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ABSTRACT

Acute heart failure (AHF), a global pandemic with high morbidity and mortality, exerts a
considerable economic burden. AHF includes a broad spectrum of clinical presentations
ranging from new-onset heart failure to cardiogenic shock. Key elements of the management
rely on the clinical diagnosis confirmed on, both, increased natriuretic peptides and
echocardiography, and on the prompt initiation of oxygen therapy, including non-invasive
positive pressure ventilation, vasodilators, and diuretics. A care pathway is essential,
specifically when an acute coronary syndrome is suspected or in the case of cardiogenic
shock. Association or increasing doses of vasopressors despite an adequate volume status are
markers of progression toward a refractory cardiogenic shock state. For the latter, mechanical
circulatory support should be initiated early, optimally before the onset of renal or liver
failure. Thus, a tertiary care center is recommended for the management of patients with
AHF who require percutaneous coronary intervention or mechanical circulatory support.
This narrative review provides multidisciplinary guidance for the management of AHF

and cardiogenic shock from pre-hospital to intensive care unit/cardiac care unit, based on
contemporary evidence and expert opinion.

Keywords: Heart failure; Emergency; Therapeutics; Cardiogenic shock

INTRODUCTION

Heart failure (HF) is a chronic condition resulting most often from left ventricular (LV)
dysfunction of either systolic or diastolic origin. The natural history of HF is intercepted

by acute life-threatening decompensation episodes requiring urgent hospital admission in
the emergency room and subsequent transfer to an intensive care unit (ICU) or a cardiac

care unit (CCU). These repeated unscheduled hospitalizations significantly deteriorate the
patient's quality of life and short and/or long-term survival. Thus, acute bedside management
of HF is crucial, and despite considerable research, no intravenous (IV) therapy has been
implemented for patients with acute heart failure (AHF) over the past 30 years.”
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Specifically, the management of AHF is a complex process of care that requires, simultaneously,
early identification of the HF clinical syndrome, confirmation by diagnostic tests (biological,
echocardiography, and X-ray exams), assessment of severity, and adequate urgent treatment. The
variety of clinical presentations ranging from moderate congestion, consisting of symptoms of
breathless alone to a severe shock state syndrome, makes AHF extremely challenging to manage
in an emergency setting. Thus, both, the cooperation of a multidisciplinary team (primary

care physician, emergency physician, cardiologist, intensivist, and paramedic) and strict
management protocols are cornerstones for the success of AHF treatment.

This narrative review provides guidance for the diagnosis and early management of AHF or
cardiogenic shock (CS) from identification in the pre-hospital setting to the early phase after
hospital admission.

DEFINITION

AHF can be defined as the rapid onset of or worsening of symptoms of HF secondary to
cardiac dysfunction leading to low cardiac output, an elevation in ventricular filling pressure,
and peripheral organ hypoperfusion. AHF could have two initial presentations: new onset of
HF (“de novo”) or acute decompensation of chronic HF. The etiology of de novo AHF is most
often acute coronary syndrome (ACS), while numerous causes can lead to the onset of acute
decompensation of chronic HF: ischemic, infection, uncontrolled hypertension, arrhythmias,
cardiac conduction disorders, dietary mistake (excessive salt intake), and medication non-
compliance.’ The clinical phenotypes of AHF are heterogeneous and represent a broad
range of different disease states: classical pulmonary edema decompensating a chronic HF,
ACS-related HF, CS, and some specific patterns such as hypertensive HF and right ventricular
(RV) failure. Pathophysiologically, AHF may occur on a reduced (<40%), mid-range (40—
49%), or preserved (250%) left ventricular ejection fraction (LVEF). Roughly, half of the AHF
occurs with a preserved LVEF that will often be hospitalized with a high level of congestion
and a need for diuretics.?

In summary, a correct assessment of the initial clinical phenotype is important as it guides
immediate therapies, while measurement of LVEF will be important to guide long-term therapies.

CLASSIFICATION BASED ON THE INITIAL CLINICAL EXAM

In addition to correctly defining AHF clinical phenotypes, the American College of Cardiology
Foundation/American Heart Association also stipulated stages of HF progression based on
structural changes and symptoms. These clinical scenarios in AHF are based on very simple
clinical signs such as systolic blood pressure (BP) and other symptoms at admission:
1) Systolic BP >140 mmHg, predominantly diffuse pulmonary edema, and minimal
systemic edema;
2) Systolic BP 100-140 mmHg, predominantly systemic edema, and minimal pulmonary
edema;
3) Systolic BP <100 mmHg, predominantly signs of hypoperfusion, and minimal systemic
and pulmonary edema;
4) AHF with ACS; and
5) AHF with isolated RV failure
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Clinical classification can also be based on a physical bedside evaluation of the symptoms
of congestion (“wet” vs. “dry” if present vs. absent) and peripheral hypoperfusion (“cold”
vs. “warm” if hypoperfused vs. normoperfused).” The combination of these two familiar
conditions allows the identification of four phenotypic groups, which will guide the therapy
in the initial phase and will also have a prognostic value (Figure 1).>%

PRE-HOSPITAL AND EARLY MANAGEMENT OF ACUTE
HEART FAILURE

The concept of early and aggressive management of AHF could be compared to the “golden
hour” concept performed for patients with acute myocardial infarction (AMI).” The early
management of patients with AHF starts from the pre-hospital setting, including at home,
and in the emergency department. Patients suspected of having AHF syndrome must
continuously be monitored (pulse oximetry, BP, respiratory rate, and electrocardiogram) to
detect very early signs of worsening.

