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The burden of cardiovascular events among patients hospitalized with severe sepsis and
the association of these events with in-hospital mortality is not well known. We examined
the incidence of cardiovascular events and their association with in-hospital mortality
among patients with severe sepsis. Patients with severe sepsis from the New York State
Inpatient Database from 2012 through 2014 were identified using a validated Interna-
tional Classification of Diseases 9th Revision, Clinical Modification code 995.92. The pri-
mary outcome was the incidence of cardiovascular events during the hospitalizations,
defined as a composite of ischemic, acute heart failure, or arrhythmic events and the sec-
ondary outcome was in-hospital mortality. Multivariable logistic regression models were
used to compare the risk of in-hospital mortality among severe sepsis patients with and
without cardiovascular events. A total of 117,418 patients (mean age, 70.8 years; 50.4%
males, 59.5% whites) with severe sepsis occurred during the study period 2012 to 2014.
New-onset (incident) cardiovascular event occurred in 13.1%, ischemic events in 4.5%,
acute heart failure events in 2.3%, and arrhythmic events in 8.0% of patients, respec-
tively. An estimated 32.9% of patients with severe sepsis died during their hospitalization.
Severe sepsis patients with new-onset cardiovascular events were associated with 30%
higher odds for in-hospital mortality (odds ratio: 1.30; 95% CI: 1.23 to 1.37, p < 0.001) as
compared with patients without cardiovascular events in multivariable adjusted model. In
conclusion, among patients with severe sepsis, incident cardiovascular events occur fre-
quently. Further research is required to improve recognition and treatment of new-onset
cardiovascular events in patients with severe sepsis. © 2019 Elsevier Inc. All rights
reserved. (Am J Cardiol 2019;123:1406—1413)

Sepsis is associated with significant morbidity and mortal-
ity and accounts for 33% to 50% of deaths occurring in
United States (US) hospitals."” Sepsis has also been recog-
nized as an important cause of postdischarge morbidity and
mortality.™ Early goal-directed therapy in sepsis has
not resulted in the anticipated beneficial effects on outcomes
particularly in-hospital mortality,” highlighting the unmet
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need to examine sepsis mortality carefully. An increased
risk of cardiovascular events in sepsis has previously
been demonstrated in the population-based observational
studies.”” However, these studies are limited by a lack of
comprehensive exploration of all incident cardiovascular
events. The independent effect of incident (new-onset) car-
diovascular events on in-hospital mortality among adults
with severe sepsis is unknown and risk paradigms remain
underevaluated. Furthermore, the frequency, characteristics,
and outcomes of patients with severe sepsis who develop car-
diovascular events are not known due to a lack of large
epidemiologic studies in this population. We conducted
a population-based assessment of incident cardiovascular
events occurring in patients with severe sepsis, and the effect
of these cardiovascular events on in-hospital mortality.

Methods

We used data from the New York state inpatient data-
base (SID) for our study.8 The New York SID was con-
structed using the information from the New York State
Department of Health’s Statewide Planning and Research
Cooperative System.® The New York SID contains the
information of inpatient care from acute care hospitals,
diagnostic treatment centers, and residential health care
facilities excluding federal and long-term acute care hospi-
tals.® Each entry in the New York SID contains
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demographics, mode of admission and discharge, length of
stay, up to 26 diagnoses, 15 procedure fields, and encrypted
patient linkage variable (i.e., VisitLink).9 Furthermore,
each entry of the New York SID has a unique present on
admission (POA) identifier indicating whether the diagnosis
was present at the time of admission or developed during
the hospitalization.”

All patients with age >18 years between the years 2012
to 2014 were examined. Patients with index hospitalization
for severe sepsis using the previously validated definition
of the International Classification of Diseases 9th Revision,
Clinical Modification (ICD-9-CM) diagnostic code 995.92
in diagnosis fields were eligible for inclusion (Figure 1).’
Patients with severe sepsis in our study cohort who had car-
diovascular events present at the time of admission were
identified utilizing the POA indicator and were excluded
from the primary analyses (Figure 1).

We used the variables provided by the New York SID to
identify baseline demographics (age, gender, and race). The
Elixhauser co-morbidity index'” and previously published
ICD-9-CM codes were used to identify the baseline comor-
bidities (Online Table 1). Acute organ failure, do not resus-
citate (DNR) status, infection source, pathogen type, and
right heart catheterization were also identified using previ-
ously published ICD-9-CM codes (Online Table 1).

