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annually. NIS selects 20% of all US hospitals, providing a 
sample that is geographically dispersed and representative 
of all inpatient admissions in the United States. The sam-
pling methodology of the NIS data set allows application of 
sampling weights to calculate national estimates. Clinical 
and resource-use data are provided for each hospitaliza-
tion and are coded using the International Classification of 
Diseases, 9th Revision, Clinical Modification (ICD-9-CM) and 
Current Procedure Terminology.

Study Population
We used the ICD-9-CM code 427.5 to identify all hospi-
tal admissions associated with the principal or secondary 
diagnosis of cardiac arrest from 2003 to 2012 and included 
patient outcomes of either in-hospital death or discharge 
alive, independent of neurological function. We obtained 
patient demographics and hospital-level data, and the latter 
includes size based on bed numbers (small, medium, and 
large), location/teaching status (rural, urban nonteaching, 
and urban teaching), and geographic region (Northeast, 
Midwest, South, and West). The definition of these des-
ignations is further described by Healthcare Cost and 
Utilization Project.12–17 We used the Agency for Healthcare 
Research and Quality comorbidity software to retrieve base-
line comorbidities for each patient. We also used ICD-9-CM 
codes to assess for baseline comorbidities not included in 
the Agency for Healthcare Research and Quality software 
(Table I in the Data Supplement). These included history of 
myocardial infarction, coronary artery disease, dyslipidemia, 
and atrial fibrillation. We also assessed the use of selected 
cardiovascular interventions using Current Procedure 
Terminology codes previously reported in the literature 
(Table II in the Data Supplement).

Study End point
The primary end point of this study was logarithmic trans-
formation of inflation-adjusted hospital cost for index 
hospitalization after cardiac arrest. The NIS collects hos-
pital charges, which is the amount the hospital billed for 
services. Total hospital charges were converted to hospital 
costs using Healthcare Cost and Utilization Project Cost-
to-Charge Ratios based on cost information obtained from 
hospital accounting reports that were collected by the 
Centers for Medicare and Medicaid Services. Hospital costs 
reflects the actual expenses incurred for hospital services, 
such as wages, supplies, and utility costs. Annual costs were 
adjusted for inflation by using the consumer price index 
inflation multiplier released by the US Bureau of Labor with 
2012 as the base year.

Statistical Analysis
Using survey analysis methods, we used hospital-level dis-
charge weights provided by the NIS to estimate the num-
ber of hospitalizations after cardiac arrest. We acquired 
baseline demographics, baseline comorbidities, hospital 
characteristics, and selected cardiovascular interventions. 
We calculated weighted frequencies and percentages to 
present categorical variables. We also presented continu-
ous variables as weighted means and SDs. We used Poisson 

regression to assess trend over time. To adjust for hospital 
clustering, we used mixed effect generalized linear regres-
sion to assess the effect of independent predictors of 
inflation-adjusted hospital cost. The variation in cost was 
reasonably explained by the model (coefficient of deter-
mination=0.569), and procedural variables improved the 
model fit. All statistical analyses were performed using 
SAS version 9.4 (SAS institute Inc, Cary, NC). We consid-
ered P<0.05 as significant and all tests were 2 sided. To 
avoid common errors in the study design, we followed the 
checklist developed by Khera and Krumholz18 to adhere to 
best research practices and appropriate use of this large 
administrative database (Box I in the Data Supplement).19 
This study was exempt from full institutional review board 
review because it publically available and without patient 
identifiers.

RESULTS
We identified 291 792 unique encounters who were 
admitted for (or developed) cardiac arrest during their 
index hospitalization from 2003 to 2012. The number 
of weighted hospital admissions for that period was 
1 387 396. The mean age of the cohort was 66 years, 
45% were women, and 68% were white (Table  1). 
Medicare and Medicaid were the primary payer of 72% 
of these patients while 20% had private insurance. 
Approximately 75% of the admissions occurred during 
weekdays, with one quarter during the weekend. Of 
these admissions (n=1.387 million), 31% were in the 
lower 25th percentile of the median household income 
and 19% were above the 75th percentile. Large hospi-
tals admitted 66% of patients presenting with cardiac 
arrest, and most these admissions were in urban hospi-
tal systems. Of these hospitals, 16% were in the North-
east region, 22% in the Midwest, 41% in the South 
region, and 21% in the Western region.

There was no noticeable change in patient and 
hospital characteristics across the study period. Of the 
encounters who presented with cardiac arrest, 18% 
had dyslipidemia, 24% had diabetes mellitus, and 44% 
had hypertension (Table 2). Approximately 30% of the 
patients had coronary artery disease, 5.5% had prior 
myocardial infarction, and 22% had congestive heart 
failure. The prevalence of dyslipidemia, diabetes mel-
litus, hypertension, and coronary artery disease sig-
nificantly increased during the study period. However, 
the prevalence of congestive heart failure and valvular 
heart disease noticeably decreased over time.

