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Abstract

As the prevalence of heart failure (HF) continues to rise, prompt diagnosis and management of various medical conditions,
which may lead to HF exacerbation and result in poor patient outcomes, are of paramount importance. Infection has been
identified as a common, though under-recognized, precipitating factor of acute heart failure (AHF), which can cause rapid
development or deterioration of HF signs and symptoms. Available evidence indicates that infection-related hospitaliza-
tions of patients with AHF are associated with higher mortality, protracted length of stay, and increased readmission rates.
Understanding the intricate interaction of both clinical entities may provide further therapeutic strategies to prevent the
occurrence of cardiac complications and improve prognosis of patients with AHF triggered by infection. The purpose of this
review is to investigate the incidence of infection as a causative factor in AHF, explore its prognostic implications, elucidate
the underlying pathophysiological mechanisms, and highlight the basic principles of the initial diagnostic and therapeutic
interventions in the emergency department.
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Introduction

Acute heart failure (AHF) is a leading cause of unsched-
uled hospitalizations among patients > 65 years old in the
western world, and despite recent therapeutic advances, it
is still associated with increased mortality and high read-
mission rates. Infection is typically considered one of the
most common medical conditions than can result in rapid
development or deterioration of signs and symptoms of heart
failure (HF) [1, 2].
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AHF-related infections might be acquired during hospi-
talization or in the community setting. Their clinical presen-
tation usually overlaps with other clinical entities, thus often
leading to delayed diagnosis and management. Available
data indicate that hospital admissions due to infection among
patients with AHF are associated with a greater risk of death
and recurrent hospitalizations. The need for rapid in-hospital
identification and management of infection is firmly high-
lighted in the recently published guidelines (2021) from
the European Society of Cardiology, whereby the acronym
CHAMP (acute Coronary syndrome, Hypertension emer-
gency, Arrhythmia, Mechanical cause, Pulmonary embo-
lism) has been extended to the new acronym CHAMPIT, in
order to include infections (represented by I) and tamponade
(indicated by T) as potential etiological factors of AHF [2,
3]. However, infection is not only a causative factor of HF,
but in the majority of cases, it is a precipitating factor for
decompensation of existing HF, leading to multiple hospital
admissions and worsening of cardiac function, thus promot-
ing transition to advanced heart failure stage (Fig. 1).

The majority of AHF patients present with signs and
symptoms related to systemic and/or pulmonary congestion,
including dyspnea during exercise or at rest, orthopnea,
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Fig. 1 The impact of infection
on the natural history of heart
failure. HF, heart failure
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fatigue, reduced exercise tolerance, rales, jugular venous
distention, peripheral edema, and a third heart sound (“S3
gallop”). A subgroup of patients appears to have signs and
symptoms suggestive of peripheral hypoperfusion, such as
cold extremities, wet skin, oliguria, dizziness, mental confu-
sion, weak pulse, and narrow pulse pressure. Hence, based
on the presence/absence of congestion and/or hypoperfusion,
four clinical profiles have been identified: (1) warm and wet
(well perfused and congested), (2) cold and wet (hypoper-
fused and congested), (3) cold and dry (hypoperfused with-
out congestion), and (4) warm and dry (compensated, well
perfused without congestion). Finally, patients might also
complain of fever, hematuria, dysuria, vomiting, abdominal
pain, and altered mental status [4—6].

The aim of this article is to review and summarize current
evidence regarding the incidence and outcomes of infection-
related hospitalizations in patients with AHF, shed light on
potential pathophysiological mechanisms, and underline the
basic principles of a structured initial diagnostic and thera-
peutic approach in the emergency department (ED) setting.

Epidemiology

Infection as a frequent cause of hospitalization in patients
with AHF seems to have independent prognostic implica-
tions. Several studies have demonstrated that admissions due
to decompensated HF and concomitant infection are associ-
ated with higher mortality, prolonged hospitalization, and
increased rehospitalization rates (Table 1).
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The ALARM-HF (Acute Heart Failure Global Survey of
Standard Treatment) registry showed that infection was one
of the most frequent triggering factors of AHF. It was diag-
nosed in 18.7% of patients with pre-existing AHF episodes
and in 12.1% of those with new onset HF [7]. Moreover,
the Gulf CARE (Gulf Acute Heart Failure Registry) study,
conducted in seven Middle Eastern countries, revealed that
infection was more prevalent in patients with decompen-
sated compared to those with new onset HF (17.5% versus
11.1%). In both groups, it was correlated with increased
length of stay and higher in-hospital mortality. Remarkably,
in patients with acute decompensated HF, the presence of
infection as a precipitating factor incurred the highest rate
of 1-year mortality (28.7%) [8]. EHFS II (EuroHeart Fail-
ure Survey II) also found that the prevalence of infection
as a cause of hospitalization for AHF differed significantly
between decompensated and new onset HF (19.2% versus
15%, respectively) [9].

EFICA (Etude Francaise de I'Insuffisance Cardiaque
Aigug) study revealed that 20% of the patients admitted to
the intensive or coronary care unit (ICU/CCU) with acute
decompensated HF had an underlying infection as the pre-
cipitating factor, while no statistically significant difference
was observed between patients with and without cardiogenic
shock and concomitant infection [10]. HFSIS (Heart Failure
Survey in Israel) demonstrated that infection was indepen-
dently correlated with a higher risk for short- and long-term
mortality among patients with new onset AHF or acute exac-
erbation of chronic HF. Compared to ischemia, infection as
a precipitating factor was associated with a 35% increased
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Table 1 Data regarding the incidence of infection-related AHF hospitalizations and the associated clinical outcomes

Study Patients  Age (years) LVEF (%) Infection Comments/clinical outcomes
Source Incidence (%)
ALARM-HF [7] 4953 >18 40.0+15.0: NOHF NA 16.3 18.7% ADHEF vs 12.1% NOHF
37.0+14.0: ADHF
Gulf CARE [8] 5005 57.0+14.7 NOHF  38.6+12.7 NOHF NA 14.6 Increased in-hospital and 1-year
61.0+15.0 ADHF  35.5+14.1 ADHF mortality, extended LOS
EHFS 11 [9] 3580 69.9+12.5 NA NA 17.6 19.2% ADHF vs 15% NOHF
EFICA [10] 581 73.0+13.0 NA NA 20 No difference in prevalence
between subjects with and
without cardiogenic shock
HFSIS [11] 2212 75.0+10.0 NA NA 21 Increased in-hospital and 10-year
mortality
OPTIMIZE-HF [12] 48,612 73.1+14.2 39.0+17.6 Pulmonary tract 15.3 Increased in-hospital mortality
PAPRICA-2 [13] 3535 80.0+10.0 52.0+15.0 NA 39 Decreased readmissions
PAPRICA-4 [14] 9999 80.7+9.9 51.7+152 NA 327 No impact on 30-day mortality
GWTG-HF [15] 99,825  72.6+14.2 39.3+17.2 Pulmonary tract 28.2 Increased LOS and in-hospital
mortality
CHARM [16] 1668 68.0+11.0 37.0+£15.0 Pulmonary tract 10 No difference in mortality
between CV and non CV
precipitant factors
GREAT [17] 15,828 71 (61-80) 38 (27-50) NA 14 Increased 90-day mortality with
delayed peak at week 3
KCHEF [18] 2399 77.1+12.3 45.4+16.3 Pulmonary tract, urinary 9 Increased in-hospital and post-
tract, gastrointestinal discharge mortality
tract, soft-tissue, catheters
BIOSTAT-CHF [19] 2465 68.4+12.0 31.0+£10.5 NA 52 No impact on mortality
ELISABETH [20] 502 87 (81-91) NA NA 17.5 No impact on LOS and 30-day
mortality
Opasich et al. [21] 304 53.0+1.0 NA Pulmonary tract, 23 Unknown infection source in 6%
gastrointestinal tract,
catheters
Chin et al. [22] 435 >18 NA Pulmonary tract 16 The most common cause of
clinical deterioration prior
admission
Dai et al. [23] 33,693 NA NA Pulmonary tract 2.5 Pneumonia in 2.5% of
hospitalized HF patients vs HF
in 4.9% of those hospitalized
due to pneumonia
Alon et al. [24] 9335 76.0+10.0 NA Pulmonary tract, bactere- 38 Increased 30-day mortality
mia, urinary tract, skin,
soft-tissue
Arrigo et al. [25] 755 64-84 NA Pulmonary tract 20 Decreased readmissions and
increased 1-year mortality
Cardoso et al. [26] 260 66.1+12.7 25-45 Pulmonary tract, urinary 45.8 Increased in-hospital mortality
tract
Ogbemudia et al. [27] 190 554+174 40.2+13.6 Pulmonary tract, urinary 75 Pneumonia, arrhythmias, urinary
tract, endocardium tract infection and infective
endocarditis were the most
common precipitant factors
Drozd et al. [6] 711 71.6+13.0 31.8+99 Pulmonary tract, urinary 25 Increased short- and long-term

tract, soft-tissue mortality and readmission rate

AHF acute heart failure, ACS acute coronary syndrome, ADHF acute decompensated heart failure, CV cardiovascular, HF heart failure, LOS
length of stay, LVEF left ventricular ejection fraction, NA non-available, NOHF new onset heart failure

hazard for in-hospital mortality and a 24% higher risk for

10-year mortality [11].