The primary end point of our study was the occurrence
of incident (new-onset) cardiovascular events during severe
sepsis hospitalizations in a study cohort where cardiovascu-
lar events present on admission were excluded by applying
the POA indicator. Incident cardiovascular events were
defined as a composite of ischemic, acute HF, or arrhythmic
events. The ICD-9-CM based definitions of the individual

Figure 1. Flow diagram describing selection of patients with severe sepsis.
CV = cardiovascular.

subtypes of the composite outcome have been previously
published and are detailed in Online Table 2. Ischemic
events were defined as a composite of acute myocardial
infarction or ischemic stroke. Acute HF events were classi-
fied as an occurrence of either acute (or acute on chronic)
systolic or diastolic HF. Any new-onset occurrence of the
following arrhythmias was defined as an arrhythmic
event: atrial fibrillation, atrial flutter, atrio-ventricular
block, supra-ventricular tachycardia, ventricular tachy-
cardia, or ventricular fibrillation. This approach of
identifying an incident arrhythmic event has been previ-
ously used.”"!

All analyses were performed in SAS 9.4 (SAS institute,
Cary, NC). All analyses were performed in accordance with
the AHRQ practices.'” Baseline continuous variables were
presented as mean =+ standard deviation (normally distrib-
uted) or medians with interquartile range (non-normally dis-
tributed). Categorical variables were presented as frequencies
and percentages using appropriate statistical procedures.

The incidence of cardiovascular events and the event sub-
types were calculated. The results were presented as total
events and event rate per 100 patients with severe sepsis.

We performed multivariable logistic regression analy-
ses to examine the factors associated with adverse cardio-
vascular events.” All regression models were developed
using an automated step-wise selection of variables
known to affect outcomes in severe sepsis.” We included
demographics (age, gender, race), Elixhauser derived
comorbidities, DNR status, number of acute organ fail-
ure, right heart catheterization, and infection-related
characteristics (source of infection and pathogen type) as
covariates in multivariable model. The odds ratio (OR)
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of positive predictors were plotted in descending order of
magnitude using the forest plots. These analyses were
repeated to determine variables associated with ischemic,
acute HF, or arrhythmic events. The relative importance
of factors associated with cardiovascular events were
generated and presented as a heat map. The darker
shades in the heat map were used to show a higher pro-
portion of Wald chi-square statistic of that factor to over-
all global Wald chi-square for the logistic model.

We utilized a multivariable logistic regression model to
estimate the odds for in-hospital mortality among patients
with severe sepsis with and without cardiovascular events.
Multivariable logistic regression models with increasing
levels of adjustment were used to ascertain independent
risk of in-hospital mortality associated with cardiovascular
events. The following variables were used as covariates in
models: age, race, gender, Elixhauser derived comorbid-
ities, DNR status, pulmonary artery catheterizations, type
of pathogen, source of infection and acute organ failure.
Estimated risk of in-hospital mortality was presented as OR
with 95% confidence interval (CI).

Sensitivity analyses were conducted to determine (1) the
impact of any new-onset (incident) cardiovascular event on
in-hospital mortality by stratifying severe sepsis patients
with and without concomitant presence of septic shock
(ICD-9-CM 785.52); (2) the odds for in-hospital mortality
in patients with severe sepsis who had cardiovascular event
on admission compared with patients who did not have any
cardiovascular event. Both these analyses were conducted
using multivariable logistic models adjusted for: age, race,
gender, Elixhauser derived comorbidities, DNR status, pul-
monary artery catheterization, type of pathogen, source of
infection and acute organ failure.

Results

A total of 117,418 patients with severe sepsis who
were admitted to hospitals in New York state were
eligible for inclusion in our study (Figure 1). The mean
age of eligible adults with severe sepsis hospitalizations
was 70.8 £ 16.2 years, 50.4% were male, 59.5% white,
16.0% black, and 10.2% Hispanic (Table 1). Hypertension
(58.2%), history of HF (28.5), diabetes (25.8), dyslipidemia
(25.8%), and chronic pulmonary disease (24.8%) were the
most common co-morbidities among hospitalizations with
severe sepsis (Table 1). Among the eligible patients, 23.1%
had DNR status, and 46.1% were associated with acute fail-
ure of >3 organs. The most common pathogens identified
among severe sepsis hospitalizations were gram negative
bacteria (17.7%), gram positive bacteria (11.3%), fungi
(0.4%), or a combination of pathogens (1.8%). No patho-
gens were identified in 68.5% of patients with severe sepsis.
Bacteremia occurred in 25.5% of patients with severe sep-
sis. Pulmonary artery catheterization was performed in
0.7% of patients with severe sepsis (Table 1).

