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Current diagnosis and 
management of heart 
failure with reduced 
ejection fraction (HFrEF)
Algorithm for the diagnosis of HF 
in the non-acute setting
Highlight the algorithm for the diagnosis of HF for patients presenting with symptoms 
or signs for the first time, non-urgently, in primary care or in a hospital outpatient 
clinic. 

Discussion points
• The recommended diagnostic and 

treatment algorithm of HF in non-
acute healthcare centres at primary 
care level

• The importance of potentially pre-
venting or delaying the development 
of overt HF or preventing death 
before the onset of symptoms through 
interventions aimed at modifying risk 
factors for HF or treating asympto-
matic left ventricular (LV) systolic 
dysfunction 

• The recommendation that 

beta-blockers should be considered 
for heart rate control (the European 
Society of Cardiology Task Force 
believes that a lower rate for patients 
with HF may be preferable: 60-100 
beats per minute (bpm)) in patients 
with HFrEF, especially in those with a 
high heart rate 

• Including beta-blockers among the 
treatment options that are effective, 
especially in older people, both in 
patients with and without a history of 
myocardial infarction.
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Current diagnosis and management of heart failure with reduced ejection fraction (HFrEF)

Case study 1
Background
The goals of treatment in patients with HF 
are to improve their clinical status, functional 
capacity and quality of life, to prevent hos-
pital admission and to reduce mortality. The 
fact that several drugs for HF have shown 
detrimental effects on long-term outcomes, 
despite showing beneficial effects on shorter-
term surrogate markers, has led regulatory 

bodies and clinical practice guidelines to seek 
mortality and morbidity data for approving 
and/or recommending therapeutic interven-
tions for HF. However, it is now recognised 
that preventing HF hospitalisation and 
improving functional capacity are important 
benefits to be considered if  a mortality excess 
is ruled out.

Patient information:
Mrs CT, a 32-year-old office clerk
• Mrs CT presents with a three-week history 

of slowly worsening shortness of breath 
when performing household chores, 
such as handwashing clothes and ironing 
laundry

• She reports previously being able to 
perform these duties without any dif-
ficulty. However, since she gave birth to 
her third child less than a month before, 
her energy levels and effort tolerance have 
deteriorated

• She has great difficulty sleeping through-
out the night and reports waking up in the 
middle of the night, coughing and gasp-
ing for air. This is relieved by sleeping in a 
propped-up position on two large conti-
nental pillows 

• Her shoes have also become unbearable to 
wear, as her feet swell during the course of 
the day

• She reports having sporadic palpitations.

Medical history
• Mrs CT has no past medical history of note; she takes no chronic medication
• She reports previously being physically fit and able to perform all her household chores with 

ease
• Obstetric history: G3P3, normal vaginal delivery three weeks before; her pregnancy was 

uneventful
• She has no family history of hypertension, asthma, diabetes mellitus, dyslipidaemia or coro-

nary heart disease
• This is the first time that she has been unwell and is not coping with the demands of looking 

after a newborn.

Habits and lifestyle
• Mrs CT occasionally has a glass of wine during dinner; she does not smoke 
• She regularly walks from home to a nearby shopping centre, although recently she finds her-

self getting very tired when walking there and back
• Her diet is predominantly carbohydrate rich.
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Examination
• Vital signs:

 – Blood pressure: 110/90mmHg
 – Pulse: 102bpm, regular

• Anthropometry: 
 – Weight: 78kg
 – Height: 1.68m
 – BMI: 27.64kg/m2

 – Abdominal circumference: 92cm
• General examination: mild respiratory distress, unable to lie down flat comfortably
• Chest examination: bilateral basal pulmonary crackles on inspiration
• Cardiovascular examination: elevated jugular venous pressure (JVP), apex beat displaced, S1 

and S2 are audible, third heart sound audible (S3 gallop rhythm)
• Abdominal examination: no tender or pulsatile hepatomegaly, no ascites
• Lower extremities: warm to touch, bilateral pitting oedema (grade II).

