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Abstract: Background/Objectives: Acute heart failure (AHF) is a common cause of emer-
gency department (ED) referral. Different guidelines aim to optimise this condition, but the
evidence is poor for most indications regarding AHF. In this paper, we aim to (i) identify
the five most interesting topics in AHF management, (ii) compare guidelines, and (iii) give
the reader the best advice on how to manage AHF in each topic. Methods: The working
group (WG) identified ten critical topics in AHF management using a Delphi method and
submitted them to ITEMS, a national group of ED physicians that ranked them. The WG
selected the five highest-ranked topics and performed a critical reappraisal of guidelines.
Lastly, the WG prepared the answers for ED physicians according to the guidelines and
comparisons of studies. Results: The WG identified five topics for ED patients with AHEF:
(i) what is the optimal oxygen and ventilatory support, (ii) what is the optimal dose and
administration modality of diuretics, (iii) what is the role of inotropes and vasopressors,
(iv) what therapeutic strategies are suggested for diuretic refractoriness, and (v) what is
the diagnostic role of lung ultrasound. For each topic, the WG identified, summarised,
and compared the indications provided by each guideline, generating advice for ED man-
agement of AHF after a critical literature reappraisal. Conclusions: We highlighted the
differences among guidelines dealing with AHF and developed the five best recommenda-
tions to assist ED physicians in determining the optimal approach for the ED management
of AHF and to suggest future research directions.

Keywords: acute heart failure; emergency department; guidelines; diuretics; inotropes;
vasopressors; lung ultrasound; point-of-care ultrasound

1. Introduction

Acute heart failure (AHF) is a life-threatening medical emergency with a very wide
spectrum of clinical manifestations, ranging from cardiogenic shock to mild congestion,
that requires prompt diagnosis and intervention. It is a common cause of hospitalisation
and is associated with high morbidity and mortality rates. Diagnosing and managing AHF
in an emergency department (ED) is a complex and challenging task requiring a multi-
disciplinary approach. The initial management of AHF includes the early identification
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and correction of conditions presenting with acute hemodynamic compromise, particularly
cardiogenic shock, acute coronary syndromes, arrhythmias, hypertensive crises, mechanical
causes, pulmonary embolism, systemic infections, and cardiac tamponade [1]. The ED
physician should promptly identify these diseases with clinical, electrocardiographic, and
instrumental methods, with a particular interest in point-of-care ultrasound (PoCUS) [2].
Hemodynamically stable patients with suspected AHF should be diagnosed through a struc-
tured physical examination and an electrocardiogram (ECG). Organising this phase should
be performed using validated pre-test assessment tools, such as the Brest or PREDICA
score [3]. After assessing pre-test probability, the diagnosis should be confirmed through
testing natriuretic peptide levels in patients with low pre-test probability or evaluated with
a lung ultrasound (LUS) or chest X-ray in those with intermediate pre-test probability [2].
Patients with high pre-test probability may be treated directly, and an LUS or chest X-ray
can help identify potential triggers of AHF, such as infections. AHF treatment in an ED
should be tailored to the patient’s history, presentation, and underlying comorbidities. The
main goals to achieve in this phase are to improve hemodynamics, reduce symptoms and
congestion, and to prevent complications. The initial treatment routinely includes oxygen
supplementation, ventilatory support with CPAP or NIV, diuretics, and vasodilators, whilst
vasopressors and inotropic agents should be reserved for cardiogenic shock or hypoper-
fusion states. The management of AHF in an ED also involves identifying and managing
precipitating factors such as infections, arrhythmias, and myocardial infarction. Antibi-
otics, anticoagulants, and antiarrhythmic agents can improve outcomes in these patients.
Currently, the complex diagnostic and therapeutic management of heart failure (HF) is
described in guidelines produced by various scientific societies, primarily reflecting the
cardiologists” perspective. These documents reflect an increasing interest in innovative tar-
gets and therapies designed to enhance survival rates, reduce re-hospitalisation frequency,
and improve overall quality of life. For instance, particular attention has been directed
towards sodium—glucose cotransporter inhibitors, neprilysin inhibitors, and the evaluation
and correction of iron metabolism, which are generally managed by cardiologists during
the hospitalisation phase [1,4-7]. Among the most cited guidelines, only one document is
created by emergency physicians [8]. Furthermore, while the management of chronic and
advanced HF—commonly handled by cardiologists—are well represented in almost all the
guidelines, instructions on AHF diagnosis and treatment in an ED—which is crucial for
emergency physicians—constitute only a minor section in most documents. Additionally,
the diagnostic and therapeutic management of AHF in an ED varies significantly between
countries, reflecting cultural and organisational differences. Guidelines from national or
continental societies represent the local configuration of care for AHF [9]. This paper aims
to select the most important guidelines on HF management, focusing on (i) identifying five
key topics in AHF management through a Delphi method and national survey directed
at an Italian emergency physician society, (ii) comparing guidelines on the five selected
topics and their clinical questions, and (iii) providing the reader with the best advice for
managing AHF in each topic after comparing guidelines and evidence.

2. Materials and Methods

We organised the methodology for this critical reappraisal of guidelines in the follow-
ing four consecutive steps:

e First step: Working group creation and guidelines selection: The working group (WG) con-
sisted of ten internal emergency medicine specialists who were working in emergency
medicine departments and residents of the Emergency Medicine Residency Program
of Marche Polytechnic University, Ancona, Italy. The WG identified the most cited
and recent guidelines dealing with AHF management. In each guideline, the WG
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identified the suggested diagnostic or therapeutic indications and critically assessed
the text, searching both the text and the cited references.

e  Second step: Delphi Rounds: Each member of the WG analysed the selected guidelines,
identifying the most critical topics pertinent to AHF diagnosis and treatment within an
ED. The topics identified by each member were submitted anonymously to the other
participants. After one month, the WG convened to assess the topics and prepared a
document delineating the ten most salient topics concerning AHF management in an
ED, as illustrated in Table 1.

o Third step: National survey: The list of topics was sent to Italian Emergency Medicine
Schools (ITEMSs) members, using Google Forms as the method of distribution. The
ITEMSs group consists of emergency medicine academics and residents or internal
medicine specialists working in an emergency medicine setting. In the form, each
ITEMSs member was asked to answer three general questions regarding (i) their
current role (resident, academic, or consultant), (ii) their obtained or ongoing spe-
cialisation (emergency medicine, internal medicine, or other specialisation), and (iii)
their place of work (ED as a resident, ED as a consultant, step-down unit as a resident,
step-down unit as a consultant, or other). Then, the form asked each member of the
ITEMSs group to rank each topic with a vote ranging from 1 (not interesting) to 5 (very
interesting). The forms were anonymous. The WG selected the first five highly ranked
indications for further consideration. The rank was determined by adding together
the number of votes of “4” (interesting) and “5” (very interesting) for each question.

e  Fourth step: Guidelines comparison and critical reappraisal: Each topic was divided into
specific clinical questions. Firstly, the WG compared the indications for each question
across guidelines in tables. Then, the WG critically analysed the sources used to
generate the evidence in the selected guidelines. Finally, the WG synthesised the
directions and generated specific answers for each question.

Table 1. Results of the Delphi rounds and ranking of the selected topics after the national survey.

Rank Question Votes (n, %)

1 What is the role of lung ultrasound in diagnosing AHF in the ED? 94 (94.9%)
What therapeutic strategies are recommended for a patient with AHF who is refractory to o

2 o 92 (92.9%)

diuretics in the ED?