Coronary angiography was performed on 15% of 
patients, and coronary angioplasty was performed in 
7% (Table 3). There were small, but significant, increase 
in the use of most cardiovascular procedures but not 
for permanent mechanical support devices or auto-
matic implantable cardioverter defibrillators. Although 
therapeutic hypothermia was performed in only 1% 
of these admissions, the use of hypothermia increased 

 by guest on A
pril 24, 2018

http://circep.ahajournals.org/
D

ow
nloaded from

 

http://circep.ahajournals.org/


Damluji et al; Health Care Cost After Cardiac Arrest in the United States

Circ Arrhythm Electrophysiol. 2018;11:e005689. DOI: 10.1161/CIRCEP.117.005689� April 2018 4

over time. Among all hospital admissions, the use of 
pacemakers and implantable cardioverter defibrillators 
was 6% and 3%, respectively. Pacemaker implantation 

in cardiac arrest patients who survived hospital admis-
sion was 10.6%. No significant change in the use of 
these devices was seen over the study period. Survival 

Table 1.  Demographic and Hospital Characteristics of Patients With Cardiac Arrest in the United States NIS, 2003 
to 2012

Variable*,† Total 2003–2004 2005–2006 2007–2008 2009–2010 2011–2012 P Value‡

No. of admissions (unweighted) 291 792 54 431 53 761 56 047 59 884 67 669  

No. of admissions (weighted)§ 1 387 396 254  460 254 473 265 928 292 098 327 038  

Cardiac arrest as primary diagnosis 5.6 5.9 5.8 5.9 5.5 5.3  

Age, mean (SD), y 65.6±0.2 66.3±0.3 65.7±0.3 65.7±0.3 65.3±0.3 65.3±0.2 0.002

Female 45.4 46.4 46.0 45.4 44.7 44.6 <0.001

Race/ethnicity, %       0.052

 ������� White 68.4 68.3 70.1 68.8 67.8 67.5  

 ������� Black 16.3 16.7 14.5 15.6 16.8 17.2  

 ������� Hispanic 9.0 9.4 9.8 8.7 8.6 8.8  

 ������� Asian/Pacific Islander 2.7 2.8 2.5 2.8 2.9 2.6  

 ������� Native American 0.6 0.3 0.5 0.9 0.7 0.5  

Primary expected payer, %       <0.001

 ������� Medicare 61.3 63.5 62.2 60.0 59.9 61.3  

 ������� Medicaid 10.4 9.6 10.1 9.9 11.0 11.0  

 ������� Private insurance 20.3 20.1 20.1 21.7 20.7 19.3  

 ������� Self-pay 4.8 4.1 4.7 5.0 5.0 5.2  

 ������� No charge 0.4 0.4 0.4 0.6 0.4 0.3  

 ������� Other 2.6 2.3 2.5 2.8 2.8 2.7  

Weekend admission, % 24.5 23.9 24.5 24.6 24.5 24.9 0.009

Median household income, %       0.546

 ������� 0–25th percentile 31.3 31.5 30.2 31.2 30.9 32.2  

 ������� 26th–50th percentile 26.3 27.0 26.0 26.8 26.6 25.2  

 ������� 51st–75th percentile 23.4 22.7 24.0 22.7 23.4 24.0  

 ������� 76th–100th percentile 19.1 18.8 19.8 19.2 19.1 18.6  

Hospital characteristics

 ������� Bed size, %       0.612

  �������  Small 10.0 10.3 10.3 9.5 9.4 10.4  

  �������  Medium 24.0 25.0 25.1 23.9 22.2 24.2  

  �������  Large 66.0 64.7 64.5 66.6 68.4 65.4  

 ������� Hospital location/teaching status, %       0.030

  �������  Rural 10.3 12.0 10.6 10.1 10.4 8.9  

  �������  Urban nonteaching 42.9 44.1 45.0 44.0 42.3 40.1  

  �������  Urban teaching 46.7 43.9 44.4 45.9 47.3 51.0  

 ������� Hospital region, %       0.999

  �������  Northeast 16.2 16.5 16.0 15.9 15.6 16.7  

  �������  Midwest 22.1 21.7 22.2 22.1 22.4 22.3  

  �������  South 40.8 40.2 40.7 41.4 40.6 41.1  

  �������  West 20.9 21.5 21.2 20.7 21.4 20.0  

ICD-9-CM indicates International Classification of Diseases, 9th Revision, Clinical Modification; and NIS Nationwide Inpatient Sample.
*Percent may not add to 100 because of rounding.
†Represents % of total population included in the study; ICD-9-CM code 427.5 was used to identify all hospital admissions associated with primary or any 

secondary diagnoses of cardiac arrest.
‡P<0.05 were considered significant; P values for linear trends using Poisson regression.
§Statistics, except the first row, were weighted summaries, based on probability sampling methods, so they may approximate national statistics.
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after cardiac arrest improved over time; however, the 
mean hospital length remained constant (≈9 days; Table 
III in the Data Supplement).