In the OPTIMIZE-HF (Organized Program to Initiate
Lifesaving Treatment in Hospitalized Patients With Heart
Failure) registry, pulmonary infection was considered one

of the most common precipitants of AHF and was correlated
with prolonged hospital stay and 1.6-fold rise in in-hospital
mortality. The rates of post-discharge deaths and readmis-
sions were also higher in AHF patients with pneumonia, but
this finding was not statistically significant [12].
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PAPRICA-2 (Papel de los Precipitantes de Episodios de
Insuficiencia Cardiaca Aguda) study identified infection in
39% of the patients admitted to the ED with the diagnosis of
AHF. Notably, infection was correlated with lower readmis-
sion rates compared to those without precipitating factors
[13]. Four years later, PAPRICA-4 confirmed the aforemen-
tioned findings by demonstrating that infection constitutes
the most prevalent precipitating factor of AHF and carries
an intermediate risk (10%) of 30-day mortality. Nonethe-
less, the impact of infection on mortality showed a rather
declining trend over time, when the investigators analyzed
the temporal pattern of mortality along the course of the first
30 days after the acute event [14].

An analysis from the GWTG-HF (Get With The Guide-
lines-HF) program showed that pneumonia was the most
frequent precipitating factor among patients hospitalized
with AHF and was associated with prolonged hospital stay
(>4 days) and increased in-hospital mortality in all HF
groups, irrespective of ejection fraction (EF) [15]. Along
the same lines, a subanalysis of the CHARM (Candesartan
in Heart Failure Assessment of Reduction in Mortality and
Morbidity) trial found that respiratory infections were une-
quivocally the leading non-cardiovascular cause of HF exac-
erbation and subsequent hospitalization, irrespective of EF
[16]. Moreover, in the GREAT (Global Research on Acute
Conditions Team) registry, infection was found to be inde-
pendently associated with a 90-day mortality in AHF patients,
especially those of Asian descent, while the 90-day risk of
death incurred by infection remained persistently elevated
even after adjustment for several prognostic factors. However,
it was noted that the infection-related risk of death displayed a
delayed peak at week 3 after AHF admission, probably owing
to the fact that the attending physicians focused mainly on the
symptomatic management of AHF and rather overlooked the
underlying process of sepsis, thus failing to provide prompt
and appropriate antibiotic treatment [17].

The KCHF (Kyoto Congestive Heart Failure) registry
found that AHF patients, who were more prone to develop-
ing a newly diagnosed infection after admission, were those
aged > 80 years, who were not receiving loop diuretics as
outpatients, were non-ambulatory, had an acute coronary
syndrome, hyponatremia, or anemia, or required intubation.
More importantly, patients diagnosed with infection after
admission for AHF carried a significantly higher risk of
in-hospital and 1-year mortality compared to those without
infection. Nonetheless, the risk of HF rehospitalizations did
not differ between these two groups (22% versus 24.7%) [18].

In BIOSTAT-CHF (A Systems Biology Study to Tailored
Treatment in Chronic Heart Failure) study, infection was iden-
tified in about 5% of patients with symptoms of new onset
or worsening HF. However, those with acute decompensated
HF precipitated by infection did not have the worst clinical
prognosis [19]. Likewise, ELISABETH trial concluded that
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a more comprehensive management of precipitating factors
including infection, in the context of implementing an early
guideline-based care bundle for elderly AHF patients present-
ing to the ED, did not significantly improve neither the length
of hospital stay nor the 30-day mortality [20].

Pathophysiology: unravelling the tangle

Although infection has long been recognized as a precipi-
tating factor of AHF, the underlying mechanisms which are
responsible for the development of myocardial dysfunc-
tion have not been fully elucidated. Observational studies,
regarding the prevalence of infections in patients with AHF,
record respiratory infections, sepsis/bacteremia, urinary tract
infections (UTI) as well as skin and soft tissue infections as
the most frequent causes of HF exacerbation [24, 26]. The
deleterious impact of any kind of infection on cardiac func-
tion seems to be related to their inherent ability to dissemi-
nate to several organ sites, other than the primary source,
and activate the immune system at different levels and in
varying degrees, thus establishing a state of generalized
inflammation. In turn, inflammation plays a key role in the
pathogenesis and progression of HF [28, 29]. Most evidence
stems from studies concerning respiratory infections com-
plicated by AHF and sepsis-induced cardiomyopathy. There
seems to be a complex interplay between the infectious agent
and the host’s immune response, which results in the produc-
tion of chemical mediators with direct and indirect effects
on the myocardium [30, 31].

Both localized and systemic infections trigger the release
of humoral factors and cell-mediated interactions, in an
attempt to restrain the pathogen’s proliferation [32]. In par-
ticular, the innate immune system is activated in response to
the recognition of exogenous danger signals, termed patho-
gen-associated molecular patterns (PAMPs). Gram-negative
lipopolysaccharides represent a typical example of PAMPs.
PAMPS bind to pattern-recognition receptors (PRRs), such
as Toll-like receptors (TLRs), and subsequently activate the
host’s defensive mechanisms, initiating an immune response.
Meanwhile, necrotic or dying cells release endogenous
molecules known as damage-associated molecular patterns
(DAMPs), which are also detected by intracellular or extra-
cellular PRRs and attach to them, eventually resulting in fur-
ther activation of the innate immune system [28, 31, 33, 34].

Cytokines

Cytokines play a major role in the inflammatory cascade
activated by an infectious insult. Homeostasis is maintained
by the balanced production of pro-inflammatory and anti-
inflammatory cytokines. However, during infection, an
overwhelming inflammatory process, described as cytokine
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storm, may initiate an inappropriate inflammatory response
and lead to systemic dysfunction. The complex activation of
signaling pathways mediated by pro-inflammatory cytokines
may affect cardiac contractility in a time-dependent man-
ner. As a matter of fact, immediate cytokine release, arising
within minutes, results in a short-term cardiac adaptation
to the insult through cardiostimulatory or cardiodepressant
mechanisms, whereas delayed immune response, lasting
hours or days, has a solely cardiodepressant effect. Predom-
inance of the cardiodepressant effect, in combination with
sustained cytokine release, may lead to myocardial injury,
progressive left ventricular (LV) dysfunction and adverse
LV remodeling [34-36].

Experimental studies have shown that most of the prin-
cipal cytokines, like tumor necrosis factor-alpha (TNF-a)
[37-39], interleukin-1 (IL-1) [40], interferon-y (IFN-y) [41],
and interleukin-6 (IL-6) [42], act as dynamic mediators of
cardiomyocyte depression, hypertrophy, fibrosis, ventricular
dilation, and diastolic dysfunction. TNF-a is mainly derived
from activated macrophages, but is also secreted by cardiac
myocytes in response to sepsis [43]. It stimulates monocytes,
macrophages, and neutrophils to synthesize and secrete IL-1,
which depresses cardiac contractility through induction of
nitric oxide (NO) synthase (NOS) [44]. Other cytokines
implicated in the pathogenesis of HF and sepsis-induced
cardiomyopathy are interleukin-8 (IL-8), interleukin-17 (IL-
17), interleukin-18 (IL-18), and interleukin-33 (IL-33) [29].

Endothelial dysfunction and NO

Endothelial dysfunction in the setting of infection may also
contribute to heart failure, through vascular tone alterations
and thrombogenicity. Indeed, it has been shown that, in
patients with AHF, endothelial derangement plays a pivotal
role in systemic vasoconstriction and reduced peripheral
perfusion [45-47]. Under normal circumstances, endothe-
lial cells act as substantial contributors in the homeostasis
of microcirculation through regulation of microvascular
thrombosis, fibrinolysis, leukocyte adhesion and migration,
vasomotor tone, trafficking of cells and nutrients, capillary
permeability, and recruitment [48].

NO, a potent vasodilator, is normally produced from all
cell types of the myocardium and regulates cardiac function
through both vascular-dependent and vascular-independent
mechanisms. The direct effect of NO on myocardial function
is complex, as low levels of NO produce a positive inotropic
effect, while higher levels lead to negative inotropy [47]. In
inflammatory states, both NO dysregulation and functional
impairment of endothelial cells lead to maldistribution of
microvascular blood flow, eventually resulting in abnormal
vascular tone, compromised tissue oxygen delivery, and tis-
sue hypoxia. Moreover, increased oxidative stress, along
with the excessive release of cytokines, may further impair

endothelial function through the production of reactive oxy-
gen species (ROS) and proinflammatory/vasoactive pros-
tanoids [49, 50]. In parallel, decreased production of NO
by endothelial NOS (eNOS), combined with increased NO
inactivation due to the amplified ROS production and the
decreased activity of antioxidant defense mechanisms, leads
to attenuated endothelium-dependent vasodilation [45].