3 What is the optimal oxygen and ventilatory support for a patient with AHF in the ED? 88 (88.9%)

4 What is the role of inotropes and vasopressors in patients with AHF in the ED? 87 (87.9%)

5  What is the optimal dose and modality of diuretic infusion for a patient with AHF in the ED? 85 (85.8%)

6 Which evidence supports the clinical phenotypization of the AHF patient in the ED? 77 (77.7%)
What is the role of clinical stratification rulers (EHMRG, MEESSI-AHF) in managing AHF in o

7 71 (71.7%)

the ED?

8 What is the role of natriuretic peptides in diagnosing AHF in the ED? 56 (56.6%)

9 What is the role of mechanical supports for the circulation in the ED? 52 (52.5%)

10 What is the role of natriuretic peptides in diagnosing and managing AHF in the ED? 44 (43.4%)

Legend: AHF: acute heart failure; ED: emergency department.

3. Results

Guidelines Selection: The WG identified the following guidelines as the most updated,
accessed, and cited in the literature at the moment of the study: the 2021 European Society
of Cardiology (ESC), the 2022 American Heart Association (AHA), the 2021 update on the
2014 guidelines of National Institute for Health and Excellence (NICE), the 2017 Canadian
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Cardiovascular Society (CCS), and the 2022 American College of Emergency Physicians
(ACEP) guidelines [1,5-8]. The WG also considered the ESC 2023 update on HF treatment.
However, since several trials considered by this update were not available at the moment of
the publication of the other guidelines, we limited our comparison to the original guidelines,
considering this document only to improve the discussion on the diuretic treatment chapter
to offer the reader updated information [4].

Grading of Evidence: When analysing the guidelines, the WG observed a difference in
the grading of evidence between guidelines, which makes a direct comparison of indications
complex:

e  ESC guidelines include four recommendation classes: (i) Class I is “recommended”;
(ii) Class 11 is divided into IIa “should be considered” and IIb “may be considered”;
and (iii) Class 1II is “not recommended”. The guidelines also categorise the following
evidence levels: (i) Level A is from “multiple randomised trials or meta-analyses”;
(ii) Level B from a “single randomised trial or large non-randomized studies”; and
(iii) Level C is from expert consensus or small, retrospective studies and registries [1].

e  CCS and NICE guidelines classify recommendation levels and evidence quality using
the GRADE system as follows: (i) High, “further research unlikely to alter confidence
in effect”; (i) Moderate, “further research likely affects confidence and may change the
estimate”; (iii) Low, “further research very likely impacts confidence and likely changes
the estimate”; and (iv) Very Low, “effect estimate is very uncertain”. The GRADE
system also provides two recommendation grades: (i) Strong, where “desirable effects
clearly outweigh undesirable ones”, and (ii) Weak, where “trade-offs are uncertain due
to low-quality evidence or closely balanced effects” [5,6].

e  AHA guidelines classify recommendations into five categories: (i) Class 1, or Strong,
which means the benefits greatly outweigh the risks, using terms like “is recom-
mended” or “should be performed”; (ii) Class 2a, or Moderate, which means that the
benefits moderately exceed risks, as indicated by “is reasonable”; (iii) Class 2b, or
Weak, which means that the benefits slightly exceed or equal risks, with terms like
“may/might be reasonable”; (iv) Class 3, or No benefit, which means that the benefits
equal the risks; and (v) Class 3, or Harm, which indicates that the risks outweigh the ben-
efits, using terms like “potentially harmful”. Additionally, the AHA classifies evidence
levels as follows: (i) Level A, “high-quality evidence from multiple RCTs”; (ii) Level B-R,
“moderate-quality evidence from RCTs”; (iii) Level B-NR, “moderate-quality evidence
from non-randomised studies”; (iv) Level C-LD, “limited data from observational
studies”; and (v) Level C-EO, “expert opinion based on clinical experience” [7].

e ACEP Guidelines recommendations have four categories: (i) Class I, “high-quality trials
or meta-analyses”; (ii) Class II, “non-randomized trials and diagnosis, retrospective
studies” (iii) Class III, “case series”; and (iv) Class X, “studies with significant limita-
tions, which are not included in recommendations but may inform background con-
sensus”. Evidence is graded into the following three levels: (i) Level A, “high-certainty
patient care principles based on Class I or consistent Class II studies”; (ii) Level B,
“moderate certainty recommendations from Class II or III studies”; and (iii) Level C,
“Class III studies or expert consensus due to insufficient literature” [8].

Results of the Delphi Rounds and Survey: The WG selected ten topics at the end of the
Delphi rounds, as shown in Table 1: these topics were sent via Google Forms to the ITEMSs
group members. A total of 99 forms were returned, and of these 68.7% were submitted by
residents while 31.3% were sent by consultants. Doctors responding to the form were most
commonly residents or specialists in emergency medicine (81.8%) and were less frequently
in internal medicine (14.1%) or other specialities (4%). Table 1 illustrates the topics selected
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by the WG and the number of votes cast by the sample of ITEMSs members. We combined
questions 2 and 5 into a single domain to enhance the discussion.

Topic 1: What is the optimal oxygen and ventilatory support for a patient with AHF in the ED?

Of the five guidelines considered, the ESC and CCS guidelines address the question
of oxygen treatment along with the indications for continuous positive airway pressure
(CPAP), non-invasive ventilation (NIV), and invasive airway ventilation (IAV). The role
of CPAP, NIV, and IAV is also discussed in the NICE guidelines, which do not address
the question of oxygen therapy as the guideline development group emphasised that this
treatment, in the context of AHF, does not differ from standard clinical practice [1,5,6]. The
comparison among guidelines on this topic is presented in Table 2.

Table 2. What is the optimal oxygen and ventilatory support for a patient with AHF in the ED?

ESC AHA NICE CccCs ACEP
Not suggested N/A N/A Not Suggested N/A
Text: “This
recom-mendation places
Text: “In AHF, oxygen higher value on the
. should not be used routinely physiologic studies showing
Routine use of oxygen . . . . ;

: in non-hypoxaemic patients, potential harm with the use

supplementation as it causes vasoconstriction of excess oxygen in normoxic

and a reduction in cardiac patients and less value on the

output” long-term clinical usage of

LoE: N/A supplemental oxygen
without supportive data”
LoE: N/A
Suggested N/A Suggested Suggested N/A
Text: “The GDG agreed that Text: “We recommend
Text: “Oxygen is it was not necessary to make supplemental oxygen be

Oxygen supplement in recommended in patients a recom-mendation on the considered for patients who

case of hypoxemia with SpO; < 90% or PaO; < use of supplementary oxygen  are hypoxemic; titrated to an

60 mmHg to correct as an alternative method of oxygen saturation > 90%"”

hypoxaemia”. ventilatory support as its LoE: Strong
LoE: IC usage is standard practice” Recommendation;

LoE: N/A Moderate-Quality Evidence

N/A N/A Not Suggested Not Suggested N/A

Routine use of CPAP
or NIV

Text: “Do not routinely use
non-invasive ventilation
(continuous positive airway
pressure [CPAP] or
non-invasive positive
pressure ventilation
[NIPPV]) in people with
acute heart failure and
cardiogenic pulmonary
oedema”