Among 117,418 patients with severe sepsis, prevalent
cardiovascular event (present on admission) was present in
39,093 patients with severe sepsis. After excluding patients
with prevalent cardiovascular event, a total of 78,325
patients with severe sepsis was included for the primary
outcome (i.e., incident of cardiovascular event). Incident

cardiovascular events (a composite of ischemic, acute HF,
or arrhythmic events) occurred in 9,074 (~13%). Figure 2
shows the frequency of events and its subtypes. Some
patients (N=1,113; ~1.4%) experienced multiple (i.e.,
more than one) cardiovascular events. Some patients expe-
rienced multiple cardiovascular events. Among the patients
who developed incident cardiovascular events, arrhythmic
events were most frequent (n =5,524; ~8.0%), followed by
ischemic (n=3,121; 4.5%), and acute HF events (n=1,617;
2.3%). Among severe sepsis patients with ischemic events,
acute myocardial infarction (n=2,293; 3.3%) was more
common than ischemic stroke (n=929; 1.3%). We noted
similar rate of acute systolic HF (n=793; 1.1%) as well as
acute diastolic HF (n=824; 1.2%) amongst severe sepsis
patients with acute HF events. Among arrhythmic events,
atrial fibrillation (n=3,085; 4.5%) occurred most frequently
followed by ventricular tachycardia (1.9%), atrial flutter
(1.0%), atrioventricular block (0.8%), ventricular fibrillation
(0.4%), and supraventricular tachycardia (0.4%).

Results of the multivariable analysis of positive factors
associated with incident cardiovascular event during severe
sepsis are shown in Online Figure 1, Panel A. Factors asso-
ciated with an increased risk of incident cardiovascular
event during severe sepsis included demographics (increas-
ing age, male gender, and white race), comorbidities (his-
tory of HF, and peripheral vascular disease), and acute
factors (right heart catheterization, increasing number of
organ failures, and gram-positive, fungal organisms or
combined pathogens) (Online Figure 1, Panel A). The
strength of association of risk factors in multivariate models
was profiled using heat map (Figure 3). The heat map
depicted that history of HF, age, and increasing number of
acute organ failure were the most strongly associated (>5%
contribution to global Wald score) with any incident cardio-
vascular event. Results of the individual multivariable anal-
yses of factors associated with ischemic, acute HF, or
arrhythmic events were similar to factors associated with
the development of incident cardiovascular events and
were shown in (Online Figure 1, Panels B-D).

In-hospital mortality occurred in 38,664 (32.9%) of
the overall patients with severe sepsis. A total of 15,024
(38.4%) severe sepsis patients with cardiovascular events
present on admission died during the hospitalization. In
the unadjusted analysis, we observed that severe sepsis
patients with incident cardiovascular events were more
likely to have higher in-hospital mortality as compared
with those who did not have any cardiovascular events
(40.9% vs. 28.8, OR: 1.72; 95% CI: 1.64-1.80, p <
0.001). After adjusting for age, gender, and race, occur-
rence of new-onset (incident) cardiovascular event during
severe sepsis hospitalizations was associated with a 62%
higher odds for in-hospital mortality compared with
patients without cardiovascular events (OR: 1.62; 95%
CI: 1.55-1.69, p < 0.001) (Table 2). In the fully adjusted
models for comorbidities, patient characteristics, DNR
status, pulmonary artery catheterization, and sepsis sever-
ity, the association of incident cardiovascular events with
in-hospital mortality was attenuated but remained signifi-
cantly higher compared with severe sepsis patients who
did not have cardiovascular events (OR: 1.30; 95% CI:
1.23-1.37, p < 0.001) (Table 2).
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Table 1

Characteristics of hospitalizations with severe sepsis.