Hospital charges and inflation-adjusted cost sig-
nificantly increased throughout the study period (Fig-
ure 1). Nonsurvivors had significant increase in hospital 
charges but not inflation-adjusted cost (Figures 2 and 
3). When stratifying by length of stay, inflation-adjusted 
cost were higher with longer hospital stays (Figure 4; 
Figure I in the Data Supplement). Costs were signifi-
cantly increased throughout the study period regard-
less of hospital lengths of stay. The inflation-adjusted 
charges and costs had a negatively skewed distribution, 
and logarithmic transformation was used for multivari-
able analysis, which had a normal bell-curve distribu-
tion. After risk adjustment, increasing age, female sex, 
and white race were associated with lower rates of 
inflation-adjusted hospital cost (Table  4). Hospitaliza-
tions of postcardiac arrest patients covered by Medicare 
were associated with higher costs compared with other 
health insurance coverage. Lengths of stay at hospi-
tals with large and medium bed numbers were associ-
ated with greater cost than hospitals with small bed 
size. Similarly, urban hospital stays cost more than rural 

counterparts. Compared with hospitals located in the 
Northeast, Western region hospitals costs were signifi-
cantly higher while Southern hospitals had significantly 
lower cost.

Baseline comorbidities had different effects on infla-
tion-adjusted hospital costs. Notably, prior myocardial 
infarction, primary diagnosis of myocardial infarction, 
and hypertension were associated with lower costs. 
Conversely, congestive heart failure, atrial fibrillation, 
and electrolyte/fluid imbalances significantly increased 
cost. Hospitalizations with increased use of cardio-
vascular interventions were associated with signifi-
cantly higher hospital cost. Extracorporeal membrane 
oxygenation, coronary angiography, and implantable 
cardioverter defibrillators and pacemaker placement 
were associated with the greatest increase in cost. 
Of note, patients receiving therapeutic hypothermia 
had one fourth increased cost compared with admis-
sions without the use of therapeutic hypothermia. 
Adjusting for patients’ demographics, comorbidities, 
hospital-level characteristics, length of stay, and secu-
lar trends, there was an 88% increase in cost ($) for 
patients who received any cardiovascular procedure 
during index admission compared with those who did 

Table 2.  Clinical Characteristics of Patients With Cardiac Arrest in the United States NIS, 2003 to 2012

Variable*,† Total 2003–2004 2005–2006 2007–2008 2009–2010 2011–2012 P Value‡

No. of admissions (unweighted) 291 792 54 431 53 761 56 047 59 884 67 669  

No. of admissions (weighted) 1 387 396 254 460 254 473 265 928 292 098 327 038  

Comorbidities, %

 ������� Dyslipidemia 18.4 9.3 11.8 15.8 23.5 28.4 <0.001

 ������� CAD 30.1 25.8 25.1 28.3 33.4 36.0 <0.001

 ������� Prior MI 5.5 4.3 4.1 4.8 6.4 7.2 <0.001

 ������� Atrial fibrillation 23.1 22.5 23.3 20.9 23.0 25.0 <0.001

 ������� Alcohol abuse 4.5 4.2 4.7 4.7 4.5 4.5 0.005

 ������� Congestive heart failure 22.0 28.5 29.6 21.0 16.0 17.1 <0.001

 ������� Chronic pulmonary disease 21.3 22.0 23.2 21.9 19.8 20.1 <0.001

 ������� Depression 3.9 2.7 3.2 4.0 4.4 4.7 <0.001

 ������� Diabetes mellitus (uncomplicated) 18.8 16.7 16.6 19.3 20.0 20.4 <0.001

 ������� Diabetes mellitus (complicated) 5.1 5.1 5.0 5.1 5.0 5.3 0.642

 ������� Hypertension 44.3 38.9 41.9 44.6 46.9 48.0 <0.001

 ������� Fluid and electrolyte imbalance 43.7 36.0 40.1 43.1 46.4 50.6 <0.001

 ������� Obesity 5.8 3.1 3.8 5.3 6.5 9.1 <0.001

 ������� Peripheral vascular disease 7.0 6.1 6.0 6.9 7.7 8.2 <0.001

 ������� Pulmonary circulation disorder 4.3 3.8 4.1 4.3 4.3 4.7 <0.001

 ������� Renal failure (chronic) 19.0 12.7 18.8 20.4 20.3 21.6 <0.001

 ������� Valvular heart disease 6.3 9.6 10.5 6.1 3.4 3.4 <0.001

 ������� Liver disease 3.2 3.2 3.3 3.1 3.1 3.3 0.368

 ������� Primary diagnosis of MI 12.2 14.3 12.7 12.0 11.4 11.0 <0.001

CAD indicates coronary artery disease; MI, myocardial infarction; and NIS Nationwide Inpatient Sample.
*Statistics, except the first row, were weighted summaries, based on probability sampling methods, so they may approximate national statistics.
†Percent may not add to 100 because of rounding.
‡P<0.05 were considered significant; P values for linear trends.
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not. The presence of uncomplicated diabetes melli-
tus and depression was associated with cost savings. 
When sudden death was restricted to only primary or 
first secondary diagnoses, the results from the multi-
variable regression model were similar (Table IV in the 
Data Supplement).