LoE: From High to Very Low

Text: “We recommend that
CPAP or bilevel positive
airway pressure (BiPAP) not
be used routinely in/for
patients with AHF”
LoE: Strong
Recommendation;
Moderate-Quality Evidence
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ESC AHA NICE CcCs ACEP
Suggested N/A Suggested Suggested N/A
Terzz;uz;iog;;zzzg; z ZZZ?ZE Text: “If a person has Text: “Treatment with
P ) . . cardiogenic pulmonary BiPAP/CPAP might be
be considered in patients ) ; .
Use of CPAP or . . . oedema with severe dyspnoea appropriate for patients
. ) . with respiratory distress . . . ! . .
non-invasive positive . and acidaemia consider with persistent hypoxia
. (respiratory rate > 25 ; : ) . .
pressure support in . o starting non-invasive (peripheral O2 saturation <
. breaths/min, SpO, < 90%) o . .
case of respiratory ventilation without delay: at 90%),
. . and started as soon as . . .
failure and hypoxemia - acute presentation or as an high respiratory rate (>25
possible in order to decrease : . . :
. . adjunct to medical therapy if breaths per minute), and
respiratory distress and ) S .
. the person’s condition has pulmonary edema despite
reduce the rate of mechanical . p . .
. . failed to respond other appropriate therapies”.
endotracheal intibation LoE: From High to Very Low LoE: N/A
LoE: llaB ' & 4 '
Suggested N/A Suggested Suggested N/A

Invasive ventilation in
patients in respiratory
distress or respiratory
failure despite oxygen
or non-invasive
positive pressure
support

Text: “Intubation is
recommended for progressive
respiratory failure persisting

in spite of oxygen
administration or
non-invasive ventilation”
LoE: IC

Text: “Consider invasive
ventilation in people with
acute heart failure that,
despite treatment, is leading
to or is complicated by
respiratory failure or reduced
consciousness or physical
exhaustion”

Text: “Endotracheal
intubation might be used if
less invasive modes of
oxygen delivery fail
or if the patient is in
cardiogenic shock”
LoE: N/A

LoE: Very Low

Legend: ACEP: American College of Emergency Physicians; AHA: American Heart Association; CCS: Canadian
Cardiovascular Society; ESC: European Society of Cardiology; LoE: level of evidence; and N/A: not addressed.
We have highlighted in bold the caption for the text and the level of evidence and indicated in italics the original
sentence taken from the guidelines.

Indications

e  Oxygen: Both guidelines agree on and assign a level of evidence for oxygen treatment
in hypoxaemia, defined as oxygen saturation (SpO,) <90% or a partial oxygen pressure
(PaOy) < 60 mmHg in blood gas analysis. In this group, neither guideline specifies a
particular or comorbidity-adjusted SpO; target after initiating oxygen: the CCS guide-
lines recommend achieving a SpO; > 90%. Oxygen treatment is not recommended for
normoxic AHF patients, and both guidelines emphasise the potential harm of excess
oxygen without assigning a level of evidence for this indication.

e CPAP or NIV: Two of the three guidelines advise against the routine use of CPAP/NIV
in AHF and assign a level of evidence against this practice, while the ESC guidelines
do not address this issue. The three guidelines agree to use non-invasive methods
only in specific subsets of patients; both the ESC and CCS guidelines recommend early
CPAP/NIV use to alleviate dyspnea and reduce the risk of invasive ventilation in
patients experiencing acute respiratory distress, a respiratory rate exceeding 25 breaths
per minute, and persistent hypoxia with oxygen saturation below 90%. The ESC
guidelines assign a level of evidence to this practice, while the CCS suggests this
indication in the text. The NICE guidelines recommend considering CPAP or NIV
for patients with severe dyspnea and acidemia, both at acute presentation and as an
adjunct to medical therapy if their condition fails to improve.

e Endotracheal intubation and mechanical ventilation: This measure is described in all three
guidelines as a rescue procedure; however, we observed slight discrepancies among the
guidelines regarding the indications for IAV. The ESC guidelines suggest endotracheal
intubation and mechanical ventilation for patients with respiratory insufficiency that
persists despite oxygen or non-invasive ventilation, providing a level of evidence; the
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NICE guidelines recommend this intervention in cases of AHF complicated by non-
responsive respiratory failure, reduced consciousness, or physical exhaustion, along
with a level of evidence; and the CCS guidelines note that endotracheal intubation may
be considered in instances of non-invasive ventilation failure or cardiogenic shock,
without providing a level of evidence.

Topics 2-5: What is the optimal dose and modality of diuretics for a patient with AHF in the
ED? What therapeutic strategies are recommended for a patient with AHF who is refractory to
diuretics in the ED?

Four guidelines currently recommend intravenous diuretics as the first pharmacologi-
cal approach for patients with AHF [1,5-7]. ACEP guidelines suggest early administration
of diuretics but do not address the dosage and method of diuretic infusion [8].

We observed significant differences in the recommended starting dose and subsequent
administration methods among the four guidelines. Similarly, there are minor discrepancies
regarding the indication of thiazide and thiazide-like diuretics, low-dose inotropes, and
ultrafiltration. A comparison of the guidelines is presented in Table 3.

Table 3. What is the optimal dose and modality of diuretics for a patient with AHF in the ED? What
therapeutic strategies are recommended for a patient with AHF who is refractory to diuretics in

the ED?
ESC AHA NICE CCS ACEP
Suggested Suggested Suggested Suggested N/A
Text: “Intravenous TI?]-E:a dI;j;tlf;t;ZZh Text: “We recommend
loop diuretics are . . Y that 1.V. diuretics be
evidence of significant Text: “Offer ) o
recommended for all . ) . given as first-line
) ) fluid overload should intravenous diuretic .
patients with AHF . therapy for patients
Intravenous . . be promptly treated  therapy to people with .
o admitted with o o, with pulmonary or
diuretics for all signs/eymtoms of with intravenous loop acute heart failure eripheral coneestion”
patients with AHF ns/symp diuretics to improve LoE: From Moderate PP 8
fluid overload to LoE: Strong
. ,  symptoms and reduce to Very Low .
improve symptoms e Recommendation;
LoE: IC morbidity Low-Quality Evidence
' LoE: 1 B-NR 4
Type of loop
. %ilrf:;iﬁ de Suggested Suggested Suggested Suggested N/A
e Torasemide Suggested Suggested Suggested N/A
e Bumetanide Suggested Suggested Suggested N/A
Uncertain N/A N/A Suggested Suggested

Early loop
diuretics
administration

Text: “Data defining
their optimal dosing,
timing, and method of
administration are
limited”

LoE: N/A

Text: “Diuretic
therapy may be
initiated in the
ambulance, HF clinic,
or in-hospital”
LoE: N/A

Text: “Although no
specific timing of
diuretic therapy can be
recommended,
physicians may consider
earlier administration of
diuretics when indicated
for emergency
department patients
with acute heart failure
syndrome, because it
may be associated with
reduced length of stay
and inhospital
mortality”

LoE: Level C
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Table 3. Cont.

