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Abstract

Background—Early reports suggest the number of CICU patients with primary non-cardiac
diagnoses is rising in the U.S., but no national data currently exist. We examined changes in
primary non-cardiac diagnoses among elderly patients admitted to a cardiac intensive care unit
(CICU) over the last decade.

Methods and Results—Using 2003-2013 Medicare data, we grouped elderly patients admitted
to CICUs into two categories based on principal diagnosis at discharge: 1) primary non-cardiac
diagnoses and 2) primary cardiac diagnoses. We examined changes in patient demographics,
comorbidities, procedure use, and risk-adjusted in-hospital mortality. Among 3.4 million
admissions with a CICU stay, primary non-cardiac diagnoses rose in prevalence from 38.0% to
51.7% between 2003 and 2013. The fastest rising primary non-cardiac diagnoses were infectious
diseases (7.8% to 15.1%) and respiratory diseases (6.0% to 7.6%) (p < 0.001 for both), while the
fastest declining primary cardiac diagnosis was coronary artery disease (32.3% to 19.0%) (p <
0.001). Simultaneously, the prevalence of both cardiovascular and non-cardiovascular
comorbidities rose: heart failure (13.9% to 34.4%), pulmonary vascular disease (1.2% to 7.1%),
valvular heart disease (5.0% to 9.8%) and renal failure (7.1% to 19.6%) (p < 0.001 for all). As
compared with those with primary cardiac diagnoses, elderly CICU patients with primary non-
cardiac diagnoses had higher rates of non-cardiac procedure use and risk-adjusted in-hospital
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mortality (p < 0.001 for all). Risk-adjusted in-hospital mortality declined slightly in the overall
cohort from 9.3% to 8.9% (0 < 0.001).

Conclusions—More than half of all elderly patients with a CICU stay across the U.S. now have
primary non-cardiac diagnoses at discharge. These patients receive different types of care and have
worse outcomes than patients with primary cardiac diagnoses. Our work has important
implications for the development of appropriate training and staffing models for the future critical
care workforce.

Cardiologists initially developed and staffed coronary care units in the 1960s to improve the
rapid detection and defibrillation of life-threatening ventricular arrhythmias during acute
myocardial infarction (AMI).1~4 These early units demonstrated substantial gains in survival
for AMI patients, subsequently evolving into cardiac intensive care units (CICUs) that treat a
wider array of acute cardiovascular diseases including cardiogenic shock, heart failure and
complex arrhythmias.> © More recently, a handful of reports from large academic centers
have suggested that CICUs are expanding their roles even further by caring for a growing
number of patients with chronic cardiovascular conditions who present with acute non-
cardiac illnesses such as sepsis and renal failure.”~2 This latest trend has raised some
concern among cardiologists, as caring for these groups of patients may require expertise in
critical care and non-cardiac procedures that fall beyond the purview of typical general
cardiology training.6: 10

In response, the American Heart Association (AHA) issued a scientific statement on the
future of critical care cardiology in 2012,11 pointing to the potential need for cardiologists to
expand training in managing critically-ill patients with chronic cardiovascular conditions
who present with primary non-cardiac diagnoses. In 2015, the American College of
Cardiology (ACC) followed this statement by publishing the Core Cardiovascular Training
Statement (COCATS 4) that outlined additional requirements in non-cardiac procedures like
ventilator management for trainees interested in critical care cardiology.? 13 Despite strong
interest by these professional organizations, comprehensive data on the number, types and
outcomes of patients admitted to CICUs across the U.S. with primary non-cardiac diagnoses
remain largely unknown outside of these few reports. This lack of data is concerning, as the
composition of CICU patients and their needs may be changing over time due to an aging
population4, declines in coronary artery diseasel®, and a shift in risk factors for
cardiovascular disease.1®

We examined changes in the number, types, and outcomes of hospitalized patients with
CICU stays between 2003 and 2013 in the U.S. using Medicare data. We chose this cohort
as it allows for a national evaluation while simultaneously focusing on elderly patients who
are at the highest risk for cardiovascular and non-cardiovascular critical illness.16 We
hypothesized that temporal trends in CICUs would demonstrate a rise in patients with
primary non-cardiac diagnoses, non-cardiac procedure utilization and risk-adjusted in-
hospital mortality. In addition, we evaluated how these trends varied across small, medium
and large hospitals given the large differences in the types of critical care services and
physician staffing available across such centers.
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METHODS

Data Sources and Study Population

We performed a retrospective cohort study of acute-care hospitalizations with CICU stays
among fee-for-service (FFS) Medicare beneficiaries aged 65 years or older using the 100%
Medicare Provider Analysis and Review (MEDPAR) files from 2003 to 2013. MEDPAR
data capture all billable diagnoses, procedures, demographics, and in-hospital outcomes
from hospitalized patients admitted with a CICU stay. All patients with fee-for-service
eligibility at the time of admission were included.