Patients identified at an early stage with AHF should be transferred right away to the
cardiology department or ICU/CCU according to the clinical assessment.’” On arrival

at the hospital, immediate and concomitant diagnostic tests, physical assessment, and
pharmacologic and nonpharmacologic treatments should be initiated or pursued in a
dedicated HF care pathway. Concomitantly to hemodynamic and respiratory stabilization,
diagnostic and treatment of the decompensating cause should be performed.

Congestion (-) Congestion (+)
-~ Warm-wet (up to 50%)
5 Warm-dry (up to 25%) Predominant Predominant
§ hypertension congestion
g compensated 1. Vasodilator 1. Diuretic
8_ 1. Adjust oral therapy 2. Diuretic 2. Vasodilator
> 3. Ultrafiltration
T if resistant to diuretics
-
N - 0
= Cold-dry (up to 5%)
2 i
2 Hypoperfused and hypovolemic
8 1. Fluid challenge
o 2. Inotropic agent that will be stopped
Q o
% when hemodynamics is stable

Figure 1. Clinical profiles of patients with acute HF based on the presence/absence of congestion and/or
hypoperfusion. Adapted from the 2016 ESC guidelines on acute and chronic HF.? This approach was proposed by
the analysis of Nohria et al.® Frequencies of the groups are given according to this analysis.

ESC = European Society of Cardiology; HF = heart failure; MCS = mechanical circulatory support; sBP = systolic blood
pressure.
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Oxygenation and non-invasive ventilation

The first step will be to restore oxygenation if transcutaneous oxygen saturation (SpO,) <90%
and non-invasive positive pressure ventilation (NIPPV) should be initiated early if the patient
presents respiratory distress symptoms.™ The targeted SpO, is not 100%, as this causes
vasoconstriction and a reduction in cardiac output. Girardis et al.'” reported that among
patients admitted to ICUs, conservative oxygen therapy (SpO, target: 94—98%) compared
with conventional oxygen therapy (SpO, target: 97-100%) resulted in lower ICU mortality.
The benefits of NIPPV are an increase in SpO, and a decrease in breathing work due to a
reduction in both pre- and afterload.” A similar reduction in respiratory distress symptoms
was observed with continuous positive airway pressure and bi-level positive pressure
ventilation modalities.*¥ However, in the case of RV failure, the increase in intrathoracic
pressure induced by NIPPV also translates into an increase in right afterload that will be
detrimental to right heart function. In this specific setting, NIPPV should be avoided."
Intubation should be considered if NIPPV fails or if NIPPV is contraindicated because of poor
patient cooperation, apnea, vomiting, and suspicion of pneumothorax." However, NIPPV
may be useful in cases of coma induced by hypercapnia, and such cases should be resolved in
a timely manner after NIPPV initiation.

Intravenous diuretics

Together with non-invasive ventilation, administration of IV therapies is a crucial step in
AHF management. As mentioned above, almost all AHF patients, including those with
preserved LVEF, especially if the inferior vena cava (IVC) diameter is dilated, should receive
IV diuretics, as early as possible after confirmation of AHF diagnosis by measurement of
natriuretic peptides.

Loop diuretics inhibit the Na-K-2Cl symporter at the ascending loop of Henle, and have the
most potent diuretic effect, promoting excretion of sodium and chloride.’® For congestion
management, diuretics, such as furosemide, will enhance respiratory improvement and
decrease the ventricular filling pressure. In addition, loop diuretics act as immediate
venodilators and usually rapidly improve respiratory symptoms." In patients with AHF, the
dose-response curve is decreased. Thus, the recommended initial dose should be at least
20-40 mg of furosemide (or equivalent, bumetanide) in new-onset patients, and at least the
equivalent IV dose for patients chronically receiving diuretic therapy.'” The diuretic response
may be evaluated using urinary volume output and post-diuretic spot urinary sodium content
(the bladder should be empty before the administration of diuretics).!® If the spot urinary
sodium content is <50-70 mEq/L after two hours, or if the hourly urine output is <100-150
mL during the first six hours, the bolus dose should be doubled. Nevertheless, if diuresis has
not improved, repetitive bolus should be administered every 6 hours (Figure 2).® Higher
doses are associated with a transient worsening in renal function,?? although an increase
in creatinine caused by decongestion has not been reported to lead to a worse outcome.?V

