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Abstract

Preexisting heart failure (HF) in patients with sepsis is associated with worse clinical outcomes. 

Core sepsis management includes aggressive volume resuscitation followed by vasopressors (and 

potentially inotropes) if fluid is inadequate to restore perfusion; however, large fluid boluses and 

vasoactive agents are concerning amid the cardiac dysfunction of HF. This review summarizes 

evidence regarding the influence of HF on sepsis clinical outcomes, pathophysiologic concerns, 

resuscitation targets, hemodynamic interventions, and adjunct management (ie, antiarrhythmics, 

positive pressure ventilatory support, and renal replacement therapy) in patients with sepsis and 

preexisting HF. Patients with sepsis and preexisting HF receive less fluid during resuscitation; 

however, evidence suggests traditional fluid resuscitation targets do not increase the risk of 

adverse events in HF patients with sepsis and likely improve outcomes. Norepinephrine remains 

the most well-supported vasopressor for patients with sepsis with preexisting HF, while dopamine 

may induce more cardiac adverse events. Dobutamine should be used cautiously given its 

generally detrimental effects but may have an application when combined with norepinephrine in 

patients with low cardiac output. Management of chronic HF medications warrants careful 

consideration for continuation or discontinuation upon development of sepsis, and β-blockers may 

be appropriate to continue in the absence of acute hemodynamic decompensation. Optimal 

management of atrial fibrillation may include β-blockers after acute hemodynamic stabilization as 

they have also shown independent benefits in sepsis. Positive pressure ventilatory support and 

renal replacement must be carefully monitored for effects on cardiac function when HF is present.
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Introduction

Sepsis/septic shock and heart failure (HF) contribute to substantial morbidity and mortality.1 

The mortality rate of septic shock is approximately 40%,2 while HF diagnosis confers 50% 

mortality by 5 years.3–5 Sepsis and HF were ranked first and second, respectively, as 

conditions with the highest 30-day readmission rates among Medicare patients in 2018,6 and 

notably, sepsis/septic shock are responsible for a quarter of all HF patient deaths.7,8

The pathophysiology of these disease states results in overlapping and competing 

hemodynamics and treatment effects. Indeed, sepsis management is characterized by 

aggressive volume resuscitation with crystalloid fluids and hemodynamic support with 

vasopressors, which may appear antithetical to conventional HF management that promotes 

preload and afterload reduction.9

Currently, no recommendations exist for managing patients with sepsis/septic shock and HF, 

and limited evidence describes the impact of concomitant sepsis and HF on treatment and 

outcomes. This review discusses the influence of preexisting HF on sepsis outcomes, 

describes relevant pathophysiology, and assesses hemodynamic monitoring, interventions, 

and adjunct therapy in this subset of patients.

Methodology

A literature search was performed to identify studies including patients with sepsis/septic 

shock and HF. The PubMed database was searched for English-language studies published 

between January 1995 and February 2020 using combinations of the search terms heart 
failure, congestive heart failure, left ventricular dysfunction, cardiac dysfunction, sepsis, 
septic shock, severe sepsis, fluids, vasopressors, inotropes, arrhythmias, ventilatory support, 
and renal replacement therapy. Studies that reported patients presenting with sepsis/septic 

shock and HF were included. Study designs included were prospective, retrospective, 

observational, or interventional. References within original research articles, review articles, 

editorials, abstracts, meta-analyses, and systematic reviews were screened for inclusion.

As HF is a clinical definition, this terminology is not synonymous with defects such as 

cardiomyopathy and left ventricular dysfunction (LVD) but often includes such defects as its 

precipitating factors. Table 1 provides definitions used.10 For the purposes of this review, HF 

refers to the broad category of all subtypes and any mention of a specific variation such as 

HF with preserved ejection fraction (HFpEF) or HF with reduced ejection fraction (HFrEF) 

is noted.

Prognosis and Outcome Differences

Clinical reasoning suggests underlying cardiac dysfunction of HF will worsen outcomes in a 

hemodynamically unstable state such as sepsis/septic shock, and data support this 
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hypothesis, especially in HFrEF.11–13 Alon et al revealed a mortality increase in HF patients 

admitted for sepsis compared to patients without HF admitted for sepsis (51% vs 41%; P 
= .015).13 A retrospective review of 174 patients (87 with HFrEF and 87 without HFrEF) 

presenting with sepsis showed HFrEF conferred higher in-hospital mortality (57.5% vs 

34.5%; P = .002).11 Ishak Gabra et al evaluated patients with sepsis and preexisting HFrEF 

and HFpEF and observed trends toward increased mortality.12 Neither HFrEF (odds ratio 

[OR]: 1.88; P = .06) nor HFpEF (OR: 1.56; P = .25) were statistically associated with 

increased 28-day mortality when adjusted for severity of illness, but HFrEF was associated 

with increased new-onset arrhythmias (52% vs 23%; P = .0001).12 Prabhu et al observed 

increased mortality among patients with sepsis with EF <50%, wherein 44% (n = 14/32) of 

nonsurvivors had depressed EF compared to 12% (n = 4/34) of survivors (P = .005).14 The 

average initial EF in the nonsurvivor group was also lower (53% vs 63%; P = .029). Long-

term outcomes of sepsis may also worsen in HF patients. Patients with severe sepsis/septic 

shock and comorbid HF had a 75% mortality rate 1 year postdischarge,15 which is larger 

than the severe sepsis 1-year mortality rate (40%-44%)16,17 and 10-year mortality rates for 

severe sepsis (67%) and nonseptic critical illness (57%).18

In contrast, Ouellette and Shah observed no association between EF and clinical outcomes in 

patients with sepsis.19 Rates of mortality (32% vs 24%; P = .12) and intubation (49% vs 

50%; P = .687) were similar between patients with a reduced EF (average EF = 35%) and 

controls (average EF = 60%). Furthermore, a meta-analysis determined that new LVD was 

not a sensitive (48%) or specific (65%) predictor of in-hospital 30-day mortality20; however, 

preexisting cardiac dysfunction was not distinguished from septic cardiomyopathy, limiting 

its description of preexisting HF.

Many of these studies were restricted to patients with sepsis with a reduced EF where the 

impact of septic myocardial depression was not differentiated from preexisting cardiac 

dysfunction (Table 2), making examination of the true impact of preexisting HF on patients 

with sepsis difficult. The impact of HF directly on sepsis outcomes is further confounded as 

nearly half of HF patients are plagued by frailty, the combination of aging and multiple 

complex disease states producing additive deterioration causing greater morbidity and 

mortality.21,22 Frailty is also independently associated with increased mortality in sepsis.23 

Frailty appears more often in HFpEF than in HFrEF,24 which is surprising considering the 

greater negative outcomes suggested in sepsis and HFrEF. Frailty likely contributes to the 

increased mortality of sepsis with preexisting HF beyond only poor cardiac performance 

across the HF spectrum emphasizing the importance of complete medical care beyond just 

circulatory management.

In summary, the cumulative data suggest sepsis and HF combine to worsen clinical 

outcomes, and the possibility of septic myocardial dysfunction occurring in a patient with 

pre-existing HF adds to the combined disease concerns.25 While worsened clinical outcomes 

are likely not exclusively imparted by poor heart function, examining specialized 

management of patients with sepsis with preexisting HF is of critical importance considering 

the importance of cardiac function to hemodynamic interventions.
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Pathophysiologic Considerations

During sepsis, the host-mediated immune response creates vascular endothelial cell 

dysfunction leading to increased capillary permeability and a fluid shift from the vasculature 

to the interstitial space, and septic shock occurs when fluid fails to stabilize hemodynamics.2 

The ideal intervention for sepsis focuses on replenishing intravascular volume with fluid 

boluses that increase preload to augment cardiac output (CO) and thus restore end-organ 

perfusion. Sepsis directly impacts heart function by enhancing cytokine activation of nitric 

oxide synthase, which decreases peak systolic calcium levels impairing cellular contraction 

resulting in negative inotropy.26 In a normally functioning heart, sepsis-induced tachycardia 

coupled with decreased afterload from vasodilation may offset the decreased preload and 

impaired myocardial contractility, resulting in no change or a net increase in CO.27 Whether 

or not these compensatory effects have deleterious consequences in someone with 

preexisting cardiac dysfunction has not been described but raises concern given the 

increased mortality in sepsis with preexisting HF. Sepsis also independently induces cardiac 

dysfunction (ie, septic myocardial depression) independent of HF,28 which may have 

compounding negative consequences with preexisting HF.

Heart failure is characterized by a cycle of decreasing CO and neurohormonal compensation 

leading to cardiac damage and fluid retention.29 Inadequate oxygenation leads to 

sympathetic nervous system-induced catecholamine release that can exert direct cardiotoxic 

effects and increase myocardial workload.30,31 Sympathetic nervous system activation 

further stimulates renin–angiotensin–aldosterone system upregulation, which triggers 

arterial vasoconstriction, expands intravascular and interstitial volume through sodium and 

water retention, and leads to pathologic cardiac remodeling.32,33 In chronic HF, decreased 

capillary endothelial permeability causes intravascular albumin loss and decreased 

hydrostatic pressure.32 Fluid follows the pressure gradient into the interstitial space, which 

results in new fluid homeostasis through subsequent expansion of the intravascular volume 

to match the expanded interstitial space. Over time, increased preload stretches myofibrils 

past their inherent elasticity, resulting in impaired contraction, stroke volume (SV), and CO.

