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Abstract

Background—The association between new-onset left ventricular (LV) dysfunction during 

sepsis with long-term heart failure outcomes is lesser understood.

Methods—Retrospective cohort study of all adult patients with severe sepsis and septic shock 

between 2007 and 2014 that underwent echocardiography within 72 hours admitted to the 

intensive care unit. Patients with prior heart failure, LV dysfunction, and structural heart disease 

were excluded. LV systolic dysfunction was defined as LV ejection fraction <50% and LV 
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diastolic dysfunction as ≥grade II. Primary composite outcome included new hospitalization for 

acute decompensated heart failure and all-cause mortality at two-year follow-up. Secondary 

outcomes included persistent LV dysfunction, and hospital mortality and length of stay.

Results—During this 8-year period, 434 patients with 206 (48%) patients having LV dysfunction 

were included. The two groups had similar baseline characteristics, but those with LV dysfunction 

had worse function as demonstrated by worse LV ejection fraction, cardiac index, and LV diastolic 

dysfunction. In the 331 hospital survivors, new-onset acute decompensated heart failure 

hospitalization did not differ between the two cohorts (15% vs. 11%). The primary composite 

outcome was comparable at two-year follow-up between the groups with and without LV 

dysfunction (p=0.24). Persistent LV dysfunction was noted in 28% hospital survivors on follow-up 

echocardiography. Other secondary outcomes were similar between the two groups.

Conclusions—In patients with severe sepsis and septic shock, the presence of new-onset LV 

dysfunction did not increase the risk of long-term adverse heart failure outcomes.
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INTRODUCTION

Sepsis is a leading cause of death and disability worldwide and in the United States is 

associated with health care costs estimated at $17 billion annually.(1) The onset of septic 

shock in a septic patient frequently heralds the development of multi-organ failure and has 

been associated with higher short- and long-term mortality.(1, 2) Cardiac dysfunction in 

sepsis is driven primarily by release of cytokines, mitochondrial dysfunction, and tissue 

hypoxia that leads to cardiac myocyte injury and death.(3, 4) New-onset left ventricular (LV) 

dysfunction is estimated to occur in between 20-60% of septic patients; however its impact 

on long-term outcomes remains unclear.(1, 2, 5) Persistent cardiovascular dysfunction after 

sepsis is hypothesized to be due to multiple mechanisms including extra-cardiac organ 

dysfunction, immune system dysregulation, coagulation abnormalities and destabilization of 

atherosclerotic plaques.(6) Prior literature has demonstrated an increase in the incidence of 

long-term atrial fibrillation, stroke, transient ischemic attacks and coronary revascularization 

after sepsis hospitalization.(7, 8) As heart disease continues to occupy the largest share of 

United States health care spending, there is a growing need to understand the long-term 

cardiovascular disease burden in sepsis survivors.(7–10)

The association of sepsis with the development of new-onset heart failure during long-term 

follow-up has been studied infrequently. Heart failure is a leading cause of cardiovascular 

mortality and morbidity that currently affects 5.7 million American adults and is projected to 

increase by 46% in the next 15 years.(9) In this study, we hypothesized that in sepsis 

survivors without prior clinical heart failure and LV dysfunction, those who developed new-

onset LV dysfunction during sepsis hospitalization, had a higher incidence of hospitalization 

for new-onset acute decompensated heart failure (ADHF) and all-cause mortality during 

two-year follow-up.
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MATERIAL AND METHODS

This study was an eight-year retrospective cohort study from January 1, 2007, through 