Loop diuretics may be beneficial in patients with volume overload; however, it has several
limitations, such as diuretic resistance, neurohormonal activation, electrolyte disturbances,
and worsening renal function. To solve these problems, combination therapies of loop
diuretics with thiazide, mineralocorticoid receptor antagonist, and vasopressin antagonism
may improve the diuretic effect.??** Tolvaptan, a selective vasopressin V2 receptor antagonist
with electrolyte-free water diuretic properties, acts on the collecting tubules of the kidneys
and is used for the treatment of volume overload in patients with HF in several Asian
countries. Several clinical trials have demonstrated marked improvement in congestion
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“Congestion” |

l l

“Vascular type” “Cardiac type”
fluid redistribution fluid accumulation
Vasodilators first Diuretics first
(and diuretics if IVC dilated) (and vasodilators if high BP)

l i

Furosemide 20-40 mg iv or
double oral home dose iv

l l

Nitroglycerin 10-20 pg/min iv

Control BP Urine spot sodium >50-70 mEq/L after 2 hours or
(sBP decrease in the range of 25%) average urine output >100-150 mL/h during 6 hours
| Yes Yes |
No v v No
Increase nitroglycerin by 5 pg/min Repetitive double dose iv
every 3-5 minutes every 4-6 hours
Control BP or Average urine output >100 mL/h or
decongestion decongestion
| Yes Yes |
No | v No
Change nitroglycerin Combinational diuretics
Control BP or Average urine output >100 mL/h or
decongestion decongestion
| Yes Yes |
No | v No
’ Titrating dose according to BP changes ‘ ‘ Ultrafiltration ‘
Y v
’ Titrating up oral antihypertensive drugs ‘ ‘ Titrating dose to achieve euvolemia ‘

Figure 2. Flowchart for vasodilator and diuretic use in acute heart failure. Of note, the “vascular type” usually has
high sBP and preserved LVEF while the “cardiac type” presents normal sBP and reduced LVEF.
IV = intravenous; IVC = inferior vena cava; LVEF = left ventricular ejection fraction; sBP = systolic blood pressure.

and the prevention of renal function in AHF patients following tolvaptan treatment.>> In
addition, recent trials have reported that sodium-glucose linked transporter type 2 (SGLT2)
inhibitors could potentially reduce the risk of cardiovascular-related mortality in patients
with diabetes.??” SGLT2 inhibitors, which inhibit proximal sodium absorption, have the
potential to exert a diuretic effect, although more evidence is needed in AHF patients.
Ultrafiltration may be considered in patients in whom decongestion goals are not met with a
maximal dose of loop diuretics or a combination of diuretic therapy. However, ultrafiltration
did not show a benefit compared to pharmacologic therapy in a randomized clinical trial

of AHF patients with worsened renal function.? The routine use of ultrafiltration is not
recommended and should be confined to highly selected patients.
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Vasodilators

IV vasodilators should be systematically combined with diuretics to manage AHF patients
when systolic BP is high. IV vasodilators are also indicated in AHF patients with normal
systolic BP. Vasodilators have dual benefits by decreasing venous tone and arterial tone,
reducing both preload and afterload.®? Nitroglycerin has been used as a vasodilator in

AHF for many years.* The hemodynamic effects of nitroglycerin are dose-dependent:
venous dilatation occurs at low doses and arterial vasodilation occurs at higher doses. In

a retrospective study,* high doses of nitroglycerin decreased the rates of endotracheal
intubation and ICU admission. Thus, patients should receive increased doses every 3-5
minutes to decrease BP in the range of 25% in the first few hours (Figure 2).229* In patients
with heart failure with reduced ejection fraction (HFrEF), non-dihydropyridine calcium-
channel blockers, such as diltiazem and verapamil, should be avoided because of their
negative inotropic action.>® Vasodilators are not indicated in AHF with BP below 90 mmHg
and should be used with caution, particularly in patients with low cardiac output, aortic
stenosis, hypertrophic left ventricle with a small cavity, or predominant RV failure.”

IN-HOSPITAL DIAGNOSTIC PROCESS OF ACUTE HEART
FAILURE WITHOUT CARDIOGENIC SHOCK

The hospital management of patients with suspected AHF is a timely step-by-step procedure
(Figure 3). First, triage should be performed to assess initial severity. Second, AHF diagnosis
should be confirmed based on clinical signs and measurement of plasma natriuretic peptides.
Third, the causes of AHF should be identified (according to the CHAMP acronym—acute
coronary syndrome, hypertension emergency, arrhythmia, acute mechanical cause, and
pulmonary embolism).? Fourth, the consequences of AHF on organ injuries should be assessed."

