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Dear Colleagues, 

Thank you for your interest in this edition of Medicom’s 
Conference Report covering the annual European Society 
of Cardiology Congress 2022 in beautiful Barcelona. This 
year’s meeting was rich with new scientific statements 
and guidelines as well as cutting edge science.

In the following pages you can read about new Society 
recommendations with regards to management of 
patients with ventricular tachycardia and sudden 
cardiac death prevention, pulmonary hypertension, and 
cardiovascular management of patients around non-
cardiac surgery. Of great interest is the first statement on 
cardio-oncology, a complex and critical area of clinical 
need for cardiovascular clinicians. In addition, you will 
find new original research and late breaking science 
in heart failure, anticoagulation, prevention, chronic 
coronary syndromes, and artificial intelligence and 
digital health.

As always, our summaries are written independently 
and are peer-reviewed for balance. We hope you find this 
edition informative, engaging, and balanced and thank 
you again for your readership.

Sincerely,
Marc P. Bonaca MD MPH

Letter from the Editor
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Prevention of VT and sudden cardiac death: 
the new recommendations
The 2022 ESC guideline for the management of patients 
with ventricular arrhythmias and the prevention of 
sudden cardiac death (SCD) comprises more than 
150 new recommendations, alongside numerous 
modifications of previous ones. These changes stand for 
the vast amount of new evidence on risk stratification, 
diagnostics, and treatment advances since 2015.

The updated guidelines not only contain new 
recommendations on general aspects, structural heart 
disease, and primary electrical disease [1–3]; novel sections 
and concepts for e.g. genetic testing, provocative diagnostic 
tests, and management of patients with electrical storm were 
included. Guideline co-chairs Prof. Katja Zeppenfeld (Leiden 
University Medical Center, the Netherlands) and Prof. Jacob 
Tfelt-Hansen (Copenhagen University Hospital, Denmark) 
highlighted selected sections and recommendations. 

One very important component influencing survival rates of 
out-of-hospital cardiac arrest, is instant resuscitation. Thus, 
new recommendations have been issued to improve basic 
life support in this setting:

•	 	Availability	 of	 public	 access	 defibrillation	 at	 sites	 where	
cardiac arrest is more likely to occur (class I)

•  Prompt cardio-pulmonary resuscitation (CPR) by 
bystanders and promotion of community training in basic 
life support to increase rates of bystander CPR and use of 
automated	external	defibrillators	(class	I)

•  Consideration of mobile phone-based alerting of basic 
life support-trained bystander volunteers to assist nearby 
victims of out-of-hospital cardiac arrest (class IIa)

“We have developed algorithms for the evaluation of 
patients	with	an	 incidental	finding	of	a	non-sustained	 (NS)	
ventricular tachycardia (VT), of patients presenting with 
a	 first	monomorphic	 VT	 episode,	 of	 sudden	 cardiac	 arrest	
(SCA) survivors, sudden death victims, but also of relatives 
of sudden death descendants,” Prof. Zeppenfeld outlined a 
variety of topics within the guidelines.

“In	a	patient	with	a	first	monomorphic	sustained	ventricular	
tachycardia (SMVT) episode, recording the 12-lead ECG 
of the VT whenever possible and after VT termination 
a stable 12-lead ECG and an echocardiogram are class 
I recommendations,” noted Prof. Zeppenfeld. In acute 
management of regular wide QRS complex tachycardia, 
direct current cardioversion is a new class I recommendation 
for patients with tolerated SMVT episode, if low anaesthetic 
risk. 

The recommendations also include a new class I indication 
for	 catheter	 ablation	 as	 first-line	 therapy	 for	 symptomatic	
idiopathic VT/premature ventricular complexes (PVCs) 
from the right ventricular outflow tract or the left fascicles 
(class I). In case of other origins of symptomatic idiopathic 
VT/PVCs there is an indication for beta-blocker and non-
dihydropyridine calcium-channel blockers (class I) or 
catheter ablation/flecainide (class IIa). Catheter ablation has 
been upgraded to class I for patients with suspected PVC-
induced (>10% burden) cardiomyopathy.

“In patients with chronic coronary artery disease (CAD), risk 
stratification	 still	 relies	on	 the	 ejection	 fraction	determined	
6–12 weeks after the acute event,” Prof. Zeppenfeld noted. 
Programmed electrical stimulation in previous STEMI and 
unexplained syncope after non-invasive evaluation in chronic 
CAD has been upgraded to class I.

In patients carrying an ICD and CAD plus recurrent 
symptomatic SMVT/ICD shocks for SMVT, catheter ablation 
is preferred over escalating anti-arrhythmic drugs in patients 
already on amiodarone in the same situation (class I). “In 
patients who are not on amiodarone yet, either catheter 
ablation or beta-blocker replacement by sotalol or adding 
amiodarone to beta-blocker treatment are IIa indications 
and the options need to be discussed with the patient,” Prof. 
Zeppenfeld further explained. 