December 31, 2014, performed at the Mayo Clinic Rochester. This study was conducted in 

accordance with the amended Declaration of Helsinki and the need for informed consent 

was waived by the Mayo Clinic Institutional Review Board. All adult patients admitted to 

the intensive care units (ICU) with severe sepsis and septic shock that underwent an 

echocardiogram within 72 hours of ICU admission were included in the study. These 

patients were admitted to three ICUs (medical, mixed medical-surgical and surgical) with a 

total of 65 beds that are continually staffed by critical care physicians. All echocardiograms 

were ordered for standard clinical indications by the treating intensivist. Patients with denial 

of Minnesota research authorization, prior moderate or greater valvular stenosis or 

regurgitation, prior documented heart failure or asymptomatic LV dysfunction, prior 

congenital heart disease, and recent acute coronary syndrome (<1 week) without follow-up 

echo were excluded from the study. Data from a prior prospective study at our institution 

that recruited 106 patients were also included in this study population.(2)

Data: Definitions, Sources, and Management

The 2001 American College of Chest Physicians/Society of Critical Care Medicine 

consensus criteria were used to define sepsis.(11) Severe sepsis was defined as consequent 

organ dysfunction, hypoperfusion or hypotension, and septic shock defined as hypotension 

refractory to the fluid resuscitation of 30 mL/kg body weight. Hypoperfusion was defined as 

lactate level ≥2.3 mmol/L, organ dysfunction as Sequential Organ Failure Assessment score 

≥2 at the time of echocardiography, and hypotension was defined as systolic blood pressure 

≤90 mm Hg or ≤40 mm Hg from baseline.(2, 12) Sepsis and septic shock are detected using 

previously validated automated search algorithms and they were manually reviewed by two 

independent reviewers for inconsistencies (SV, MK).(13, 14) Demographic and clinical 

information was automatically abstracted from the electronic health records saved in the 

integrated Multidisciplinary Epidemiology and Translational Research in Intensive Care 

Laboratory DataMart.(15, 16) Prior acute and chronic heart failure were evaluated using a 

combination of International Classification of Diseases, Clinical Modification version 

diagnostic codes, pre-hospitalization echocardiogram and a customized electronic search 

algorithm using natural language processing software. Laboratory, imaging and 

physiological parameters closest to ICU admission were abstracted. We excluded patients 

with evidence of LVEF <50% or LV diastolic dysfunction (grade II or greater) on an 

echocardiogram within the prior one-year, or with evidence of congenital heart disease or 

moderate or greater valvular heart disease on prior or in-hospital echocardiogram.

LV systolic dysfunction was defined as left ventricular ejection fraction (LVEF) <50%.(17) 

LV diastolic dysfunction was classified using standard American Society of 

Echocardiography criteria, and grades II-IV were considered as LV diastolic dysfunction.

(18, 19) Persistent myocardial dysfunction was defined as the presence of continued LV 

dysfunction on follow-up echocardiography. Two-dimensional, M-mode techniques and 

Doppler data were used to calculate LVEF, relative wall thickness, stroke volume and 
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pulmonary artery systolic pressure using American Society of Echocardiography criteria.

(17)

ADHF was defined using the Framingham criteria and was obtained from the electronic 

record using manual chart review by three independent reviewers (SV, MK, ASi).(20) Major 

criteria are acute pulmonary edema, cardiomegaly, hepatojugular reflux, neck vein 

distension, orthopnea or paroxysmal nocturnal dyspnea, pulmonary rales, S3 gallop, weight 

loss of > 4.5 kg in five days after treatment. Minor criteria include ankle edema, exertional 

dyspnea, hepatomegaly, nocturnal cough, pleural effusion and tachycardia (>120/min). The 

diagnosis of ADHF is confirmed by two major or one major and two minor criteria.

Clinical Outcomes

The primary outcome was a composite of new-onset ADHF and all-cause mortality at two-

year follow-up in all severe sepsis and septic shock survivors. Mortality data was abstracted 

from the Mayo Clinic databases, the State of Minnesota electronic death certificates and the 

Rochester Epidemiology Project death data system.(21) Secondary outcomes included in-

hospital mortality, ICU and hospital lengths of stay for index sepsis admission and persistent 

LV dysfunction on follow-up echocardiograms. These follow-up echocardiograms were 

performed as a part of routine clinical care and were at varied time points during follow-up.