Characteristics Overall No CV Event CV Event Present Any New-Onset New-Onset New-Onset Acute New-Onset
(N=117,418) (N=69,251) on Admission CV Event Ischemic Events Heart Failure Events Arrhythmic Events
(N'=39,093) (N=9,074) (N=3,121) (N=1,617) (N=5,524)
Age (years) 70.8 £16.2 673x17.2 769 £12.9 71.6 143 70.8 £14.3 72.6 £14.2 723+ 14.0
Men 59,187 (50.4%) 34,102 (49.2%) 20,302 (51.9%) 4,783 (52.7%) 1,623 (52.0%) 770 (47.6%) 3,018 (54.6%)
Race/Ethnicity
White 69,901 (59.5%) 38,400 (55.5%) 25,857 (66.2%) 5,644 (62.2%) 1,816 (62.1%) 1,093 (67.6%) 3,526 (63.9%)
Black 18,825 (16.0%) 12,476 (18.0%) 5,012 (12.8%) 1,337 (14.7%) 518 (16.6%) 168 (10.4%) 791 (14.3%)
Hispanic 11,983 (10.2%) 8,015 (11.6%) 3,192 (8.2%) 776 (8.6%) 300 (9.0%) 145 (8.9%) 439 (8.0%)
Other 16,709 (14.2%) 10,306 (15.0%) 5,016 (12.8%) 1,314 (13.5%) 486 (12.6%) 211 (13.0%) 766 (13.9%)
Comorbidities
Prior Heart Failure 33,480 (28.5%) 10,807 (15.6%) 19,351 (49.5%) 3,322 (36.6%) 980 (31.4%) 1,537 (95.1%) 1,553 (28.1%)
Prior PVD 10,765 (9.2%) 5,166 (7.5%) 4,531 (11.6%) 1,068 (11.8%) 397 (12.7%) 209 (12.9%) 626 (11.3%)
Obesity 12,463 (10.6%) 7,324 (10.6%) 4,154 (10.6%) 985 (10.9%) 277 (8.9%) 194 (12.0%) 616 (11.2%)
Prior MI 5,674 (4.8%) 2,606 (3.8%) 2,643 (6.8%) 425 (4.7%) 145 (4.7%) 83 (5.1%) 252 (4.6%)
Hypertension 68,397 (58.2%) 38,019 (54.9%) 25,268 (64.6%) 5,110 (56.3%) 1,769 (56.7%) 870 (53.8%) 3,146 (57.0%)
Dyslipidemia 30,291 (25.8%) 16,691 (24.1%) 11,419 (29.2%) 2,181 (24.0%) 723 (23.2%) 407 (25.2%) 1,346 (24.4%)
Chronic Pulmonary Disease 29,128 (24.8%) 15,742 (22.7%) 11,214 (28.7%) 2,172 (23.9%) 669 (21.4%) 420 (26.0%) 1,331 (24.1%)
Diabetes Mellitus 30,276 (25.8%) 17,418 (25.2%) 10,767 (27.5) 2,091 (23.0%) 772 (24.7%) 331 (20.5%) 1,233 (22.3%)
DNR Status 27,151 (23.1%) 14,888 (21.5%) 10,323 (26.4%) 1,940 (21.4%) 664 (21.3%) 296 (18.3%) 1,223 (22.1%)

Acute Organ Failures

Total Number of Organ Failures, mean (SD) 25+x14 23x14 2714 3.0x14 32+x14 29+14 30x14
0 4,389 (3.7%) 3,214 (4.6%) 1,045 (2.7%) 130 (1.4%) 36 (1.2%) 23 (1.4%) 89 (1.6%)
1 27,212 (23.2%) 18,520 (26.7%) 7,535 (19.3%) 1,157 (12.8%) 293 (9.4%) 223 (13.8%) 746 (13.5%)

2 31,662 (27.0%) 19,051 (27.5%) 10,566 (27.0%) 2,045 (22.5%) 660 (21.2%) 416 (25.7%) 1,242 (22.5%)
>3 54,155 (46.1%) 28,466 (41.1%) 19,997 (51.0%) 5,742 (63.3%) 2,132 (68.3%) 955 (59.1%) 3,447 (62.4%)
Right Heart Catheterization 786 (0.7%) 199 (0.3%) 489 (1.3%) 98 (1.1%) 40 (1.3%) 30 (1.9%) 47 (0.9%)
Pathogen Type