ESC AHA NICE CCS ACEP
No differences No differences No differences No differences N/A
Text: “In the DOSE
(Diuretic
Optimization
o jes E 1
Text:”Daily single Stm’tegws valuation) Text: “We recommend
Y > trial, there were no .
bolus administrations S ) that for patients
. significant differences . L
are discouraged X o requiring 1.V. diuretic
s in patients” global )
Loop diuretics because of the p therapy, furosemide
.. . oy assessment of Text: “start treatment
administration: possibility of ) L may be dosed
) . symptoms or in the using either a bolus or ) ;
pulse versus post-dosing sodium : - . intermittently (eg,
. . . . change in renal infusion strategy . .
infusion strategy retention. With . twice daily) or as a
. . . function when LoE: From Moderate . . .
continuous infusion, a o continuous infusion
) diuretic therapy was to Very Low
loading dose may be . LoE: Strong
) administered by bolus, ;
used to achieve steady . Recommendation;
L, compared with .
state earlier contintious infusion Moderate-Quality
LoE: N/A ; Evidence
or at a high dose
compared with a low
dose”
LoE: N/A
Low dose High dose High dose High dose N/A
Text: “I tient: .
ek patients Text: “For people Text: “Thus, there is
hospitalized with HF . .
p o already taking a no advantage in the
Text: “Based on these when diuresis is Lo . .
) : . . diuretic, consider a routine use of
observations, it may inadequate to relieve ) S . T
be appropriate. when sumptoms and sions higher dose of diuretic ~ continuous diuretic
High loop diuretic ppropriate, wie ymp e Sk than that on which the  infusions and a higher
starting i.v. diuretic of congestion, it is . —
dose versus low ; ; person was admitted  dose of diuretics could
. . treatment, to use low  reasonable to intensify .
loop diuretic dose i . unless there are be considered for
doses, to assess the the diuretic regimen . .
L L . serious concerns with many
diuretic response and ~ using either: a. higher . ) .
) : patient adherence to patients, with careful
increase the dose when  doses of intravenous L )
. o N diuretic therapy before  observation of renal
that is insufficient loop diuretics or o )
LoE: N/A addition of a second admission function and
’ diuretic” LoE: From Moderate electrolytes”.
: N/A
LoE: 22 B-NR to Very Low LoE: N/.
Suggested Suggested Not Suggested Can be considered N/A

Combination with
thiazide or
thiazide-like
diuretic

Text: “Combination
of a loop diuretic with
thiazide-type diuretic
should be considered

in patients with
resistant oedema who
do not respond to an
increase in loop
diuretic doses”
LoE: IlaB

Text: “In patients
hospitalized with HF
when diuresis is
inadequate to relieve
symptoms and signs
of congestion, it is
reasonable to intensify
the diuretic regimen
using either: a. higher
doses of intravenous
loop diuretics or
addition of a second
diuretic”

LoE: 2a B-NR

Text: “However, there
is some inconsistent
and non-robust
evidence that addition
of a thiazide or
thiazide-like diuretic
(metolazone) may be
beneficial”

LoE: N/A

Text:“Combining
loop diuretics with
thiazides or
spironolactone has
been proposed and
appears effective, with
Sfewer side effects than
a higher dose of a
loop diuretic”.
LoE: N/A
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Table 3. Cont.

ESC AHA NICE CCS ACEP
N/A Suggested N/A Can be considered N/A
Text: “Titration to
achieve effective Text:“Combining
diuresis may require loop diuretics with
doubling of initial thiazides or
o ) doses, adding a spironolactone has
Combination with thiazide diuretic, or been proposed and
MRA adding an MRA that appears effective, with
has diuretic effects in fewer side effects than
addition to its a higher dose of a
cardiovascular loop diuretic”.
benefits” LoE: N/A
LoE: B-NR
N/A Uncertain Uncertain Not Suggested N/A
Text: “Addition of Text: “The GDG
low-dose dopamine to considered that low
dzuret%c therapy in the  dose dopamm'e might Text: “Low-dose
setting of reduced be appropriate to d e has b
) . L opamine has been
Low—c.lose eGFR did n.ot improve asszlst dzulreszs in studied in the context
dopamine to outc'omes ma st1'4dy certain pgtzents, but of AHF and does not
improve diuresis in that included patients recognised that a improve clinical
normotensive AHF with all EFs, but a stronger evidence base
subset analysis was required, so Symp boms, retial
showed increased recommended a f un‘ctz'on, or red%ce
. o ) clinical events”.
urine output and further trial is carried
. ! . . LoE: N/A
weight loss in patients out to address this
with LVEF < 0.40” question”
LoE: N/A LoE: N/A
N/A Uncertain Not Suggested N/A N/A
Text: “Many aspects
of ultrafiltration
including patient Text: “Do not
L selection, fluid routinely offer
Ultraf1ltrat1.on asan removal rates, venous ultrafiltration to
alte?natlye to access, prevention of people with acute
diuretics therapy-related heart failure”
complications, and LoE: From Moderate
cost require further to Very Low
investigation”
LoE: N/A
Suggested Uncertain Suggested Not Suggested N/A

Ultrafiltration in the
case of
unresponsive
oedema

Text: “Ultra-filtration
may be considered in
refractory volume
overload unresponsive
to diuretic treatment”
LoE: IIbC

Text: “Many aspects
of ultrafiltration
including patient
selection, fluid
removal rates, venous
access, prevention of
therapy-related
complications, and
cost require further
investigation”
LoE: N/A

Text: “Consider
ultrafiltration for
people with confirmed
diuretic resistance”
LoE: From Moderate
to Very Low

Text: “We do not
recommend the
routine use of
ultrafiltration (UF)

for the management of

intractable edema in
decompensated HF”
LoE: Weak
Recommendation;
Low-Quality Evidence

Legend: ACEP: American College of Emergency Physicians; AHA: American Heart Association; AHF: acute heart
failure; CCS: Canadian Cardiovascular Society; ESC: European Society of Cardiology; LoE: level of evidence;
MRA: mineralocorticoid receptor antagonist; and N/A: not addressed. We have highlighted in bold the caption
for the text and the level of evidence and indicated in italics the original sentence taken from the guidelines.
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Indications

Intravenous diuretics: There is substantial agreement on intravenous diuretics use
as the cornerstone of fluid overload treatment in AHF [1,5-8]. Loop diuretics are
considered to be first-line treatments due to their pharmacokinetics and efficacy. Two
guidelines endorse initiating the diuretic even in the pre-hospital phase [5,8]. There
is no explicit consensus among the reviewed documents regarding the need to begin
with a furosemide bolus, as suggested by the ESC guidelines. The guidelines agree
that there is no difference in the infusion method, recommending continuous infusion
or pulsed bolus. For loop diuretic dosing, a “low-dose” strategy is defined as the
intravenous administration of the same dose as the oral equivalent, which is suggested
as the initial approach by the ESC guidelines [1]. A “high-dose” strategy, characterised
as the intravenous administration of 2.5 times the oral dose, is currently supported
by the AHA, NICE, and CCS guidelines [5-7]. These discrepancies reflect varying
interpretations of the results of the DOSE trial [10]. Also, there is disagreement
among guidelines on the usefulness of an early furosemide administration. The ESC
guidelines emphasise the lack of evidence for the optimal timing of loop diuretics,
whereas the CCS and ACEP suggest that early administration should be considered as
soon as AHF diagnosis is made [1,7,8].

Thiazide or thiazide-like diuretics: In cases of resistant oedema or diuretic resistance,
three guidelines (ESC, CCS, and AHA) recommend adding a thiazide or thiazide-like
diuretic, while the NICE guidelines do not support this practice due to a lack of
consistent evidence [1,5-7]. The efficacy of combination therapy involving thiazides,
thiazide-like diuretics, or acetazolamide has also been addressed in the 2023 update of
the ESC guidelines in light of more recent studies such as ADVOR and CLOROTIC [4].
However, the absence of an effect on major clinical outcomes, such as mortality, has
prevented modifications to the recommendations established by the ESC [4].
Mineralocorticoid receptor antagonists: Two guidelines (AHA and CCS) consider adding
a mineralocorticoid receptor antagonist (MRA) to the diuretic strategy to facilitate
decongestion in AHF [5,7].

Low-dose dopamine: Inotropes and vasopressors are contraindicated by all guidelines in
individuals without low cardiac output or cardiogenic shock. When diuretics alone
or a combination of diuretics is insufficient to reduce congestion and promote weight
loss, a “low-dose” dopamine strategy has been suggested and widely implemented in
the past. Three guidelines address this topic, and while the CCS opposes this practice,
the AHA and NICE guidelines indicate that further studies are necessary as some
individuals appear to experience a degree of improvement.