Thombogenicity

Dysfunctional endothelial cells may create a procoagulant
milieu, by triggering fibrin formation as well as platelet
adhesion and aggregation [51, 52]. Concomitant activation
of adhesion molecules induced by functional abnormalities of
red blood cells, leukocytes, and platelets, as well as by proin-
flammatory cytokines, may facilitate thrombogenicity [53].

Microcirculation and ischemia

Studies regarding the role of microcirculation and myocar-
dial metabolism in sepsis have provided insight into various
pathophysiological mechanisms responsible for myocardial
dysfunction and ischemia. The earlier belief that myocardial
depression may result from global ischemia and oxygen sup-
ply—demand imbalance has been refuted by the observation
that septic patients exhibited high coronary blood flow and
increased oxygen availability in the myocardium [54]. Nev-
ertheless, in patients with preexisting and possibly undiag-
nosed coronary artery disease (CAD), regional myocardial
ischemia or infraction may occur and eventually precipitate
HF [55]. Later studies supported the concept of the hibernat-
ing myocardium acting as an adaptive and potentially pro-
tective mechanism during infection. Since coronary artery
perfusion does not seem to be decreased, experimental stud-
ies have proposed that reversible cardiac dysfunction devel-
ops due to a metabolic deficit of cardiac cells experiencing
cytopathic hypoxia [56, 57]. Notably, a study on septic shock
patients revealed that EF is lower and end-diastolic volume
is higher in survivors, compared to non-survivors. This
suggests that ventricular dilation might be a compensatory
mechanism to maintain adequate cardiac output and thus
mitigate reversible myocardial depression [58].

Sympathetic nervous system

Sympathetic nervous system (SNS) activation is generally
considered a physiologic stress response to a pathogen-
related insult [59]. Specifically, in AHF, adrenergic upregula-
tion is a valuable compensatory mechanism, since it induces a
positive inotropic and chronotropic effect on cardiomyocytes,
increases systemic vascular resistance in the circulatory sys-
tem and recruits the endocrine system through the stimulation
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of the renin—angiotensin—aldosterone axis [60]. However, the
sustained stimulation of the catecholamine signaling pathway
results in arteriolar vasoconstriction, elevated afterload, and
high LV pressures. As a consequence, ventricular wall stress
increases and may therefore provoke myocardial ischemia.
Furthermore, systemic vasoconstriction, in conjunction with
endothelial dysfunction and dynamic alterations in the vascu-
lar tone, may lead to volume redistribution and cause intra-
vascular congestion and pulmonary edema [61].

The aforementioned pathophysiological pathways are
summarized in Fig. 2 that depicts the complex interplay
among various mechanisms triggered in the setting of an
underlying infection, which eventually culminate in the
development of AHF.

Below, the pathophysiology of the most common infec-
tions (respiratory and UTI) complicating AHF is discussed.

AHF and respiratory infections

The cardiovascular sequelae of community-acquired pneu-
monia (CAP) have been extensively studied. Evidence dem-
onstrates that cardiac dysfunction, which presents in the
form of non-ischemic myocardial injury, could be attributed

Fig.2 The vicious cycle of
infection-induced acute heart
failure. Abbreviations: 1L-1,
interleukin-1; IL-6, interleu-
kin-6; IFN-v, interferon-gamma;
LV, left ventricular; NO, nitric
oxide; RAAS, renin angioten-
sin aldosterone system; ROS,
radical oxygen species; TNF-a,
tumor necrosis factor-alpha
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Recently, specific attention has been drawn towards the
pathogenesis of AHF during infection with severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2). Principal
pathophysiological mechanisms implicated in the course of
the disease include the virus-induced infiltration of inflam-
matory cells and the subsequent burst of a cytokine storm,
which may impair cardiac function and cause myocardial
necrosis [68, 69]. In addition, endothelial injury may be
responsible for the formation of thrombi and the develop-
ment of microangiopathy and disseminated intravascular
coagulation, all of which cumulatively cause indirect myo-
cardial ischemia [70]. Besides, severe hypoxia due to acute
respiratory distress syndrome, lung fibrosis, and respiratory
failure may cause diminished oxygen supply to cardiomyo-
cytes and increase pulmonary arterial pressure, ultimately
compromising right ventricular function [71]. Lastly, the
activation of the renin—angiotensin—aldosterone system,
either by the virus itself [72] or through SNS stimulation
[73], may incur volume overload and contribute to the estab-
lishment of the cardio-renal syndrome [74].

AHF and UTI

There is scarce data on how UTI may predispose to the devel-
opment of AHF. An observational study in patients admitted
for UTI reported an association between history of congestive
HF and the development of sepsis-induced myocardial dys-
function [75]. A presumed mechanism could be the attach-
ment of bacteria to the uroepithelial cells, which in turn
gives rise to the activation of the immune system through the
release of cytokines (IL-1, IL-6, and IL-8) and the recruit-
ment of neutrophils and other inflammatory cells [76, 77].
Besides the systemic activation of the immune system, some
virulence factors, like a-hemolysin, P-fimbriae, and lipopoly-
saccharide, which are produced by uropathogenic bacteria
(most commonly Escherichia coli) and facilitate their inva-
sion, have been found to determine the severity of UTI [78,
79]. In addition, the host’s immune response may also lead
to tissue damage and permanent scarring, hence contributing
to the development of acute kidney injury [80]. This latter
observation may provide a potentially important link between
tissue injury, renal dysfunction, and subsequent volume over-
load, eventually leading to AHF.

Management of AHF patients
with an underlying infection

The management of patients with AHF in the ED necessitates
early identification and treatment of precipitating factors, as
well as vigorous resuscitation, in order to reduce the risk of
progression and prevent clinical deterioration. Although infec-
tion may be a reversible cause of cardiac decompensation,

oftentimes, its diagnosis may be delayed or its severity may be
underestimated even when promptly recognized. Diagnostic
uncertainty may arise from the fact that infections and AHF
share overlapping clinical presentations and radiologic find-
ings, often making the differential diagnosis between these
two clinical entities challenging. In addition, patients may not
present with characteristic symptoms and signs of infection,
thus further perplexing the situation.

Initial diagnostic approach

An initial systematic Airway, Breathing, Circulation, Dis-
ability, Exposure (ABCDE) approach guarantees a holistic
and focused evaluation of critically ill patients [81]. Focus
should then be directed towards identifying the clinical phe-
notype of AHF by determining hemodynamic status and
congestion. Simultaneously, potential signs of an underlying
infection should be meticulously and systematically sought
for and duly addressed. Screening and management of sepsis
or septic shock should be carried out according to usual care
sepsis bundles [82, 83].

Biomarkers and laboratory studies

Laboratory studies are useful for the confirmation of AHF
(natriuretic peptides), as well as for the recognition of pre-
cipitating factors. Indeed, troponin serves for the detection
of an ACS, D-dimers may indicate pulmonary embolism,
thyroid stimulating hormone (TSH) may point towards
hypo- or hyper-thyroidism, while procalcitonin (PCT) is
particularly useful when infection is suspected [3]. PCT is a
novel inflammatory biomarker of particular diagnostic and
prognostic value [89], which is principally elevated in the
setting of bacterial infections afflicting various organ sites
[84]. When implemented in the management of patients with
infection, PCT has been shown to detect systemic bacterial
infections with high specificity, guide antibiotic therapy,
and dictate effective antibiotic stewardship by decreasing
their inappropriate use and obviating the risk of antibiotic-
associated adverse effects [85, 86]. Even in cases where
slight increases of PCT are observed in patients with AHF
[87-89], a cut-off value of 0.21 ng/ml or 0.20 ng/ml has
been proposed to aid the diagnosis and mandate immedi-
ate treatment of superimposed [90] and/or undiagnosed [91]
infections, respectively. Nonetheless, strict PCT-guided ini-
tiation of antibiotics has not been proven to be superior to
standard clinical decision making [92].

High-sensitivity C-reactive protein (hsCRP) has been tra-
ditionally used for the diagnosis of bacterial infections. Due
to its low specificity in various inflammatory states, like
AHF [93-95], its clinical utility is limited. Considering its
confounding effect, a randomized clinical trial suggested a
cut-off value of 25 mg/l beyond which an infection should
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be sought as a triggering factor of AHF, a finding that neces-
sitates further research [96].

White blood cell count is highly nonspecific and of minor
importance in the diagnostic workup of infections compli-
cating AHF. Indeed, leukocyte count showed limited accu-
racy compared to PCT or hsCRP [97, 98].

Interpretation of troponin levels in the setting of AHF should
be done with caution, since elevated levels are a common find-
ing in patients with AHF [99, 100]. Based on the clinical con-
text, ACS should be appropriately excluded, and further inves-
tigation of other alternative etiologies should ensue.

Lactate levels and blood cultures should be obtained to
assess the degree of hypoperfusion and the probability of
underlying bacteremia, respectively [101]. Depending on
the presumed infectious source, urine, cerebrospinal fluid,
or soft tissue cultures should also be acquired to guide anti-
biotic therapy.