DISCUSSION
In this study, we analyzed the temporal pattern of 
health care cost for hospitalizations associated with car-
diac arrest in the United States from 2003 to 2012. We 
also presented the effect of patient comorbidity profile, 
use of cardiovascular interventions/devices, and hospi-
tal characteristics associated with these admissions on 
hospital cost. We observed that the inflation-adjusted 
cost associated with hospitalizations in survivors of car-
diac arrest consistently increased throughout the study 
period, regardless of the length of hospital stay. How-
ever, hospital cost was stable for those who did not 
survive the index hospitalization. Patient profiles varied 
over the study period, and the comorbidities that were 
associated with greatest increase in cost were history 
of atrial fibrillation and fluid/electrolyte imbalances. Use 
of cardiovascular interventions and devices remained 
stable over time, and they were consistently associated 
with significant increase in health care cost. We also 
identified large bed size hospitals, urban teaching hos-
pitals, and Western hospitals as significant contributors 
to health care expenditure.

We observed a rise in hospital costs over the study 
period. This observation held even after adjusting for 
length of hospital stay, survival status, and extensive 
patient and hospital-level contributors of cost, which 
further highlights the economic burden of cardiac 
arrest. This may be partially explained by several fac-
tors. First, the complexity of patients with cardiac arrest 
and multiple chronic conditions may be associated with 
higher use of hospital resources that we were not able 
to capture with data available to us in the NIS sample 
(eg, use of dedicated coronary care units, neuroimag-
ing, or renal replacement therapies). Second, the grow-
ing adoption of electronic medical records may have 
increased the accuracy of billing during the later years 

Table 3.  Selected Interventions of Patients With Cardiac Arrest in the United States NIS, 2003 to 2012

Variable*,† Total 2003–2004 2005–2006 2007–2008 2009–2010 2011–2012 P Value‡

No. of admissions (unweighted) 291 792 54 431 53 761 56 047 59 884 67 669  

No. of admissions (weighted) 1 387 396 254 460 254 473 265 928 292 098 327 038  

Selected interventions, (%)

 ������� Coronary angiography 15.3 14.0 14.1 15.3 15.7 16.7 <0.001

 ������� PTCA 7.3 6.1 6.9 7.6 7.7 8.0 <0.001

 ������� Therapeutic hypothermia 1.1 0.0 0.1 0.5 1.5 2.7 <0.001

 ������� Short-term percutaneous MCS 0.1 0.0§ 0.0 0.0 0.2 0.4 <0.001

 ������� Short-term nonpercutaneous MCS 0.1 0.1§ 0.0 0.1 0.1 0.1 0.040

 ������� Permanent MCS 0.1 0.1§ 0.1 0.1 0.1 0.1 0.201

 ������� IABP 4.4 3.8 4.3 4.4 4.5 4.8 <0.001

 ������� ECMO 0.4 0.2 0.3 0.2 0.4 0.6 <0.001

 ������� CIED 8.9 8.5 8.5 9.1 9.2 8.9 0.099

 ������� Pacemaker 5.9 5.8 5.6 6.0 6.0 5.9 0.391

 ������� AICD 3.3 3.0 3.2 3.4 3.5 3.3 0.038

AICD indicates automatic implantable cardioverter defibrillators; CIED, cardiovascular implantable electronic device; ECMO, extracorporeal membrane 
oxygenation; IABP, intra-aortic balloon pump; MCS, mechanical circulatory support; NIS, Nationwide Inpatient Sample; and PTCA, percutaneous transluminal 
coronary angioplasty.

*Statistics, except the first row, were weighted summaries, based on probability sampling methods, so they may approximate national statistics.
†Percent may not add to 100 because of rounding.
‡P<0.05 were considered significant; P values for linear trends.
§Data from 2003 are not available.

Figure 1. Trends in hospital charge and inflation-adjust-
ed hospital cost for patients with cardiac arrest in the 
United States Nationwide Inpatient Sample, 2003 to 
2012.
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of the study. Accordingly, this may also have reflected 
an increase in captured billing and hospital charges.