Gram Positive 13,287 (11.3%) 7,490 (10.8%) 4,620 (11.8%) 1,177 (13.0%) 443 (14.2%) 225 (13.9%) 677 (12.3%)
Gram Negative 20,759 (17.7%) 12,812 (18.5%) 6,293 (16.1%) 1,654 (18.2%) 543 (17.4%) 306 (18.9%) 1,014 (18.4%)
Fungal 417 (0.4%) 248 (0.4%) 109 (0.3%) 60 (0.7%) 21 (0.7%) 9 (0.6%) 37 (0.7%)
Combination of Pathogens 2,150 (1.8%) 1,280 (1.8%) 646 (1.7%) 224 (2.5%) 75 (2.4%) 42 (2.6%) 147 (2.7%)
None Specified 80,805 (68.5%) 47,421 (68.5%) 27,425 (70.2%) 5959 (65.7%) 2,039 (65.3%) 1,035 (64.0%) 3,647 (66.0%)
Source of Infection

Primary Bacteremia 29,979 (25.5%) 18,272 (26.4%) 9,409 (24.1%) 2,298 (25.3%) 842 (27.0%) 327 (20.2%) 1,438 (26.0%)
No Primary Bacteremia 87,439 (74.5%) 50,979 (73.6%) 29,684 (75.9%) 6,776 (76.7%) 2,279 (73.0%) 1,290 (79.8%) 4,086 (74.0%)
Septic Shock 64,115 (54.6%) 36,233 (52.3%) 22,114 (56.6%) 5,768 (63.6%) 2,072 (66.4%) 901 (55.7%) 3,557 (64.4%)

51528 242028 Ul KJ1DILOJ pUD SJUIAT AD/2SDaSI K421y £4DUO0L0D)

Data were presented in mean =+ SD or n (%)

COPD = chronic pulmonary disease, CV = cardiovascular, DNR = do not resuscitate, HF = heart failure, MI = myocardial infarction, PVD = peripheral vascular disease.
Obesity was identified using ICD-9-CM code 278.00 and 278.01.

Dyslipidemia was identified using ICD-9-CM code 272.x (Disorders of lipid metabolism).

60¥1
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Figure 2. Bar graph displaying the rates of cardiovascular events and their components per 100 patients with severe sepsis.
Data are presented as number of events with standard error per 100 patients with severe sepsis.
A-fib = atrial fibrillation; A-Flutter = atrial flutter; AMI =acute myocardial infarction; AV = atroventricular; CV = cardiovascular; SVT = supraventricular

tachycardia; VT = ventricular tachycardia.

Any Cardiovascular

Variables Event

History of HF|

Age

Number of Organ Failures
White Race

Right Heart Catheterization
Peripheral Vascular Disease
Male Gender

Source of Infection
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Figure 3. Heat map of the relative contribution of factors that were associated with cardiovascular events in multivariate models.
The bicolor scale is displayed on the right. The darker red tones denote a greater percentage contribution of factor or variable to the global Wald score for
association of a specific outcome. The numbers in boxes indicate the percentage contribution. (Colour version of figure is available online.).

CV = cardiovascular; DNR = do not resuscitate; HF = heart failure.

In our sensitivity analyses for severe sepsis patients with
concomitant septic shock, the rates of in-hospital mortality
was higher among those who had incident cardiovascular
event compared with patients who did not have (46.8% vs.
39.1%, 1.37; 95% CI: 1.29-1.45, p < 0.001) (Online Table 3).
Similarly, patients without septic shock who developed a
cardiovascular event had higher rates of in-hospital mor-
tality as compared with patients without a cardiovascular
event (30.7% vs. 17.4%, OR:2.10; 95% CI: 1.94-2.28, p <
0.001) (Online Table 4). In fully adjusted models, we

observed that the odds for in-hospital mortality associated
with incident cardiovascular events in patients with severe
sepsis with (OR: 1.18; 95% CI: 1.11-1.26, p > 0.001) and
without septic shock (OR: 1.59; 95% CI: 1.46-1.75, p <
0.001) remained significantly higher as compared with
patients who did not have any cardiovascular event
(Online Tables 3 and 4).

In an unadjusted analysis, the odds of mortality were
1.55 times greater in severe sepsis patients with a cardio-
vascular event present on admission than in patients
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Table 2
Analyses to explore the impact of any new-onset (incident) cardiovascular
event on in-hospital mortality.

In-hospital mortality Odds ratio (95% CI)  p value

1.72 (1.64-1.80) <0.001
1.62 (1.55-1.69) <0.001
1.58 (1.51-1.66) <0.001

Unadjusted
Demographics adjusted
Demographics and
comorbidities adjusted
Demographics, comorbidities,
DNR status, infection related factors,
and Acute organ failure
adjusted (Primary Analysis)

1.30 (1.23-1.37) <0.001

Demographics: age, gender, race.