Imaging

Chest X-ray and lung ultrasound are the initial imaging
techniques in the recommended diagnostic assessment of
patients with AHF [3]. Although chest X-ray is widely avail-
able, and findings like interstitial edema, cardiomegaly, and
pleural effusion may facilitate the diagnostic workup; it may
be normal in up to 20% of patients with AHF [102]. Lung
ultrasound possesses a major advantage; it can be performed
and interpreted by clinicians at the bedside. It is considered
a more accurate method for the detection of pulmonary con-
gestion, while it can rule in or rule out other pulmonary
causes through the implementation of the BLUE protocol,
with a diagnostic accuracy of 90.4% [103-105]. Focused
echocardiography in the acute setting is of paramount diag-
nostic importance, since it can provide a global assessment
of the cardiac function and at the same time an estimation
of inferior vena cava (IVC) diameter and its respiratory
variation [106-108]. A proposed systematic sonographic
approach in patients with AHF and infection comprises the
estimation of left ventricular contractility combined with
IVC and lung scanning, in order to evaluate cardiac function,
volume status and fluid responsiveness.

Moreover, ultrasound is a readily available tool, which can
be proven valuable in different clinical settings. It can aid
in the detection of biliary or hepatic sepsis, intra-abdominal
fluid collections, and urological complications, including
renal abscess or pyonephrosis or conditions that predispose
to renal infection, such as structural malformations. How-
ever, computed tomography (CT) has a higher sensitiv-
ity and remains the method of choice for the diagnosis of
intra-abdominal or retroperitoneal abscesses, pancreatitis,
and intra-biliary stones, as well as in cases where ultrasound
findings are inconclusive [109, 110].
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Therapeutic interventions
Antibiotics

Prompt and appropriate antibiotic therapy is the cornerstone
in the management of patients with infection complicated by
AHF [32, 101]. Optimal treatment involves early control of
the source along with optimization of the patient’s hemo-
dynamic profile. The proper antibiotic regimen should be
selected with caution, as some common antibiotic agents
carry special contraindications. For instance, some beta-
lactam antibiotics, like benzylpenicillin or piperacillin-
tazobactam, contain substantial amounts of sodium, which
definitely needs to be taken into account when treating
patients with pre-existing HF. Moreover, macrolides and
fluoroquinolones may cause QT prolongation and increase
the risk of polymorphic ventricular tachyarrhythmia. Thus,
careful ECG assessment and monitoring are advisable for
patients receiving these agents [30].

Respiratory support

In patients with AHF oxygen therapy should be administered
when SpO2 is <90% or PaO2 < 60 mmHg, while noninva-
sive positive pressure ventilation should be commenced as
soon as possible once respiratory distress develops (respira-
tory rate > 25 breaths/min, SpO2 <90%) [3]. Although in
septic patients with hypoxemic respiratory failure without
hypercapnia, high flow oxygen is preferred over noninva-
sive ventilation, escalation of respiratory support is required
when conventional interfaces fail to deliver sufficient
amount of oxygen [101].

Circulatory support

In patients presenting with acute decompensated HF or pul-
monary edema without signs of hypoperfusion, initial sup-
portive treatment should include intravenous diuretics and
vasodilators. In patients with hemodynamic instability or an
elevated lactate level, fluid resuscitation is the mainstay of
treatment in order to restore hypovolemia. However, there
may be a reasonable concern regarding the potential risk of
volume overload in patients with cardiac dysfunction [111].
Therefore, fluid resuscitation should be guided by physi-
cal exam, follow-up of vital signs, lactate, dynamic, and
ultrasonographic measurements. A focused review regard-
ing the management of septic patients with AHF suggests a
relatively liberal administration of fluids, that is, >200 ml
in 15-30 min and up to 500 ml in the first hour followed
by a reduced infusion rate until the total fluid administered
reaches 2 L in the first 24 h upon admission [112]. Vasopres-
sors, in particular norepinephrine, should be applied in case
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hemodynamic stability is not achieved after fluid resuscita-
tion. Vasopressin is recommended as a second-line agent if
hemodynamic status does not improve. Patients with per-
sistent hypotension and cardiac dysfunction should be sup-
ported with intravenous inotropes, preferably dobutamine [3,
112]. Otherwise, administration of epinephrine alone has a
weak recommendation, reserved only for cases of refractory
shock despite therapy with vasopressors and dobutamine,
with close monitoring for adverse effects [113]. The use of
levosimendan is not supported by the current survival sep-
sis campaign guidelines due to lack of benefit [101, 114],
though its use might be considered in certain patient cat-
egories (f-blockade, elevated right ventricular pressures,
Takotsubo cardiomyopathy) [112].

Conclusion

Infection is a common, yet often under-recognized, pre-
cipitant of AHF inflicting immense perturbations along the
time course of HF patients and accounting for a considerable
portion of their related morbidity and mortality. In parallel,
patients with HF are usually frail, of advanced age, with
comorbidities that render them more vulnerable to infec-
tions due to their impaired immune system and diminished
homeostatic mechanisms. Given that infection constitutes a
reversible cause of AHF in most cases, its prompt identifi-
cation and management in the ED is of major importance.
Currently, the intricate interactions between infection and
AHEF continue to pose many scientific challenges and await
to be extensively clarified. Accordingly, it is anticipated that
the full elucidation of the exact pathophysiological mecha-
nisms that come into play will provide the basis for further
therapeutic strategies to be implemented for the prevention
of cardiac complications in patients with infection and the
attenuation of the associated adverse outcomes.

Author contribution Conceptualization, supervision, and final editing,
Dr. Parissis and Dr. Polyzogopoulou; writing—original draft prepara-
tion and literature research, Dr. Bezati and Dr. Velliou; writing—review
and editing, Dr. Ventoulis and Dr. Simitsis. All authors have read and
agreed to the published version of the manuscript.

Data availability No new data was created or analyzed in this study.

Declarations

Ethics approval Not applicable.

Conflict of interest Dr. Bezati, Velliou, Ventoulis, Simitsis, and Poly-
zogopoulou have no conflicts of interest or financial ties to disclose.
Professor Parissis received honoraria for lectures from Orion Pharma,
Pfizer, Servier, Astra, AO Orphan, and Roche Diagnostics.

References

1. Farmakis D, Parissis J, Karavidas A et al (2015) In-hospital man-
agement of acute heart failure: practical recommendations and
future perspectives. Int J Cardiol 201:231-236. https://doi.org/
10.1016/j.ijcard.2015.08.030

2. Farmakis D, Parissis J, Lekakis J, Filippatos G (2015) Acute
heart failure: epidemiology, risk factors, and prevention. Rev Esp
Cardiol (Engl Ed) 68(3):245-248. https://doi.org/10.1016/j.rec.
2014.11.004

3. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach
A, Bohm M et al (2021) 2021 ESC Guidelines for the diagnosis
and treatment of acute and chronic heart failure. Eur Heart J
42(36):3599-3726

4. Arrigo M, Jessup M, Mullens W, Reza N, Shah AM, Sliwa K et al
(2020) (2020) Acute heart failure. Nat Rev Dis Primers 6(1):16.
https://doi.org/10.1038/s41572-020-0151-7

5. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF,
Coats AJS et al (2016) 2016 ESC guidelines for the diagnosis
and treatment of acute and chronic heart failure: the task force
for the diagnosis and treatment of acute and chronic heart failure
of the European Society of Cardiology (ESC) developed with the
special contribution of the Heart Failure Association (HFA) of
the ESC. Eur Heart J 37(27):2129-2200. https://doi.org/10.1093/
eurheartj/ehw128

6. Drozd M, Garland E, Walker AMN et al (2020) Infection-related
hospitalization in heart failure with reduced ejection frac-
tion: a prospective observational cohort study. Circ Heart Fail
13(5):e006746. https://doi.org/10.1161/CIRCHEARTFAILURE.
119.006746

7. Follath F, Yilmaz MB, Delgado JF et al (2011) Clinical presenta-
tion, management and outcomes in the Acute Heart Failure Global
Survey of Standard Treatment (ALARM-HF). Intensive Care Med
37(4):619-626. https://doi.org/10.1007/s00134-010-2113-0

8. Salam AM, Sulaiman K, Alsheikh-Ali AA et al (2020) Precipitat-
ing factors for hospitalization with heart failure: prevalence and
clinical impact observations from the Gulf CARE (Gulf aCute
heArt failuRe rEgistry). Med Princ Pract 29(3):270-278. https://
doi.org/10.1159/000503334

9. Nieminen MS, Brutsaert D, Dickstein K et al (2006) EuroHeart
Failure Survey II (EHFS II): a survey on hospitalized acute
heart failure patients: description of population. Eur Heart J
27(22):2725-2736. https://doi.org/10.1093/eurheartj/eh1193

10. Zannad F, Mebazaa A, Juilliere Y, Cohen-Solal A, Guize L, Alla
F et al (2006) Clinical profile, contemporary management and
one-year mortality in patients with severe acute heart failure syn-
dromes: the EFICA study. Eur J Heart Fail 8(7):697-705