For this study, we defined hospitalization with a CICU stay using revenue center codes
within the claim records. Revenue center codes are used to identify billed services from
divisions or units within a hospital (e.g., radiology, emergency room, CICU, other ICUs). If
charges were listed for ICU services from both the CICU and other ICUs (e.g., Medical
ICU) during the same hospitalization, we classified the hospitalization as having a CICU
stay when the patient spent the largest number of ICU days in a CICU. We excluded patients
with hospitalizations in intermediate care units only. To avoid counting hospitalizations for
patients without cardiovascular disease temporarily ‘boarding’ in the CICU, we excluded
any patients who did not have a primary or secondary cardiac diagnosis at discharge (i.e.,
5.1% of total patients). This approach to excluding ‘boarders’ was evaluated in a sensitivity
analysis that showed consistent results (not reported but available from authors). Finally, to
ensure a consistent cohort of hospitals with CICUs, we included only those 806 hospitals
billing more than 20 hospitalizations with a CICU stay during every year throughout the
study period (i.e., from 2003 to 2013, consecutively).

Definition of Cardiac and Non-Cardiac Diagnoses

For all patients, we included demographic data (age, sex, and race) as well as extracted
information on hospital and CICU length of stay, principal and secondary /nternational
Classification of Diseases, 9" Revision, Clinical Modification (ICD-9-CM) diagnosis codes,
procedure codes, and discharge status (alive or dead). A patient could have only one primary
discharge diagnosis code but multiple secondary diagnosis codes. We used the Clinical
Classification Software (CCS) developed by the Agency for Healthcare Research and
Quality (AHRQ) to aggregate ICD-9-CM diagnosis codes into 281 unique diagnoses based
on the multi-level CCS categories.1’ Primary cardiac diseases encompassed those primary
discharge diagnosis codes delineated in multi-level CCS Category 7, “Diseases of the
Circulatory System,” and were consolidated into coronary artery disease, congestive heart
failure, valvular disease, dysrhythmias and other circulatory diseases. Primary non-cardiac
diseases included primary discharge diagnosis codes comprising other CCS Categories,
including respiratory, gastrointestinal, infectious, musculoskeletal/injuries, neurologic and
hematologic and oncologic disease, with infections specific to an organ system (e.g.
pneumonia) grouped under the infectious category.18 Details of assignments of individual
diagnoses into CCS Categories can be found in Supplementary Appendix Table A.
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Case Mix and Procedures

To better characterize changes in patient case mix during the study period, we identified
patients with cardiovascular and non-cardiovascular comorbidities using all primary and
secondary diagnosis codes from their index hospitalization according to the method
previously described by Elixhauser et al.19 We used 1CD-9-CM procedure codes to identify
non-cardiac procedures including invasive mechanical ventilation (96.70, 96.71, 96.72),
noninvasive mechanical ventilation (93.90), central venous catheterization (38.93), blood
transfusion (99.0X) and hemodialysis (39.95). For cardiac procedures, we used the
following ICD-9-CM procedure codes: pulmonary artery catheterization (89.63, 89.64,
89.66, 89.67, 89.68); right heart catheterization (37.21); implantation of pulsation balloon
(37.61); ventricular assist device (37.62, 37.63, 37.65, 37.66, 37.68); diagnostic cardiac
catheterization (37.22, 37.23, 88.50, 88.53); percutaneous coronary intervention (PCI; 00.66,
17.55, 36.06, 36.07, 36.09, 00.4X); and coronary artery bypass surgery (CABG; 36.1X,
36.2, 36.3, 36.9).

Statistical Analysis

Baseline distributions for patient demographics (age, sex, race, comorbidities), procedure
use, and outcomes are presented in 2-year intervals from 2003 to 2013 as means or
percentages of total admissions for the entire patient cohort. Categorical variables are
expressed as frequencies (percentages) and continuous variables as means or medians where
appropriate. We calculated the percentage of total hospitalizations with a CICU stay in each
disease category for each year. The denominator for these calculations was the total number
of hospitalizations each year in FFS Medicare beneficiaries. The results are presented using
stacked bar graphs, with the total height of each bar representing 100% of admissions. We
describe changes in the rankings of primary diagnoses across years, presenting the results in
Supplementary Appendix Table B and as online, interactive data visualization tools shown in
Supplementary Appendix C.