As the majority of intravascular volume rests in the venous system (85%), this chronic 

overexpansion creates a state primed for acute or chronic HF development upon critical 

illness, wherein catecholamine surge constricts the venous system leading to fluid 

transudation, most consequentially, into the pulmonary alveolar space.33,34 Overlap exists 

between the hemodynamic effects of sepsis and HF, but whether this necessitates treatment 

variation remains unknown. Table 3 summarizes proposed disease state intervention 

interaction effects on hemodynamics.

Volume resuscitation.—Naturally, concern exists in volume resuscitating patients with 

sepsis with HF. Large fluid boluses (ie, 30 mL/kg) may lead to fluid overload followed by 

pulmonary edema requiring mechanical ventilation (MV).35,36 This concern is of particular 

importance as fluid overload has been linked to increased mortality in critically ill patients.
35,37,38 Patients with HF have increased circulating blood volume and/or dilated ventricles 

with increased preload at baseline,33 and opposite of sepsis, reducing preload 

pharmacologically through venous dilation is often employed to treat patients with severe 
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HF.10,39 The influence of the combined effects of these fluid and hemodynamic 

dysregulations warrants concern.

Vasopressors.—While vasopressors are used ubiquitously in septic shock, their use in 

cardiogenic is more nuanced. Current HF recommendations promote strategies to reduce 

ventricular afterload (to improve CO and reduce myocardial oxygen demand) and optimize 

cardiac preload (increasing CO without affecting myocardial oxygen demand).39,40 

Vasopressors increase afterload, which may decrease CO, and compensatory endogenous 

inotropy may increase myocardial oxygen consumption.41,42 Considering CO in HF 

generally benefits more from reduced afterload, it raises concern that too much vasopressor-

mediated afterload increase may especially impair cardiac function in HF. This concern may 

be lessened as acute HF developing to cardiogenic shock can elicit decreases in systemic 

vascular resistance secondary to cytokine release, which can mimic the underlying 

pathology of sepsis and provide an incentive for vasopressor use in patients with both septic 

and cardiogenic shock features.43

Additionally, vasopressors may cause fluid redistribution from the venous system and 

promote a fluid shift into the pulmonary space.33,34 Considering HF patients have 

chronically elevated intravascular volumes, there is risk for an outsized fluid shift stimulated 

by vasopressor-induced contraction of the overfilled venous resevoir.34 These mechanisms 

form a framework for typically avoiding vasopressors in HF patients; however, in the setting 

of sepsis and chronic HF, management is confounded.

Inotropic agents.—Sepsis with preexisting HF may present a mixed picture of 

cardiogenic and septic shock, possibly through sepsis-induced myocardial dysfunction or by 

hypoperfusion from sepsis stimulating over demand of the impaired cardiac muscle and 

subsequent acute HF.27 This cardiac dysfunction may incentivize approaches favoring 

inotropes to increase CO, especially once extensive fluid resuscitation and vasoconstriction 

has failed to correct perfusion.9

Resuscitation Monitoring and Targets

Acute sepsis management uses measurements of oxygenation and hemodynamic status, and 

these measures may be confounded in patients with preexisting HF. Table 4 summarizes 

proposed effects of HF on common sepsis resuscitation parameters.

Lactate.—Lactate is the only clinical parameter recommended to guide initial sepsis 

resuscitation as an assessment of adequate oxygenation.9 The most recent sepsis definition 

employs lactate greater than 2 mmol/L to indicate hypoxia from septic shock.2 Lactate may 

develop during sepsis from mechanisms other than hypoperfusion, specifically adrenergic 

overstimulation (β-2 agonism) by endogenous catecholamines or exogenous epinephrine.
44,45 Additionally, as lactate is also produced from anaerobic metabolism occurring 

secondary to hypoperfusion, chronically impaired oxygen delivery in HF may confound 

measurement. In a cohort of hospitalized advanced HF patients not in a state of shock, 25% 

had elevated plasma lactate (defined as >2.1 mmol/L).46 Given the severity of the patients in 

this cohort (left ventricular ejection fraction [LVEF] < 20% and requiring left ventricular 
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assist device implantation), broadly attributing elevated lactate to chronic HF when 

evaluating patients with sepsis is unfounded, but it may predispose some patients with severe 

HF to higher measurements. As such, consistently elevated lactate levels in adequately 

resuscitated HF patients should be interpreted with caution, especially in those with severe 

HF.

Capillary refill time.—Capillary refill time (CRT)-guided resuscitation was recently 

compared to lactate-guided resuscitation in a multicenter clinical trial of 424 patients with 

septic shock, and the conclusions showed outcome differences, but a trend toward mortality 

reduction using the CRT-guided strategy was observed (34.9% vs 43.4%; P = .06).47 Heart 

failure was not an exclusion for the study, but the rate of preexisting HF was not reported.47 

Capillary refill time has also been associated with inadequate perfusion in cardiogenic shock 

states.48 Capillary refill time may be prolonged in HF patients with low CO, and the degree 

of hand edema may confound measurement.49 Given that CRT has shown comparable and 

potentially superior lactate-guided resuscitation, CRT may be more reliable in patients with 

severe HF (eg, EF< 20%) where lactate may be constitutively elevated.46 Surviving Sepsis 

guidelines have not endorsed protocolized CRT-guided resuscitation,9,50 but CRT provides a 

useful bedside assessment in sepsis with preexisting HF patients considering its ease of use 

and efficacy provided clinical features allow for reliable testing.

Venous oxygenation.—Mixed venous oxygenation (SvO2), and its surrogate marker, 

central venous oxygen saturation (ScvO2), have been used to monitor oxygenation changes 

in response to treatment during sepsis, targeting values over 65% and 70%, respectively.51,52 

Multiple studies have shown an association between early ScvO2 < 70% and mortality in 

sepsis/septic shock,53,54 and SvO2 < 60% in acute HF was associated with higher mortality.
55 Ouellette and Shah found that among patients with sepsis with preexisting LVD, those 

who died had lower initial ScvO2 (61% vs 70%; P = .002).19 However, the utility of ScvO2 

as a therapeutic target has been questioned over the past several decades and was removed 

from the most recent Surviving Sepsis Guidelines.9,56

In sepsis, CO is presumably normal or elevated while tissues are unable to extract oxygen 

secondary to microcirculation disruption.57 The perseverance of CO and low oxygen 

extraction in sepsis can cause misleadingly elevated SvO2/ScvO2. Velissaris et al reported as 

many as 50% of patients with ScvO2 > 70% at baseline to be fluid responsive during sepsis, 

indicating these patients were in need of volume replenishment despite apparently adequate 

oxygenation.58 Cardiogenic shock states present with relatively lower venous oxygenation,57 

creating a common concern that low CO in HF may mask the compensatory increase in CO 

during sepsis and thus confound venous oxygenation measurements. Patients with chronic 

low CO may maintain adequate tissue oxygenation in states of low mixed venous 

oxygenation through supranormal oxygen extraction adaptations,59,60 confounding the 

ability to target SvO2/ScvO2 in HF patients with sepsis. Indeed, this phenomenon has been 

reported in patients with chronic SvO2 as low as 40%.60 Given these considerations, SvO2/

ScvO2 should not be routinely used to guide resuscitation in sepsis with preexisting HF.

Pulse pressure variation and stroke volume variation.—Pulse pressure variation 

(PPV) and stroke volume variation (SVV) rely on cyclical intrathoracic pressure changes 
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during MV to assess fluid resuscitation status. These dynamic readings are superior 

predictors of fluid response when compared to the static measurement of central venous 

pressure (CVP).61 Both PPV and SVV measures increase in CO during inspiration, and 

more profound increases in CO suggest fluid responsiveness reflected by higher PPV and 

SVV. Target PPV values vary drastically, and PPV cannot reliably predict fluid 

responsiveness when between 4% and 17%, the range reported in most intensive care unit 

(ICU) patients.62 Stroke volume variation may be even less reliable than PPV and requires 

more specialized monitoring equipment.63 In HF, the presence of right ventricular (RV) 

dysfunction or LVD may diminish the accuracy of PPV.64 When RV SV is impaired due to 

increased RV afterload or RV contractile dysfunction, and not due to decreased RV preload, 

PPV may be falsely indicative of fluid responsiveness.65 However, the HF spectrum has 

varying degrees of RV and LVD, and this variation is likely most relevant in right HF 

secondary to pulmonary hypertension.66 Heart failure may lead to exaggerated PPV and 

SVV, as the pleural pressure increases likely have a greater magnitude of effect when 

applied to dysfunctional ventricles. Nevertheless, PPV and SVV may informative fluid 

response predictors in patients with systolic HF without a dysfunctional RV, and more 

research is needed to determine the impact of severely impaired LV function on the accuracy 

of these parameters.

Central venous pressure.—The CVP assessment was removed from the 2016 Surviving 

Sepsis Guidelines citing limited ability to predict volume status within the normal CVP 

range of 8 to 12 mm Hg as it is only predictive of response at extreme ranges.9 Central 

venous pressure may only identify adequate fluid resuscitation in 54% of patients with 

sepsis67 and has been unreliable outside of the initial 12 hours of septic shock resuscitation 

to predict both volume status and fluid responsiveness.68 Furthermore, CVP has 

demonstrated low correlations to both intravascular volume and change in cardiac index.69 

Central venous pressure may be even less reliable in patients with sepsis with preexisting 

HF, as filling pressures estimating preload depend on ventricular compliance,70 which is 

altered in chronic HF.32 Generally, RV dysfunction produces a falsely elevated CVP, 

whereas LVD and pulmonary edema alone may not drastically alter CVP.71,72 Patients can 

present with overly dilated LVs while having CVPs below 8 mm Hg, which may predispose 

to CVP-guided fluid overload and unintentional induction of acute HF.73 The lack of overall 

usefulness in guiding sepsis resuscitation and the potential for enhanced unreliability in HF 

make CVP an ineffective tool for guiding resuscitation.