11. Berkovitch A, Maor E, Sabbag A et al (2015) Precipitating fac-
tors for acute heart failure hospitalization and long-term survival.
Medicine (Baltimore) 94(52):¢2330. https://doi.org/10.1097/MD.
0000000000002330

12. Fonarow GC, Abraham WT, Albert NM et al (2008) Factors iden-
tified as precipitating hospital admissions for heart failure and
clinical outcomes: findings from OPTIMIZE-HF. Arch Intern
Med 168(8):847-854. https://doi.org/10.1001/archinte.168.8.847

13. Miro O, Aguirre A, Herrero P, Jacob J, Martin-Sanchez FJ, Llorens
P et al (2015) PAPRICA-2 study: role of precipitating factor of an
acute heart failure episode on intermediate term prognosis. Med
Clin (Barc) 145(9):385-389

14. Rossello X, Gil V, Escoda R, Jacob J, Aguirre A, Martin-Sanchez
FJ et al (2019) Editor’s choice- impact of identifying precipitat-
ing factors on 30-day mortality in acute heart failure patients. Eur
Heart J Acute Cardiovasc Care 8(7):667—680

@ Springer


https://doi.org/10.1016/j.ijcard.2015.08.030
https://doi.org/10.1016/j.ijcard.2015.08.030
https://doi.org/10.1016/j.rec.2014.11.004
https://doi.org/10.1016/j.rec.2014.11.004
https://doi.org/10.1038/s41572-020-0151-7
https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1161/CIRCHEARTFAILURE.119.006746
https://doi.org/10.1161/CIRCHEARTFAILURE.119.006746
https://doi.org/10.1007/s00134-010-2113-0
https://doi.org/10.1159/000503334
https://doi.org/10.1159/000503334
https://doi.org/10.1093/eurheartj/ehl193
https://doi.org/10.1097/MD.0000000000002330
https://doi.org/10.1097/MD.0000000000002330
https://doi.org/10.1001/archinte.168.8.847

Heart Failure Reviews

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Kapoor JR, Kapoor R, Ju C, Heidenreich PA, Eapen ZJ, Hernandez
AF et al (2016) Precipitating clinical factors, heart failure charac-
terization, and outcomes in patients hospitalized with heart failure
with reduced, borderline, and preserved ejection fraction. JACC
Heart Fail 4(6):464—472

Platz E, Jhund PS, Claggett BL, Pfeffer MA, Swedberg K, Granger
CB et al (2018) Prevalence and prognostic importance of precipi-
tating factors leading to heart failure hospitalization: recurrent
hospitalizations and mortality. Eur J Heart Fail 20(2):295-303
Arrigo M, Gayat E, Parenica J, Ishihara S, Zhang J, Choi DJ et al
(2017) Precipitating factors and 90-day outcome of acute heart
failure: a report from the intercontinental GREAT registry. Eur J
Heart Fail 19(2):201-208

Seko Y, Kato T, Morimoto T, Yaku H, Inuzuka Y, Tamaki Y et al
(2021) Newly diagnosed infection after admission for acute heart
failure: from the KCHF registry. ] Am Heart Assoc 10(22):¢023256
Kobayashi M, Voors AA, Girerd N et al (2020) Heart failure eti-
ologies and clinical factors precipitating for worsening heart fail-
ure: findings from BIOSTAT-CHF. Eur J Intern Med 71:62-69.
https://doi.org/10.1016/j.jim.2019.10.017

Freund Y, Cachanado M, Delannoy Q et al (2020) Effect of an
emergency department care bundle on 30-day hospital discharge
and survival among elderly patients with acute heart failure: the
ELISABETH randomized clinical trial. JAMA 324(19):1948—
1956. https://doi.org/10.1001/jama.2020.19378

Opasich C, Febo O, Riccardi PG et al (1996) Concomitant fac-
tors of decompensation in chronic heart failure. Am J Cardiol
78(3):354-357. https://doi.org/10.1016/s0002-9149(96)00294-9
Chin MH, Goldman L (1997) Factors contributing to the hospi-
talization of patients with congestive heart failure. Am J Public
Health 87(4):643-648

Dai S, Walsh P, Wielgosz A, Gurevich Y, Bancej C, Morrison H
(2012) Comorbidities and mortality associated with hospitalized
heart failure in Canada. Can J Cardiol 28(1):74-79. https://doi.
org/10.1016/j.cjca.2011.05.002

Alon D, Stein GY, Korenfeld R, Fuchs S (2013) Predictors and
outcomes of infection-related hospital admissions of heart failure
patients. PLoS ONE 8(8):e72476. https://doi.org/10.1371/journal.
pone.0072476

Arrigo M, Tolppanen H, Sadoune M et al (2016) Effect of pre-
cipitating factors of acute heart failure on readmission and long-
term mortality. ESC Heart Fail 3(2):115-121. https://doi.org/10.
1002/ehf2.12083

Cardoso JN, Del Carlo CH, Oliveira Junior MT, Ochiai ME, Kalil
Filho R, Barretto ACP (2018) Infection in patients with decom-
pensated heart failure: in-hospital mortality and outcome. Arq
Bras Cardiol 110(4):364-370. Published 2018 Mar 12. https://
doi.org/10.5935/abc.20180037

Ogbemudia EJ, Obasohan AO (2019) Association between com-
mon etiologies and precipitants of acute decompensated heart
failure. Niger Med J 60(3):113-116. https://doi.org/10.4103/nmj.
NMJ_63_19

Mann DL (2015) Innate immunity and the failing heart: the
cytokine hypothesis revisited. Circ Res 116(7):1254—1268.
https://doi.org/10.1161/CIRCRESAHA.116.302317

Shirazi LF, Bissett J, Romeo F, Mehta JL (2017) Role of inflam-
mation in heart failure. Curr Atheroscler Rep 19(6):27. https://
doi.org/10.1007/s11883-017-0660-3

Corrales-Medina VF, Musher DM, Shachkina S, Chirinos JA
(2013) Acute pneumonia and the cardiovascular system. Lancet
381(9865):496-505. https://doi.org/10.1016/S0140-6736(12)61266-5
Kakihana Y, Ito T, Nakahara M, Yamaguchi K, Yasuda T (2016)
Sepsis-induced myocardial dysfunction: pathophysiology and
management. J Intensive Care 4:22. https://doi.org/10.1186/
s40560-016-0148-1

@ Springer

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Minasyan H (2017) Sepsis and septic shock: pathogenesis and
treatment perspectives. J Crit Care 40:229-242. https://doi.org/
10.1016/j.jerc.2017.04.015

Gentile LF, Moldawer LL (2013) DAMPs, PAMPs, and the ori-
gins of SIRS in bacterial sepsis. Shock 39(1):113-114. https://
doi.org/10.1097/SHK.0b013e318277109¢

Mann DL (2002) Inflammatory mediators and the failing heart:
past, present, and the foreseeable future. Circ Res 91(11):988—
998. https://doi.org/10.1161/01.res.0000043825.01705.1b
Preiser JC, Zhang H, Vray B, Hrabak A, Vincent JL (2001) Time
course of inducible nitric oxide synthase activity following endo-
toxin administration in dogs. Nitric Oxide 5(2):208-211. https://
doi.org/10.1006/ni0x.2001.0342

Khadour FH, Panas D, Ferdinandy P et al (2002) Enhanced NO
and superoxide generation in dysfunctional hearts from endo-
toxemic rats. Am J Physiol Heart Circ Physiol 283(3):H1108—
HI1115. https://doi.org/10.1152/ajpheart.00549.2001

Zhao SP, Xu TD (1999) Elevated tumor necrosis factor alpha of
blood mononuclear cells in patients with congestive heart fail-
ure. Int J Cardiol 71(3):257-261. https://doi.org/10.1016/s0167-
5273(99)00144-8

Berry C, McMurray JJ (1999) Elevated serum and monocyte
tumour necrosis factor alpha in patients with congestive heart
failure. Int J Cardiol 71(3):263-264. https://doi.org/10.1016/
s0167-5273(99)00170-9

Ferrari R (1999) The role of TNF in cardiovascular disease. Phar-
macol Res 40(2):97-105. https://doi.org/10.1006/phrs.1998.0463
Kumar A, Thota V, Dee L, Olson J, Uretz E, Parrillo JE (1996)
Tumor necrosis factor alpha and interleukin 1beta are respon-
sible for in vitro myocardial cell depression induced by human
septic shock serum. J Exp Med 183(3):949-958. https://doi.org/
10.1084/jem.183.3.949

Levick SP, Goldspink PH (2014) Could interferon-gamma be
a therapeutic target for treating heart failure? Heart Fail Rev
19(2):227-236. https://doi.org/10.1007/s10741-013-9393-8
Fontes JA, Rose NR, Cihakova D (2015) The varying faces
of IL-6: from cardiac protection to cardiac failure. Cytokine
74(1):62-68. https://doi.org/10.1016/j.cyt0.2014.12.024
Horton JW, Maass D, White J, Sanders B (2000) Nitric oxide
modulation of TNF-alpha-induced cardiac contractile dysfunc-
tion is concentration dependent. Am J Physiol Heart Circ Physiol
278(6):H1955-H1965. https://doi.org/10.1152/ajpheart.2000.
278.6.H1955