Complementing exams

Electrocardiography

A normal electrocardiogram (ECG) is rarely found in patients with AHF.> Thus, an ECG, in
patients with AHF, could play an important role in the determination of the decompensating
cause. Supraventricular arrhythmia, such as atrial fibrillation, is most often found, followed
by the presence of a new T wave or any other non-specific abnormalities. For the latter, a
comparison with a previous ECG, if available, is strongly recommended.>

Chest X-ray

Chest radiography is still recommended in patients with suspected AHF to exclude

other causes of respiratory failure such as pneumothorax, pleural effusion, and tumoral
syndrome.? However, in up to 20% of patients with AHF, the chest X-ray is normal.*®
Cephalization on chest radiography can be indicative of HFrEF. In fact, the diagnostic
performance of chest X-rays is very low in terms of specificity and sensitivity to discriminate
HFrEF from heart failure with preserved ejection fraction (HFpEF).> Thus, chest radiography
should not be a critical diagnostic tool in identifying specific causes of HF.

Echocardiography

Echocardiography, a non-irradiative exam, is a much better complementing exam to confirm
the diagnosis of AHF and to investigate the underlying cause. It is increasingly used in the
emergency room and in ICU/CCU to rule in or out pulmonary congestion. In AHF patients
with hemodynamic instability, echocardiography is the complement cornerstone exam
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Figure 3. Hospital management of patients with suspected acute heart failure.

For more detail on the medications for congestion, refer to Figure 2.

Patient with suspected AHF
Symptoms/signs, history of cardiac disorder
(%2}
2
> . . .
E ECG - Natriuretic peptides - Lung US or chest X-ray
o | :
Hemodynamic instability?
. SBP <90 mmHg and/or MAP <65 mmHg, cold extremities
| no | ves
: L L
. Respiratory distress? Inotropes
: RR >25, Sp0,<90%, orthopnea, +/-
. paroxysmal nocturnal dyspnea vasopressors
. u Yes l
N No NIPPV or
2 : invasive ICu/ccu
; ventilation
- . *Diuretics
vasodilators
. Mechanical .
: 5 o Arrhythmic Other causes?
CCEEEEEEEEETY TRRTTTYYYTTTTTITEEEEEEEETERIRIN = ACS? complication? storm? Decompensated DM
VSR, tamponade )
I Yes I Yes I Yes I Yes
L 4 A4 v v v
Reassessment: Operatin . . Treatment of
: CATH LAB perating Antiarrhythmics ea
improved? room precipitant factors
(2]
3 }re § o 4 v v !
s Refractory shock/stage D or E?
Ward ICu/CcCcU Vascular hyporesponsiveness to volume loading and
increasing doses of inotropes and vasopressors
I I I No I Yes
¥ v 2 v
" o .
§ Treatment of precipitant factors
< Atrial fibrillation, hypertension, infection, Medication therapy MCS
< G q q q n
o medicaion non-adherence, dietetic, Diuretics
™ medication upgrade, patient educaiton

ACS = acute coronary syndrome; AHF = acute heart failure; CATH LAB = cardiac catheterization laboratory; CCU = cardiac care unit; DCM = dilated
cardiomyopathy; ECG = electrocardiogram; ICU = intensive care unit; MAP = mean arterial pressure; MCS = mechanical circulatory support; NIPPV = non-invasive
positive pressure ventilation; RR = respiration rate; sBP = systolic blood pressure; SpO, = oxygen saturation; US = ultrasound; VSR = ventricular septal rupture.

for the assessment of LV and RV systolic-diastolic functions as well as for the evaluation

of pulmonary artery pressure. It could also promptly diagnose underlying causes such as
tamponade, ventricular septal defect, valvular leakage, valvular stenosis, endocarditis, or
intracardiac tumor (myxoma). A trained operator with at least a level III competence should
perform and analyze echocardiography.*” The latter point restricts in an emergency setting
the availability of echocardiography for the diagnostic of AHF. Indeed, in a recently published
registry of 699 AHF patients admitted to 26 emergency departments, echocardiography

https://e-heartfailure.org
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was performed in only 15% of the cases.*” In summary, although echocardiography is
not immediately needed in case of AHF with stable hemodynamics, it should be urgently
performed in cases of hemodynamic instability.

Lung ultrasound

Lung ultrasound imaging is a non-invasive tool that allows both diagnostic and semi-
quantification of congestive pulmonary edema. Briefly, hyperechoic artifacts arising from the
pleural line and extending to the bottom of the screen without fading are known as B-lines.
The latter is the ultrasound equivalent of the Kerley B lines found on a chest X-ray. Several
protocols for lung ultrasound have been published. The simplified 4-Zone lung ultrasound
method sums the number of B-lines in 4 pre-specified chest areas. Platz et al.*? recently
demonstrated in an observational 2-site study that a number of B-lines >10 was associated
with higher values of N-terminal pro-B type natriuretic peptide (NT-proBNP) and vascular
congestion on chest X-ray. Moreover, lung ultrasound is a dynamic exam with rapid changes
in response to therapies, making it a useful tool for follow-up.®?