Test results
• Electrocardiogram: sinus tachycardia

• Echocardiography: LVEF 34%, LV dilatation, RV and biatrial enlargement, mild (functional) 
tricuspid regurgitation and mild pulmonary hypertension

• Chest X-ray: enlarged cardiac silhouette, upper lobe blood diversion
• Biochemistry: 

 – Hb: 12.9g/dl 
 – White cell count: 4 x 109/l
 – Platelet count: 185 x 109/l
 – eGFR: 70ml/min/1.73m2

 – TSH: 1.2mIU/l
 – FT4: 12pmol/l
 – NT-proBNP: 1 450ng/l
 – D-dimer quantitative: 0.15mg/l
 – Hs-troponin I: 44ng/l
 – CRP: 6mg/l

http://www.denovomedica.com
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Current diagnosis and management of heart failure with reduced ejection fraction (HFrEF)

Clinical questions and answers

1. What is the most likely cause of Mrs CT’s clinical symptoms?
A. Pulmonary embolism (PE)

B. Peripartum cardiomyopathy (PPCM)

C. Community-acquired pneumonia (CAP)

Expert comment 
PPCM is an idiopathic condition with LV systolic dysfunction (EF <45%) towards the end of pregnancy or 
following delivery when no other cause of HF is found. Mrs CT probably has PPCM, as she recently gave birth 
and presented with features of congestive cardiac failure within five months of delivery. The current diagnostic 
criteria for PPCM include:
• Cardiac failure in a previously healthy woman in the last month of pregnancy or within five months of 

delivery
• Absence of a determinable aetiology for the cardiac failure
• Absence of demonstrable cardiac disease prior to last month of pregnancy
• Echocardiographic evidence of diminished LV systolic function.

PE is an unlikely cause of her clinical symptoms; her symptoms were gradually deteriorating and not acute in 
presentation, the D-dimer is negative and this test has an excellent negative predictive value - when negative, 
one can confidently exclude PE. 

CAP is an unlikely cause of her clinical symptoms; her coughing and shortness of breath were precipitated by 
lying down flat, her white cell count is not elevated and her CRP is also not elevated. These factors rule out an 
infective aetiology. 

2. Which of the following is NOT a common risk factor for the development of PPCM?
A. High parity and high gravidity

B. Hypertension

C. Cocaine abuse

D. Body mass index <18kg/m2

Expert comment 
Although the exact cause of PPCM is not known, some of the common risk factors include advanced maternal 
age, high gravidity, high parity, twin pregnancy, poverty, African descent, hypertension, prolonged use of 
tocolytics and cocaine abuse. Obesity, rather than being underweight, is implicated as a risk factor for the 
development of PPCM.

3. Which of the following clinical and/or biochemical tests are NOT necessary to make a diagnosis 
of HFrEF?
A. Typical clinical signs and symptoms of HF

B. LVEF <40%

C. Elevated levels of natriuretic peptides

Expert comment 
Natriuretic peptides have an excellent negative predictive value for HF; when they are negative one can 
confidently exclude cardiac dysfunction. When natriuretic peptides are elevated they may indicate cardiac 
dysfunction; however other cardiac and non-cardiac conditions may cause elevated natriuretic peptide levels. 
These conditions include PE, sepsis and tachyarrhythmias. Typical clinical signs and symptoms of HF such as 
orthopnoea, paroxysmal nocturnal dyspnoea, pedal oedema, elevated JVP, S3 gallop rhythm and a laterally 
displaced apical impulse/apex beat, together with evidence of a reduced EF (<40%) on any form of cardiac 
imaging, is sufficient to make the diagnosis of HFrEF.
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4. What is the most likely explanation for the sinus tachycardia in this patient? 
A. Autonomic dysfunction due to sympathetic overstimulation

B. Activation of the renin-angiotensin-aldosterone system (RAAS)

C. All of the above

Expert comment 
HF may be viewed as a progressive disorder that is initiated after an ‘index event’ that damages the heart muscle, 
with a resultant loss of functioning cardiac myocytes. This index event may have an abrupt onset as in the case 
of a myocardial infarction, it may have a gradual or insidious onset as in the case of haemodynamic pressure 
(hypertension) or volume overloading, or it may be hereditary as in the case of genetic cardiomyopathies. 
Regardless of the nature of the inciting event, the common feature in each of these index events is that they all, 
in some manner, produce a decline in the pump function of the heart.1 

The fall in cardiac output leads to activation of several neurohormonal compensatory mechanisms aimed 
at improving the mechanical environment of the heart. Activation of the sympathetic nervous system (SNS), 
for example, tries to maintain cardiac output with an increase in heart rate, increased myocardial contractility 
and peripheral vasoconstriction (increased catecholamines). Activation of RAAS also results in vasoconstriction 
(angiotensin) and an increase in blood volume, with retention of salt and water (aldosterone). Concentrations 
of vasopressin and vasodilatory molecules including natriuretic peptides, prostaglandins (PGE2, PGEI2) and nitric 
oxide increase to counteract the excessive vasoconstriction resulting from excessive activation of the SNS and 
RAAS. Furthermore, there may be progressive cardiac dilatation or alterations in cardiac structure (remodelling), 
or both.1,2 