The patient profile showed increased prevalence of 
medical comorbidities including conventional cardiovas-
cular disease risk factors, such as hypertension, diabetes 
mellitus, dyslipidemia, and obesity. We also observed 
a decrease in the prevalence of congestive heart dis-
ease and valvular heart disease. Despite the chang-
ing prevalence of these chronic conditions, it is worth 
noting that patient comorbidity profile had relatively 
small effect on hospital cost. In fact, only atrial fibril-
lation and fluid/electrolyte imbalances were associated 
with increase in cost >10%. This may, at least in part, 
reflect the accumulating experience in management of 
these chronic conditions as well as the national effort 
to adhere with therapies associated with improved out-
come. This may have decreased hospital length of stay 
and in turn associated hospital cost. We also identified 
use of cardiovascular interventions and devices as major 
contributors to health care cost. The increased cost may 
be attributed to use of higher level of care and special-
ized personnel to perform these cardiovascular proce-
dures and to operate specialized devices, in addition 
to the cost of devices themselves. These cardiovascular 
interventions and the use of devices may represent rea-
sonable potential for targeted interventions to contain 

cost, with standardization of care processes and pos-
sible regionalization of these services. It is worth not-
ing that our analyses only address health care costs 
associated with the hospitalization, and it is reasonable 
to assume that with increased use of these advanced 
treatments, downstream cost benefits will be perceived 
with reduced length of hospitalization, use of interme-
diate facilities, and reduction in readmission.

We also observed noticeable differences in expendi-
ture by hospital characteristics. Larger hospitals, as well 
as urban teaching hospitals, were associated with high-
er cost. This may, at least in part, be attributed to the 
more medically complex patients, socioeconomic mix of 
the patient population, and the availability of certain 
advanced treatments in these centers compared with 
their counterparts.8 We also observed regional variation 
in cost with highest resource use in Western hospitals. 
In a recent national study assessing regional variation 
of health outcomes of in-hospital cardiac arrest, there 
was significant differences in the discharge disposition 
and use of postdischarge resources across the United 
States.20 Therefore, regional differences in costs may 
partly be because of variation in use of acute versus 
postacute services. It should be noted that the analy-
sis includes a sizable number of patients who had <1 
day length of stay. Whether these patients were indeed 
survivors of cardiac arrest or they were dead on arrival 
cannot be ascertained.

Our study has several important limitations. First, we 
used the NIS, which is an administrative claim data set 
that depends on ICD-9-CM. Such data sets are prone to 
coding errors, coding differences across providers and 
institutions, and change in coding pattern over time. In 
this study, a potential problem is the inaccuracy of ICD-9 
code to identify true cardiac arrest patients or the dis-
tinction between out-of-hospital and in-hospital cardiac 
arrests. Many Emergency Medical Services-defined cardi-
ac arrest, which would be used to determine 427.5 code 
for hospital admission, turn out not be cardiac in the first 

Figure 2. Trends in hospital charge and inflation-adjust-
ed hospital cost among patients who survived after 
cardiac arrest in the United States Nationwide Inpa-
tient Sample, 2003 to 2012.

Figure 3. Trends in hospital charge and inflation-adjust-
ed hospital cost among patients who died after cardiac 
arrest in the United States Nationwide Inpatient 
Sample, 2003 to 2012.

Figure 4. Trends in inflation-adjusted cost ($) by hospi-
tal length of stay for survivors of cardiac arrest in the 
United States Nationwide Inpatient Sample, 2003 to 
2012.
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place (ie, stroke, sepsis, heart failure, or respiratory fail-
ure). Although the coding may not be optimal, this meth-
odology to identify patients with cardiac arrest has been 
frequently used in prior studies on cardiac arrest,4,21–23 and 
it has been proposed that more specific coding of cardiac 
arrest variants be developed for future iterations of ICD 

Table 4.  Multivariable Generalized Linear Model 
(GLM) of Inflation-Adjusted Hospital Cost in the US NIS 
Database From 2003 to 2012*,†

Parameter Odds Ratio (OR) P Value‡

Age (unit: 1 y) 0.99 <0.001

Female 0.96 <0.001

Race/ethnicity  <0.001§

 ������� White Ref  

 ������� Black 1.08 <0.001

 ������� Hispanic 1.10 <0.001

 ������� Asian/Pacific Islander 1.11 <0.001

 ������� Native American 1.03 0.374

 ������� Other 1.07 <0.001

Primary expected payer  <0.001§

 ������� Medicare Ref  

 ������� Medicaid 0.93 <0.001

 ������� Private insurance 0.98 <0.001

 ������� Self-pay 0.89 <0.001

 ������� No charge 0.95 0.389

 ������� Other 0.88 <0.001

Weekend admission 0.96 <0.001

Median household income  <0.001§

 ������� 0–25th percentile Ref  

 ������� 26th–50th percentile 1.02 0.001

 ������� 51st–75th percentile 1.05 <0.001

 ������� 76th–100th percentile 1.10 <0.001

Hospital characteristics

 ������� Bed size  <0.001§

  �������  Small Ref  

  �������  Medium 1.09 <0.001

  �������  Large 1.16 <0.001

 ������� Hospital location/teaching status  <0.001§

  �������  Rural Ref  

  �������  Urban non teaching 1.18 <0.001

  �������  Urban teaching 1.40 <0.001

 ������� Hospital region

  �������  Northeast Ref  

  �������  Midwest 1.04 0.042

  �������  South 0.97 0.191

  �������  West 1.29 <0.001

 ������� Comorbidities

  �������  Dyslipidemia 1.02 <0.001

  �������  CAD 1.00 0.255

  �������  Prior MI 0.95 <0.001

  �������  Atrial fibrillation 1.11 <0.001

  �������  Alcohol abuse 1.03 0.040

  �������  Congestive heart failure 1.10 <0.001

  �������  Chronic pulmonary disease 1.03 <0.001

(Continued )