Finally, unlike the skills required for performing a full echocardiography, lung ultrasound
skills could be easily acquired, including by nurses with a short training program.*Y

Pulmonary artery catheter

Although traditionally considered as a standard for the diagnosis of HF congestion,
pulmonary artery catheter (PAC) is not routinely recommended.? However, appropriate
PAC use might be useful in patients with AHF who remain severely symptomatic despite
appropriate therapies and for those with an unclear hemodynamic status.®

Laboratory tests

BNP, NT-proBNP

Plasma natriuretic peptides play an important role in the early diagnosis of AHF. The
natriuretic peptides, BNP and NT-proBNP, are mainly produced by the heart as a response to
ventricular wall stretching by pressure overload or volume expansion.*® Plasma natriuretic
peptides have been extensively studied in HF. This biomarker consistently demonstrated
excellent negative but low predictive performance.*” Thus, both, BNP and NT-proBNP are
recommended to exclude AHF in cases of acute respiratory distress.? The specificity of these
biomarkers is highly variable. Indeed, plasma natriuretic peptides are likely to be increased,
for instance, in elderly patients or in cases of chronic renal failure and sepsis.? Conversely,
levels of natriuretic peptides are known to be lower in obese patients with AHF.*¥ Natriuretic
peptides have prognostic value in AHF, in which higher concentrations mean more severe
conditions and increased risk for readmission and mortality.*

Cardiac troponin

Cardiac troponins are useful for the detection of ACS. In addition, the level of troponins,
which suggests ongoing myocyte injury or necrosis, may be increased even in patients

with AHF in the absence of an apparent myocardial ischemia or an acute coronary event.*)
Elevated troponin levels are also associated with poorer outcomes in patients with AHF.>?>)

Other laboratory tests

Further laboratory examinations should be performed at the admission of a suspected AHF in
order, first to detect and potentially correct triggering factors of AHF, and second, to assess
the impact of AHF on organ dysfunction.
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Table 1. Classification of cardiogenic shock

Thus, thyroid-stimulating hormone, hemoglobin, and whole blood counts are routinely
performed as thyroid dysfunction, anemia, and infection are common triggers of AHF.
Assessment of procalcitonin levels may also be considered to rule out acute infection or to
guide the initiation of antibiotic therapy.> Mir6 et al.> reported that patients with AHF
triggered by infection had a better outcome if antibiotics were administered early.

The liver and kidneys could be severely injured in the case of AHF. Acute kidney injury is a
frequent adverse event in patients with AHF, which worsens the prognosis.*® Thus, blood
urea nitrogen and creatinine levels should be repeatedly checked in patients with AHF. Acute
liver dysfunction could reflect different profiles in AHF. An increase in liver transaminase
(aspartate transaminase [AST], alanine transaminase [ALT]) levels mainly indicates liver cell
ischemia/necrosis caused by low cardiac output,” whereas an increase in cholestatic markers
(alkaline phosphatase) may indicate right heart congestion.*® Consequently, repetitive tests
of liver biomarkers are also needed in AHF patients.

Multiple novel biomarkers (circulating dipeptidyl peptidase 3, soluble suppression of
tumorigenesis-2, galectin-3, growth differentiation factor-15, etc.) have been investigated in AHF.
However, their role has not yet been defined, and they are not routinely used at bedside.?**")

CARDIOGENIC SHOCK

Classification

CS is a heterogeneous syndrome in which the prognosis is deeply impacted by its origin, the
patient's medical history, and the severity of the illness. Ranging from pre-shock syndrome
to cardiac arrest, treatment and prognosis of CS vary widely according to the severity and

the underlying cause. Thus, to improve the management of CS, a new stratification has been
proposed.® Briefly, 5 stages were defined from A to E and are presented in Table 1. The key
points to keep in mind are that patients in stages A and B are at risk of acute degradation and
should be carefully monitored. Patients reaching stage C require immediate treatment.

Epidemiology and etiology

Patients presenting with CS should be systematically suspected of having ACS. Indeed, an
ACS is diagnosed in approximately 70% of CS cases.®” However, only 4-8% of ACS cases
evolve toward CS. Thus, in practice, at the bedside, an initial evaluation in patients with
CS should include an ECG and repeated troponin dosages. In the first week following ACS,

Stage Description

Stage A A patient who is not currently experiencing signs or symptoms of CS, but is at risk for its development. These patients may include
“At risk” those with large acute myocardial infarction or prior infarction acute and/or acute on chronic heart failure symptoms.

Stage B A patient who has clinical evidence of relative hypotension or tachycardia without hypoperfusion.

“Beginning” CS

Stage C A patient that manifests with hypoperfusion that requires intervention (inotrope, pressor or mechanical support, including ECMO)
“Classic” CS beyond volume resuscitation to restore perfusion. These patients typically present with relative hypotension.

Stage D A patient that is similar to category C but are getting worse. They fail to respond to initial interventions.