In the short term, these systems are able to restore cardiovascular function to a normal homeostatic range, 
with the result that the patient remains asymptomatic. However, with time, the sustained activation of these 
systems can lead to secondary end-organ damage within the ventricle, with worsening LV remodelling and 
subsequent cardiac decompensation. As a result of worsening LV remodelling and cardiac decompensation, 
patients undergo the transition from asymptomatic to symptomatic HF.1,3

5. What is the New York Heart Association (NYHA) classification of Mrs CT on this presentation?
A. NYHA class I

B. NYHA class II

C. NYHA class III

Expert comment 
The NYHA functional classification has been used to describe the severity of symptoms and exercise intolerance,4 
and has been used to select patients in almost all randomised treatment trials in HF and, therefore, to describe 
which patients benefit from effective therapies. Patients in NYHA class I have no symptoms attributable to heart 
disease; those in NYHA classes II, III or IV are sometimes said to have mild, moderate or severe symptoms, 
respectively. However, symptom severity correlates poorly with ventricular function, and although there is a clear 
relationship between severity of symptoms and survival, patients with mild symptoms may still have a relatively 
high absolute risk of hospitalisation and death.5 

Symptoms can also change rapidly; for example, a stable patient with mild symptoms can suddenly become 
breathless at rest with the onset of an arrhythmia, and an acutely unwell patient with pulmonary oedema and 
NYHA class IV symptoms may improve rapidly with the administration of a diuretic.5 Deterioration in symptoms 
indicates heightened risk of hospitalisation and death. This is an indication to seek prompt medical attention and 
treatment. Obviously, improvement in symptoms (preferably to the point of the patient becoming asymptomatic) 
is one of the two major goals of treatment of HF (the other being to reduce morbidity, including hospital 
admissions and mortality).5

http://www.denovomedica.com
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Case study 2
Treating a patient with symptomatic HFrEF with a comorbidity

Background
Comorbidities are of great importance in HF and may affect the use of treatments for it; as an 
example, it may not be possible to use RAAS inhibitors in some patients with severe renal dys-
function. Management of comorbidities is a key component of the holistic care of patients with 
HF. This case study highlights the treatment of a type 2 diabetes mellitus (T2DM) patient with 
stable angina pectoris with symptomatic (NYHA class II-IV) HFrEF. 

Patient information:
Mr AB, a 54-year-old blue collar worker
• Mr AB is complaining of a six-week his-

tory of worsening shortness of breath on 
exertion

• He has great difficulty walking up one 
flight of stairs.

Medical history
• Known chronic HFrEF, diagnosed nine 

months previously
• Metabolic syndrome: hypertension, 

dyslipidaemia and T2DM (central obesity)
• Chronic history of stable angina, sporadic 

symptoms
• Current treatment:

 – Metformin 850mg po BD
 – Furosemide 40mg po BD
 – Slow-K 600mg po daily
 – Enalapril 5mg po BD
 – Bisoprolol 5mg po daily
 – Aldactone 25mg po daily
 – Simvastatin 20mg po nocte.

Habits and lifestyle
• Mr AB drinks alcohol occasionally on weekends; he stopped smoking four years previously
• He does not exercise.

Examination
• BMI: 28kg/m2

• Blood pressure: 146/98mmHg at rest
• Pulse rate: 98bpm
• Respiratory rate: 18 breaths/min at rest
• Bilateral grade 2 peripheral oedema
• Raised JVP. 

Test results 
• The electrocardiogram shows evidence of LV hypertrophy with large precordial voltages and 

an LV strain pattern in leads with a dominant R wave (I, II, V6)
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• There is also evidence of biatrial enlargement in V1 with a peaked initial portion of the P 
wave (right atrial enlargement) followed by a deep terminal negative portion (left atrial 
enlargement).

• The chest X-ray depicted mild pulmonary vascular congestion, septal lymphatic distention, 
interstitial veiling and enlarged hilar shadows, indicative of LV decompensation

• Echocardiography demonstrated a dilated left ventricle and left atrium, LVEF of 30% at rest 
and mild functional mitral regurgitation.