Point-of-care ultrasound.—The cardiac dysfunction inherent to patients with sepsis with 

preexisting HF may prompt clinicians to seek initial ultrasound guidance during 

resuscitation to predict fluid responsiveness. Intensivist assessments prior to cardiologist 

interpreted ultrasound incorrectly identified LV function in 40% and RV function in 50% of 

patients suggesting expert involvement, which is not always readily available, may be 

important for this practice.74 Indeed, cardiologist interpreted point-of-care ultrasound 

improved clinician confidence in decision-making concerning fluid use.74 However, point-

of-care ultrasound in the emergency department prior initiation of interventions in septic 

shock has been associated with increased odds of death compared to no ultrasound or 

ultrasound after intervention.75 Prior ultrasound was associated with less aggressive fluid 
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resuscitation possibly leading to poorer outcomes. Interestingly, sensitivity analysis found no 

differences in adjusted mortality in patients receiving vasopressors.75 Given the potential for 

observer error and potential harm, point-of-care ultrasound should not be used prior to 

guideline-recommended fluid resuscitation in the absence of expert interpretation. Future 

prospective studies are needed to assess whether point-of-care ultrasound could provide a 

more nuanced approach to resuscitation specifically in patients with sepsis with preexisting 

HF.

Fluid Use

Surviving sepsis guidelines recommend administration of a 30 mL/kg bolus of crystalloid 

fluid within 3 hours of presentation to correct hypotension in patients with sepsis, regardless 

of comorbid conditions.9 Early goal-directed therapy (EGDT) provided the foundation of 

delivering large fluid boluses to all patients with sepsis.51 However, EGDT and its targets 

have been called into question by large trials refuting their efficacy and suggesting increased 

intensity of care without clinical benefits.76–78 A recent meta-analysis by the PRISM 

investigators showed no mortality benefit (overall and in a subgroup of underlying 

cardiovascular dysfunction) and higher hospitalization costs with EDGT.79 Although the 

tenants of sepsis management have undergone a reorientation, the literature on fluid use in 

HF patients with sepsis is primarily limited to conflicting observational and retrospective 

studies (Table 5). Evidence attributing traditional fluid use to worse outcomes in HF patients 

with sepsis is sparse; however, providing guideline-recommended fluids during acute 

resuscitation is supported by the majority of the literature as it likely decreases mortality 

without the risk of fluid overload and other adverse events.

One retrospective study suggested increased mortality in patients with severe sepsis/septic 

shock and HFrEF given >3 L of fluid.80 Whether the association with mortality could be 

attributed to the presence of systolic dysfunction or more severe sepsis is unclear. Of note, 3 

L of fluid would likely be reached with fluid administered in excess of the 30 mL/kg initial 

bolus, as an average weight of 70 kg would confer only about 2 L of fluid. Additionally, the 

time frame of fluid administration was not reported, making it difficult to apply this volume 

cutoff.80 Leisman et al reported HF as predictive of the fluid refractory phenotype, but even 

among HF patients, over half were initially fluid responsive.84 Delayed fluid administration 

was the most predictive factor of the refractory phenotype,84 and delayed fluid 

administration has been reported in HF by observational studies.90,91 This factor may imply 

that HF was predictive due to delayed fluid administration. Kelm et al examined fluid 

overload after EGDT in 405 patients with septic shock and found no significant increase in 

day 1 or persistent fluid overload among a subgroup of 60 patients with sepsis and HF, 

although the study was not designed to assess this outcome.88 Among a septic cohort with 

71% of preexisting HF, Khan et al found no differences in the rates of intubation between 

receipt of <30 mL/kg and ≥30 mL/kg of resuscitation fluid in the first 6 hours.81 This study 

was the first to directly assess the impact of traditional fluid boluses on intubation rates as a 

primary outcome, and the lack of harm from fluids tempers concern for fluid resuscitation-

induced pulmonary edema.
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A large retrospective study assessing multiple populations showed that a subgroup of 1045 

HF patients with sepsis had reduced mortality when compliant with a 3-hour sepsis bundle 

that included 30 mL/kg fluid bolus initiated within 30 minutes (60-day in-hospital mortality 

OR: 0.67; 95% CI: 0.47–0.95; P = .026).85 The benefit was surprisingly accentuated in the 

HF subgroup compared to the overall cohort85; however, these results may not be attributed 

solely to volume resuscitation as the timely effects of bundle implementation are not strictly 

related to fluids and may be due to earlier antimicrobials, source control, and additional 

treatment measures. Liu et al examined 4144 patients with HF in separate periods of pre- 

and postbundle implementation and found bundle compliance decreased mortality among 

HF patients.86 Postbundle mortality for patients with HF was reduced (11.6% vs 14.8%; P 
= .03). The mortality reduction was exclusive to patients with HF and/or kidney disease and 

was not seen when these patients were excluded from analyses.86 Shah and Ouellette 

reported EGDT compliance decreased in-hospital mortality among patients with sepsis with 

a reduced EF (16.7% vs 36.3%; P < .05).92 Collectively, data demonstrate compliance with 

goal-directed therapy and fluid targets likely improves morbidity and mortality in HF 

patients with sepsis.

Noncompliance with sepsis bundles or guideline-recommended therapy shows either a 

neutral or deleterious effect in sepsis with preexisting HF, and broadly adjusting fluid goals 

based on the presence of HF without careful clinical assessment is unwarranted. Suggesting 

neutral outcomes, a study of 1027 patients with septic shock recently found failure to 

administer an initial 30 mL/kg fluid bolus did not affect mortality (OR: 1.03; 95% CI: 

0.76-1.41).82 This finding, along with concern for excess fluids increasing ICU mortality, 

continued to rebut the “one size fits all” approach of fluid resuscitation, but no subgroups of 

HF were analyzed. Seymour et al observed an increase in mortality for each hour delay of a 

3-hour sepsis bundle among HF patients, but this outcome was not observed for each hour 

delay in fluid bolus administration.87 The results are limited by nonstandardized fluid 

initiation times, and whether time 0 was related to fluids initiated during triage or floor order 

entries is unknown. In contrast, Kuttab et al showed failure to complete 30 mL/kg by 3 hours 

was associated with increased in-hospital mortality regardless of comorbidities (OR: 1.52; 

95% CI: 1.03-2.24).90 However, no significant mortality difference was observed with 

failure to meet 30 mL/kg by 3 hours in HF (OR: 1.48, 95% CI: 0.68-3.21), although the 

study was not powered to assess this subgroup.90 A cohort of 333 patients with severe 

sepsis/septic shock with preexisting HF found failure to meet 30 mL/kg was not associated 

with increased mortality (25.6% vs 21%; P = .36).83 However, in the group of patients who 

had HF and were hypotensive, adequate fluid resuscitation was associated with lower 

mortality (23% vs 43%; P = .0015) and lower intubation rates (46% vs 65%; P = .008).83 

These results highlight the importance of maintaining guideline-directed fluid targets in HF 

patients with sepsis as inadequate resuscitation has demonstrated at best, neutral, and worse 

detrimental outcomes.

Despite the evidence supporting guideline-directed fluid resuscitation, clinicians tend to 

under-resuscitate patients with HF likely due to concerns for volume overload. Wardi et al 

recently surveyed critical care clinicians, and 43% of respondents did not believe 30 mL/kg 

fluid boluses were appropriate for patients with sepsis with HFrEF, while only 11% deemed 

it inappropriate in patients without HFrEF (P < .01).93 Unsurprisingly, failure to reach fluid 
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resuscitation of 30 mL/kg has been observed in patients with HF.82,89–91 Kuttab et al found 

decreased odds of reaching a goal of 30 mL/kg of fluid by 3 hours in patients with HF (14.3 

mL/kg in patients with HF vs 30 mL/kg in patients without HF; OR: 0.42 [0.29-0.60]).90 

Leisman et al associated HF with longer times to initiation of fluids (β = 20 minutes; CI, 14 

to 25; P < .001) and a lower volume of fluid resuscitation (β = −14 mL/kg; CI, −17 to −12; P 
< .001).91 Abou Dagher et al found patients with sepsis and pre-existing HF received less 

intravenous (IV) fluid in the first 24 hours (2.75 ± 2.28 L vs 3.67 ± 2.82 L; P = .038).11 

While clinical concern may cause under-resuscitation in HF patients with sepsis, available 

data do not support this practice, and the vast majority of the literature advocates against 

under resuscitation.

After the acute resuscitation phase of sepsis, therapeutic strategies during the optimization, 

stabilization, and evacuation phases of fluid management remain unclear.94 The pilot study 

Restrictive IV Fluid Trial in Severe Sepsis and Septic Shock examined the effect of 

conservative fluid management (<60 mL/kg over the first 72 hours) compared to usual care 

in 109 patients with severe sepsis/septic shock.95 No mortality difference was observed 

between the conservative fluid approach and usual care (21.8% vs 22.8%; P = .99). Less 

fluid administration was observed during the first 24 hours after randomization (7.8 vs 16.6 

mL/kg; P = .02); however, each group had roughly 9 hours from triage to randomization in 

which both received >30 mL/kg of fluid (34.4 vs 36.2 mL/kg; P = .49),95 indicating that the 

discussion of conservative fluid management occurs after the initial 30 mL/kg bolus. 

Hjortrup et al prospectively examined a conservative fluid strategy versus standard care 

through 5 days after initial resuscitation and found reduced incidence of worsening kidney 

function in the restrictive group (37% vs 54%; P = .03).96 These results provide insight into 

opportunities to safely mitigate excess fluid administration without compromising the 

clinical benefits of acute resuscitation, an attractive strategy for HF patients.