Ultrafiltration: No guidelines recommend ultrafiltration as an alternative to diuretics,
particularly for patients with cardiorenal syndrome and deteriorating renal function.
Two guidelines suggest considering ultrafiltration for refractory volume overload
unresponsive to diuretic treatment. The AHA guidelines emphasise that the risks of
ultrafiltration outweigh its benefits, without providing a definitive contraindication to
its use, while the CCS guidelines advise against its use even in patients with diuretic-
resistant oedema.

Topic 3: What is the role of inotropes or vasopressors in patients with AHF in the ED?
Of the five guidelines, ESC, NICE, AHA, and CCS deal with the topic of inotropes

or vasopressors use in this setting [1,5-7]. As synthesised in Table 4, there is general
consistency between documents on the indications of inotropes or vasopressors.
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Table 4. What is the role of inotropes or vasopressors in patients with AHF in the ED?
ESC AHA NICE CCS ACEP
Inotropes for all Not Suggested N/A Not Suggested Not Suggested N/A
patients with AHF Text: “Inotropic agents are not
recommended routinely, due to safety Text: “Do not routinely offer Text: “We recommend that hemodynamically stable
concerns, unless the patient ino t;fo o5 OF VSO ressgrs to patients not routinely receive inotropes like
has symptomatic hypotension and evidence P P o, dobutamine, dopa-mine, levosimendan, or milrinone”
people with acute heart failure P )
of LoE: Very Low LoE: Strong Recommendation; High-Quality
hypoperfusion”. ey Evidence
LoE: IIIC
Inotropes and Suggested Suggested Can be considered Can be considered N/A

vasopressors in
patients with AHF,
hypotension, and
signs of end-organ

hypoperfusion

Text: “Inotropic agents may be considered
in patients with SBP < 90 mmHg and
evidence of hypoperfusion who do not

respond to standard treatment,
including fluid challenge, to improve
peripheral
perfusion and maintain end-organ
function”
LoE: IIbC
Text: “A vaso-pressor, preferably
norepinephrine, may be considered in
patients with cardiogenic shock to increase
blood pressure and vital organ perfusion”
LoE: IIbB

Text: “In patients with cardiogenic
shock, intravenous
inotropic support should be used to
maintain
systemic perfusion and preserve
end-organ performance”
LoE: 1 B-NR

Text: “Consider inotropes or
vasopressors in people with
acute heart failure with
potentially reversible
cardiogenic shock”.
LoE: Very Low

Text: “In patients with low SBP (<90 mmHg), low
cardiac output and either euvolemia or hypervolemia,
inotropes may be used for stabilization”

LoE: N/A
Text: “I.V. vasoconstrictor agents (eg, phenylephrine,
norepinephrine) should generally be avoided for AHF
management except for hypotensive patients with
SBP <90
mm Hg, associated signs or symptoms, end-organ
damage,
and a significant change from baseline”

LoE: N/A
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Table 4. Cont.

ESC

AHA

NICE

CCS

ACEP

Suggested

Suggested

N/A

Suggested

N/A

Types of inotropes

Text:“Inotropes, especially those with
adrenergic mechanisms, can cause sinus
tachycardia, increase ventricular rate in

patients with AF, may induce myocardial
ischaemia and arrhythmias, and increase
mortality. Levosimendan or
type-3-phosphodiesterase inhibitors may be
preferred over dobutamine for patients on
beta-blockers as they act through
independent mechanisms. Excessive
peripheral vasodilation and hypotension
can be major limitations of
type-3-phosphodiesterase inhibitors or
levosimendan, especially when
administered at high doses and/or when
commenced with a bolus dose”.
LoE: N/A

Text:"Intravenous inotropic support
can increase cardiac output and
improve hemodynamics in patients
presenting with cardiogenic shock.
Despite their ubiquitous use for
initial management of cardiogenic
shock, there are few prospective data
and a paucity of randomised trials to
guide their use. However, their
broad availability, ease of
administration, and clinician
familiarity favour such agents as the
first therapeutic consideration when
signs of organ hypoperfusion persist
despite empiric volume replacement
and vasopressors. There is a lack of
robust evidence to suggest the clear
benefit of one intronic agent over
another in cardiogenic shock. In
general, the choice of a specific
inotropic agent is guided by blood
pressure, concurrent arrhythmias,
and availability of drug”
LoE: N/A

Figure 9, Page 1368 in CCS

guidelines: “Consider dobutamine in patients in
shock, consider dobutamine or milrinone in subjects

with low cardiac output”

Text: “ Inotropic agents have not been shown to

improve patient

outcomes. The Outcomes of a Prospective Trial of
Intravenous Milrinone for Exacerbations of

Chronic Heart

Failure (OPTIME-CHF) trial randomized

951 patients

admitted for HF to a 48-h infusion of milrinone

or pla

cebo. New-onset atrial arrhythmias,

worsening HF, and

symptomatic hypotension requiring

intervention occurred

more frequently in the milrinone group. A

nonsignificant

increase in the number of deaths in-hospital and after

60 days

was seen in the milrinone group. A post hoc analysis

showed a

higher incidence of death or rehospitalization in

patients with

underlying ischemic HF etiology. Trials using
levosimendan have not shown additional benefit

compared with

placebo; omecamtiv mecarbil is undergoing

further testing

in a RCT. Low-dose dopamine has been studied in the
context of AHF and does not improve clinical
symptoms, renal function, or reduce clinical events”.

LoE:N/A
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Table 4. Cont.
ESC AHA NICE CCS ACEP
Suggested Suggested N/A Suggested N/A

Text: “Among drugs with a prominent
peripheral arterial vasoconstrictor
action, norepinephrine may be preferred in
patients with severe
hypotension. The aim is to increase
perfusion to the vital organs.
Howeuver, this is at the expense of an
increase in LV afterload.
Therefore, a combination of norepinephrine
and inotropic agents may be considered,
especially in patients with advanced HF
and cardiogenic shock. Some studies,
though with limitations, support the use of

. . . ! Table 20, page €958 in AHA Figure 9, Page 1368 in CCS
norepinephrine as first choice, compared cq e O - p 7 )
: . . . : guideline: “Vasopressors: guidelines: “Consider dopamine or other
Types of vasopressors  with dopamine or epinephrine. Dopamine . ) ) . . ”
. . . Norepinephrine and Epinephrine vasopressor in shock
was compared with norepinephrine as a

T . . LoE:N/A LoE:N/A
first-line vasopressor therapy in patients
with shock and was associated with more
arrhythmic events and with a greater
mortality inpatients with
cardiogenic shock”

“In another prospective randomized trial
epinephrine was compared with
norepinephrine in patients with

cardiogenic shock due to acute MI. The
trial was stopped prematurely due to a
higher incidence of refractory shock with
epinephrine”
LoE:N/A

Legend: ACEP: American College of Emergency Physicians; AHA: American Heart Association; AHF: acute heart failure; CCS: Canadian Cardiovascular Society; ESC: European Society

of Cardiology; LoE: level of evidence; MRA: mineralocorticoid receptor antagonist; and N/A: not addressed. We have highlighted in bold the caption for the text and the level of
evidence and indicated in italics the original sentence taken from the guidelines.
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Indications

e  Routine inotropes or vasopressors administration in haemodynamically stable patients with
AHF: Three guidelines (ESC, NICE, and CCS) advise against the routine use of in-
otropes in haemodynamically stable patients with AHF [1,5,6].