  �������  Depression 0.88 <0.001

  �������  Diabetes mellitus (uncomplicated) 0.95 <0.001

  �������  Diabetes mellitus (complicated) 1.01 0.412

  �������  Hypertension 0.96 <0.001

  �������  Fluid and electrolyte imbalance 1.21 <0.001

  �������  Obesity 1.06 <0.001

  �������  Peripheral vascular disease 1.06 <0.001

  �������  Pulmonary circulation disorder 1.10 <0.001

  �������  Renal failure (chronic) 1.04 <0.001

  �������  Valvular heart disease 1.03 <0.001

  �������  Liver disease 1.06 <0.001

  �������  Primary diagnosis of MI 0.93 <0.001

 ������� Selected interventions

  �������  Coronary angiography 1.43 <0.001

  �������  PTCA 1.26 <0.001

  �������  Therapeutic hypothermia 1.28 <0.001

  �������  IABP 1.50 <0.001

  �������  ECMO 2.38 <0.001

  �������  AICD 1.83 <0.001

  �������  Pacemaker 1.31 <0.001

 ������� Length of stay (unit: 1 d) 1.05 <0.001

 ������� Death 0.73 <0.001

 ������� Year  <0.001§

  �������  2003 Ref  

  �������  2004 1.03 0.152

  �������  2005 1.03 0.244

  �������  2006 1.04 0.047

  �������  2007 1.09 <0.001

  �������  2008 1.08 <0.001

  �������  2009 1.11 <0.001

  �������  2010 1.14 <0.001

  �������  2011 1.11 <0.001

  �������  2012 1.12 <0.001

AICD indicates automatic implantable cardioverter defibrillators; CAD, 
coronary artery disease; ECMO, extracorporeal membrane oxygenation; 
IABP, intra-aortic balloon pump; MI, myocardial infarction; NIS, Nationwide 
Inpatient Sample; and PTCA, percutaneous transluminal coronary angioplasty.

*Generalized linear model, family (binomial), and link (logit) were used 
to estimate the difference in log odds of cost on covariates included in the 
model.

†Missing cost/charge data were 0.199%.
‡P<0.05.
§Represents P value for overall category.

Table 4.  Continued

Parameter Odds Ratio (OR) P Value‡
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coding.24 Second, a limitation of work such as this is the 
lack of clinical details on the precise mechanism of the 
arrest, clinical features before the arrest, the details of the 
responses to cardiac arrest (such as bystander cardiopul-
monary resuscitation and automated external defibrilla-
tor deployment), and the level of neurological and car-
diovascular disability associated with the arrest. Clearly, 
this information is relevant to clinical outcomes data, but 
the economic burden for society is based on cumula-
tive effects. The latter supports the notion of increasing 
research support for prediction and prevention of cardiac 
arrest.8,25 For example, in the years 2003 to 2004 and 
2011 to 2012, the estimated annual inflation-adjusted 
cost postcardiac arrest in the United States was $7.3 and 
$11.1 billion, respectively. The ability of health outcomes 
research to reduce the incidence of cardiac arrest by 10% 
(2011–2012) would have saved the health care system 
≈$1.2 billion. Third, we were not able to ascertain the 
appropriateness of use of various cardiovascular inter-
ventions and devices in patients resuscitated from car-
diac arrest, and we were only able to assess the effect of 
hospital characteristics available to us. As such, we may 
have missed important systemic patterns associated with 
cost that may represent valid targets for cost containment 
interventions. It is possible that other causes for emer-
gency admissions, such as those for pneumonia, stroke, 
sepsis, and ST-segment–elevation myocardial infarction, 
could account for the rising health care costs, which was 
attributed to sudden cardiac arrest in this study. Fourth, 
because of the large sample size, this study has an enor-
mous statistical power (1-ß), that is able to detect subtle 
differences in cost. The interpretation of some of these 
statistically significant results with low strengths of associ-
ations may be somewhat challenging. However, patient- 
or hospital-level characteristics with large strength of 
association remain important predictor of in-hospital cost 
after cardiac arrest. Finally, it is also important to note that 
the study population, which included any inpatient with 
a ICD-9-CM code of 427.5, did not distinguish between 
out-of-hospital from in-hospital cardiac arrest. The litera-
ture has largely studied these separately, and the costs for 
these events are likely to be substantially different.