Data have shown higher fluid balances during hospitalization correlate with increased 

mortality,38,68,97 but patients with markers of severe HF were excluded from these analyses. 

Interestingly, intensive fluid restriction over several days has not demonstrated improved 

outcomes in nonseptic acutely decompensated HF patients.98,99 A recent meta-analysis of 

de-resuscitation in critically ill patients showed that a conservative fluid approach resulted in 

less ICU and ventilator days without increasing adverse events but did not affect mortality; 

however, the review excluded studies that included patients with HF.100 The impact of 

optimizing the de-resuscitation and fluid restrictive phases after initial resuscitation in sepsis 

with preexisting HF presents an intriguing clinical question that remains to be answered, but 

current evidence points to possible benefits without harm with a conservative approach 

adopted after initial resuscitation.

In summary, patients presenting with sepsis and preexisting HF should not be withheld 

within the recommended 30 mL/kg bolus of crystalloid fluid in the acute resuscitation phase. 

Achieving 30 mL/kg of fluid by 3 hours is a reasonable goal in sepsis with preexisting HF, 

as it has improved outcomes in patients with sepsis.82 However, caution is advised in 

patients with advanced HF, and research on these specific subgroups (eg, EF < 15%) is 

warranted due to the lack of conclusive evidence and risk of disproportionate consequences 

from volume resuscitation. After acute fluid resuscitation, a conservative fluid strategy is 
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reasonable in HF patients, but more research is needed in protocolizing a conservative fluid 

strategy.

Pharmacological Considerations for Sepsis With HF

The Surviving Sepsis guidelines recommend norepinephrine (NE) as the first-line 

vasopressor in sepsis and septic shock followed by vasopressin and possibly epinephrine or 

dopamine as second- or third-line options. Low-quality recommendations are provided for 

dopamine, epinephrine, and dobutamine use in select patient populations, and evidence has 

been primarily based on improvements in hemodynamic parameters and a neutral effect on 

outcomes.9 Due to the lack of evidence concerning vasopressors within patients with sepsis 

with preexisting HF, data are primarily extracted from subgroups within studies on sepsis, 

septic shock, and other shock presentations. Figure 1 summarizes proposed optimal 

interventions in resuscitation in septic shock with preexisting HF in relation to both fluid and 

pharmacologic therapy.

Norepinephrine.—As the first-line vasopressor in sepsis,9 NE has the most supportive 

evidence. Norepinephrine mediates arterial constriction via α-1 adrenergic agonism, and 

limited positive inotropy is observed through β-1 stimulation.101 Furthermore, NE may 

directly stimulate coronary vessel dilation in failing hearts.102 This mixed action has created 

interest in the role of NE in hemodynamic support during cardiogenic shock.

The Sepsis Occurrence in Acutely Ill Patients (SOAP) II trial demonstrated superiority of 

NE over dopamine in 280 patients with cardiogenic shock through a comparative reduction 

in 28-day mortality (P = .03) and lower incidence of arrhythmias within all variations of 

shock (ie, hypovolemic, septic, and cardiogenic).103 In keeping with these results, a 2015 

meta-analysis prompted guidelines to recommend NE over dopamine as first line in septic 

shock as it demonstrated lower mortality (risk ratio [RR]: 0.89; 95% CI: 0.81-0.98) and 

lower risk of arrhythmias (RR: 0.48; 95% CI: 0.40-0.58).104 The data observed a lower 

relative heart rate (HR) of 19 beats per minute when comparing NE to dopamine, which may 

minimize increases in myocardial oxygen demand. Another recent meta-analysis compared 

NE to dopamine for cardiogenic shock and again concluded NE was associated with lower 

28-day mortality and arrhythmic events regardless of etiology of cardiogenic shock.105 

Norepinephrine was prospectively evaluated against epinephrine for managing cardiogenic 

shock secondary to myocardial infarction in 57 patients, and NE reduced refractory shock 

(7% vs 32%; P = .008) and had lower HR, less lactatemia, and less acidosis.106

Even with aspects of HF pathophysiology suggesting diminished efficacy, NE may have 

beneficial effects on cardiac function. Norepinephrine increased CO among patients with 

septic shock and an average baseline EF of 47% who had positive responses to passive leg 

raise (ie, volume responsive with cardiac preload reserve).107 Similarly, Maas et al 

concluded that SVV > 8.7% was predictive of NE-induced increase in CO.108 However, HF 

patients commonly lack the cardiac preload reserve detected in volume response 

assessments,109 and this preload reserve deficiency creates concern for reduced NE 

effectiveness. On the other hand, increased venous return via vasoconstriction may decrease 

the need for fluid administration through fluid recruitment from the venous vasculature 
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reservoir.110 Despite the mechanistic confounding in HF, an observational study showed NE 

improved cardiac index and SV index in patients with EF < 45%.111 Interestingly, a small 

group of patients experienced decreases in cardiac index after NE, which may represent a 

group in whom the increased afterload unmasks underlying systolic dysfunction of HF.111 

Hamzaoui et al showed NE increased LVEF in 38 patients with septic shock (49%-56%; P 
< .05) and in a subgroup of these patients with LVEF ≥45% (36% to 44%; P < .05).112 

Taken together, these data demonstrate that volume-responsive patients likely experience a 

more profound increase in CO due to NE. However, even amid concern for low volume 

responsiveness in HF, NE has improved EF in HFrEF. Whether actively recruiting the 

existing excess fluid in the vasculature of HF patients through vasoconstriction could replace 

some early fluid administration is unknown. This principle may allow earlier use of NE in 

patients for whom fluid overload is a concern by utilizing the increased volume in the 

venous capacitance of HF patients. The Crystalloid Liberal or Vasopressors Early 

Resuscitation in Sepsis (CLOVERS) trial is currently in recruitment and will begin to 

address this line of thinking as it compares early fluid strategy to early vasopressor strategy 

in sepsis.113 In summary, NE has been found to be safe and effective in patients with sepsis 

and cardiac dysfunction and should remain the first-line vasopressor in patients with septic 

shock and HF.

Vasopressin.—Vasopressin is recommended as a second-line vasopressor in septic shock9 

but has no recommendations concerning use in acute HF or cardiogenic shock.10 Heart 

failure-mediated renin-angiotensin-aldosterone system activation leads to chronically 

elevated levels of endogenous vasopressin,114 and vasopressin antagonism has been applied 

as a therapeutic strategy in HF.10 In contrast, septic shock has shown endogenous 

vasopressin deficiency,115 especially in the late phase of shock.116 These competing effects 

may decrease the efficacy of vasopressin in patients with septic shock and HF as preexisting 

elevated levels of vasopressin in HF may reduce the degree of deficiency in sepsis and, thus, 

the benefits of vasopressin replacement. The application of vasopressin agonism in HF 

appears confounded by pathophysiologic principles, but its role in septic shock outweighs 

these theoretical concerns.

As a potent vasoconstrictor, concern exists for vasopressin’s negative impact on coronary 

perfusion, which has been demonstrated in animal models.117,118 Additionally, caution 

should be held in patients with mixed septic and cardiogenic shock as vasopressin-mediated 

vasoconstriction through V1-receptor activation increases afterload significantly with no 

direct inotropic effects (unlike NE), thus further reducing CO.119 However, no human data 

have indicated increased cardiac injury or reduced CO among patients treated with 

vasopressin.120–123 The Vasppressin and Septic Shock Trial (VASST) compared vasopressin 

to NE added to existing vasoactive agents and found that the addition of vasopressin reduced 

mortality in a subgroup of patients with less severe sepsis (NE requirements: 5-14 μg/min).
124 A post hoc analysis of the cardiopulmonary effects of vasopressin in the VASST trial 

(vasopressin vs NE in septic shock) showed vasopressin did not diminish cardiac index 

compared to NE even in the subset of patients with the lowest CO.121 Additionally, 

vasopressin was associated with a lower HR compared to NE.121 The VASST trial excluded 

patients with underlying severe HF (New York Heart Association [NYHA] class III or IV) 
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limiting conclusions from the largest vasopressin study to date.124 Notably, vasopressin 

induces profound vasoconstriction in the fluid reservoir of the splanchnic vasculature,125 and 

the active recruitment of this volume in HF patients raises caution, although no evidence 

supports this concern. In summary, given the lack of human data on adverse effects and the 

efficacy when combined with NE, vasopressin should remain the agent of choice to add to 

NE in sepsis with preexisting HF.