Both unadjusted and risk-adjusted in-hospital mortality were reported. Risk-adjusted, in-
hospital mortality rates were calculated using a logistic regression model that adjusted for
age, gender, race, and total number of Elixhauser comorbidities. We also examined whether
trends in primary non-cardiac diagnoses and risk-adjusted mortality varied across small (<
250 beds), medium (250-500 beds), and large (> 500 beds) hospitals during the study period
after linking the Medicare data to yearly data from the American Hospital Association
Annual Survey.

A p-value of less than 0.05 was used to determine statistical significance. All data
management and statistical analyses were performed using SAS version 9.2 (SAS Institute,
Cary, NC) and STATA version 14.0 (StataCorp, College Station, TX). The protocol for data
analysis was formally reviewed and approved by the Institutional Review Board of the
University of Michigan, Ann Arbor, MI.
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RESULTS

Demographic Trends

For the study period of January 1, 2003 to December 31, 2013, a total of 3.4 million
hospitalizations with a CICU stay were identified. The rate of CICU admissions per 1000
fee-for-service Medicare hospitalizations in the study cohort decreased from 93.7 in 2003 to
74.3 in 2013 (p < 0.001). Table 1 shows baseline characteristics of hospitalizations with a
CICU stay between 2003 and 2013. Demographic characteristics, including sex and race,
remained relatively stable over the study period. The mean age increased minimally from
77.1to 77.6, while the proportion of patients’ aged 85 years or older grew from 17.8% to
23.6% (p< 0.001).

Rise in Primary Non-Cardiac and Primary Cardiac Diagnoses Over Time

Primary non-cardiac diagnoses rose from 38.0% of hospitalizations with a CICU admission
in 2003 to 51.7% of hospitalizations in 2013 (p < 0.001) (Figure 1). The rise in primary non-
cardiac diagnoses was not attributable to a single condition, but the largest increases resulted
from primary diagnoses of infectious diseases (7.8% to 15.1%) and non-infectious
respiratory diseases (6.0% to 7.6%) (v < 0.001 for both) (Figure 1). During the same
interval, a corresponding decline in primary cardiac diagnoses was observed (Figure 1)
largely due to a substantial decrease in primary diagnoses of coronary artery disease (CAD)
from 32.3% to 19.0% (p for trend < 0.001). A more modest decrease in primary diagnoses of
congestive heart failure (CHF) was noted from 9.8% to 7.5% (o for trend < 0.001). When
individual discharge diagnoses were considered as opposed to grouped CCS categories,
similar patterns were observed. For instance, acute myocardial infarction declined from
16.0% to 12.0% during the study period, although it remained the single most common
discharge diagnosis in 2013. Sepsis increased from the eleventh most common individual
discharge diagnosis in 2003 (1.9%) to the second most common discharge diagnosis in 2013
(9.2%). A complete list of the individual diagnoses categorized by the CCS and their
changes over time are illustrated through online data visualization tools shown in
Supplementary Appendix C.

Changes in Comorbidities Over Time

From 2003 to 2013, the percentage of CICU patients with comorbidities increased (Table 1).
The number of patients with three or more comorbidities grew from 32.9% in 2003 to 54.6%
in 2013 (p < 0.001). For cardiovascular comorbidities, the number of patients with CHF
increased 2.6-fold (13.9% to 34.4%), pulmonary vascular disease 5.9-fold (1.2% to 7.1%),
and valvular heart disease 2.0-fold (5.0% to 9.8%) (p < 0.001 for all) (Table 1). However, the
number of patients with hypertension (54.5% to 56.8%), diabetes mellitus (24.7% to 24.5%),
and anemia (9.9% to 10.4%) remained relatively stable over this time period (Table 1).

Changes in Procedures and Mortality Over Time

Several changes in non-cardiac and cardiac procedures were observed during the study
period from 2003 to 2013 (Table 2). For instance, mechanical (9.7% to 11.7%) and non-
invasive ventilation rates (1.1% to 4.8%), central venous catheter use (7.6% to 8.8%),
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hemodialysis rates (3.4% to 4.8%), and transfusion use (10.2% to 14.0%) increased (p <
0.001 for all) (Table 2). With respect to cardiac procedures, pulmonary artery catheterization
decreased from 1.8% to 1.1%, diagnostic cardiac catheterization declined from 25.7% to
16.5%, and PCI decreased from 12.2% to 9.1% (p < 0.001 for all) (Table 2). Similarly,
CABG declined from 10.1% to 7.2% (p < 0.001). Mechanical circulatory support, in the
form of intra-aortic balloon pump and ventricular assist device placement, remained stable
over the study period from 1.8% to 1.9% (Table 2). The unadjusted in-hospital mortality rate
decreased from 9.3% to 8.9% (p < 0.001) (Table 2).

