

RESUSCITATION 143 (2019) 35-41

41

20.

21.

22.

23.

24,

25.

. 2012;83:1343-8, doi:http://dx.doi.org/10.1016/j.

resuscitation.2012.07.013.

. Moore JX, Donnelly JP, Griffin R, Howard G, Safford MM, Wang HE.

Defining sepsis mortality clusters in the United States. Crit Care Med
2016;44:1380-7, doi:http://dx.doi.org/10.1097/
CCM.0000000000001665.

. Wartenberg D. Investigating disease clusters: why, when and how? J

R Stat Soc Ser A Stat Soc 2001;164:13-22.

. HCUP Databases. Healthcare Cost and Utilization Project (HCUP).

Rockville, MD: Agency for Healthcare Research and Quality; 2019
June. (Accessed August 14 2019, www.hcup-us.ahrg.gov/
nisoverview.jsp).

. HCUP CCS. Healthcare Cost and Utilization Project (HCUP).

Rockville, MD: Agency for Healthcare Research and Quality; 2017
March. (Accessed August 14 2019, www.hcup-us.ahrg.gov/
toolssoftware/ccs/ccs.jsp).

. Khera R, Spertus JA, Starks MA, et al. Administrative codes for

capturing in-hospital cardiac arrest. JAMA Cardiol 2017;2:1275-7, doi:
http://dx.doi.org/10.1001/jamacardio.2017.2904.

. Rhee C, Dantes R, Epstein L, et al. Incidence and trends of sepsis in

US hospitals using clinical vs claims data, 2009-2014. JAMA
2017;318:1241-9, doi:http://dx.doi.org/10.1001/jama.2017.13836.

. Barnato AE, Alexander SL, Linde-Zwirble WT, Angus DC. Racial

variation in the incidence, care, and outcomes of severe sepsis. Am J
Respir Crit Care Med 2008;177:279-84, doi:http://dx.doi.org/10.1164/
rccm.200703-4800C.

. Arnett DK. Divided States of America: regional variation in

cardiovascular health. J Am Heart Assoc 20121:, doi:http://dx.doi.org/
10.1161/JAHA.112.006114.

. Lane-fall MB, lwashyna TJ, Cooke CR, Benson NM, Kahn JM.

Insurance and racial differences in long-term acute care utilization
after critical illness. Crit Care Med 2012;40:1143-9, doi:http://dx.doi.
org/10.1097/CCM.0b013e318237706b.

Zhang R, Meng J, Lian Q, et al. Prescription opioids are associated
with higher mortality in patients diagnosed with sepsis: a retrospective
cohort study using electronic health records. PLoS One 2018;13:
0190362, doi:http://dx.doi.org/10.1371/journal.pone.0190362.
McDonough KH, Henry JJ. Chronic alcohol consumption enhances
sepsis-induced cardiac dysfunction. Am J Physiol 1991;260:H1857-
63, doi:http://dx.doi.org/10.1152/ajpheart.1991.260.6.H1857.
Gonzales RyT, Frazee B. View from the front lines: an emergency
medicine perspective on clostridial infections in injection drug users.
Anaerobe 2014;30:108-15, doi:http://dx.doi.org/10.1016/j.
anaerobe.2014.09.005.

Scirica Benjamin M. Therapeutic hypothermia after cardiac arrest.
Circulation 2013;127:244-50, doi:http://dx.doi.org/10.1161/
CIRCULATIONAHA.111.076851.

Chan PS, Berg RA, Tang Y, Curtis LH, Spertus JA. Association
between therapeutic hypothermia and survival after in-hospital cardiac
arrest. JAMA 2016;316:1375-82, doi:http://dx.doi.org/10.1001/
jama.2016.14380.

Gupta T, Kolte D, Khera S, et al. Relation of smoking status to
outcomes after cardiopulmonary resuscitation for in-hospital cardiac
arrest. Am J Cardiol 2014;114:169-74, doi:http://dx.doi.org/10.1016/j.
amijcard.2014.04.021.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Kirtane AJ, Kelly CR. Clearing the air on the “Smoker’s Paradox”. J Am
Coll Cardiol 2015;65:1116-8, doi:http://dx.doi.org/10.1016/j.
jacc.2015.01.012.

Hospital Adjusted Expenses per Inpatient Day. Henry J Kais Fam
Found. 2018 (Accessed 26 January 2019, https://www.kff.org/health-
costs/state-indicator/expenses-per-inpatient-day/).

Wang HE, Devereaux RS, Yealy DM, Safford MM, Howard G. National
variation in United States sepsis mortality: a descriptive study. Int J
Health Geogr 2010;9:9, doi:http://dx.doi.org/10.1186/1476-072X-9-9.
Mayr FB, Yende S, Linde-Zwirble WT, et al. Infection rate and acute
organ dysfunction risk as explanations for racial differences in severe
sepsis. J Am Med Assoc 2010;303:2495-503, doi:http://dx.doi.org/
10.1001/jama.2010.851.

Durston W. Does adoption of a regional sepsis protocol reduce
mortality? Am J Emerg Med 2014;32:280-1, doi:http://dx.doi.org/
10.1016/j.ajem.2013.11.035.

Wang HE, Donnelly JP, Shapiro NI, Hohmann SF, Levitan EB. Hospital
variations in severe sepsis mortality. Am J Med Qual 2015;30:328-36,
doi:http://dx.doi.org/10.1177/1062860614534461.