“Deteriorating/doom”

Stage E A patient that is experiencing cardiac arrest with ongoing CPR and/or ECMO, being supported by multiple interventions.
“Extremis”

Adapted from the Society for Cardiovascular Angiography and Interventions clinical expert consensus statement on the classification of cardiogenic shock.®”
Reproduced with permission of John Wiley and Sons from Baran et al., Catheter Cardiovasc Interv. 2019;94(1):29-37.
CS = cardiogenic shock; CPR = cardiopulmonary resuscitation; ECMO = extracorporeal membrane oxygenation.

https://e-heartfailure.org

https://doi.org/10.36628/ijhf.2019.0014 99



Acute Heart Failure Management

International Journal of
Heart Failure

https://e-heartfailure.org

the onset of CS should always take into consideration mechanical complications such as
papillary muscle rupture, ventricular septal defect, or free wall rupture.® In such a situation,
echocardiography is mandatory in order to exclude or confirm a mechanical complication.
Congestive HF is the second most prevalent cause, accounting for more than 30% of

CS.% Other acute causes of CS, although rare, should be screened for and these include:
myocarditis, septic cardiomyopathy, valvular dysfunction (native or prosthetic), arrhythmic
storm, peripartum cardiomyopathy, stress-induced cardiomyopathy, pulmonary embolism,
hypo- or hyperthyroidism, and cardiovascular agent poisoning.®”? In most of these
situations, clinical presentation, usual biological assessment, and echocardiography provide
directions to caregivers at the bedside.

Initial assessment

There are 2 aspects of the initial assessment: severity and cause of the CS. Echocardiography
will assess global cardiac function and estimate the cardiac index. Serum lactate levels reflect
the severity of hypoxia-induced hypoperfusion. Renal (creatinine, glomerular filtration rate)
and liver (prothrombin time, AST, and ALT) functions will reflect the consequences of both low
cardiac index and venous congestion. The etiological investigation will depend on the clinical
exam and the echocardiography results, but ECG and troponin are essential to exclude an ACS.

Etiological treatment

If ACS is suspected, a coronary angiogram should be performed irrespective of the delays of
CS.? Coronary revascularization should urgently be limited to the most probable culprit lesion
given that complete revascularization is associated with increased 30-day risk of a composite
outcome including death or severe renal failure in AMI-related CS patients.”” Fibrinolytic
therapy should be considered only when percutaneous coronary intervention is not available.
Other causes are rare and should be treated according to complementary test results.

Hemodynamic monitoring

A patient with CS should undergo continuous monitoring of organ perfusion and
hemodynamic status. Echocardiography, which is a discontinuous and operator-dependent
monitoring device, must be repeated throughout the day, specifically on the first day after
admission, in which CS patients are at risk of evolving toward stage C or D.” High-intensity
monitoring should be initiated according to the severity of CS. Once a patient in CS reaches
stage B, continuous monitoring has to be performed in the ICU or CCU with ECG, oximetry,
and BP measurements.

Monitoring arterial BP is recommended through an arterial catheter ideally placed in the right
radial artery to anticipate a possible CS stage D.” In the case of CS stage D, most patients are
under veno-arterial extracorporeal membrane oxygenation (VA-ECMO).

Repeated assessment of blood gas and lactate levels assess the effectiveness of treatments
and will indicate an improvement or deterioration of organ perfusion.””” In CS, a central
venous catheter must be placed to infuse catecholamine.”” Ideally, this catheter must be
placed in the internal jugular vein. Thus, mixed venous oxygen saturation (SvO,) could be
monitored continuously or discontinuously to estimate the global oxygen demand and
supply; hence, to evaluate the variation of the cardiac index in response to therapy. Although
there is no agreement on the use of PAC in assessing and treating CS, PAC may be considered
to determine pulmonary artery pressures, right atrial pressure, stroke volume, and SvO,, and
the effects of therapies, specifically in patients with RV dysfunction.”®”®
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Vasopressor and inotrope treatments

Low cardiac output and congestion lead to neurohormonal and pro-inflammatory overwhelming
responses that contribute to organ dysfunction or failure. Vasoplegia, a common feature in the
most severe case of CS (stage C and over), is a surrogate marker of this inflammatory response.
Moreover, generated inflammation will itself deteriorate cardiac function.”

In CS stage B (classic wet and cold presentation), vasoplegia syndrome is less frequent and
the main goal is to restore cardiac output. Thus, inotropes are most often sufficient.

In patients with CS, reaching stage C (from cold and dry to warm and wet presentations),
vasoplegia syndrome stands in the foreground with low diastolic arterial pressure.®”
Vasopressors, namely norepinephrine, should be initiated first to restore a mean arterial
pressure of >65 mmHg. Then, after assessing the euvolemic status and the correction of the
arterial pressure, inotrope should be started at low doses.