Laboratory results
• Hb: 11.2g/dl 
• White cell count: 5 x 109/l
• Platelet count: 200 x 109/l
• eGFR: 65ml/min/1.73m2

• TSH: 0.9mIU/l
• FT4: 10pmol/l
• NT-proBNP: 4 066ng/l
• Hs-troponin I: 36.0ug/l
• CK-MB: 24.8ug/l
• Lipogram: 

 – Total cholesterol: 6.6mmol/l 
 – LDL: 4.5mmol/l
 – HDL: 1.1mmol/l

• Elevated hepatic enzymes
• HbA1c: 9.6%.

http://www.denovomedica.com
https://lifeinthefastlane.com/ecg-library/biatrial-enlargement/
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Clinical questions and answers

6. Which of the HF therapies that Mr AB is taking will improve his acute symptoms, but will NOT 
improve his chronic HF morbidity and mortality? 
A. Furosemide

B. Bisoprolol

C. Enalapril

D. Aldactone

Expert comment 
Diuretics are recommended to reduce the signs and symptoms of congestion in patients with HFrEF, but their 
effects on mortality and morbidity have not been studied in randomised controlled trials (RCTs). A Cochrane 
meta-analysis has shown that in patients with chronic HF, loop and thiazide diuretics appear to reduce the risk 
of death and worsening HF compared with placebo; and compared with an active control, diuretics appear to 
improve exercise capacity. Loop diuretics produce a more intense and shorter diuresis than thiazides, although 
they act synergistically, and the combination may be used to treat resistant oedema. However, adverse effects 
are more likely, and these combinations should only be used with care.6,7

The aim of diuretic therapy is to achieve and maintain euvolaemia with the lowest achievable dose. The 
dose of the diuretic must be adjusted according to the individual’s needs over time. In selected asymptomatic 
euvolaemic/hypovolaemic patients, the use of a diuretic drug might be (temporarily) discontinued. Patients can 
be trained to self-adjust their diuretic dose based on monitoring of symptoms or signs of congestion and daily 
weight measurement.

7. What would you do first to optimise Mr AB’s angina symptoms and his HF prognosis?
A. Start sublingual nitrate as needed

B. Up-titrate the dosage of bisoprolol

C. Start ivabradine

Expert comment 
Beta-blockers, and in selected patients ivabradine, are effective agents for angina control as well as an essential 
component of HFrEF therapy. A beta-blocker (evidence-based dose or maximum tolerated dose) is recommended 
as the preferred first-line treatment to relieve angina. Ivabradine should be considered as an anti-anginal drug in 
suitable HFrEF patients (sinus rhythm and HR ≥70 bpm) as per recommended HFrEF management.

8. Given that Mr AB deteriorated acutely while on a beta-blocker, RAAS blocker and aldactone, 
what changes to his therapy would you consider at this stage?
A. Up-titrating his anti-failure remodelling therapy to target dosages

B. Increasing the dosage of his diuretic

C. None of the above

Expert comment 
Optimal neurohormonal blockade occurs when patients are up-titrated to target dosages. This is also associated 
with improved morbidity and mortality outcomes.
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9. What is the target dose for enalapril in a patient with HFrEF?
A. 2.5mg BD

B. 5-10mg BD

C. 10-20mg BD

D. 10-20mg TDS

Expert comment 
The evidence-based target dose for enalapril is 10-20mg BD, while the starting dose is 2.5mg BD. At the target 
dosage, the RAAS system is optimally modulated.

10. What is the target dose for bisoprolol in a patient with HFrEF?
A. 5mg daily

B. 10mg daily

C. 10mg BD

Expert comment 
The evidence-based target dose for bisoprolol is 10mg daily, which optimally modulates SNS activation.

11. Which other comorbidities are not optimally controlled in this patient?
A. Hypertension

B. Diabetes

C. Dyslipidaemia

D. All the above

Expert comment 
Strict or tight blood pressure control should be targeted in this patient, ideally <140/90mmHg. If all remodelling 
therapy is at target, add amlodipine purely for blood pressure optimisation.

The HBA1c is also not optimally controlled. Higher HBA1c is associated with adverse cardiovascular events. 
Thiazolidinediones (glitazones) cause sodium and water retention and increased risk of worsening HF and 
hospitalisation; they are not recommended in patients with HF, whereas SGLT-2 inhibitors are recommended.

Elevated LDL cholesterol is uncommon in HFrEF; patients with advanced HFrEF often have low concentrations 
of LDL cholesterol, which are associated with a worse prognosis. Rosuvastatin did not reduce the primary 
composite mortality/morbidity endpoints in two large RCTs in patients with HF with or without ischaemic 
heart disease, but it also did not increase risk of, and may have reduced, hospitalisations. Therefore, there is no 
evidence to recommend the initiation of statins in most patients with HF. However, in patients who are already 
receiving a statin for coronary artery disease, a continuation of this therapy may be considered.