o Inotropes and vasopressors in haemodynamically unstable subjects: In the setting of a patient
with hypotension or low cardiac output, the ESC and CCS guidelines recommend
inotropes to maintain end-organ perfusion and enhance cardiac performance, as well
as vasopressors to improve perfusion in cases of cardiogenic shock. The AHA advises
the use of inotropes solely for cardiogenic shock, while the NICE guidelines suggest
either inotropes or vasopressors for potentially reversible cardiogenic shock (5,6).

e  Types of inotropes: There is currently no consensus on the preferred inotrope to utilise
in this clinical context. The ESC guidelines advocate for the use of levosimendan
or type-3 phosphodiesterase inhibitors in preference to dobutamine for the risk of
tachycardia and arrhythmias and suggest using these drugs, particularly in subjects
treated with beta-blockers. The CCS guidelines recommend considering dobutamine
in cases of cardiogenic shock and dobutamine or milrinone in low-output states. The
AHA guidelines indicate that there is insufficient evidence to demonstrate a definitive
advantage of one inotropic agent over another, asserting that the choice should be
guided by the clinical presentation of the patient [1,5,7].

e  Types of vasopressors: There is no consensus regarding the preferred vasopressor for
shocked patients. The ESC guidelines advocate the use of norepinephrine over
dopamine and epinephrine, emphasising the lesser efficacy and safety of these two
drugs. The CCS guidelines indicate that dopamine or alternative vasopressors may
be considered, while the AHA guidelines state that norepinephrine and epinephrine
should be considered for cardiogenic shock [1,5,7].

Topic 4: What is the role of lung ultrasound in the diagnosis of AHF in the ED?

Despite the capabilities of lung ultrasounds, the AHA, NICE, and CCS guidelines do
not acknowledge this method and instead focus the diagnosis on natriuretic peptides [5-7].
The ESC guidelines reference this technique among other first-line imaging studies to be
considered for AHF diagnosis, emphasising the use of natriuretic peptides. This document
further underscores that lung ultrasounds and chest X-rays may be utilised to confirm
the diagnosis, mainly when natriuretic peptide testing is unavailable [1]. Only the ACEP
2022 guidelines recommend a lung ultrasound in the context of AHF and assign a level
of evidence to this procedure, as illustrated in Table 5 [8]. The ACEP guidelines highlight
improved diagnostic accuracy, shortened time to diagnosis, and quicker time to treatment
for patients with AHF assessed via lung ultrasound, supporting these conclusions with
several systematic reviews featuring meta-analyses. The ACEP guidelines assert that
a diagnostic strategy incorporating a lung ultrasound is superior to other approaches
based on a NT-proBNP or chest X-ray for identifying AHF in cases of undifferentiated
dyspnoea [11]. Furthermore, this document specifies that a lung ultrasound reduced
diagnostic errors in 8% of patients and decreased the median time to diagnosis from 104.5
to 5 min [8,11].
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Table 5. What is the role of lung ultrasound in diagnosing AHF in the ED?

ESC AHA NICE CCSs ACEP
Can be considered N/A N/A N/A Indicated
Text: “Use point-of-care lung
Text: “Additional ultrasound as an imaging modality
LUS for AHF Xinvestiggtlions, i.lf;., chestd indcozjui?ctlion wi?h Tedifald ﬁistory
diaenosis -ray and lung ultrasoun and physical examination to diagnose
1ag may be used to confirm acute heart failure syndrome when
AHF diagnosis, especially diagnostic uncertainty exists as the
when NP testing is accuracy of this diagnostic test is
not available”. sufficient to direct clinical
LoE: N/A management”.
LoE: Level B

Legend: ACEP: American College of Emergency Physicians; AHA: American Heart Association; AHF: acute heart
failure; CCS: Canadian Cardiovascular Society; ESC: European Society of Cardiology; LoE: level of evidence;
MRA: mineralocorticoid receptor antagonist; N/A: not addressed. We have highlighted in bold the caption for
the text and the level of evidence and indicated in italics the original sentence taken from the guidelines.

4. Discussion

The survey underlined that the population of residents and consultants working in
Italian EDs were mainly interested in the following five specific domains: oxygen and ven-
tilatory support, point-of-care LUS as a diagnostic method, diuretic treatment in the acute
phase, decongestion strategies in refractory oedema, and inotropes or vasopressors use.

Of note, the most voted question regarded LUS use as a diagnostic method in an ED,
which is the most under-represented topic in the considered guidelines. LUS, however, is
commonly used in an ED as the first diagnostic method for AHF.

When we analysed the current guidelines on the selected topics, we observed a general
agreement on the analysed domains, with some differences that may reflect the different
sanitary systems, as in the case of the AHA and ESC guidelines, and the different specialists
involved in guideline production, as in the case of the ACEP guidelines which are made by
emergency medicine physicians.

According to our revision, the selected topics and their relative questions should be
answered as follows to guide the ED management of a patient with AHF:

Topic 1: What is the optimal oxygen and ventilatory support for a patient with AHF in the ED?

o There is no indication for oxygen supplementation in normoxic AHF subjects: The sup-
posed detrimental effects of hyperoxia on cardiac function are supported by older
studies considering only small cohorts of subjects with AHF with reduced ejection
fraction or chronic HE. These preliminary observations suggested that hyperoxia
could worsen myocardial relaxation with an increased filling pressure and a further
deterioration of cardiac function with a significant reduction in stroke volume and
cardiac output [11-14]. However, recent clinical studies observed no effects of PaO,
levels on clinical outcomes in AHF [15], with no benefits of a lower SpO, target on
NT-pro-BNP levels, dyspnea, and clinical outcomes [16]. Critically ill patients with
AHF and hyperoxemia did not show an increased risk of death, in-hospital stay, or
need for mechanical ventilation [17-19]. In one study, adding oxygen to normoxic
AHF subjects was associated with a longer in-hospital stay [17]. Thus, while oxygen
supplementation has a defined role in hypoxemic patients, further studies should
clarify its effects on normoxic patients [11,20].

o Oxygen should be offered to hypoxic AHF patients to correct hypoxemia: Two of the
considered guidelines agree against the routine use of oxygen therapy in non-
hypoxemic subjects with AHF, supporting its use only in patients with SpO, < 90%
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or PaO, < 60 mmHg, without setting a specific SpO, target, as shown in Table 2 [1,5].
The indication of oxygen supplementation for hypoxemic subjects is extrapolated
from clinical practice and observational studies in the absence of placebo-controlled
studies [21,22].

CPAP or NIV should not be started routinely in AHF subjects: It must be emphasised
that in the 3CPO trial most patients had little or no respiratory insufficiency and the
mean PaO; was 100 mmHg, supporting the absence of indication for non-invasive
ventilation methods in AHF patients without respiratory failure [23].

CPAP and N1V should be started early in all AHF patients with respiratory failure: Three
guidelines agree against the routine use of CPAP or NIV in AHEF, supporting this
practice only in subjects with evidence of acute respiratory failure, as shown in Ta-
ble 2, with a low level of evidence [1,5,6]. The largest randomised trial, the 3CPO
study, showed no benefit in terms of mortality at 7 and 30 days and no differences in
intubation rates when comparing NIV or CPAP with standard medical treatment [23].
However, several meta-analyses based on older observational studies demonstrated
the efficacy of NIV and CPAP in reducing in-hospital mortality and the need for intu-
bation, especially in acute cardiogenic pulmonary oedema (ACPOE) with respiratory
failure [24-27]. The beneficial effect of using positive pressure was particularly pro-
nounced in patients whose AHF event was due to an ischaemic myocardial cause [24].
A recent Cochrane meta-analysis confirmed the efficacy of CPAP or NIV in reducing
in-hospital mortality and intubation rates during ACPOE [28]. Thus, CPAP or NIV are
currently suggested by guidelines and consensus statements in the setting of AHF with
respiratory failure, especially in the case of ACPOE [29]. Of note, evidence suggests
that early, prehospital CPAP use seems to be associated with better outcomes in this
setting [30,31].