Edelson DP, Yuen TC, Mancini ME, et al. Hospital cardiac arrest
resuscitation practice in the US: a nationally representative survey. J
Hosp Med 2014;9:353-7, doi:http://dx.doi.org/10.1002/jhm.2174.
Sandroni C, Ferro G, Santangelo S, et al. In-hospital cardiac arrest:
survival depends mainly on the effectiveness of the emergency
response. Resuscitation 2004;62:291-7, doi:http://dx.doi.org/
10.1016/j.resuscitation.2004.03.020.

Timely and Effective Care— National. DataMedicareGov n.d.
(Accessed 11 March 2019, https://data.medicare.gov/Hospital-
Compare/Timely-and-Effective-Care-National/isrn-hqyy/data).
Dellinger RP, Levy MM, Rhodes A, et al. Surviving sepsis campaign:
international guidelines for management of severe sepsis and septic
shock: 2012. Crit Care Med 2013;41:580-637, doi:http://dx.doi.org/
10.1097/CCM.0b013e31827e83af.

State Laws on Cardiac Arrest and Defibrillators n.d. (Accessed

11 March 2019, http://www.ncsl.org/research/health/laws-on-cardiac-
arrest-and-defibrillators-aeds.aspx#2).

Stewart JA. Automated external defibrillators in the hospital: a case of
medical reversal. Am J Emerg Med 2018;36:871-4, doi:http://dx.doi.
org/10.1016/j.ajem.2017.11.035.

Lucas FL, Sirovich BE, Gallagher PM, Siewers AE, Wennberg DE.
Variation in cardiologists’ propensity to test and treat. Circ Cardiovasc
Qual Outcomes 2010;3:253-60, doi:http://dx.doi.org/10.1161/
CIRCOUTCOMES.108.840009.

Cook DA, Pencille LJ, Dupras DM, Linderbaum JA, Pankratz VS,
Wilkinson JM. Practice variation and practice guidelines: attitudes of
generalist and specialist physicians, nurse practitioners, and physician
assistants. PLoS One 201813:, doi:http://dx.doi.org/10.1371/journal.
pone.0191943.

Cluzet VC, Lautenbach E. Editorial commentary: We are seeing more
sepsis . ... but are we seeing the whole picture? Clin Infect Dis
2016;62:704-6, doi:http://dx.doi.org/10.1093/cid/civ1023.

Zingmond DS, Wenger NS. Regional and institutional variation in the
initiation of early do-not-resuscitate orders. Arch Intern Med
2005;165:1705-12, doi:http://dx.doi.org/10.1001/
archinte.165.15.1705.


http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0050
http://dx.doi.org/10.1016/j.resuscitation.2012.07.013
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0055
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0055
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0055
http://dx.doi.org/10.1097/CCM.0000000000001665
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0060
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0060
http://www.hcup-us.ahrq.gov/nisoverview.jsp
http://www.hcup-us.ahrq.gov/nisoverview.jsp
http://www.hcup-us.ahrq.gov/toolssoftware/ccs/ccs.jsp
http://www.hcup-us.ahrq.gov/toolssoftware/ccs/ccs.jsp
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0075
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0075
http://dx.doi.org/10.1001/jamacardio.2017.2904
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0080
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0080
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0080
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0085
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0085
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0085
http://dx.doi.org/10.1164/rccm.200703-480OC
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0090
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0090
http://dx.doi.org/10.1161/JAHA.112.006114
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0095
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0095
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0095
http://dx.doi.org/10.1097/CCM.0b013e318237706b
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0100
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0100
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0100
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0100
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0105
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0105
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0105
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0110
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0110
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0110
http://dx.doi.org/10.1016/j.anaerobe.2014.09.005
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0115
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0115
http://dx.doi.org/10.1161/CIRCULATIONAHA.111.076851
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0120
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0120
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0120
http://dx.doi.org/10.1001/jama.2016.14380
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0125
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0125
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0125
http://dx.doi.org/10.1016/j.amjcard.2014.04.021
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0130
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0130
http://dx.doi.org/10.1016/j.jacc.2015.01.012
https://www.kff.org/health-costs/state-indicator/expenses-per-inpatient-day/
https://www.kff.org/health-costs/state-indicator/expenses-per-inpatient-day/
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0140
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0140
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0140
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0145
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0145
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0145
http://dx.doi.org/10.1001/jama.2010.851
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0150
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0150
http://dx.doi.org/10.1016/j.ajem.2013.11.035
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0155
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0155
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0155
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0160
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0160
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0160
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0165
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0165
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0165
http://dx.doi.org/10.1016/j.resuscitation.2004.03.020
https://data.medicare.gov/Hospital-Compare/Timely-and-Effective-Care-National/isrn-hqyy/data
https://data.medicare.gov/Hospital-Compare/Timely-and-Effective-Care-National/isrn-hqyy/data
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0175
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0175
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0175
http://dx.doi.org/10.1097/CCM.0b013e31827e83af
http://www.ncsl.org/research/health/laws-on-cardiac-arrest-and-defibrillators-aeds.aspx#2
http://www.ncsl.org/research/health/laws-on-cardiac-arrest-and-defibrillators-aeds.aspx#2
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0185
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0185
http://dx.doi.org/10.1016/j.ajem.2017.11.035
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0190
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0190
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0190
http://dx.doi.org/10.1161/CIRCOUTCOMES.108.840009
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0195
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0195
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0195
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0195
http://dx.doi.org/10.1371/journal.pone.0191943
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0200
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0200
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0200
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0205
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0205
http://refhub.elsevier.com/S0300-9572(19)30565-9/sbref0205
http://dx.doi.org/10.1001/archinte.165.15.1705

	Regional trends in In-hospital Cardiac Arrest following sepsis-related admissions and subsequent mortality
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Disclosure
	Funding source
	Conflict of interest
	Acknowledgement
	References