Epinephrine.—Epinephrine is recommended as a second-line vasopressor to supplement 

NE in the management of septic shock with weak quality of evidence.9 While epinephrine is 

used in septic shock, its utility in low output states of acute HF has been disputed.126 

Through β-1-mediated inotropy, epinephrine increases SV, EF, and CO,127 all ideal for 

patients with HF. Epinephrine has demonstrated comparative outcomes to NE in septic 

shock but has concerns for metabolic and splanchnic adverse effects not seen with NE.
128–130

In a retrospective cohort, Sato et al suggested increased arrhythmias and mortality with the 

use of epinephrine in septic shock (mortality HR: 4.79; 95% CI: 2.12-10.82; P < .001).131 In 

a clinical trial of ICU patients requiring NE or epinephrine, no difference in time to goal 

mean arterial pressure (MAP) or mortality was found in patients with severe sepsis and 

circulatory failure.132 However, epinephrine produced more metabolic side effects and 

tachycardia.132 Levy et al compared epinephrine to NE plus dobutamine for the management 

of cardiogenic shock not caused by myocardial infarction (90% of patients had a history of 

HF) and found similar increases in global hemodynamic effects (eg, cardiac index, MAP).
133 Epinephrine increased HR, arrhythmias, lactate, and inadequate gastric mucosal 

perfusion compared to NE/dobutamine.133 A recent trial of epinephrine versus NE in 

patients with cardiogenic shock due to acute myocardial infraction observed more refractory 

shock in the epinephrine group resulting in early trial termination (37% vs 7%; P = .008).106 

Heart rate, cardiac double product, and lactic acidosis increased significantly with 

epinephrine, while remaining unchanged with NE.106

Elevated lactate from epinephrine is commonly viewed as an adverse event; however, a more 

nuanced appreciation of lactate is warranted. The lactate generated from epinephrine comes 

from β2-receptor induction of aerobic glycolysis and not exclusively from hypoxia.45 

Exogenous lactate was shown to augment CO in acutely decompensated HFrEF.134 

Additionally, elevated lactate after epinephrine was predictive of better outcomes in 

nonspecific135 and septic shock.136 Lactate may not be an entirely negative consequence of 

epinephrine, and future studies should investigate benefits with epinephrine based on initial 

lactate levels.

In summary, limited data support an application for epinephrine in sepsis and septic shock 

with preexisting HF. Epinephrine has shown arrhythmogenic side effects without 

hemodynamic benefits over other agents when managing cardiogenic shock states and 

should be avoided, if possible, in the management of sepsis with preexisting HF.

Dopamine.—Dopamine is recommended as a last-line vasopressor for septic shock due to 

heightened risk of arrhythmias compared to other vasopressors.9 Dopamine’s inotropic and 
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vasopressor qualities have made it appealing for hemodynamic management101; however, 

evidence has suggested harmful cardiac effects complicating its use in HF patients with 

sepsis. De Backer et al concluded dopamine was associated with greater mortality and more 

arrhythmias compared to NE in septic shock.137 As previously described, dopamine was 

inferior to NE in the SOAP II trial and in meta-analyses of nonspecific shock, septic, and 

cardiogenic shock.103–105 The mechanism for these adverse outcomes may be attributed to 

the increase in HR and higher incidence of arrhythmias, specifically atrial fibrillation (AF), 

with dopamine compared to NE.103,137 Increased mortality was not seen in septic or 

hypovolemic shock in the SOAP II trial, suggesting specific deleterious cardiac effects.103 

Patients with severe HF have increased risk for developing cardiogenic shock in the midst of 

sepsis, further directing the choice of vasopressor away from dopamine.138

Dopamine has been prospectively evaluated in acute HF patients with average EFs of 30% to 

35%.139,140 These trials did not demonstrate increased cardiac adverse effects of dopamine, 

but a major limitation in extrapolating these data to septic HF patients is the dose used in 

these HF trials was 5 μg/kg/min.139,140 The dose in SOAP II represented dopamine dosing 

for sepsis/septic shock and ranged from approximately 12 to 16 μg/kg/min over the first 7 

days.103 Considering dopamine dosing greatly effects targeted receptor profiles, the more 

adverse effects observed from dopamine at higher doses (specifically arrhythmias) may limit 

the safety findings of the trials in acute HF. Further, Mebazaa et al observed that dopamine 

had the highest association with mortality among vasoactive agents when used in acute HF, 

mostly due to higher in-hospital mortality. 141 Notably, a recent meta-analysis of dopamine 

in critically ill patients with cardiac dysfunction found dopamine did not affect mortality; 

however, the trials included had doses in the 2 to 10 μg/kg/min range, with most being below 

5 μg/kg/min.142

In summary, the data on dopamine for sepsis with preexisting HF are limited with an 

apparent dose-dependent effect on adverse outcomes, suggesting greater adverse effects with 

the higher doses used in septic shock. Due to the adverse effects in septic and cardiogenic 

shock, suggested harm in acute HF, and lack of benefit among critically ill patients with 

cardiac dysfunction, dopamine should be generally avoided in sepsis with preexisting HF.

Dobutamine.—Dobutamine is recommend to treat persistent hypotension despite fluids 

and vasopressors in patients with sepsis9 and historically in the context of improving ScvO2 

to >70% in EGDT.51 Dobutamine is also used in severe HF to support patients with low CO.
10 These applications stem from its strong inotropic effects augmenting oxygen delivery, 

MAP, and CO.143,144

Despite an attractive mechanism, dobutamine has largely failed to improve oxygenation and 

outcomes among patients with sepsis, but some recent studies suggest a benefit. Arguing 

against dobutamine use, Sato et al associated dobutamine with higher mortality and 

incidence of AF in septic shock.131 Hernandez et al found dobutamine failed to improve 

perfusion parameters in septic shock, despite an increase in HR, CO, and EF.145 Hayes et 

al146 found no clinical improvement in cardiac index or oxygenation status from dobutamine 

among critically ill patients (72% sepsis/septic shock) and associated dobutamine with 

increased hospital mortality (54% vs 34%; P = .04). Additionally, treatment with NE and as-
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needed dobutamine based on cardiac index did not improve survival or outcomes when 

compared to NE alone in patients with septic shock.129 Concerning HF-related outcomes, a 

meta-analysis of acute decompensated HF patients comparing dobutamine and nesiritide 

found lower survival rate (OR: 0.48; 95% CI: 0.36-0.63; P < .001) and greater readmission 

rate (OR: 0.52; 95% CI: 0.36-0.73; P < .001) with dobutamine.147

In support of dobutamine, a recent meta-analysis found that NE plus dobutamine was 

associated with decreased 28-day mortality (highest surface under the cumulative ranking 

[SUCRA] of 85.9% compared to NE plus epinephrine [74.6%], epinephrine [72.5%], 

vasopressin [66.1%], and NE [59.8%]), especially among patients with sepsis with low CO.
148 The SUCRA compares the interventions to the hypothetical best intervention for the 

outcome, and the higher the percentage, the closer the intervention is to the hypothetical best 

intervention.149 The SUCRA ranking method may be influenced by clinician preference/

familiarity and variable levels of data quality warranting cautious interpretation.150 Despite 

the absence of clear outcomes data, patients with sepsis with preexisting HF have more 

dobutamine use than those with sepsis and no HF.11,15 Whether dobutamine has a specific 

impact on outcomes for patients with preexisting HF remains unknown.

In summary, even though dobutamine presents an intuitive option to treat persistent 

hypotension in septic HF with low CO from LVD, evidence does not show clear clinical 

benefit. Evidence largely supports a negative or neutral effect on outcomes from 

dobutamine. Recent data suggest an application for dobutamine when combined with NE in 

patients with sepsis/septic shock and low CO. Dobutamine may be considered a second-line 

vasoactive agent as adjunct to NE for sepsis with preexisting HF presenting with concerns 

for reduced CO (ie, severe HFrEF) but should not be used regularly in HFpEF.

Milrinone.—Milrinone’s inotropic effects are often used to improve CO in severe HF.10 

However, milrinone causes greater vasodilation than dobutamine making it an unlikely 

choice in sepsis.151 Indeed, in a trial of milrinone in sepsis, increases in NE and epinephrine 

were needed during milrinone infusion to counter vasodilation.152 Milrinone has 

demonstrated superior correlation with venous oxygenation compared to dobutamine in 

severe HF,153 but a prospective clinical trial in acute HF showed milrinone worsened 

hypotension, increased arrhythmias, and possible mortality increase.154 Interestingly, Sato et 

al reported milrinone was not associated with increased mortality in septic shock (HR: 

0.885; 95% CI: 0.44-1.79; P = .734), unlike epinephrine and dobutamine.131 However, 

milrinone was associated with increased incidence of AF similar to both epinephrine and 

dobutamine.131 Milrinone showed no detrimental effects and possibly enhanced cardiac 

function when used in combination with β-blockers (BBs) in sepsis to combat concerns for 

catecholamine-induced myocardial depression by avoiding dobutamine.155,156 Unlike 

dobutamine, phosphodiesterase inhibitor efficacy is not altered by concomitant BBs,157 but 

the specific application of milrinone use preferentially to dobutamine in patients on chronic 

BB therapy is not established.

In summary, the hypotensive effects in sepsis and lack of efficacy in acute HF patients of 

milrinone suggest it should not be used during the acute resuscitative phase but may be used 
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cautiously after stabilization if there are concerns for catecholamine toxicity and reduced 

dobutamine efficacy (eg, concomitant BB).

Considerations With BBs and Angiotensin Inhibition

Patients with chronic HF are likely managed with chronic BBs, angiotensin-converting 

enzyme inhibitors (ACE-Is), angiotensin receptor blockers (ARBs), or angiotensin receptor 

neprilysin inhibitors (ARNi).10,158 β-Blockers have been of interest in sepsis as evidence has 

shown profound overstimulation of adrenergic receptors contributes to cardiac dysfunction.
159 During sepsis, BBs attenuate inflammatory cytokines, improve cardiac function, 

counteract metabolic dysregulation, and prevent negative consequence from sympathetic 

overstimulation.160,161 While the majority of the studies have assessed infusions of fast-

acting BBs (eg, esmolol) for this application, the question of how to manage concurrent 

home BB therapy remains, particularly in patients who may benefit from dobutamine. 

Additionally, ACE-Is reduce pro-inflammatory mediators and acute lung injury in an 

experimental sepsis animal model,162 although their evidence is far less developed for this 

role in therapy. The potential beneficial effects of medication continuation are often 

overshadowed by fear of negative hemodynamic consequences.