The recommended association of catecholamines is norepinephrine and dobutamine in the
case of CS reaching stage C. Indeed, dopamine is associated with harmful arrhythmic effects
in a subset of patients with CS from the SOAP2 study®” and should not be recommended.
Epinephrine compared to norepinephrine plus dobutamine in a small multicentric study

of patients with CS post-AMI was also associated with more progression to CS stage D.5” A
meta-analysis of 16 cohorts performed on individual data also confirmed that epinephrine
administration was associated with increased mortality in patients with CS.5?

Dobutamine is the most often prescribed inotrope in patients with CS.? However,
levosimendan, a myofilament calcium sensitizer, and enoximone or milrinone
phosphodiesterase 3 inhibitor are 2 non-adrenergic alternatives. Levosimendan failed to
demonstrate any beneficial effect in many CS situations: prevention or treatment of post-
cardiac surgery CS, in non-surgical stage B CS patients, and for the prevention of organ
dysfunction in septic shock patients.®**) However, levosimendan might be a valuable

option in stage B CS due to beta-blocker poisoning or adrenergic-stress cardiomyopathy.
Phosphodiesterase 3 inhibitors are controversial and awaiting future, correctly designed
studies. Therefore, the prescription of such treatments for patients with cardiac dysfunction
could not be recommended.®®

Repeated echocardiography should be performed to assess the evolution of cardiac
function.” Physicians must carefully monitor at least twice a day, hemodynamic status
including the clinical presentation (diuresis, marbles, oxygenation), norepinephrine dose,
cardiac function, and biological exams, including lactate, liver, and kidney function.

In summary, in the case of low diastolic arterial pressure in patients with CS, norepinephrine
is the best vasopressor to be combined with dobutamine in case of low cardiac output. No
data support the use of dopamine and epinephrine in CS.

Mechanical circulatory support

In patients with CS reaching the most severe stage C or stage D who cannot be stabilized
with medical therapy, mechanical circulatory support (MCS) devices can be used to achieve
adequate systemic tissue perfusion by increasing mean arterial pressure, while concurrently
decreasing myocardial oxygen demand. The European Society of Cardiology (ESC) guidelines
recommend that all patients with CS should rapidly be transferred to a tertiary care center,
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which has a 24/7 service of cardiac catheterization and a dedicated ICU/CCU with the
availability of a short-term MCS.?

Criteria for an MCS

The decision at the right time for the implantation of an MCS in a patient reaching stage D of
CS remains puzzling. Briefly, the definition of a severe C/D at bedside could be interpreted in
these terms: CS with sustained hypotension, end-organ hypoperfusion, and hyperlactatemia
despite adequate intravascular volume and association of high-dose inotropes and
vasopressors.®®” An uncontrolled increase in the norepinephrine dose associated with major
symptoms of hypoperfusion (cold extremities, extended marbles, cyanosis) is also a practical
definition of severe C/D stage. The confirmation of myocardial failure is achieved by rapid
echocardiography.

In such a situation, the implantation of an MCS should not be delayed. Indeed, if no relevant
study has been published to predict the effective criteria of an MCS implantation, conversely,
there is extensive literature on the criteria predicting the outcome after an MCS implantation.
Briefly, whatever the studied score, liver and renal failure are consistently associated with a
poor outcome.*?Y Thus, an MCS should be initiated before the onset of organ failure and
specifically before liver and kidney failure.

Intra-aortic balloon pump

The intra-aortic balloon (IABP) pump, a counterpulsation pump placed percutaneously in the
descending aorta, has been widely used in CS patients. However, the IABP-SHOCK II trial did
not show a beneficial outcome with IABP treatment in patients with AMI and CS compared

to medical therapy alone.’?® The ESC guidelines do not recommend the routine use of IABP
in CS (class I11, level B).? Nonetheless, IABP could be used in patients receiving VA-ECMO to
reduce LV afterload. A meta-analysis reported that in patients with CS complicating AMI, the
use of IABP with VA-ECMO was associated with lower mortality in comparison to patients on
VA-ECMO alone.*

LV assist devices and veno-arterial extracorporeal membrane oxygenation

The currently available left ventricular assist device (LVAD) options are Impella (Impella 2.5%,
Impella CP®, or Impella 5.0%; Abiomed, Danvers, MA, USA), TandemHeart (Cardiac Assist,
Inc., Pittsburgh, PA, USA), and iVAC 2L (PulseCath B.V., Amsterdam, The Netherlands).
LVAD can be used to unload the failing ventricle and restore circulatory output in patients
with preserved RV function and poor respiratory failure. However, the circulatory output is
most often limited to 4 to 4.5 L/min, and these devices are not able to replace the respiratory
function. Conversely, VA-ECMO is recommended in patients with left, right, or global cardiac
failure with or without respiratory impairment. The key advantages of this device are the
efficient delivery of a high circulatory output up to 6 L/min and to replace the respiratory
function in both oxygenation and decarboxylation aspects.” To date, there have been
numerous large cohort descriptions on the use of VA-ECMO or LVAD. However, there is no
randomized controlled study confirming that in stage D, an MCS decreases mortality.”*®)