Figure 2 shows risk-adjusted, in-hospital mortality rates over time in CICU patients in the
overall cohort and stratified by primary non-cardiac and cardiac diagnoses. Risk-adjusted
mortality declined modestly for patients admitted with primary non-cardiac diagnoses from
13.0% in 2003 to 11.2% in 2013 (o < 0.001) while risk-adjusted mortality was lower for
patients admitted with primary cardiac diagnoses and remained relatively stable between
6.9% in 2003 and 6.6% in 2013. For the overall cohort, risk-adjusted mortality declined
slightly from 9.3% to 8.9% (0 < 0.001), similar to what was observed in the unadjusted
analysis.

Factors Associated with Primary Non-Cardiac Diaghoses and Findings Across Hospital

Size

Table 3 describes differences in baseline characteristics, comorbidities, procedure use, and
outcomes among patients with primary non-cardiac and cardiac diagnoses in 2012 and 2013.
Patients with primary non-cardiac diagnoses were older (mean age 78 versus 77 years; p <
0.001), and were more likely to be women (52.5% versus 46.8%; p < 0.001) and black
(10.7% versus 8.9%; p < 0.001) as compared with patients with primary cardiac diagnoses.
Patients with primary non-cardiac diagnoses had higher rates of non-cardiac procedure
utilization including mechanical (16.0% versus 6.5%; p < 0.001) and non-invasive (5.6%
versus 3.3%; p < 0.001) ventilation, central venous catheterization use (13.2% versus 5.1%;
p<0.001), hemodialysis (5.9% versus 3.5%; p< 0.001) and transfusion use (18.5% versus
9.7%; p< 0.001) (Table 3). Patients with primary non-cardiac diagnoses also had higher
unadjusted in-hospital mortality over the study period (10.9% versus 6.3%; p < 0.001)
(Table 3). The proportion of primary non-cardiac diagnoses steadily increased at the same
rate over the study period across small, medium, and large hospitals (p for interaction effect
> 0.05), although primary non-cardiac diagnoses were more common at small hospitals
overall (Figure 3). In particular, primary non-cardiac diagnoses increased from 44.7% to
58.1% at small hospitals, 38.2% to 51.0% at medium hospitals, and 29.9% to 45.6% at large
hospitals (p < 0.001 for all) (Figure 3).

DISCUSSION

Our study describes the changing face of critical care cardiology by examining population
shifts and disease compositions over the last decade in fee-for-service Medicare
hospitalizations with CICU stays in the United States. Specifically, we found that
hospitalizations with a CICU stay are increasing for primary non-cardiac diagnoses while
hospitalizations with a primary diagnosis of CAD have markedly declined. In addition, we
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found that co-morbidities—both cardiovascular and non-cardiovascular—have dramatically
increased. CICU stays with primary non-cardiac diagnoses had higher rates of non-cardiac
procedure use and higher risk-adjusted, in-hospital mortality. However, overall length of stay
and risk-adjusted mortality did not worsen over time, and in fact, declined for the latter.
These findings overall suggest the CICU may be increasingly becoming a setting where
patients with cardiovascular disease are treated for a variety of acute, high-risk illnesses
without compromising overall care.

We believe many factors are potentially driving the increase in patients with primary non-
cardiac diagnoses receiving CICU care. Most importantly, significant improvement in the
prevention and contemporary management of several acute cardiovascular diseases has
occurred in recent years.20 For example, population-based rates of AMI have decreased
substantially in the U.S. and the risk-adjusted mortality associated with those who suffer
these events has also declined.21-23 Concurrent with the improvements in care for primary
cardiac disease, the prevalence in cardiovascular comorbidities has also risen over time.18
This is due to both higher survival rates after acute events and an aging population, leading
to a higher prevalence of heart failure, pulmonary vascular disease, and valvular heart
disease. As these patients with chronic cardiovascular conditions are hospitalized, more of
them may be brought to the CICU for any critical care needs.