12. Mr AB’s cardiac troponins were reported as positive. Does this indicate an acute coronary 
syndrome?
A. Yes

B. No

Expert comment 
Patients with acutely decompensated HFrEF frequently have elevated but plateau cardiac biomarker levels. This 
indicates myocardial injury associated with the acute HF decompensation and does not indicate the presence of 
myocardial necrosis, which would manifest with exponentially rising cardiac troponins.

http://www.denovomedica.com
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Recommended management of patient
• Up-titrate medical therapy to target dosages
• Start high-intensity statin and monitor LDL cholesterol 
• Add an SGLT-2 inhibitor to optimise T2DM control.

Follow-up visit – six weeks later
• He is in NYHA class II
• He now has grade 1 peripheral oedema
• He reports ‘feeling much better’
• He has a resting heart rate of 82bpm
• Medication: 

 – Metformin 850mg BD
 – Furosemide 40mg as needed
 – Slow-K 600mg daily with diuretic
 – Enalapril 10mg BD
 – Bisoprolol 10mg daily
 – Aldactone 25mg daily
 – Atorvastatin 80mg po nocte
 – Empagliflozin 10mg po daily.

13. During this visit you consider adding ivabradine to help optimise the autonomic dysfunction. 
Which of the following is not an indication for use of ivabradine?
A. HFrEF (EF <35%)

B. On maximum tolerated dose of beta-blocker

C. Sinus rhythm with a resting heart rate >70bpm

D. Atrial fibrillation with rapid ventricular response

Expert comment 
Ivabradine should be considered in symptomatic HFrEF patients in sinus rhythm who, despite maximally 
tolerated beta-blocker doses (carvedilol 50mg BD, bisoprolol 10mg daily) and on a background ACE-inhibitor or 
ARB/mineralocorticoid receptor antagonist (MRA), have a resting heart rate of more than >70bpm. If a similar 
patient cannot tolerate a beta-blocker, then ivabradine (5mg BD up to 7.5mg BD) can be used alone. Ivabradine 
predominately reduces HF hospitalisations. It works via the If-channel in the sinoatrial node and therefore has 
no effect in atrial fibrillation.

14. Further, Mr AB reports that he is experiencing breast tissue tenderness and that his breast 
tissue is enlarging. Which of the following medications is the most likely culprit?
A. Enalapril

B. Bisoprolol

C. Aldactone

D. Atorvastatin

Expert comment 
An MRA is recommended for patients with HFrEF who remain symptomatic despite treatment with an ACE-
inhibitor + beta-blocker. Oral potassium replacement often needs to be stopped upon the introduction of an 
MRA, and caution should be exercised when MRAs are used in patients with impaired renal function and in 
those with serum potassium levels >5.0mmol/l.

Aldactone is often associated with gynaecomastia in men; this is due to its binding and blocking of receptors 
that bind other steroid hormones such as corticosteroids and androgens. The alternative, eplerenone, does not 
have this side effect.
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15. To better optimise Mr AB’s medication, you would like to exchange enalapril for an ARNI. What 
is the absolute minimum duration for the suspension of enalapril treatment before introducing 
the ARNI (sacubitril-valsartan)?
A. 24 hours

B. 36 hours

C. 12 hours

D. None of the above

Expert comment 
The combination of an ARB (valsartan) and a neprilysin inhibitor (sacubitril) has been shown to be superior to 
enalapril in a symptomatic HFrEF trial. This can be used at three different doses (50mg BD equivalent to valsartan 
40mg BD, 100mg BD equivalent to valsartan 80mg BD, 200mg BD equivalent to valsartan 160mg BD plus 
increasing doses of sacubitril) and is indicated in the current guidelines as an alternative to an ACE-inhibitor, to 
further reduce the risk of HF hospitalisation and death in patients with HFrEF who are still symptomatic despite 
treatment with an ACE-inhibitor, beta-blocker and MRA (triple therapy).

When switching from an ACE-inhibitor to an ARNI, withholding the ACE-inhibitor for 36 hours prior to the 
introduction of the ARNI is important to avoid the risk of angioneurotic oedema. Administering an ARNI to 
patients with a systolic blood pressure <95mmHg must be done with extreme caution and close assessment of 
the blood pressure. During the up-titration, renal function and electrolytes must also be monitored.
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