Francis SE, Holden H, Holt CM, Duff GW (1998) Interleukin-1
in myocardium and coronary arteries of patients with dilated
cardiomyopathy. ] Mol Cell Cardiol 30(2):215-223. https://doi.
org/10.1006/jmcc.1997.0592

Sharma R, Davidoff MN (2002) Oxidative stress and endothelial
dysfunction in heart failure. Congest Heart Fail 8(3):165-172.
https://doi.org/10.1111/§.1527-5299.2002.00714.x

Colombo PC, Banchs JE, Celaj S et al (2005) Endothelial cell activation
in patients with decompensated heart failure. Circulation 111(1):58—
62. https://doi.org/10.1161/01.CIR.0000151611.89232.3B

Massion PB, Feron O, Dessy C, Balligand JL (2003) Nitric oxide and
cardiac function: ten years after, and continuing. Circ Res 93(5):388—
398. https://doi.org/10.1161/01.RES.0000088351.58510.21
Félétou M (2011) The endothelium: part 1: multiple functions of
the endothelial cells—focus on endothelium-derived vasoactive
mediators. San Rafael (CA): Morgan & Claypool Life Sciences
Chenevard R, Hiirlimann D, Béchir M et al (2003) Selective
COX-2 inhibition improves endothelial function in coronary
artery disease. Circulation 107(3):405-409. https://doi.org/10.
1161/01.¢ir.0000051361.69808.3a

Xia'Y, Roman LJ, Masters BS, Zweier JL (1998) Inducible nitric-
oxide synthase generates superoxide from the reductase domain.


https://doi.org/10.1016/j.ejim.2019.10.017
https://doi.org/10.1001/jama.2020.19378
https://doi.org/10.1016/s0002-9149(96)00294-9
https://doi.org/10.1016/j.cjca.2011.05.002
https://doi.org/10.1016/j.cjca.2011.05.002
https://doi.org/10.1371/journal.pone.0072476
https://doi.org/10.1371/journal.pone.0072476
https://doi.org/10.1002/ehf2.12083
https://doi.org/10.1002/ehf2.12083
https://doi.org/10.5935/abc.20180037
https://doi.org/10.5935/abc.20180037
https://doi.org/10.4103/nmj.NMJ_63_19
https://doi.org/10.4103/nmj.NMJ_63_19
https://doi.org/10.1161/CIRCRESAHA.116.302317
https://doi.org/10.1007/s11883-017-0660-3
https://doi.org/10.1007/s11883-017-0660-3
https://doi.org/10.1016/S0140-6736(12)61266-5
https://doi.org/10.1186/s40560-016-0148-1
https://doi.org/10.1186/s40560-016-0148-1
https://doi.org/10.1016/j.jcrc.2017.04.015
https://doi.org/10.1016/j.jcrc.2017.04.015
https://doi.org/10.1097/SHK.0b013e318277109c
https://doi.org/10.1097/SHK.0b013e318277109c
https://doi.org/10.1161/01.res.0000043825.01705.1b
https://doi.org/10.1006/niox.2001.0342
https://doi.org/10.1006/niox.2001.0342
https://doi.org/10.1152/ajpheart.00549.2001
https://doi.org/10.1016/s0167-5273(99)00144-8
https://doi.org/10.1016/s0167-5273(99)00144-8
https://doi.org/10.1016/s0167-5273(99)00170-9
https://doi.org/10.1016/s0167-5273(99)00170-9
https://doi.org/10.1006/phrs.1998.0463
https://doi.org/10.1084/jem.183.3.949
https://doi.org/10.1084/jem.183.3.949
https://doi.org/10.1007/s10741-013-9393-8
https://doi.org/10.1016/j.cyto.2014.12.024
https://doi.org/10.1152/ajpheart.2000.278.6.H1955
https://doi.org/10.1152/ajpheart.2000.278.6.H1955
https://doi.org/10.1006/jmcc.1997.0592
https://doi.org/10.1006/jmcc.1997.0592
https://doi.org/10.1111/j.1527-5299.2002.00714.x
https://doi.org/10.1161/01.CIR.0000151611.89232.3B
https://doi.org/10.1161/01.RES.0000088351.58510.21
https://doi.org/10.1161/01.cir.0000051361.69808.3a
https://doi.org/10.1161/01.cir.0000051361.69808.3a

Heart Failure Reviews

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

J Biol Chem 273(35):22635-22639. https://doi.org/10.1074/jbc.
273.35.22635

Yau JW, Teoh H, Verma S (2015) Endothelial cell control of
thrombosis. BMC Cardiovasc Disord 15:130. Published 2015
Oct 19. https://doi.org/10.1186/s12872-015-0124-z

Vallance P, Collier J, Bhagat K (1997) Infection, inflammation,
and infarction: does acute endothelial dysfunction provide a link?
Lancet 349(9062):1391-1392. https://doi.org/10.1016/S0140-
6736(96)09424-X

Miranda M, Balarini M, Caixeta D, Bouskela E (2016) Microcir-
culatory dysfunction in sepsis: pathophysiology, clinical moni-
toring, and potential therapies. Am J Physiol Heart Circ Physiol
311(1):H24-H35. https://doi.org/10.1152/ajpheart.00034.2016
Cunnion RE, Schaer GL, Parker MM, Natanson C, Parrillo JE
(1986) The coronary circulation in human septic shock. Circula-
tion 73(4):637-644. https://doi.org/10.1161/01.cir.73.4.637
Merx MW, Weber C (2007) Sepsis and the heart. Circulation
116(7):793-802. https://doi.org/10.1161/CIRCULATIONAHA.
106.678359

Levy RJ, Piel DA, Acton PD et al (2005) Evidence of myocardial
hibernation in the septic heart. Crit Care Med 33(12):2752-2756.
https://doi.org/10.1097/01.ccm.0000189943.60945.77
Hotchkiss RS, Karl IE (1992) Reevaluation of the role of cellular
hypoxia and bioenergetic failure in sepsis. JAMA 267(11):1503-1510
Parker MM, Shelhamer JH, Bacharach SL et al (1984) Profound
but reversible myocardial depression in patients with septic
shock. Ann Intern Med 100(4):483-490. https://doi.org/10.7326/
0003-4819-100-4-483

Griton M, Konsman JP (2018) Neural pathways involved in
infection-induced inflammation: recent insights and clinical
implications. Clin Auton Res 28(3):289-299. https://doi.org/10.
1007/s10286-018-0518-y

Borovac JA, D’Amario D, Bozic J, Glavas D (2020) Sympathetic nerv-
ous system activation and heart failure: current state of evidence
and the pathophysiology in the light of novel biomarkers. World J
Cardiol 12(8):373—408. https://doi.org/10.4330/wjc.v12.i8.373
Njoroge JN, Teerlink JR (2021) Pathophysiology and therapeu-
tic approaches to acute decompensated heart failure. Circ Res
128(10):1468-1486

Brown AO, Millett ER, Quint JK, Orihuela CJ (2015) Cardiotoxicity
during invasive pneumococcal disease. Am J Respir Crit Care Med
191(7):739-745. https://doi.org/10.1164/rccm.201411-1951PP
Anderson R, Nel JG, Feldman C (2018) Multifaceted role of
pneumolysin in the pathogenesis of myocardial injury in com-
munity-acquired pneumonia. Int J Mol Sci 19(4):1147. Published
2018 Apr 11. https://doi.org/10.3390/ijms19041147
Corrales-Medina VF, Suh KN, Rose G et al (2011) Cardiac complica-
tions in patients with community-acquired pneumonia: a system-
atic review and meta-analysis of observational studies. PLoS Med
8(6):¢1001048. https://doi.org/10.1371/journal. pmed.1001048
Brack MC, Lienau J, Kuebler WM, Witzenrath M (2019) Cardio-
vascular sequelae of pneumonia. Curr Opin Pulm Med 25(3):257-
262. https://doi.org/10.1097/MCP.0000000000000584

Restrepo MI, Reyes LF (2018) Pneumonia as a cardiovascular disease.
Respirology 23(3):250-259. https://doi.org/10.1111/resp.13233
Feldman C, Normark S, Henriques-Normark B, Anderson R (2019)
Pathogenesis and prevention of risk of cardiovascular events in
patients with pneumococcal community-acquired pneumonia. J
Intern Med 285(6):635-652. https://doi.org/10.1111/joim.12875
Adeghate EA, Eid N, Singh J (2021) Mechanisms of COVID-
19-induced heart failure: a short review. Heart Fail Rev
26(2):363-369. https://doi.org/10.1007/s10741-020-10037-x
Jabri A, Kalra A, Kumar A et al (2020) Incidence of stress cardiomyo-
pathy during the coronavirus disease 2019 pandemic. JAMA Netw
Open 3(7):2014780. https://doi.org/10.1001/jamanetworkopen.
2020.14780