A second possibility is that patients who might have been previously treated in traditional
ICUs are now being managed in CICUs as hospitals attempt to maintain bed occupancy with
declines in coronary artery disease. Our findings of a modest decline in the rate of
hospitalizations with a CICU stay supports this possibility. Third, another reason may be that
current non-cardiovascular critical care providers may feel unprepared in the management of
complex cardiovascular critical illness in medical ICUs leading to a greater proportion of
these patients being managed in the CICU.10 Fourth, the shift in coding toward primary non-
cardiac diagnoses may reflect changes in reimbursement that encourage ‘up-coding’ or
shifting of diagnoses toward higher categories of complex conditions. The fact that we found
greater rates of co-morbidities despite stable-to-improving risk adjusted outcomes suggests
this possibility. Unfortunately, the extent to which these phenomena are occurring is difficult
to determine from the current analyses.

Regardless of the drivers of these changes, the significant evolution in the case mix of the
CICU may have important ramifications for training and staffing models in cardiology,
especially given the complexity of patients with primary non-cardiac diagnoses.2
Advanced, specialized training in critical care has not been specifically a part of most
cardiologists’ training. A recent AHA position statement recognized this concern and
suggested that the workforce around CICUs be geared toward a broader set of skills
extending beyond the toolkit of general cardiologists.!! Reinforcing these concerns, in a
2012 survey of 178 medical directors of ICUs caring for cardiac patients, 81% of
respondents identified an unmet need for cardiologists for intensivist training and
expertise.2> Most recently, COCATS 4 added a new task force on training in critical care
cardiology indicating those who wish to obtain level 111 or advanced training must complete
a 1-year clinical fellowship in critical care medicine within the Department of Medicine in
addition to the 3-year cardiovascular medicine fellowship.12: 13 Thus, given the complex
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patient care environment and escalating acuity of patients with primary non-cardiac
diagnoses, the role of the intensivist in the CICU warrants further examination. Whether
contemporary CICU providers should either co-manage with an intensivist or develop
specialized expertise and in-depth knowledge to manage these heterogeneous, high-risk
patients remains uncertain. Ultimately, the optimal care delivery model will have significant
implications for the entire cardiac critical care team, including nurses, respiratory therapists,
and pharmacists amongst others.

We also found that procedure use has significantly increased in CICUs over the past decade
—atrend explained, in part, by the greater numbers of hospitalizations for primary non-
cardiac diagnoses. Patients with primary non-cardiac diagnoses had higher rates of
hemodialysis, transfusion use, mechanical and non-invasive ventilation, and central venous
catheter use as well as higher unadjusted and risk-adjusted in-hospital mortality over the
study period. Thus, CICUs have a heterogeneous patient case mix that, in many ways,
mimics general medical intensive care units.5: 18 These findings are consistent with prior
single center studies demonstrating shifts in demographic characteristics, discharge
diagnoses, procedure use and outcomes over time in CICUs.” 26 Qur study extends these
findings nationally, demonstrating these important temporal trends are not limited only to
select academic medical centers. A final noteworthy observation was a steady decline in
CICU hospitalizations from 2003 to 2013 from 93.7% to 74.3% (CICU per 1000 FFS
hospitalizations). These findings are potentially explained by recent work demonstrating
increases in billing for intermediate care among hospitalized Medicare beneficiaries between
1996 and 2010.27 Additional work is needed to identify drivers of this trend and its
implications for CICUEs.

Our study should be interpreted in the context of the following limitations. First, our analysis
was derived from an administrative database and restricted to elderly patients hospitalized in
the CICU, namely fee-for-service Medicare beneficiaries aged 65 years or older. Although
national Medicare data provides a reasonable representation of CICU trends with respect to
patient characteristics and diagnoses, our findings need to be confirmed in additional studies
involving a broader payer mix and age distribution. Secondly, we did not specifically
analyze the type of provider delivering care in the CICU (i.e., cardiologist vs. intensivist).
However, this study illustrates important shifts in patterns of care in the modern CICU
regardless of provider type. Understanding the types of providers involved with the care of
patients with primary non-cardiac diagnoses in the CICU might help evaluate different
models for care delivery.28 Third, we excluded 'boarders’ from our primary analysis to avoid
counting hospitalizations for any patients who did not have a primary or secondary cardiac
diagnosis at discharge. Although a sensitivity analysis was performed including these
patients, our primary objective was to describe the types of patients being cared for in
CICUs and not necessarily delineate the overall burden of critical care in patients with
cardiovascular disease. Indeed, by describing all patients managed in CICUs (rather than
cardiac patients in all ICUs), we have extended the literature on the types of patients and
procedures provided in that setting and their implications for care delivery, staffing and
training. Fourth, our risk-adjusted, in-hospital mortality models could not adjust for
physiologic variables or severity of illness. Finally, our study relies on Medicare claims data
and thus cannot specifically address the mechanisms driving the underlying shifts, such as
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changes in coding practices, changes in disease burden, or changes in ICU or hospitalized
patients overall. Future work should probe these mechanisms and investigate the training
and staffing implications of this evolving case mix in the cardiac intensive care unit.