Statistical Analysis

For an anticipated difference in proportions of 7.5% in the primary outcome and exposure 

rate of 0.35 from previous literature for the progression of asymptomatic LV dysfunction to 

clinical heart failure,(22, 23) with a two-sided alpha of 0.05 and power of 0.8, the calculated 

minimum sample size was 263 in each cohort. Continuous data are presented as median 

(interquartile range [IQR]) and categorical data as totals (percentages). Unpaired t-test and 

chi-square test were used to evaluate continuous and categorical outcomes. Kaplan-Meier 

failure curves were used to assess for primary outcome over two-year follow-up. Two-tailed 

p <0.05 was considered statistically significant. All statistical analyses were performed with 

JMP version 10.0.1 (SAS Institute, Cary, NC).

RESULTS

During this 8-year period, a total of 1757 adult patients were admitted to the ICU with 

severe sepsis and septic shock, of which a total of 434 (24.7%) met our inclusion criteria 

(Figure 1). Baseline characteristics of the cohorts with and without echocardiography 

performed within 72 hours are presented in Supplementary Table 1. Compared to patients 

who did not receive formal echocardiography, patients who underwent echocardiography 

had greater severity of illness, higher vasopressor requirements and longer duration of 

mechanical ventilation. Of the 434 included patients, new-onset LV dysfunction was noted 

in 206 (47.5%) patients with 43, 123 and 40 patients having LV systolic, LV diastolic and 

combined LV systolic and diastolic dysfunction respectively. Baseline characteristics of the 

cohorts with and without LV dysfunction are presented in Table 1. The cohorts were similar 

at baseline without any differences in comorbidity, the severity of illness or ICU 

management. Echocardiographic parameters of patients with and without LV dysfunction are 
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presented in Table 2. Patients with LV dysfunction had worse LV function as demonstrated 

by lower LVEF, lower cardiac index, and mitral valve tissue Doppler velocities. Concomitant 

right ventricular dysfunction was noted more commonly in patients with LV dysfunction.

Clinical Outcomes

In the 331 hospital survivors, the primary composite outcome of new-onset ADHF and all-

cause mortality during two-year follow-up was comparable between the cohorts with and 

without LV dysfunction (p=0.07 by log-rank test) (Figure 2). The individual outcomes of 

new-onset ADHF requiring hospitalization at two-year follow-up did not differ between 

patients with new LV dysfunction (24 [14.6%]) and those without (19 [11.4%]); p=0.42. 

Two-year mortality between the two cohorts was not different (LV dysfunction 17.7% vs. no 

LV dysfunction 16%, p=0.74). Of the total cohort of 434 patients, in-hospital mortality 

during index admission was recorded in 103 (23.7%) with no differences between groups 

with and without LV dysfunction (20.4% vs. 26.8%; p=0.14). Lengths of ICU (3 [IQR 1.6–

6.1] days vs. 3 [1.7–6.2] days; p=0.73) and hospital (8.7 [IQR 6–15] days vs. 9.1 [6–18.8] 

days; p=0.53) stay were not significantly different between the groups with and without LV 

dysfunction for the index sepsis admission. For the 331 hospital survivors, follow-up 

echocardiography was available in 69 (20.9%) patients with LV dysfunction at a median 

time of 285 (IQR 72–799) days after hospital discharge. Persistent LV dysfunction was 

noted in 18 (28.2%) patients with a median change in LVEF of 4% (interquartile range 0–

11).

DISCUSSION

This eight-year retrospective cohort study on sepsis and septic shock patients sought to 

evaluate the association of new-onset LV dysfunction with all-cause mortality and new 

hospitalization for ADHF. The composite primary outcome of all-cause mortality and 

ADHF-hospitalization was not different between sepsis-survivors with and without LV 

dysfunction at two-year follow-up. Hospital outcomes of mortality, ICU length of stay and 

hospital length of stay were comparable between patients with and without LV dysfunction. 

Persistent LV dysfunction was noted in 28% of the population that underwent follow-up 

echocardiography.