Invasive airway management should be considered only in AHF patients with respiratory
failure who do not improve with non-invasive ventilation or with absolute contraindications to
non-invasive ventilation: Three guidelines give an indication for orotracheal intubation
for progressive respiratory failure not responding to oxygen or non-invasive ventila-
tion [1,6]. The NICE AHF guidelines also suggest orotracheal intubation in subjects
with reduced consciousness and signs of physical exhaustion [6]. These indications are
in line with clinical practice and the literature as patients directly treated with orotra-
cheal intubation show worse outcomes than those treated with a trial of non-invasive
ventilation and, in case of failure, orotracheal intubation [32].

Topics 2-5: What is the optimal dose and modality of diuretics for a patient with AHF in the

ED? What therapeutic strategies are recommended for a patient with AHF who is refractory to
diuretics in the ED?

Loop diuretics should be used early in all AHF patients, and an initial iv bolus should be
considered: All of the guidelines agree on the use of loop diuretics as first-line treatment
to reduce congestion in AHF [1,5-8]. However, we observed significant differences in
the indications from the analysed guidelines for loop diuretic doses and administration
modalities. A loading furosemide bolus should be considered to reach the threshold
concentration faster to invoke natriuresis [33]. Administering loop diuretics early
appears reasonable once a diagnosis of AHF with volume overload is made. Studies
assessing the effectiveness of administering diuretics in the prehospital phase or
reducing door-to-diuretic time in the ED are not univocal, with some indicating
minimal or no benefit in decreasing the length of stay or in-hospital mortality and
others showing some degree of benefit [34-37]. An ED physician should not delay
an accurate differential diagnosis of acute undifferentiated dyspnoea and administer
diuretics early to those who will truly benefit from this intervention.
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Loop diuretic dose should be personalised according to the patient’s clinical presentation,
diuretic response and comorbidities: The DOSE trial did not find any significant differ-
ence between a high-dose regimen (2.5 times the oral dose) and a low-dose regimen
(1 time the oral dose) of furosemide in symptom relief or serum creatinine levels [38].
However, a high-dose regimen was associated with a more significant reduction in
dyspnea and weight, thus, it was recommended by the AHA and CCS guidelines [5,7].
In contrast, the ESC 2021 guidelines suggest a low-dose strategy to reduce the neuro-
hormonal activation associated with high-dose regimens, which is deemed to increase
mortality in AHF [1,39]. The NICE and ACEP guidelines do not formulate an indica-
tion regarding the optimal diuretic dose [6,8]. An ED physician should consider the
clinical presentation, the natriuretic response to the initial loop diuretic bolus, and
the patient’s comorbidities to tailor the optimal diuretic dose. A high-dose regimen
should be considered for patients with marked congestion signs and symptoms or
with comorbidities suggesting a potentially reduced response to low-dose regimens.

There is no preferred loop diuretic administration modality between boluses and continuous
infusion: The considered guidelines, according to the published trials, do not formulate
an indication for a modality of one administration over another [1,5-8]. A recent
Cochrane systematic review confirmed insufficient data to suggest a specific modality
of loop diuretic delivery [40]. Continuous infusions, however, do not allow for the
achievement of high furosemide doses. Patients responding only to high doses, as in
the case of diuretic resistance, could be managed with pulsed boluses and a multi-agent
drug strategy to pierce the minimum threshold of diuretic efficacy [41].

Consider the association with thiazide or thiazide-like diuretics in subjects with a reduced
response to loop diuretics: A multi-drug strategy in AHF is currently suggested by
the ESC and AHA and contemplated by the CCS guidelines, especially for patients
with resistant oedema or diuretic resistance, while the NICE guidelines do not formu-
late a recommendation due to the low methodological quality of the studies in this
field [1,5-7]. The most studied diuretics in this setting are hydrochlorothiazide and
metolazone and their association with loop diuretics within 24 h from admission for
AHF has been associated with an increased volume loss, but also with increased rates
of worsening renal function and a non-significant improvement of death, length of
stay, and the re-hospitalisation rate [42—44]. The CARRESS-HF trial underlined that a
stepped pharmacological algorithm considering thiazide and thiazide-like diuretics
was as effective as ultrafiltration in reducing congestion, with fewer side effects [44].
Acetazolamide showed similar efficacy in improving the reduction in congestion in
AHE, with no observed effects on mortality reduction and increased rates of worsening
renal failure; thus, it is still not considered by guidelines as a potential pharmaco-
logical approach [1,4,45]. Nevertheless, it is essential to emphasise that one of the
objectives of an ED physician, particularly during the initial hours, is to alleviate
congestion and enhance diuresis. Achieving this outcome is often facilitated by the
combination of two or more classes of diuretics, as evidenced by both historical and
contemporary studies. Consequently, particularly in patients who do not exhibit an
adequate natriuretic response to high-dose regimens of loop diuretics, implementing
combination strategies may be considered to enhance diuresis and alleviate systemic
and pulmonary congestion.

MRA should be added early in the context of quideline-directed therapy, but has little or no
effect on reducing congestion in AHF: None of the considered guidelines suggests adding
MRA in the acute phase of HF with a level of evidence [1,5-8]. However, the AHA
and CCS guidelines mention in the text the possible use of spironolactone, as shown in
Table 3 [5,7]. In the ATHENA-HEF trial, spironolactone failed to show any improvement
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in NT-proBNP levels, urine output, weight changes, symptoms, or congestion in
the first 96 h [46,47]. This effect can be associated with the peculiar spironolactone
pharmacokinetics, as being a prodrug its clinical effects can be observed only after
72 h from the administration; thus, the efficacy of steroidal MRA in an ED to reduce
congestion is limited due to their slow mechanism of action. However, MRA addition
may reduce hypokalaemia and contraction alkalosis in patients undergoing large-
volume diuresis. More recent studies suggest that early, in-hospital MRA initiation
improves long-term outcomes: MRA are part of the HF guideline-directed medical
therapy and should be initiated early during hospitalisation according to the most
recent trials [48,49]. Less information is available on non-steroidal MRA, eplerenone
and finerenone. However, preliminary studies have shown interesting results [50].
Do not offer ultrafiltration routinely to AHF patients; ultrafiltration should be reserved for
highly selected patients with congestion who are unresponsive to diuretic strategies: There is
no agreement between guidelines on the role of ultrafiltration in AHF. According to
the CARESS-HF trial, ultrafiltration seems inferior to a stepped pharmacological treat-
ment in reducing congestion and serum creatinine levels, with more serious adverse
events [44]. Other studies have shown improved outcomes, significant weight loss,
and fluid removal among the patients treated with ultrafiltration [51,52]. However,
a recent systematic review with meta-analysis underlined that ultrafiltration could
reduce readmission rates, while the effect on all-cause mortality is less clear [53]. More-
over, ultrafiltration does not seem superior to diuretics on dyspnea, clinical status,
weight loss, and renal function, with an increased risk of long-term renal replacement
therapy [6,53]. Thus, further studies are still required to clarify the role of ultrafiltration
in AHF; at the moment of this revision, it could be considered among selected subjects
unresponsive to stepped diuretic strategies according to the ESC and NICE guidelines,
while the CCS statement does not recommend this practice at all [1,5,6]. The AHA
guidelines underline the uncertainty of this intervention and do not give any indica-
tion nor contraindication to ultrafiltration in AHF [7]. From a real-world perspective,
an ED physician should acknowledge the significance of a stepped diuretic algorithm
and its non-inferiority to ultrafiltration during the acute phase of the illness, thereby
limiting this practice to the small percentage of non-responsive patients admitted to
intensive care units.