The decision for an MCS implantation should be included in a more overall discussion
on the patient's planned clinical management, i.e. anticipation of a bridge to recovery,
an opportunity for a heart graft, or a bridge to a long-term mechanical circulatory device.
Patients with no reasonable expectation or with intractable organ failure should not be
implanted with an MCS.
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OTHER CLINICAL SCENARIOS OF ACUTE HEART FAILURE
SEEN IN THE INTENSIVE CARE UNIT

Acute coronary syndrome

Diagnosis and treatment should be managed according to the ESC guidelines on non-

ST elevation ACS and ST-elevation myocardial infarction.””®® ACS patients complicated

by AHF should immediately undergo coronary angiography and percutaneous coronary
intervention.” The diagnosis of ACS is not straightforward, especially in cases of coexisting
AHF, since AHF could mask signs of ACS, and since cardiac troponin levels could be slightly
elevated in case of AHF. Repeated ECG and cardiac troponin measurements may improve the
accuracy of ACS diagnosis.'®

Predominant right ventricular failure

RV failure can be caused by a wide range of factors including tricuspid regurgitation,
pulmonary stenosis, RV myocardial infarction, myocarditis, arrhythmogenic RV
cardiomyopathy, pulmonary hypertension, acute pulmonary embolism, and congenital
heart diseases, such as atrial septal defect, Ebstein anomaly, and transposition of the great
arteries. Early diagnosis is crucial because treatment depends on the underlying causes.
Echocardiography assesses RV size, function and load, associated valvular diseases, and
pulmonary pressures. PAC can also be used in RV failure to measure pulmonary artery
wedge pressure, pulmonary artery pressure, right atrial pressure, stroke volume, and SvO2,
and the effects of therapies. Volume expansion to increase stroke volume requires extreme
caution in patients with pulmonary hypertension. RV over-distention by volume expansion
could decrease LV diastolic compliance by a ventricular septal shift toward the left ventricle
(ventricular interdependence).®V In addition, perfusion of the right ventricular free wall

is determined by the difference between the RV free wall tension and the coronary artery
pressure.’®V'® Volume loading that results in RV over-distention and increases in RV free wall
tension may decrease coronary perfusion of the RV without increasing systolic volume.**V

In hypotensive patients with pulmonary hypertension, inotropes should be considered to
increase right ventricular flow. Milrinone and levosimendan increase both RV contractility
and RV systolic volume while reducing RV end-diastolic pressure.'® Nevertheless, in cases of
acute refractory RV failure, an MCS should be considered.

Myocarditis
Mpyocarditis is an inflammatory disease of the myocardium that is caused by a variety of

1049 The clinical manifestations of myocarditis vary

infectious and noninfectious conditions.
from asymptomatic to fatigue, chest pain, HF, CS, arrhythmias, and sudden death.!® In

the case of ACS-like presentations, such as acute chest pain, ST/T changes on the ECG, LV
dysfunction on echocardiography, and elevated cardiac troponin, it is much more difficult

to distinguish acute myocarditis from ACS. Therefore, in cases of suspected myocarditis,

it is mandatory to exclude ACS. Endomyocardial biopsy remains the gold standard for the
diagnosis of myocarditis and identifies the underlying etiology and the type of inflammation
(Iymphocytic, eosinophilic, polymorphic, giant cell myocarditis, and cardiac sarcoidosis).
According to the underlying etiology, specific treatments are initiated.’*'* The ESC
Working Group on Myocardial and Pericardial Diseases recommend that the core principles
of treatment in myocarditis are optimal care of HF and etiology-targeted therapy.'®¥ Steroid
therapy is indicated in cardiac sarcoidosis in the presence of ventricular dysfunction or
arrhythmia and in some forms of infection-negative eosinophilic or giant cell myocarditis
with HF or ventricular arrhythmia.’ Interleukin (IL)-1 is considered pivotal in the
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pathogenesis of myocardial inflammation.’” The ongoing ARAMIS trial (NCT03018834)
should assess whether IL-1 blockade with anakinra improves outcomes in acute myocarditis.
In patients with fulminant myocarditis, an MCS may be needed as a bridge to recovery or
heart transplantation. As fulminant myocarditis may heal completely, VA-ECMO therapy can
efficiently restore circulatory output, awaiting myocardial recovery.

SUMMARY AND KEY MESSAGES

« AHF patients benefit from a dedicated care pathway starting from the pre-hospital setting
up to the cardiology department.

« AHF patients benefit from aggressive therapies, including NIPPV, diuretics, and vasodilators.

« Patients with AHF benefit from prompt identification and correction of the underlying cause.

« AHF patients evolving toward CS should be directed in a dedicated ICU/CCU with a 24/7
available service of mechanical assistance in case of stage D.
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