Sepsis is associated with worse long-term cardiovascular outcomes. Employing a Medicare 

claims database, Yende et al.(7) established that severe sepsis survivors had a 13-fold higher 

risk of cardiovascular events compared to unmatched controls. Cardiovascular events, 

defined by stroke, myocardial infarction, transient ischemic attacks and coronary 

revascularization, occurred in nearly 30% of survivors. Walkey and colleagues evaluated 

sepsis survivors and noted that new-onset atrial fibrillation during the acute sepsis episode 

was associated with long-term atrial fibrillation recurrence and higher risks of 

hospitalization for heart failure, ischemic stroke, and death.(8) As in our study, LV 

dysfunction is noted in nearly half of all patients admitted with sepsis, but prior studies have 

infrequently evaluated the long-term clinical consequences.(1, 2)

This study sought to capture only new-onset LV dysfunction in our population to understand 

its correlation with long-term outcomes on subsequent follow-up. In patients with sepsis, LV 
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systolic dysfunction is believed to be a reversible modulation of cardiac function with an 

uncertain prognostic impact.(5) However, LV systolic dysfunction is frequently associated 

with right ventricular dysfunction and LV diastolic dysfunction, both of which have been 

shown to have worse long-term outcomes.(1, 24) In contrast to the common understanding 

that LV dysfunction is reversible in 7-10 days, persistent LV dysfunction was noted in a little 

over a quarter of this cohort with follow-up echocardiography, the majority of whom were 

asymptomatic. Asymptomatic LV dysfunction is 3-4 times more common in the community 

than symptomatic heart failure, with a significant risk of progression to clinical heart failure 

over long-term follow-up.(22)

In our population, contrary to existing literature, there were no differences in short- and 

long-term outcomes between the cohorts with and without LV systolic or diastolic 

dysfunction. This could be explained by multiple hypotheses. First, literature has suggested 

that LV dysfunction is an adaptive mechanism in patients with sepsis, explaining the better 

survival in patients with concomitant LV systolic dysfunction with or without LV dilatation.

(25, 26) Although this finding did not reach statistical significance in our population, the 

composite outcome Kaplan-Meier curves did appear to suggest better outcomes in patients 

with LV dysfunction. The timing of echocardiography is crucial since adequate fluid 

resuscitation and hemodynamic restoration can result in ‘unmasking’ of LV systolic 

dysfunction as manifested by a decrease in LVEF within the first 72 hours.(27) Second, the 

sensitivity and specificity of the current definitions of LV systolic and diastolic definitions 

have demonstrated poor applicability to patients with septic cardiomyopathy.(5, 28) Use of 

definitions developed by advanced echocardiographic techniques has demonstrated greater 

correlation to outcomes; however, these technologies are not readily usable in critical illness.

(24) Other authors have presented simplified definitions of diastolic dysfunction that 

demonstrate greater applicability to clinical outcomes; however, these need further 

validation in independent cohorts prior to adoption.(28) Third, despite noting numerically 

higher ADHF hospitalizations in survivors with LV dysfunction (14.6% vs. 11.4%); this did 

not achieve statistical significance, likely due to under-powered cohort sizes and/or due to 

decreasing incidence of heart failure in the community with comparable demographics.(29)

This study has certain limitations. Use of a historical database carries inherent selection and 

informational bias; this was mitigated by the use of holistic and validated search algorithms.

(12, 13) Prior echocardiography within the last one year was available for only 29% of the 

patients; it is certainly possible that prior asymptomatic LV dysfunction could have been 

missed in our study population despite the low incidence of 2.2–6%.(23) Echocardiographic 

data within 72 hours was available for 44% of the initial population, affecting the 

generalizability of these results to all severe sepsis and septic shock patients. Furthermore, 

echocardiography parameters were not uniformly documented in all patients in this cohort. 