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

McFadyen JD, Stevens H, Peter K (2020) The emerging threat of
micro thrombosis in COVID-19 and its therapeutic implications.
Circ Res 127(4):571-587

Zaccone G, Tomasoni D, Italia L, Lombardi CM, Metra M (2021)
Myocardial involvement in COVID-19: an interaction between
comorbidities and heart failure with preserved ejection fraction.
a further indication of the role of inflammation. Curr Heart Fail
Rep 18(3):99-106. https://doi.org/10.1007/s11897-021-00509-y
Tomasoni D, Italia L, Adamo M et al (2020) COVID-19 and
heart failure: from infection to inflammation and angiotensin II
stimulation. Searching for evidence from a new disease. Eur J
Heart Fail 22(6):957-966

Chen L, Hao G (2020) The role of angiotensin-converting
enzyme 2 in coronaviruses/influenza viruses and cardiovascular
disease. Cardiovasc Res 116(12):1932-1936. https://doi.org/10.
1093/cvr/cvaa093

Onohuean H, Al-Kuraishy HM, Al-Gareeb Al, Qusti S, Alshammari
EM, Batiha GE (2021) Covid-19 and development of heart fail-
ure: mystery and truth. Naunyn Schmiedebergs Arch Pharmacol
394(10):2013-2021

Hsiao CY, Yang HY, Chang CH et al (2015) Risk factors for devel-
opment of septic shock in patients with urinary tract infection.
Biomed Res Int 2015 717094. https://doi.org/10.1155/2015/717094
Otto G, Braconier J, Andreasson A, Svanborg C (1999) Inter-
leukin-6 and disease severity in patients with bacteremic and
nonbacteremic febrile urinary tract infection. J Infect Dis
179(1):172-179. https://doi.org/10.1086/314534

Abraham SN, Miao Y (2015) The nature of immune responses to
urinary tract infections. Nat Rev Immunol 15(10):655-663. https://
doi.org/10.1038/nri3887

Blanco M, Blanco JE, Alonso MP, Blanco J (1996) Virulence fac-
tors and O groups of Escherichia coli isolates from patients with
acute pyelonephritis, cystitis and asymptomatic bacteriuria. Eur J
Epidemiol 12(2):191-198. https://doi.org/10.1007/BF00145506
Kucheria R, Dasgupta P, Sacks SH, Khan MS, Sheerin NS (2005)
Urinary tract infections: new insights into a common problem.
Postgrad Med J 81(952):83-86

Bien J, Sokolova O, Bozko P (2012) Role of uropathogenic
Escherichia coli virulence factors in development of urinary tract
infection and kidney damage. IntJ Nephrol 2012 681473. https://
doi.org/10.1155/2012/681473

Thim T, Krarup NH, Grove EL, Rohde CV, Lgfgren B (2012)
Initial assessment and treatment with the Airway, Breathing,
Circulation, Disability, Exposure (ABCDE) approach. IntJ Gen
Med 5:117-121. https://doi.org/10.2147/1IGM.S28478

Osborn TM (2017) Severe sepsis and septic shock trials (ProCESS,
ARISE, ProMISe): what is optimal resuscitation? Crit Care Clin
33(2):323-344. https://doi.org/10.1016/j.ccc.2016.12.004

Levy MM, Fink MP, Marshall JC et al (2003) 2001 SCCM/
ESICM/ACCP/ATS/SIS International Sepsis Definitions Confer-
ence. Crit Care Med 31(4):1250-1256. https://doi.org/10.1097/
01.CCM.0000050454.01978.3B

Sager R, Kutz A, Mueller B, Schuetz P (2017) Procalcitonin-
guided diagnosis and antibiotic stewardship revisited. BMC Med
15(1):15. https://doi.org/10.1186/s12916-017-0795-7

Schuetz P, Christ-Crain M, Thomann R et al (2009) Effect of
procalcitonin-based guidelines vs standard guidelines on antibi-
otic use in lower respiratory tract infections: the ProHOSP rand-
omized controlled trial. JAMA 302(10):1059-1066. https://doi.
org/10.1001/jama.2009.1297

Aabenhus R, Jensen JU, Jgrgensen KJ, Hrébjartsson A, Bjerrum
L (2014) Biomarkers as point-of-care tests to guide prescription
of antibiotics in patients with acute respiratory infections in pri-
mary care. Cochrane Database Syst Rev (11):CD010130. https://
doi.org/10.1002/14651858.CD010130.pub2

@ Springer


https://doi.org/10.1074/jbc.273.35.22635
https://doi.org/10.1074/jbc.273.35.22635
https://doi.org/10.1186/s12872-015-0124-z
https://doi.org/10.1016/S0140-6736(96)09424-X
https://doi.org/10.1016/S0140-6736(96)09424-X
https://doi.org/10.1152/ajpheart.00034.2016
https://doi.org/10.1161/01.cir.73.4.637
https://doi.org/10.1161/CIRCULATIONAHA.106.678359
https://doi.org/10.1161/CIRCULATIONAHA.106.678359
https://doi.org/10.1097/01.ccm.0000189943.60945.77
https://doi.org/10.7326/0003-4819-100-4-483
https://doi.org/10.7326/0003-4819-100-4-483
https://doi.org/10.1007/s10286-018-0518-y
https://doi.org/10.1007/s10286-018-0518-y
https://doi.org/10.4330/wjc.v12.i8.373
https://doi.org/10.1164/rccm.201411-1951PP
https://doi.org/10.3390/ijms19041147
https://doi.org/10.1371/journal.pmed.1001048
https://doi.org/10.1097/MCP.0000000000000584
https://doi.org/10.1111/resp.13233
https://doi.org/10.1111/joim.12875
https://doi.org/10.1007/s10741-020-10037-x
https://doi.org/10.1001/jamanetworkopen.2020.14780
https://doi.org/10.1001/jamanetworkopen.2020.14780
https://doi.org/10.1007/s11897-021-00509-y
https://doi.org/10.1093/cvr/cvaa093
https://doi.org/10.1093/cvr/cvaa093
https://doi.org/10.1155/2015/717094
https://doi.org/10.1086/314534
https://doi.org/10.1038/nri3887
https://doi.org/10.1038/nri3887
https://doi.org/10.1007/BF00145506
https://doi.org/10.1155/2012/681473
https://doi.org/10.1155/2012/681473
https://doi.org/10.2147/IJGM.S28478
https://doi.org/10.1016/j.ccc.2016.12.004
https://doi.org/10.1097/01.CCM.0000050454.01978.3B
https://doi.org/10.1097/01.CCM.0000050454.01978.3B
https://doi.org/10.1186/s12916-017-0795-7
https://doi.org/10.1001/jama.2009.1297
https://doi.org/10.1001/jama.2009.1297
https://doi.org/10.1002/14651858.CD010130.pub2
https://doi.org/10.1002/14651858.CD010130.pub2

Heart Failure Reviews

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Mockel M, Searle J, Maisel A (2017) The role of procalcitonin in
acute heart failure patients. ESC Heart Fail 4(3):203-208. https://
doi.org/10.1002/ehf2.12189

Wang W, Zhang X, Ge N et al (2014) Procalcitonin testing for
diagnosis and short-term prognosis in bacterial infection compli-
cated by congestive heart failure: a multicenter analysis of 4,698
cases. Crit Care 18(1):R4. https://doi.org/10.1186/cc13181
Aissou L, Sorbets E, Lallmahomed E et al (2018) Prognostic and
diagnostic value of elevated serum concentration of procalcitonin
in patients with suspected heart failure. A review and meta-analysis
Biomarkers 23(5):407—413. https://doi.org/10.1080/1354750X.
2018.1443511

Maisel A, Neath SX, Landsberg J et al (2012) Use of procalci-
tonin for the diagnosis of pneumonia in patients presenting with
a chief complaint of dyspnoea: results from the BACH (Biomark-
ers in Acute Heart Failure) trial. Eur J Heart Fail 14(3):278-286.
https://doi.org/10.1093/eurjht/hfr177

Demissei BG, Cleland JG, O’Connor CM et al (2016) Procalci-
tonin-based indication of bacterial infection identifies high risk
acute heart failure patients. Int J Cardiol 204:164—-171. https://
doi.org/10.1016/j.ijcard.2015.11.141

Mockel M, de Boer RA, Slagman AC et al (2020) Improve man-
agement of acute heart failure with ProcAlCiTonin in EUrope:
results of the randomized clinical trial IMPACT EU Biomarkers
in Cardiology (BIC) 18. Eur J Heart Fail 22(2):267-275. https://
doi.org/10.1002/ejhf.1667

Boulogne M, Sadoune M, Launay JM, Baudet M, Cohen-Solal
A, Logeart D (2017) Inflammation versus mechanical stretch
biomarkers over time in acutely decompensated heart failure with
reduced ejection fraction. Int J Cardiol 226:53-59. https://doi.
org/10.1016/j.ijcard.2016.10.038