β-Blockers.—Patients presenting with BB home therapy may have upregulated β-

receptors,163 which may lead to altered doses of vasoactive agents needed to meet goal 

hemodynamics. In the setting of upregulated β-receptors, abruptly withdrawing the BB may 

expose an abnormally high number of receptors to agonism from endogenous 

catecholamines during sepsis and potentially augment effects of β-agonist vasoactive agents. 

In contrast, continuing BB may impede binding of vasoactive agents to β-receptors to an 

unknown degree and decrease efficacy. Interestingly, in the failing heart, carvedilol does not 

upregulate β-receptors due to a different binding pattern than metoprolol.164,165 Differences 

in the hemodynamic effects between metoprolol and carvedilol have been observed with 

concomitant dobutamine.166 In the presence of metoprolol, the inotropic effects of 

dobutamine were slightly blunted, whereas carvedilol almost completely blunted 

dobutamine’s inotropic effects.166 Additionally, only high-dose dobutamine (15-20 μg/kg/

min) increased CO in the presence of chronic carvedilol blockade.157 The greater 

dobutamine blunting effect of carvedilol possibly occurs due to the lack of upregulated β-

receptors available for dobutamine binding and the strong binding of carvedilol to the β-

receptors preventing displacement by dobutamine.167 Sepsis also causes downregulation of 

β-receptors,160 and given the absence of upregulated β-receptors with carvedilol, patients on 

concurrent carvedilol may require higher doses of dobutamine, although higher doses of 

dobutamine increase arrhythmia risk.168 The effect of concurrent BBs on the 

arrhythmogenic potential of dobutamine in sepsis is unknown. Interestingly, BB use 

prevented dobutamine-induced ventricular arrhythmias in decompensated HF with EF<35%.
169

The clinical significance of interplay between the β-receptor upregulation and sepsis 

management is unknown, and current guidelines give no recommendations for the 

management of chronic BBs in sepsis.9 Interestingly, one study showed that previously 

prescribed BB decreased mortality in patients with septic shock from 22.1% to 17.7% (OR: 
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0.78; 95% CI: 0.66-0.93; P =0.005).170 The authors hypothesized the benefit was from 

prophylactic BB inhibition of septic cardiac depression before the development of sepsis or 

septic shock.170 Additionally, long-term BB therapy has been associated with significantly 

lower lactate levels during sepsis and septic shock.171 Whether lower lactate is due to β-

blockade inhibiting β-2-mediated glycolysis or a sepsis protective effect is unknown, but 

caution is warranted when interpreting lactate levels in the presence of BBs. The authors 

noted a trend toward decreased mortality in the BB group at 28 days (35% vs 49%; P = .08), 

while the trial was not powered to examine mortality.171 DeMott et al sought to quantify 

dose changes in vasopressors based on chronic antihypertensive treatment and found that 

concurrent BB therapy did not affect vasopressor dosing at 48 hours.172

While previous BB use does not compel continuation during sepsis, it does raise an 

interesting clinical question, and BB discontinuation in sepsis has been a constant debate. 

Fuchs et al found a survival benefit associated with continuing BB therapy during the acute 

phase of severe sepsis and septic shock in a retrospective secondary analysis of a single-

center study.173 Continued BB therapy was associated with decreased hospital (P = .03), 28-

day (P = .04), and 90-day mortality rates (40.7% vs 52.7%; P = .046).173 A multicenter 

observational study (ClinicalTrials.gov Identifier: NCT03190408)174 was completed that 

examines antihypertensive therapy and the effects on outcomes in patients with septic shock, 

and the results are waiting to be reported. The data may be confounded as BB continuation 

in sepsis and septic shock could be a surrogate marker for patients with more stable blood 

pressure limiting the applicability of these data in the absence of prospective evaluation.

In acute decompensated HF, BB discontinuation has been associated with increased hospital 

and short-term mortality.175 Additionally, BB discontinuation was associated with 

significantly higher mortality among acute HF patients treated with milrinone.176 Caution is 

warranted in interpreting these findings as it is unknown if the benefits are from BB 

continuation during the acute setting or due to higher rates of continuation on discharge. One 

clinical trial demonstrated no differences in safety outcomes from keeping versus stopping 

BB in acute decompensated HF patients with an average EF of 32% but was not powered to 

detect mortality differences.177 This result may encourage continuation given the lack of 

adverse events and the benefits observed in other studies. In summary, given the suggested 

benefits of BB blocker continuation in sepsis and acute decompensated HF, continuation of 

chronic BBs in the setting of sepsis and HF should be strongly considered.

Angiotensin inhibitors.—Limited data exist on implications of managing antecedent 

ACE-Is, ARBs, and ARNi therapy. Demott et al demonstrated that prehospital ACE-I was 

associated with the shortest time on vasopressors (19 hours) compared to BB (24 hours), 

BB, ACE-I (30 hours), and no therapy (30 hours).172 A retrospective study of over 50 000 

patients with sepsis found the presepsis ACE-I/ARBs were associated with reduced 30- and 

90-day mortality, while presepsis BBs were not.178 Similarly, another large database review 

of over 30 000 patients admitted for sepsis revealed that ACE-I and ARBs were associated 

with lower hospital mortality (adjusted OR: 0.93; 95% CI: 0.88-0.98 and adjusted OR: 0.85; 

95% CI: 0.81-0.90, respectively).179 The retrospective natures of these reports limits 

conclusions due to observational and nonrandomized design and lack of granular clinical 
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characteristics. The inability to detect sepsis-related mortality prevents differentiation of the 

protective effect of ACE-Is and ARBs on cardiovascular disease (eg, myocardial infraction).

Both ACE-Is and ARBs can elevate serum potassium levels,10 and hyperkalemia has been 

associated with mortality in critically ill patients.180 Additionally, sepsis often induces renal 

dysfunction that leads to elevated potassium levels.181 These concerns may warrant 

discontinuation of ACE-Is and ARBs in the setting of sepsis and HF and restart upon 

stabilized renal function. No clinical data exist on the effects of neprilysin inhibitors limiting 

discussion of ARNi continuation. Interestingly, neprilysin was protective in a mouse model 

of septic shock,182 and the impact of inhibited neprilysin during human sepsis may warrant 

investigation.

In summary, ACE-Is and ARBs often warrant discontinuation due to unstable blood 

pressures and renal dysfunction in sepsis, and the data supporting their continuation are 

limited compared to BBs. Nonetheless, presepsis ACE-I and ARB use appears to offer 

protection in sepsis, and they should be restarted as soon as possible after stabilization to 

resume evidence-based HF management.

Management of AF

Heart failure, impaired LVEF, and sepsis are independently and additively associated with 

higher incidence of arrhythmias, specifically AF.183–186 Acute-onset AF represents up to 

70% of supraventricular arrhythmias in sepsis,187,188 and management considerations with 

preexisting HF are limited to applying data from long-term HF studies and subacute settings.
189,190 The hemodynamic consequences of antiarrhythmic drugs are a common concern in 

sepsis and septic shock, and following suit, AF guidelines recommend only electrical 

cardioversion in hemodynamically unstable patients.190 Even after acute hemodynamic 

stabilization, medication-induced blood pressure changes should be avoided and the 

hemodynamic effects of drug therapies considered carefully. After stabilization, rate control 

may be preferred in ICU patients as the majority will convert to normal sinus rhythm with 

resolution of acute illness.191 Indeed, one study of critically ill patients with AF found 81% 

reverted to normal sinus rhythm when treated with rate control alone.192 However, Gillinov 

et al found no clinical benefits favoring rate or rhythm control in ICU patients following 

cardiac surgery,193 and failure to restore sinus rhythm in patients with sepsis may be 

associated with greater in-hospital mortality.194 The hypersympathetic tone in sepsis may 

promote irregular ventricular conduction of AF impulses independently worsening CO and 

hemodynamics.195 Conventional wisdom may point clinicians toward agents considered 

hemodynamically favorable (eg, amiodarone and digoxin) compared to agents with negative 

inotropy (eg, BBs and calcium channel blockers [CCBs]); however, current evidence appears 

to favor BBs in the management AF in hemodynamically stabilized patients with sepsis with 

preexisting HF.

β-Blockers.—The evidence for AF management with rate control through BBs supports 

their application as a first-line option. The strongest support comes from Walkey et al, 

suggesting BBs were associated with the lowest hospital mortality as initial IV AF treatment 

in a cohort of 39 693 patients with sepsis with AF.196 β-Blockers were associated with lower 
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mortality compared to CCBs, digoxin, and amiodarone (RR: 0.92, 0.79, 0.64, respectively; P 
< .05). The association with lower mortality was maintained for BBs in subgroups of 

patients on vasopressors, with preexisting HF and with new-onset and chronic AF.196 

However, this study is limited due to the use of International Classification of Disease 

(ICD)-9 codes and administrative data that lack information on disease severity and specific 

clinical characteristics. Additionally, initial IV AF treatment was included if given during 

the first 14 days of sepsis admission preventing data application to the acute resuscitation 

setting. Even though patients were well matched through propensity scores, the lack of 

granular data and wide window of administration limit applicability, as clinicians may have 

avoided BBs in patients with more profound hypotension electing to use other agents (eg, 

amiodarone or digoxin). These concerns warrant caution in interpreting the mortality 

reduction and outline the need for prospective assessment. Nonetheless, this study provides 

strong support that BBs may be the most appropriate agents in HF patients to control AF 

during sepsis hospitalization. A recent systematic review of BBs early in sepsis found a 

likely mortality benefit, with two-thirds of the 14 included trials (13 prospective, 1 

retrospective) reporting mortality reductions.197 Esmolol was used as the intervention in 12 

of the 14 trials. However, nearly all the trials had exclusion criteria related to severe HF and 

cardiac dysfunction (eg, LVEF<35%, dobutamine use, NYHA class III or IV).197

The concern for BB use in sepsis is primarily negative inotropy in hemodynamically 

unstable patients, but BBs may have neutral hemodynamic effects after initial sepsis 

resuscitation despite the CO reduction.155,197–200 Gore and Wolfe showed patients with 

sepsis receiving esmolol infusion maintained peripheral blood flow and oxygenation despite 

a 20% reduction in CO.198 Balik et al showed esmolol to reduce tachycardia after preload 

correction in septic shock did not adversely affect hemodynamic effects; however, the study 

included patients with EFs approximately 60% and normal cardiac function.199 Du et al 

assessed esmolol in patients with sepsis without LVD and observed increased SV, decreased 