Topic 3: What is the role of inotropes and vasopressors in patients with AHF in the ED?

Do not routinely offer inotropes or vasopressors in patients with AHF: Four guidelines
agree on the indication against the routine use of inotropes in AHF, as shown in
Table 4 [1,5-7]. In the absence of high-quality studies addressing this topic in AHF, the
indication to avoid the routine administration of short-term inotropes or vasopressors
is generated by expert opinion and negative results from CHF studies, registries, and
small AHF trials that showed an increased risk of arrhythmias, myocardial infarction,
and in-hospital death [54].

Do not offer low-dose inotropes or vasopressors to improve diuresis in haemodynamically stable
patients with AHF: Four guidelines give a clear indication against use of inotropes
or vasopressors in haemodynamically stable patients [1,5-7]. However, while the
NICE guidelines state that further trials are required to assess the role of low-dose
inotropes or vasopressors in increasing decongestion, AHA and CCS recommend
against this practice, as shown in Table 4 [5-7]. Several studies, such as ROSE-AHFE,
DAD-HEF, and DAD-HF II, have already analysed the efficacy of low-dose inotropes,
particularly dopamine, to increase diuresis and promote decongestion when compared
with placebo and higher or lower furosemide doses [10,55,56]: these trials demon-
strated no advantage of dopamine compared to a placebo in decongestion or mortality.
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Instead, they revealed an increased rate of adverse events, such as atrial fibrillation
and tachycardia.

Inotropes or vasopressors can be considered only in AHF patients with hypotension and signs
of end-organ hypoperfusion or in the setting of cardiogenic shock: Four guidelines agree on
the indication of inotrope or vasopressor treatment in subjects with AHF and hypoper-
fusion with end-organ damage or low cardiac output, with different levels of evidence,
as shown in Table 5 [1,5-7,57]. Vasopressors should be considered to maintain pressure,
while inotropes should be preferred to improve cardiac output. Both categories are use-
ful for maintaining end-organ perfusion. Several studies have found an increased risk
of death associated with both inotropes and vasopressor use in AHF [58-60]. However,
in the context of AHF with a low cardiac output phenotype, the use of these agents
often represents the last therapeutic option, albeit supported by a very low quality of
evidence [58]. Several trials, such as OPTIME-HF, CAPITAL-DOREMI, and SURVIVE,
assessed their efficacy in AHF survival, underlining no significant differences between
different inotropic drugs and between inotropes and a placebo [61-65]. A recent guide-
line focused on inotropic agents use for patients with acute circulatory failure did not
recommend one drug over another in the setting of cardiogenic shock, underlining
the very low quality of evidence and the substantial similarity between inotropes and
placebos in short-term and middle-term outcomes [66]. Studies with limited sample
sizes support vasopressor use in this clinical context. The rationale primarily stems
from meta-analyses that indicate the superiority of norepinephrine in both safety
and efficacy when compared to other drugs, especially epinephrine [67-71]. There is
no evidence to support dopamine use in this setting: among the other studies, the
SOAP-II trial showed a significant increase in mortality and arrhythmias in the setting
of patients affected by cardiogenic shock and treated with this specific drug [67].

Topic 4: What is the role of lung ultrasound in the diagnosis of AHF in the ED?

Lung ultrasound should be considered a first-line diagnostic method for AHF in the ED:
Despite the common, real-life use in EDs, only two guidelines consider LUS as a
potential method to diagnose AHF; ESC 2021 mentions this method in the text, but
only the ACEP guidelines provide a degree of evidence for this practice [1,8]. LUS is
commonly used to diagnose AHF in undifferentiated dyspneic patients, and several
meta-analyses have focused on the overall diagnostic value of LUS in AHF, confirming
the good specificity and sensibility of this method and underlining that its perfor-
mance improves when integrated with an inferior vena cava and echocardiographic
assessment [2,72-74]. LUS is more sensitive than chest radiography in subjects as-
sessed in the ED for dyspnea due to AHF, with a similar specificity [75,76]. Moreover,
integrating LUS with other point-of-care ultrasound techniques can help the clinician
to perform an accurate differential diagnosis in the dyspneic subject [77]. The ACEP
guidelines underline that a LUS-based approach improves diagnostic accuracy, while
natriuretic peptides and chest X-rays do not [8,75,78]. Moreover, the CEP guidelines
enlighten the concept that LUS allows a faster diagnosis, and thus, a faster time-to-
treatment, which has been associated with better outcomes in AHF [8]. This practice is
currently suggested to improve diagnosis in EDs by an Italian consensus of the most
influential scientific societies, including cardiology, emergency medicine, and internal
medicine doctors [79]. Thus, LUS use for AHF diagnosis in EDs should be suggested
and encouraged [80].

5. Conclusions

The comparison between the most influential and cited guidelines on AHF highlights

several, albeit minor, differences in managing patients with AHF. These discrepancies
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should be interpreted within the framework of different healthcare systems, available
resources, and social and cultural distinctions. Furthermore, the heterogeneity of studies
conducted over an extensive timeframe, as referenced in these documents, must also be
acknowledged by the reader as contributing to this diversity. By comparing the guidelines
and critically reappraising the selected indications, we aimed to suggest some “best practice”
indications for ED physicians from selected domains, as synthesised in Table 6.

Table 6. Summary of the indications obtained from the critical reappraisal of HF guidelines.

Summary of the Indications Obtained from the Critical Reappraisal

Topic 1: Which is the optimal oxygen and ventilatory support for a patient with AHF in the ED?

There is no indication for oxygen supplementation in normoxic AHF subjects.

Oxygen should be offered to hypoxic AHF patients to correct hypoxemia.

CPAP or NIV should not be started routinely in AHF subjects.

CPAP and NIV should be started early in all AHF patients with respiratory distress or acidemia.

Invasive airway management should be considered only in AHF patients with respiratory failure who do not
improve with non-invasive ventilation or with absolute contraindications to non-invasive ventilation.

Topic 2-5: Which is the optimal dose and modality of diuretics for a patient with AHF in the ED?

Loop diuretics should be used early in all AHF patients, and an initial iv bolus should be considered.

Loop diuretic dose should be personalised according to the patient’s clinical presentation, diuretic response, and
comorbidities.

There is no preferred furosemide administration modality between boluses and continuous infusion.

Consider the association with thiazide or thiazide-like diuretics in subjects with a reduced response to loop
diuretics.

MRA should be added early in the context of guideline-directed therapy but it has little or no effect on reducing
congestion in AHF.

Do not offer ultrafiltration routinely to AHF patients; ultrafiltration should be reserved for carefully selected
patients with congestion who are unresponsive to diuretic strategies.

Topic 3: What is the role of inotropes and vasopressors in patients with AHF in the ED?

Do not routinely offer inotropes or vasopressors to patients with AHF.

Do not offer low-dose inotropes or vasopressors to improve diuresis in haemodynamically stable patients with
AHF.

Inotropes or vasopressors can be considered only in AHF patients with hypotension and signs of end-organ
hypoperfusion or in the setting of cardiogenic shock.

Topic 4: What is the role of lung ultrasound in the diagnosis of AHF in the ED?

Lung ultrasound should be considered a first-line diagnostic method for AHF in an ED.
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