Villacorta H, Masetto AC, Mesquita ET (2007) C-reactive pro-
tein: an inflammatory marker with prognostic value in patients
with decompensated heart failure. Arq Bras Cardiol 88(5):585—
589. https://doi.org/10.1590/s0066-782x2007000500014
Kalogeropoulos AP, Tang WH, Hsu A et al (2014) High-sensitivity
C-reactive protein in acute heart failure: insights from the ASCEND-
HF trial. J Card Fail 20(5):319-326. https://doi.org/10.1016/j.cardfail.
2014.02.002

Pereira J, Ribeiro A, Ferreira-Coimbra J et al (2018) Is there a
C-reactive protein value beyond which one should consider infec-
tion as the cause of acute heart failure? BMC Cardiovasc Disord
18(1):40. https://doi.org/10.1186/s12872-018-0778-4

Miiller B, Harbarth S, Stolz D et al (2007) Diagnostic and prog-
nostic accuracy of clinical and laboratory parameters in commu-
nity-acquired pneumonia. BMC Infect Dis 7:10. https://doi.org/
10.1186/1471-2334-7-10

Kriiger S, Ewig S, Papassotiriou J et al (2009) Inflammatory
parameters predict etiologic patterns but do not allow for individ-
ual prediction of etiology in patients with CAP: results from the
German competence network CAPNETZ. Respir Res 10(1):65.
https://doi.org/10.1186/1465-9921-10-65

Harjola VP, Mullens W, Banaszewski M et al (2017) Organ dys-
function, injury and failure in acute heart failure: from patho-
physiology to diagnosis and management. A review on behalf of
the Acute Heart Failure Committee of the Heart Failure Associa-
tion (HFA) of the European Society of Cardiology (ESC). Eur J
Heart Fail 19(7):821-836. https://doi.org/10.1002/ejhf.872
Januzzi JL Jr, Filippatos G, Nieminen M, Gheorghiade M (2012)
Troponin elevation in patients with heart failure: on behalf of
the third Universal Definition of Myocardial Infarction Global
Task Force: heart failure section. Eur Heart J 33(18):2265-2271.
https://doi.org/10.1093/eurheartj/ehs191

Evans L, Rhodes A, Alhazzani W et al (2021) Surviving sepsis
campaign: international guidelines for management of sepsis and

@ Springer

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

septic shock 2021. Crit Care Med 49(11):e1063—e1143. https://
doi.org/10.1097/CCM.0000000000005337

Collins SP, Lindsell CJ, Storrow AB, Abraham WT (2006)
ADHERE Scientific Advisory Committee, Investigators and
Study Group. Prevalence of negative chest radiography results
in the emergency department patient with decompensated heart
failure. Ann Emerg Med 47(1):13-18. https://doi.org/10.1016/j.
annemergmed.2005.04.003

Lichtenstein DA, Meziere GA (2008) Relevance of lung ultrasound
in the diagnosis of acute respiratory failure: the BLUE protocol
[published correction appears in Chest. 2013 Aug;144(2):721].
Chest 134(1):117-125. https://doi.org/10.1378/chest.07-2800

Al Deeb M, Barbic S, Featherstone R, Dankoff J, Barbic D
(2014) Point-of-care ultrasonography for the diagnosis of acute
cardiogenic pulmonary edema in patients presenting with acute
dyspnea: a systematic review and meta-analysis. Acad Emerg
Med 21(8):843-852. https://doi.org/10.1111/acem.12435
Martindale JL, Wakai A, Collins SP et al (2016) Diagnosing
acute heart failure in the emergency department: a systematic
review and meta-analysis. Acad Emerg Med 23(3):223-242.
https://doi.org/10.1111/acem.12878

Polyzogopoulou E, Boultadakis A, Ikonomidis I, Parissis J
(2021) It’s not all about echocardiography. Open the lung win-
dow for the cardiac emergencies. Medicina (Kaunas) 57(1):69.
https://doi.org/10.3390/medicina57010069

Papadimitriou L, Georgiopoulou VV, Kort S, Butler J,
Kalogeropoulos AP (2016) Echocardiography in acute heart fail-
ure: current perspectives. J Card Fail 22(1):82-94. https://doi.
org/10.1016/j.cardfail.2015.08.001

Kajimoto K, Madeen K, Nakayama T, Tsudo H, Kuroda T, Abe T
(2012) Rapid evaluation by lung-cardiac-inferior vena cava (LCI)
integrated ultrasound for differentiating heart failure from pulmonary
disease as the cause of acute dyspnea in the emergency setting. Cardi-
ovasc Ultrasound 10(1):49. https://doi.org/10.1186/1476-7120-10-49
Ady J, Fong Y (2014) Imaging for infection: from visualiza-
tion of inflammation to visualization of microbes. Surg Infect
(Larchmt) 15(6):700-707. https://doi.org/10.1089/sur.2014.029
Sgrensen SM, Schgnheyder HC, Nielsen H (2013) The role of
imaging of the urinary tract in patients with urosepsis. Int J Infect
Dis 17(5):¢299—-e303. https://doi.org/10.1016/].1jid.2012.11.032
Marik PE, Linde-Zwirble WT, Bittner EA, Sahatjian J, Hansell D
(2017) Fluid administration in severe sepsis and septic shock, patterns
and outcomes: an analysis of a large national database. Intensive Care
Med 43(5):625-632. https://doi.org/10.1007/s00134-016-4675-y
Arfaras-Melainis A, Polyzogopoulou E, Triposkiadis F et al
(2020) Heart failure and sepsis: practical recommendations for
the optimal management. Heart Fail Rev 25(2):183-194. https://
doi.org/10.1007/s10741-019-09816-y

Myburgh JA, Higgins A, Jovanovska A et al (2008) A compari-
son of epinephrine and norepinephrine in critically ill patients.
Intensive Care Med 34(12):2226-2234. https://doi.org/10.1007/
s00134-008-1219-0

Bhattacharjee S, Soni KD, Maitra S, Baidya DK (2017) Levosimendan
does not provide mortality benefit over dobutamine in adult patients
with septic shock: a meta-analysis of randomized controlled trials. J
Clin Anesth 39:67-72. https://doi.org/10.1016/j.jclinane.2017.03.011

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.1002/ehf2.12189
https://doi.org/10.1002/ehf2.12189
https://doi.org/10.1186/cc13181
https://doi.org/10.1080/1354750X.2018.1443511
https://doi.org/10.1080/1354750X.2018.1443511
https://doi.org/10.1093/eurjhf/hfr177
https://doi.org/10.1016/j.ijcard.2015.11.141
https://doi.org/10.1016/j.ijcard.2015.11.141
https://doi.org/10.1002/ejhf.1667
https://doi.org/10.1002/ejhf.1667
https://doi.org/10.1016/j.ijcard.2016.10.038
https://doi.org/10.1016/j.ijcard.2016.10.038
https://doi.org/10.1590/s0066-782x2007000500014
https://doi.org/10.1016/j.cardfail.2014.02.002
https://doi.org/10.1016/j.cardfail.2014.02.002
https://doi.org/10.1186/s12872-018-0778-4
https://doi.org/10.1186/1471-2334-7-10
https://doi.org/10.1186/1471-2334-7-10
https://doi.org/10.1186/1465-9921-10-65
https://doi.org/10.1002/ejhf.872
https://doi.org/10.1093/eurheartj/ehs191
https://doi.org/10.1097/CCM.0000000000005337
https://doi.org/10.1097/CCM.0000000000005337
https://doi.org/10.1016/j.annemergmed.2005.04.003
https://doi.org/10.1016/j.annemergmed.2005.04.003
https://doi.org/10.1378/chest.07-2800
https://doi.org/10.1111/acem.12435
https://doi.org/10.1111/acem.12878
https://doi.org/10.3390/medicina57010069
https://doi.org/10.1016/j.cardfail.2015.08.001
https://doi.org/10.1016/j.cardfail.2015.08.001
https://doi.org/10.1186/1476-7120-10-49
https://doi.org/10.1089/sur.2014.029
https://doi.org/10.1016/j.ijid.2012.11.032
https://doi.org/10.1007/s00134-016-4675-y
https://doi.org/10.1007/s10741-019-09816-y
https://doi.org/10.1007/s10741-019-09816-y
https://doi.org/10.1007/s00134-008-1219-0
https://doi.org/10.1007/s00134-008-1219-0
https://doi.org/10.1016/j.jclinane.2017.03.011

	Infection as an under-recognized precipitant of acute heart failure: prognostic and therapeutic implications
	Abstract
	Introduction
	Epidemiology
	Pathophysiology: unravelling the tangle
	Cytokines
	Endothelial dysfunction and NO
	Thombogenicity
	Microcirculation and ischemia
	Sympathetic nervous system
	AHF and respiratory infections
	AHF and UTI

	Management of AHF patients with an underlying infection
	Initial diagnostic approach
	Biomarkers and laboratory studies
	Imaging
	Therapeutic interventions
	Antibiotics
	Respiratory support
	Circulatory support


	Conclusion
	References