In conclusion, hospitalization associated with resus-
citated cardiac arrest showed consistent increase in 
hospital cost for the period of 2003 to 2012. Use of 
cardiovascular interventions and devices and certain 
hospital characteristics were the main contributors of 
rising cost. Postcardiac arrest hospitalizations represent 
significant impact burden on health care cost. One esti-
mate places the total cost of cardiac arrest in the United 
States at $33 billion/y,26 and our data suggests that 17% 
of that total figure is attributable to index hospitaliza-
tion postcardiac arrest with and without survival. Future 
studies are required to identify targeted interventions 
best associated with survival outcomes and lowest cost, 
in addition to supporting the potential economic value 

of funding research into prediction and prevention of 
cardiac arrest and sudden cardiac death.25,27
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Supplemental Material: 
 
Supplementary Table 1. ICD-9-CM for selected comorbidities.  
 

Other comorbidities/complications of interest* ICD-9-CM 

MI 410.(00-99) 

Prior MI 412 

CAD 441.0(0-7) 

Dyslipidemia DXCCS 53 

Atrial Fibrillation 427.31 
 

* Full ICD-9-CM for comorbidities/complications of interest that were used in this study could be found on HCUP website. Reference: https://www.hcup-
us.ahrq.gov/toolssoftware/ccs/ccs.jsp#download 
 

Supplementary Table 2. ICD-9-CM for selected procedures.   
 

Selected interventions CPT Codes 

     Coronary angiography 372.(1-3), 885.(2-7) 

     PTCA 0066, 1755, 360(1,2,5-7) 

     Intubation 960(1-5) 

     Therapeutic hypothermia 9981 

     Short term percutaneous MCS 3768 

     Short term non-percutaneous MCS  3760, 3762, 3765 

     Permanent MCS  3752, 3766 

     IABP 3761 

     ECMO 396(5,6) 

     CIED PRCCS 48 

     Pacemaker 0050, 0053, 0054, 377(0-8), 378(0-9)  

     AICD 0051, 0054, 379(4-8) 
 
* Full ICD-9-CM for comorbidities/complications of interest that were used in this study could be found on HCUP website. Reference: https://www.hcup-
us.ahrq.gov/toolssoftware/ccs/ccs.jsp#download 
 
 
 
 
 



Box 1. Study design checklist to ensure appropriate use of National Inpatient Sample.  

* Reference: https://www.hcup-us.ahrq.gov/toolssoftware/ccs/ccs.jsp#download 

** “Cost estimates using earlier versions may differ somewhat from estimates generated with the new CCRs files (which are files part of a family of databases and software took developed by HCUP). 
The initial version contained usable accounting reports for about 61% of HCUP hospitals. The revised 2010 CCR files contain usable 2010 accounting reports for 89% of HCUP hospitals. For 
hospitals with no usable report in each version, the CCR was imputed from a weighted average for a peer group within the state. For hospitals that were missing accounting reports in the initial files, 
the APICC was calculated from the updated reports. In addition, several HCUP states had a particularly high proportion of hospitals with missing reports in the initial version, which results in a 
smaller number of hospitals used for imputation. GAPICC was recalculated using the updated weighted average for a peer group within the state. Additional information is provided in the CCR User 
Guides for the 2010 NIS and SID”. Reference: https://www.hcup-us.ahrq.gov/db/state/costtocharge.jsp 
  
 

Section A: Research Design 
o Does the study consider it can only detect disease conditions, procedure, and diagnostic tests in hospital settings?  

Yes, this study focused on cost of sudden death in hospitalized patients.   

o Does the study acknowledge that it includes encounters, not individual patients?  

Yes, the Results section clearly indicated that the study population included 291,792 unique encounters.  

o Does the study avoid diagnosis/procedure-specific volume assessments for units that are not a part of the sampling frame of the NIS, and are 

therefore not representatively sampled? E.g. (a) geographic units, like US states, (b) healthcare facilities (after 2011), and (c) individual healthcare 

providers.  

This study does not make inference on diagnosis/procedure specific volume assessments.  

Section B: Data Interpretation 

o Does the study attempt to identify disease conditions or procedures of interest using administrative codes or their combinations that have been 

previously validated?  

Yes, these ICD-9-CM codes were obtained from AHRQ data dictionary. * 

o Does the study limit its assessment to only in-hospital outcomes, rather than those occurring after discharge?  

Yes, only in-hospital cost was included as an outcome variable. No post-discharge outcomes were available for analysis 

o Does the study distinguish complications from comorbidities or clearly note where it cannot?  

We could not distinguish some complications from comorbidities related to the outcome (i.e. cost of in-hospital cardiac arrest) 

Section C: Data Analysis 

o Does the study clearly account for the survey design of the NIS and its components-clustering, stratification, and weighting?  

Yes, see Methods section.  

o Does the study adequately address the changes in data structure over time (for trends analyses)?   