HR, lower lactate, and no effect on MAP.200 Esmolol was shown to reduce systolic BP by 

only 5 mm Hg in patients with severely impaired EF (~27%).201 A dose-dependent 

reduction in CO and EF occurred, showing small reductions with 4 and 8 mg/min and larger 

reductions with 16 mg/min. After infusion cessation, all parameters returned to normal in 10 

to 30 minutes.201 Morelli et al found esmolol infusion titrated to lower the HR 24 hours after 

hemodynamic stabilization in patients with sepsis was associated with reduced mortality and 

less NE use without increasing adverse events.202 The highest dose of esmolol in this study 

was 6.7 mg/min with an average dose of 3.3 mg/min,202 suggesting the doses with minimal 

effects in patients with low EF are the doses used effectively in sepsis (ie, ≤8 mg/min).201 

The same study group examined the specific cardiac effects of esmolol infusion started 24 

hours after adequate resuscitation in septic shock and found an increased SV, unchanged CO 

and LVEF, and reduced NE requirements.203 The neutral effect of CO is hypothesized to be 

from reducing arterial stiffness and subsequently increasing LV SV, even despite the reduced 

contractility from BBs. However, these results should be applied cautiously and based on 

individual cardiac function as EF does not reveal broad spectrum of cardiac function. Data 

beyond esmolol are limited, but enteral metoprolol in combination with milrinone safely 

improved hemodynamic parameters in patients with sepsis, but the study excluded those 

with overt HF.155 Most important to the hemodynamic safety discussion, a systematic 
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review of 14 studies (13 clinical trials) reported no statistical changes in blood pressure from 

BB use in sepsis among all studies.197

In summary, BB evidence is limited by extrapolation from related clinical studies, but the 

suggested mortality benefits in patients with sepsis, hemodynamic safety in both sepsis and 

HF, and possible independent benefit in sepsis pathology make them, specifically the rapid-

acting esmolol, a first line for AF in HF patients with sepsis after acute hemodynamic 

stabilization. Attenuation of tachycardia from BBs may prevent the development of new-

onset AF as unopposed tachycardia causes shortening of the atrial refractory period 

promoting AF development, which has important implications for overall hemodynamic 

stability.204 Future studies should assess the ability of both short-acting (esmolol) and 

chronic long-term BB therapy to prevent the development of AF.

Calcium channel blockers.—The use of CCB is complicated by the recommendation to 

avoid their use in HFrEF205; however, these recommendations do not completely extend to 

patients with HFpEF and are based on chronic use and long-term follow-up data. 

Interestingly, Lee et al showed CCBs prior to sepsis admission were associated with a slight 

mortality reduction.206 However, as previously stated, CCBs showed greater mortality than 

BBs in patients with septic shock with AF and history of HF.196 Diltiazem was slower than 

esmolol to achieve sinus rhythm at 2 hours compared to esmolol in postoperative noncardiac 

surgery patients, of which 80% were experiencing AF (33% vs 59%; P < .05).207 Diltiazem 

elicited greater ventricular rate reduction compared to metoprolol in hemodynamically stable 

emergency department patients with AF without causing hypotension.208 However, patients 

with severe HF were excluded from the trial.208 A similar emergency department trial 

demonstrated greater ventricular rate goal with diltiazem over metoprolol through 30 

minutes, and diltiazem did not increase hypotension.209 In acute exacerbations of HFrEF, 

diltiazem achieved rapid control of AF with rapid ventricular rate but did not convert to 

sinus rhythm and was associated with acute transient decreases in systolic (−17 mm Hg) and 

diastolic (−12 mm Hg) blood pressure.210 Hirschy et al retrospectively suggested no 

differences between diltiazem and metoprolol in HR control, bradycardia, or hypotension in 

HFrEF with AF and rapid ventricular rate.211 These studies are hardly applicable to septic 

admissions, but they suggest short-term acute rate control with CCBs over BBs is a 

reasonable option provided hemodynamic stabilization. Diltiazem may serve as a second-

line option for rate control in the management of AF in HFpEF patients with sepsis with 

contraindications to BBs.

Evidence comparing CCB to other agents in the acute setting of AF is limited to small trials 

lacking description of cardiac dysfunction. Siu et al compared diltiazem to amiodarone or 

digoxin in non-ICU hospitalized patients with AF and rapid ventricular response and showed 

diltiazem was superior in time to and achievement of HR <90 beats per minute.212 In a 

prospective trial of 60 critically ill patients with atrial arrhythmias (95% AF), diltiazem 

bolus followed by diltiazem continuous infusion was compared to amiodarone bolus or 

amiodarone bolus plus infusion.213 Diltiazem and the 2 amiodarone regimens were 

comparable in controlling HR at 4 hours, but diltiazem was superior in controlling 24-hour 

HR. However, diltiazem caused significantly more hypotension than amiodarone.213 Of 

note, diltiazem infusions may complicate the disposition of patients leaving the emergency 
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department, and diltiazem IV bolus followed by oral immediate release diltiazem has been 

associated with both lower HR and treatment failure compared to IV bolus then infusion.214 

Given the recommendations to avoid CCBs in HFrEF and lack of strong evidence supporting 

its use over BBs in sepsis with preexisting HF, acute CCB use should be reserved for 

patients with HFpEF with contraindications to BB and used primarily in the form of IV 

boluses followed by oral therapy provided clinical status allows oral therapy. Some data have 

demonstrated diltiazem efficacy and safety in HFrEF, but larger studies are needed to fully 

assess the risks in this population.

Amiodarone.—Amiodarone can achieve both rate control and is frequently used in 

patients with sepsis do to its neutral effects on hemodynamics,186,195 and patients with AF 

and HFrEF are commonly managed with amiodarone.215 A study of IV amiodarone in 

critically ill patients with moderately reduced EFs (40% ± 16%) refractory to electrical and 

pharmacologic cardioversion demonstrated general hemodynamic safety as evidenced by 

lower HR and higher systolic blood pressure shortly after amiodarone initiation.216 

Additionally, amiodarone boluses had both higher and faster success rates compared to 

digoxin boluses in controlling acute AF among patients with contraindications to BBs and 

CCBs.217

Amiodarone carries the potential for chemical cardioversion and thus concerns for 

cardioembolic events.218 Anticoagulation strategies have been investigated as a therapy 

independently for sepsis, as disseminated intravascular coagulation may increase mortality,
219 but have largely shown no benefit with increased bleeding.220–222 However, a possible 

benefit may exist among the most severely ill and those with sepsis-induced coagulopathies.
223 Notably, patients with AF during severe sepsis have over double the risk for in-hospital 

stroke.188 In a national study examining stroke and bleeding risk associated with 

anticoagulation in sepsis with AF, Walkey et al found 35% of patients received parenteral 

anticoagulation with no impact on the rates of in-hospital ischemic stroke.224 However, 

anticoagulation was associated with increased clinically significant bleeding.224 Given the 

lack of guidance on anticoagulation for AF during sepsis, it may be prudent to hold 

anticoagulation in the absence of planned cardioversion during the acute and subacute 

phases of sepsis management.

Digoxin.—Digoxin’s negative chronotropic and positive inotropic effects are attractive to 

minimize hypotension during AF treatment in sepsis. Early studies in sepsis suggested the 

inotropic effects may improve LV function.225 In fact, American Heart Association/

American College of Cardioology/Heart Rhythm Society (AHA/ACC/HRS) guidelines 

recommend digoxin as a second-line agent in the acute management of AF amid cardiac 

dysfunction in HF or acute coronary syndrome, specifically in those with severe LVD and 

hemodynamic instability.215 However, digoxin concentrations >1 to 1.2 ng/mL are 

associated with increased mortality in patients with preexisting HF, and the optimal range 

for patients with HF and LVEF <45% is 0.5 to 0.8 ng/mL.226,227 A post hoc analysis of the 

Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation 

(ARISTOTLE) trial found only digoxin serum concentrations <0.9 ng/mL conclusively 

showed no increase in mortality.228 Additionally, digoxin has a long, unpredictable half-life 
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(~36 hours) and is altered by renal impairment, further complicating its use in patients with 

sepsis.229 Sepsis-induced kidney injury may couple with digoxin to synergistically raise 

serum potassium levels, increasing the risk of arrhythmias.230,231 Digoxin’s efficacy may be 

confounded in sepsis, as high sympathetic activity has been suggested to reduce digoxin 

effectiveness.232 Digoxin was less effective than amiodarone in a small study of critically ill 

patients with cardiac dysfunction, but 2 of the 26 patients in the amiodarone group 

developed severe bradycardia or HF aggravation, prompting the authors to recommend 

digoxin as first line in hemodynamically unstable patients with AF.233 A recent retrospective 

study of 180 patients with sepsis (86% with AF) who received digoxin within 24 hours of 

ICU admission found improvement in hemodynamic parameters through 24 hours after 

digoxin without significant adverse events.234 The study identified only 180 patients over a 

10-year period implying sparse digoxin use in this patient population, but the results support 

negligible hemodynamic consequences in patients with sepsis with AF. However, the small 

sample size and 10-year period make these findings difficult to apply. While digoxin shows 

positive hemodynamic effects, the narrow therapeutic index for HF patients, monitoring 

required, and lack of clear-cut outcomes data make digoxin a second- or third-line choice in 

patients whom BBs and/or amiodarone are unable to control AF.