Conclusions

We found major shifts in discharge diagnoses among fee-for-service Medicare beneficiaries
hospitalized in CICUs from 2003 to 2013, with declining rates of discharges associated with
primary cardiac diagnoses accompanied by a rise in patients with primary non-cardiac
diagnoses and cardiovascular comorbidities. Furthermore, we found that patients with
primary non-cardiac diagnoses had higher rates of procedure use and worse outcomes
although their risk-adjusted in-hospital mortality is declining over time. Our work has
important clinical and policy implications, including the development of appropriate training
and staffing models for the future critical care workforce.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is Known

. Prior reports suggest cardiac intensive care units (CICUs) are increasingly
managing complex patients with acute non-cardiac illnesses such as sepsis
and renal failure but this evidence is derived from a handful of large academic
centers.

. No national data on the number, types and outcomes of patients admitted to
CICUs across the U.S. with primary non-cardiac diagnoses currently exist.

What the Study Adds

. Using national data from fee-for-service Medicare beneficiaries with CICU
stays in the United States, we found declining rates of discharges associated
with primary cardiac diagnoses accompanied by a concomitant rise in patients
with primary non-cardiac diagnoses and secondary cardiovascular
comorbidities.

. Patients with primary non-cardiac diagnoses also had higher rates of
procedure use and worse outcomes, but overall rates of risk-adjusted mortality
declined slightly over time.

. These findings have important clinical and policy implications, including the
development of appropriate training and staffing models for the future critical
care workforce within cardiology.
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Figure 1.

Primary Diagnosis by Disease Category Among Elderly Patients with a Cardiac Intensive
Care Unit Stay Between 2003 and 2013
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Table 3

Characteristics, Procedures and Outcomes of Patients with Primary Cardiac and Non-Cardiac Diagnoses
Admitted to the CICU in Years 2012 and 2013

Non-Cardiac Cardiac

Number of Hospitalizations n=260,742 n=243,398
Age (mean) 78 77
65-74 37.3 41.8
75-84 36.8 36.8
85-94 235 19.7
95+ 24 1.7
Sex
Male 475 53.2
Female 52.5 46.8
Race
White 83.3 85.9
Black 10.7 8.9
Other 6.0 5.1

Elixhauser Comorbidities

0-1 17.5 19.6
2 27.2 26.1
23 55.4 54.3
Hypertension 56.4 60.7
Diabetes Mellitus 224 27.0
Obesity 3.9 6.2
Congestive Heart Failure 30.8 37.2
Valvular Heart Disease 6.1 13.8
Pulmonary Circulatory Disease 6.0 7.6
Peripheral Vascular Disease 7.4 9.7
Chronic Pulmonary Disease 19.4 21.4
Renal Failure 19.2 20.4
Malignancy 7.6 3.6

General Invasive Procedures

Mechanical Ventilation 16.0 6.5
Non-Invasive Ventilation 5.6 3.3
Central Venous Catheterization 13.2 51
Hemodialysis 5.9 35
Transfusion 18.5 9.7

Cardiac Procedures

Pulmonary Artery Catheterization 0.3 19

Mechanical Circulatory Support 0.3 3.6
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Non-Cardiac Cardiac
Diagnostic Cardiac Catheterization 3.1 30.9
Percutaneous Coronary Intervention 15 17.4
Coronary Artery Bypass Surgery 0.4 13.7
Length of Stay (days)
Median CICU LOS (IQR) 3 (2-6) 3(2-5)
Median Hospital LOS (IQR) 6 (3-10) 5 (2-8)
Unadjusted In-Hospital Mortality 10.9 6.3

Mechanical Circulatory Support includes intra-aortic balloon pump placement and ventricular device placement.

Abbreviations: LOS = length of stay; IQR = interquartile range.

< 0.001 for all comparisons except median CICU LOS. All values are reported as percentages unless otherwise noted
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