Due to the retrospective nature of the study, only 21% of these patients had follow-up 

echocardiography that was obtained per routine clinical care. The development of the 

sepsis-3 criteria could influence the interpretation of the results of this study.(30) However, 

this cohort of severe sepsis and septic shock are less likely to be missed with either 

definition due to them comprising the extreme spectrum of illness.(31) Apart from the study 

definition, echocardiographic parameters did not differ significantly between patients with 

and without LV dysfunction potentially explaining the lack of differences in outcomes in this 
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population. The study duration also correlated with the evolution of critical care 

ultrasonography and changes in health care delivery at the Mayo Clinic, both of which 

conceivably could have influenced the study results. Finally the single-center, single-region 

and referral center nature of the institution could impact the generalizability to other 

populations.

Future directions for research include development and application of standardized 

definitions of LV dysfunction in patients with sepsis and septic shock. Use of strain imaging 

for detection and prognostication of patients with LV dysfunction has shown promising 

results.(24) Novel approaches to management of LV dysfunction such as use of beta-

blockers for decreasing adrenergic overdrive, describing the best single or combination 

vasoactive medications, and individualizing fluid resuscitation by advanced imaging 

parameters are potential avenues for future clinical and translational research to understand 

the impact of LV dysfunction on long-term outcomes.(32–34)

CONCLUSIONS

In this eight-year study of echocardiography in severe sepsis/septic shock patients, LV 

dysfunction was noted in nearly 48% of the patients. Patients with LV dysfunction did not 

differ in short- and long-term outcomes in comparison to patients without LV dysfunction. 

More than a quarter of the patients with a follow-up echocardiogram demonstrated persistent 

LV dysfunction. Further dedicated prospective trials are needed to evaluate the relationship 

of LV dysfunction with long-term adverse cardiovascular events, specifically heart failure-

related clinical and quality-of-life outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Study population
*Individual percentages are not additive due to multiplicity of exclusion criteria

Represented as: Number (Percentage)

Abbreviations: HD: heart disease; HF: heart failure; LV: left ventricular; VHD: valvular 

heart disease
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Figure 2. Primary outcome for hospital survivors with and without LV dysfunction*
p=0.24 by log-rank test

*Composite outcome of new-onset acute decompensated heart failure and all-cause 

mortality

Abbreviations: LV: left ventricular
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Table 1

Baseline characteristics of cohorts

Parameter LV Dysfunction (N=206) No LV Dysfunction (N=228) P

Age (years) 68 (5.7–78.1) 65.6 (55.3–77.1) 0.48

Male sex 113 (54.9) 116 (50.9) 0.44

Body mass index (kg/m2) 28.8 (25.1–33.9) 29.4 (24.9–35.3) 0.55

Coronary artery disease 42 (20.4) 34 (14.9) 0.16

Prior myocardial infarction 22 (10.7) 16 (7) 0.23

Atrial fibrillation 20 (9.7) 21 (9.2) 0.87

Charlson comorbidity index 6 (4–8) 5 (3–8) 0.43

APACHE-III score 85 (70–109) 82 (68–103) 0.15

SOFA score 9 (7–12) 8 (6–12) 0.11

Septic shock 150 (72.8) 161 (70.6) 0.67

Acute respiratory distress syndrome 61 (29.6) 65 (28.5) 0.83

Acute kidney injury 140 (68) 142 (62.3) 0.23

Admission troponin-T (ng/mL) 0.07 (0.03–0.16) 0.06 (0.02–0.14) 0.22

Highest lactate (mmol/L) 3.4 (1.8–5.5) 2.7 (1.7–5) 0.10

Total norepinephrine (mg) 12 (4–37.9) 17.5 (3.9–44.5) 0.52

Total crystalloid in 24 hours (L) 4.2 (1.9–6.7) 4.2 (2.3–6.8) 0.74

Mechanical ventilation 108 (52.4) 127 (55.7) 0.50

Represented as: Total (percentage) or median (interquartile range)

Abbreviations: APACHE-III: Acute Physiology and Chronic Health Evaluation III; LV: left ventricular; SOFA: Sequential Organ Failure 
Assessment
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