Considerations in Supportive Care

Supportive care often provides the foundation of ICU management as robust evidence lacks 

across many fronts. Positive pressure ventilatory support (PPVS) and renal replacement 

therapy (RRT) are foundational to caring for critically ill patients and their effects on cardiac 

function and fluid status deserve discussion.

Positive Pressure Ventilatory Support.—Clinical outcomes regarding the interplay of 

HF with PPVS in patients with sepsis remain unknown, and PPVS management depends on 

extensive clinical expertise, but some data are germane to the discussion. The 2016 

European Society of Cardiology (ESC) HF guidelines recommend maintenance of oxygen 

saturation (SpO2) >90% and supports PPVS in patients with hemodynamic instability as 

seen in sepsis.39 Sepsis guidelines restrict specific PPVS recommendations to acute 

respiratory distress syndrome (ARDS), favoring low tidal volume strategies.9 In a 

retrospective assessment of PPVS in patients with sepsis, cardiac dysfunction was not 

associated with either progression to ARDS or worse outcomes in ARDS.235

Altering thoracic pressure, specifically through positive end-expiratory pressure (PEEP), 

impacts ventricular function. In normal inspiration, intrathoracic pressure decreases to a 

greater extent than intraluminal aortic pressure, thus increasing LV afterload. With the 

application of PPVS, this effect is reversed and a potential increase in CO is seen.236 

However, the normal increase in intrathoracic pressure decreases the CO from the RV and 

thus preload is diminished in the LV. This preload reduction may reduce CO in patients with 

normal LV function. However, since HF patients are chronically hypervolemic, the effect of 

preload reduction on CO is likely negligible and CO augmentation may be improved by 

reduced LV afterload obtained though PPVS.236,237 Positive end-expiratory pressure 

(normally 5-10 mm Hg) is key to this application as it may increase CO in HF through a 

reduction in LV afterload, LV dilation, and myocardial oxygen demand.236 Concerns for 
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extensive PEEP in cardiac dysfunction have suggested increased cardiac surface pressure 

from PEEP may reduce coronary blood flow.238 Nonetheless, in the afterload-dependent 

state of HF, the reduced afterload afforded by PEEP likely has larger benefits than negative 

impacts on LV preload,239 making PEEP a controllable factor to improve cardiac function in 

septic HF patients with LVD. Relevant to earlier discussion of CVP, as PPVS increases 

thoracic cavity pressure, it can complicate cardiac filling pressures used to assess fluid status 

(eg, CVP),240 further decreasing the limited efficacy of this parameter in these patients.

In summary, PPVS, and specifically PEEP, should be incorporated into general 

hemodynamic assessment of the HF patient with sepsis. Future studies evaluating the role of 

PPVS in this unique patient population may be warranted.

Renal Replacement Therapy.—Supportive care with RRT for those on chronic dialysis 

and new acute kidney injury to manage associated fluid and electrolyte disturbances is 

common practice in the ICU, and RRT’s impact on fluids in HF patients with sepsis 

warrants consideration. Recently, Barbar et al demonstrated no difference in outcomes 

between early RRT (within 12 hours of kidney failure) and delayed RRT (after 48 hours if 

still indicated) in patients with acute kidney injury in early septic shock.241 Additionally, a 

meta-analysis of 11 randomized controlled trials evaluating early and late RRT in critical 

illness found no difference in mortality but showed a higher incidence of catheter-associated 

infections and hypophosphatemia in the early RRT group.242 Another meta-analysis of early 

versus late RRT in critical illness after cardiac surgery suggested benefit with early RRT; 

however, the studies had a high level of heterogeneity (I2 = 56%), and the authors 

specifically cite the absence of septic shock pathophysiology as a potential explanation for 

the benefit in these patients.243 Taken together, these data do not support early RRT in 

patients with sepsis.

In HF, RRT functions as a powerful fluid removal mechanism, normally through 

ultrafiltration. The Ultrafiltration versus Intravenous Diuretics for Patients Hospitalized for 

Acute Decompensated Congestive Heart Failure (UNLOAD) trial showed superiority of 

ultrafiltration RRT to diuretics over 48 hours when started within 24 hours of 

hospitalization.244 The Cardiorenal Rescue Study in Acute Decompensated Heart Failure 

(CARRESS-HF) found ultrafiltration was no better than diuretic therapy but worsened renal 

function in patients hospitalized for HF with cardiorenal syndrome.245 These results are 

hardly generalizable as patients were excluded for sepsis, hemodynamic instability, and 

vasopressors use. Heart failure promotes hemodynamic concerns as the presence of cardiac 

dysfunction is strongly associated with intradialytic hypotension.246 Intradialytic 

hypotension occurs from failure to induce a compensatory increase in both CO and systemic 

vascular resistance, and as these 2 parameters are extensively dysregulated or require 

pharmacological augmentation during sepsis,247 concern for hypotension increases. 

Additionally, LVD is directly associated with higher incidences of intradialytic hypotension.
248

In summary, early RRT in sepsis has been well evaluated and does not demonstrate benefit 

over delayed strategies and should not be used specifically in sepsis with preexisting HF. 

Renal replacement therapy in sepsis with preexisting HF may be used as supportive care 
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relevant to sepsis-induced kidney injury but should not employed to manage HF fluid status. 

The risk of intradialytic hypotension is likely enhanced in HF patients with sepsis, 

specifically with HFrEF, and careful application of RRT should be implemented in these 

patients.

Conclusion

Sepsis and HF are common complications in critically ill patients and create an additively 

complex pathological state. Clinicians may hesitate to implement guideline directed therapy, 

specifically related to fluid resuscitation. Nevertheless, deviation from traditional sepsis 

management based solely on preexisting HF causes worse clinical outcomes and no data 

currently support this practice among HF patients with sepsis. Guideline fluid and 

vasopressor recommendations are safe and likely confer benefit to HF patients as they do to 

non-HF patients, and their lack of implementation likely worsens outcomes. Beyond first-

line sepsis management, dobutamine may offer additional benefit in patients with septic HF 

through CO modulation. In general, inotropes are associated with poorer outcomes, but 

niche applications may exist. Additionally, continuing home BB therapy during sepsis may 

improve outcomes, but hemodynamic instability may warrant discontinuation and later 

restart. Short-acting BB use during sepsis to decrease tachycardia and/or treat AF has 

continually been shown as a promising strategy and warrants large clinical trials. Both PPVS 

and RRT likely have more pronounced impacts in HF patients with sepsis. Moving forward, 

examination of HF severity in sepsis through specific reporting of patient demographics is 

critical, whether through EF measurement or other HF classification measure (eg, American 

Heart Association staging). Until research reveals otherwise, adherence to guideline-directed 

management of sepsis remains the standard for sepsis with preexisting HF.
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Figure 1. 
Depiction of proposed optimal interventions for septic shock with preexisting HF in the first 

24 hours of management. Fluid resuscitation should consist of 30 mL/kg administered in the 

first 3 hours unless obvious findings indicating a high risk of harm are present. Monitoring 

should include careful physical assessment and indices of volume resuscitation status. 

Administering less than 3 L of fluid in patients with HFrEF over the first 6 hours provides a 

reasonable conservative goal; however, fluid should not be withheld when multiple indices 

and clinical status indicate it would be highly beneficial. Preferred vasopressors agents are 
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NE, vasopressin, and possibly epinephrine, while dopamine should be avoided when 

possible. Inotropes are not universally recommended, but dobutamine may be considered in 

patients with persistently low CO and low EF. Milrinone may be more efficacious in patients 

currently receiving a BB. If AF is present, esmolol and diltiazem may be used in the short 

term, and amiodarone may be more hemodynamically favorable in whom even small 

changes in blood pressure are concerning. Digoxin should not be used routinely for acute AF 

management. Septic tachycardia from adrenergic overstimulation and increased cardiac 

workload may be mitigated by avoiding inotropic stimulation and epinephrine, and by 

esmolol infusion started 24 hours after hemodynamic optimization, or continuation of home 

BB. AF, atrial fibrillation; BB, β-blocker; CO, cardiac output; EF, ejection fraction; HF, 

heart failure; HFrEF, heart failure reduced ejection fraction; NE, norepinephrine
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Table 3.

Interaction of Disease State and Sepsis Management on Hemodynamics.
a

CO

Stroke volume

Disease/intervention MAP SVR HR Preload Contractility

HF ↓ ↑ ↑ ↑ ↔↓

Sepsis ↓ ↓ ↑ ↓ ↑

HF + sepsis ↓ ↔ ↑ ↓ ↕↔

+Norepinephrine ↑ ↑ ↑ ↔ ↔↑

+Intravenous fluids ↕↔ ↔ ↔↓ ↑ ↕↔

+Inotrope ↕↔ ↔ ↑ ↔ ↑

Abbreviations: CO, cardiac output; HF, heart failure; HR, heart rate; MAP, mean arterial pressure; SVR, systemic vascular resistance; ↑, increased; 
↓, decreased; ↔, neutral effect; ↕, varying effect with possible increase or decrease.

a
Hemodynamic effects of HF and sepsis and their combined interaction. Norepinephrine, intravenous fluids, and inotrope hemodynamic effects on 

the combined state of HF and sepsis.
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