Acute organ failures: as defined in online Table 1 coded as 0, 1, 2 or >3.

Comorbidities: Elixhauser derived comorbidities (diabetes, hyperten-
sion, obesity, history of heart failure, chronic pulmonary disease, periph-
eral arterial disease, prior myocardial infarction, and dyslipidemia and
right heart catheterization).

Infection related: source of infection, and pathogen type.

AR% = attributable risk percentage; DNR = do not resuscitate.

without a cardiovascular event (38.4% vs. 28.8%, OR: 1.55;
95% CI: 1.51-1.59, p < 0.001) (Online Table 5). In the mul-
tivariable adjusted model, the odds of in-hospital mortality
in patients with a prevalent cardiovascular event (present
on admission) compared with patients without cardiovascu-
lar event was attenuated but remained significant (OR: 1.25;
95% CI: 1.21-1.29, p < 0.001) (Online Table 5). We found
4% higher odds of mortality between patients that had inci-
dent cardiovascular event compared with those who had prev-
alent cardiovascular events (OR: 1.04; 95% CI: 0.98-1.09,
p=0.18) (Online Table 6).

Discussion

Our study of cardiovascular events during the hospitali-
zation in patients with severe sepsis in a New York state
cohort highlights several clinically relevant findings. First,
incident cardiovascular events occurred frequently (~13%)
in patients with severe sepsis. Arrhythmic events were the
most common type of cardiovascular events, followed by
ischemic and acute HF events. In addition, we identified
multiple demographic and clinical factors associated with
incident cardiovascular events during hospitalization for
severe sepsis. Importantly, the occurrence of incident car-
diovascular event in the setting of a hospitalization for
severe sepsis was associated with significantly increased
odds of in-hospital mortality. The higher risk for in-hospital
mortality associated with incident cardiovascular events
was robust across multiple analyses adjusted for demo-
graphics, clinical comorbidities, DNR status, infection-
related, and severity of sepsis as captured by number of
organs with dysfunction.

The increased risk of cardiovascular events and associ-
ated in-hospital mortality in patients with severe sepsis has
several potential explanations. Patients with severe sepsis
in our study cohort had a high burden of comorbidities. It is
plausible that the co-morbidity burden in our study popula-
tion predisposed them to the deleterious effects of sepsis/
inflammation-induced dysregulatory systemic state, leading

to a higher frequency of cardiovascular events and eventu-
ally death.'>'*

The inflammatory response to infection in sepsis results
in physiologic, biologic, and biochemical dysfunction.'”
This dysregulatory state can cause perturbations in
coronary pressure/shear forces, destabilization of vascular
plaque, abnormal Platelet activation, and, eventually, myo-
cardial ischemia.'* Abnormal cardiac loading, global myo-
cardial ischemia, increased production of myocardial
depressants, imbalance of nitric oxide/cytokines, and mito-
chondrial dysfunction may play a significant role in the
development of myocardial dysfunction leading to HF.'*'°
Additionally, sepsis-induced autonomic dysfunction and
electrical conduction abnormalities may initiate an arrhyth-
mic event.'” Collectively, these physiological changes may
lead to an increase in risk of ischemic, acute HF, and
arrhythmic events. These proposed mechanisms are hypoth-
esis generating and should be explored in the future studies.

Based on our literature review, a detailed evaluation of
cardiovascular outcomes in patients with severe sepsis is
lacking. Previous studies have examined the association
among patients with severe sepsis and risk for develoEin
acute myocardial infarction, stroke and mortality.'® "
However, none of these studies have examined the occur-
rence of other cardiovascular events such as HF and
arrhythmias. Characterization of severe sepsis using the
administrative claims database has been previously pub-
lished.”’*> However, previously published studies are
small, lack validation, and have only studied specific ische-
mic events (acute myocardial infarction) or arrhythmic
events (atrial fibrillation, suyraventricular tachycardia, or
ventricular tachycardia).””*>** To the best of our knowl-
edge, no previous studies have evaluated the composite
rates of incident cardiovascular events in the setting of
severe sepsis. Our study is the most comprehensive, largest,
and, to the best of our knowledge, the first to report rates of
cardiovascular events and its subtypes in adults hospitalized
with severe sepsis in a contemporary sample.