Yes. For trends analyses used in this study, we used inflation adjusted cost in the years between 2003-2012**  



Supplementary Table 3. The mean hospital length of stay and death  
  

Total 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 p for 
trend 

Hospital Length of Stay, 
Days, Mean (SD) 

9.1 ± 0.1 9.0 ± 0.2 9.1 ± 0.2 9.1 ± 0.2 8.9 ± 0.2 9.3 ± 0.3 8.8 ± 0.2 9.2 ± 0.2 9.5 ± 2.2 8.9 ± 0.2 9.1 ± 0.1 0.429 

Death (%) 62.6 68.1 68.1 66.7 65.4 63.3 59.3 60 59.2 59.1 59.6 <0.001 

 



Supplementary Table 4. Generalized linear model (GLM) for inflation-adjusted hospital cost in the 
US NIS database from 2003-2012. Sudden cardiac death is defined as either primary diagnosis or first 
secondary diagnosis.  
 

Parameter Odds Ratio (OR) P Value* 

Age (Unit: 1 year) 0.99 <0.001 
Female 0.98 <0.001 
Race/Ethnicity 

 
<0.001Ω 

     Caucasian Ref 
 

     African-American 1.08 <0.001 
     Hispanic 1.06 <0.001 
     Asian/Pacific Islander 1.09 <0.001 
     Native American 0.93 <0.001 
     Other 1.04 0.004 
Primary expected payer 

 
<0.001Ω 

     Medicare Ref 
 

     Medicaid 0.94 <0.001 
     Private insurance 0.97 <0.001 
     Self-pay  0.92 0.002 
     No charge 0.93 <0.001 
     Other 0.87 <0.001 
Weekend admission 0.97 <0.001 
Median household income 

 
<0.001Ω 

     0-25th percentile Ref 
 

     26th - 50th percentile 1.03 <0.001 
     51st - 75th percentile 1.05 <0.001 
     76th -100th percentile 1.09 <0.001 
Hospital characteristics 

  

Bed size 
 

<0.001Ω 
     Small Ref 

 

     Medium 1.09 <0.001 
     Large 1.12 <0.001 
Hospital location/teaching status 

 
<0.001Ω 

     Rural Ref 
 

     Urban non-teaching 1.14 <0.001 
     Urban teaching 1.32 <0.001 
Hospital region 

 
<0.001Ω 

     North east Ref . 
     Mid-west 1.02 0.289 
     South 0.97 0.038 
     West 1.29 <0.001 
Comorbidities 

  

     Dyslipidemia 1.03 <0.001 
     CAD 1.02 0.001 
     Prior MI 0.96 <0.001 



     Atrial fibrillation 1.12 <0.001 
     Alcohol abuse 1.08 <0.001 
     Congestive heart failure 1.13 <0.001 
     Chronic pulmonary disease 1.08 <0.001 
     Depression 0.95 <0.001 
     Diabetes mellitus (uncomplicated) 1.00 0.827 
     Diabetes mellitus (complicated) 1.06 <0.001 
     Hypertension 1.02 <0.001 
     Fluid and electrolyte imbalance 1.27 <0.001 
     Obesity 1.07 <0.001 
     Peripheral vascular disease 1.05 <0.001 
     Pulmonary circulation disorder 1.12 <0.001 
     Renal failure (chronic) 1.02 <0.001 
     Valvular heart disease 1.04 <0.001 
     Liver disease 1.06 <0.001 
     Primary diagnosis of MI 1.03 <0.001 
Selected interventions 

  

      Coronary angiography 1.44 <0.001 
      PTCA 1.28 <0.001 
      Therapeutic hypothermia 1.46 <0.001 
      IABP 1.41 <0.001 
      ECMO 2.42 <0.001 
      AICD 2.11 <0.001 
      Pacemaker 1.49 <0.001 
Length of stay (Unit: 1 day) 1.05 <0.001 
Death 0.67 <0.001 
Year  

 
<0.001Ω 

     2003 Ref 
 

     2004 1.01 0.647 
     2005 1.04 0.015 
     2006 1.09 <0.001 
     2007 1.11 <0.001 
     2008 1.10 <0.001 
     2009 1.09 <0.001 
     2010 1.12 <0.001 
     2011 1.14 <0.001 
     2012 1.13 <0.001 

 
*p <0.05 
** Represents p-value for overall category 
*** Generalized linear model, family (binomial), link (logit) was used to estimate the difference in log odds of cost on 
covariates included in the model. 
Abbreviations: CAD = Coronary Artery Disease; MI= Myocardial Infarction; PTCA = Percutaneous Transluminal 
Coronary Angioplasty; IABP = Intra-aortic Balloon Pump; ECMO = Extracorporeal Membrane Oxygenation; AICD = 
Automatic Implantable Cardioverter Defibrillators. 
 



Supplementary Figure 1. Trends in inflation-adjusted log cost ($) by hospital length of stay for survivors of cardiac arrest in the United 
States NIS, 2003-2012. 
 
 

 

 