Current critical care and cardiology societal guidelines
(International Guidelines for Management of Sepsis and
Septic Shock/American College of Cardiology/American
Heart Association guidelines), lack specific recommenda-
tions for surveillance and treatment of cardiovascular
events in sepsis. This likely reflects a lack of investigation
of cardiovascular pathophysiology and the dearth of spe-
cific agents or strategies for prevention and/or treatment of
adverse cardiovascular outcomes in patients with severe
sepsis. Our study additionally highlights a high burden of
incident cardiovascular events and a significant mortality
risk attributable to cardiovascular events in severe sepsis.
These findings, coupled with the lack of literature, indicate
a need for detailed investigations of cardiovascular physiol-
ogy in severe sepsis to target specific therapeutic strategies
to avoid cardiovascular events and, subsequently, reduce
mortality.

Our study has helped to identify and establish the rela-
tive importance of factors such as age, white race, male
gender, history of HF, and increasing acute organ failure
with occurrence of cardiovascular events. This can help
clinicians to delineate the profile of severe sepsis patients
that can be possibly targeted for cardiovascular risk
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stratification and aggressive management. Several acute
factors, such as right heart catheterization, were also
strongly associated with increased risk of cardiovascular
events and its subtypes in severe sepsis hospitalizations,
similar to what has been previously reported.””*® That
said, the excess of right heart catheterization that was
seen in the patients with cardiovascular events during
severe sepsis was likely to be associated with the man-
agement of cardiovascular events and a higher co-mor-
bidity burden in severe sepsis rather than a causative
relation. The use of right heart catheterization was likely
highly subjective and dependent on institutional practi-
ces. There has been conflicting data regarding the role
of race and mortality outcomes in severe sepsis. Prev1-
ous data suggests that Asian’’ and African-American’®
race may be associated with worse mortality outcomes
in severe sepsis, in general. Our investigation provides
further insights regarding the impact of race as it per-
tains to the occurrence of cardiovascular events in
severe sepsis. To the best of our knowledge, there is no
previous data in this area.

It is important to acknowledge the limitations of our
investigation. Our study utilized claims data from the New
York SID that may not representative of the national esti-
mates. Utilization of claims database may overestimate
cases of severe sepsis when compared with granular clinical
data such as electronic medical record review as shown in a
recent study.29 However, we exercised extreme caution,
and used previously validated approach with published
claims codes to capture the true incidence of cardiovascular
events in our study. It is possible that any cardiovascular
event may simply be a marker for greater severity of illness
and, thus, a higher risk of mortality. However, within the
limitations of claims data, adjustment for clinical and
demographic factors associated with severity of illness did
not eliminate the strong associations of cardiovascular
events with incident in-hospital mortality. Approximately
33% of patients had an identified micro-organism. Contem-
porary estimates suggest that 30% to 50% of admissions
for severe sepsis are due to culture-negative sepsis.’’
Hence, the diagnosis of sepsis in this patient cohort
was likely based on clinical diagnosis and presumed infec-
tion. We acknowledge that the lower prevalence of
patients with an identified micro-organism may be due to
coding limitations, particularly due to rarer organisms
that may lack specific diagnostic codes in this database.
Our study also suffers from an “immortal time” bias
which may exist in patients who had to survive long enough
to be diagnosed with cardiovascular events.” Immortal time
bias thus can falsely underestimate the risk of mortality
associated with cardiovascular events. In-hospital mortality
can be considered as a competing risk for cardiovascular
events. However, the New York SID does not report
a metric that captures the time to development of in-hospi-
tal cardiovascular events which would be required to
perform competing risk analyses. Finally, we recognize
that severe sepsis is a heterogeneous condition and that the
evaluation of many different categories of cardiovascular
events also leaves our modeling susceptible to residual
confounding, which also prevents us from reaching
causal inferences.

In conclusion, cardiovascular events during severe sepsis
are common and associated with an increased risk of in-
hospital mortality. Current guidelines lack specific preven-
tive or therapeutic measurements for adverse cardiovascu-
lar events that occur in the setting of severe sepsis,
suggesting that cardiovascular complications occurring dur-
ing severe sepsis are an understudied public health problem.
If our findings of a greater incidence of cardiovascular
events and their impact on mortality are replicated in other
data sets, it will be important to examine the management
strategies that might diminish the risk of adverse outcomes
and mortality associated with cardiovascular events during
severe sepsis.
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