Guidance	 for	 VA/SCD	 risk	 stratification	 and	 primary	
prevention is also provided for patients with dilated and 
hypokinetic non-dilated cardiomyopathy (DCM and HNDCM), 
e.g.:

ESC Clinical Practice Guidelines
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•  Cardiac MRI with late gadolinium enhancement should be 
considered to assess aetiology and risk (class IIa)

•  Genetic testing (including the LMNA, PLN, RBM20, FLNC 
genes) is recommended in DCM/HNDCM patients with 
a	 first-degree	 relative	 <50	 years	 with	 atrioventricular	
conduction delay (class I)

Recommendations on DCM/HNDCM also highlight that 
indications for ICD implantation for primary prevention have 
been broadened and are no longer limited to patients with an 
LVEF	≤35%.	Readers	should	consider	 this	 for	patients	with	
DCM and HNDCM.

News in primary electrical disease
Prof. Tfelt-Hansen gave an overview about the sections 
on selected primary electric diseases, featuring long QT 
syndrome (LQTS), Brugada syndrome, early repolarisation 
syndrome, catecholaminergic polymorphic ventricular 
tachycardia	 (CPVT),	 and	 idiopathic	 ventricular	 fibrillation	
(VF), the latter including: 

•  Diagnosis of idiopathic VF in an SCA survivor preferably 
with documentation of VF after exclusion of an underlying 
structural, channelopathic, metabolic, or toxicological 
aetiology

•  Consideration of isoproterenol infusions, verapamil, or 
quinidine for acute treatment of electrical storm/recurrent 
ICD discharges (class IIa) 

•  Consideration of quinidine for chronic therapy to suppress 
an electrical storm/recurrent ICD discharges (class IIa)

As for genetics in general, there is now a class I indication 
for testing and counselling on consequences by an expert 
multidisciplinary	 team.	 Specifically,	 genetic	 testing	 and	
counselling is recommended for patients with clinically 
diagnosed LQTS, clinical suspicion/diagnosis of CPVT, as 
well as testing for SCN5A gene in Brugada syndrome (all 
class I).

Further new class I and IIa recommendations on LQTS are:

•  Beta-blockers, ideally non-selective beta-blockers (nadolol 
or propranolol) in LQTS patients with documented QT 
interval prolongation, to reduce risk of arrhythmic events 
(class I)

•  Mexiletine is indicated in LQTS patients with a prolonged 
QT interval (class I)

•  In LQTS, it should be considered to calculate the arrhythmic 
risk before initiation of therapy based on the genotype and 
the duration of QTc interval (class IIa)

In Brugada syndrome patients with recurrent appropriate 
ICD shocks refractory to drug therapy, catheter ablation has 
been upgraded from class IIb to class IIa, for triggering PVCs 
and/or right ventricular outflow tract epicardial substrate. 
Considering the implantation of a loop recorder is a new IIa 
recommendation in case of Brugada syndrome patients with 
unexplained syncope.

Early repolarisation (ERP) is an ECG pattern that can be 
benign and it is more prevalent in young men and athletes. 
An indication for diagnosis of ERP is a J-point elevation  
of	 ≥1	 mm	 in	 2	 adjacent	 inferior	 and/or	 lateral	 ECG	 leads	
(class I). On the other hand, a diagnosis of early repolarisation 
syndrome is recommended in patients resuscitated from 
unexplained VF/PVT in the presence of ERP (class I). In terms 
of treatment, ICD implantation is recommended in patients 
with early repolarisation syndrome who have survived a 
cardiac arrest (class I).

Finally, the ESC recommendations document calls for 
action with a general recommendation for comprehensive 
autopsies in all cases of unexpected sudden death and 
always	in	persons	under	50	years	of	age	(class	I).	

1. Presentations in Session: “2022 ESC Guidelines Overview”, ESC Congress 2022, 
Barcelona, Spain, 26–29 August.

2. Presentations in Session: “2022 ESC Guidelines for the management of patients 
with ventricular arrhythmias and prevention of sudden cardiac death”, ESC 
Congress 2022, Barcelona, Spain, 26–29 August.

3. Zeppenfeld K, et al. Eur Heart J. 2022 Aug 26;ehac262. doi: 10.1093/eurheartj/
ehac262. Online ahead of print. 

New and first ESC cardio-oncology guideline
The first ever ESC Guideline on cardio-oncology 
has been developed by a multidisciplinary team of 
specialists and medical societies, in order to provide 
guidance to healthcare professionals for achieving the 
most favourable cardiovascular (CV) conditions for 
cancer patients before, during, and after cancer therapy. 

“The aim of cardio-oncology is to minimise the risk 
of unnecessary cancer treatment interruptions and to 
optimise cardiovascular disease (CVD) at baseline. We 
need to consider cardioprotective treatment in high-risk 
patients, organise cancer treatment surveillance, and also, 

https://doi.org/10.1093/eurheartj/ehac262
https://doi.org/10.1093/eurheartj/ehac262
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at the end of the treatment, reassess the CV toxicity risk 
in order to identify cancer survivors who require long-term 
follow-up,” said guideline co-chairperson Dr Teresa López-
Fernández (La Paz University Hospital, Spain) [1]. CV toxicity 
is regarded as a dynamic variable and the 272 guideline 
recommendations allow for personalised assessment, 
surveillance, and management of cancer patients, thus 
enabling the most effective cancer treatment acceptable for 
each patient in each phase of cancer therapy [1–3]. 

•  Throughout the course of treatment, management of CV 
risk factors and CVD according to ESC guidelines is a class 
I recommendation, together with informing, advising, and 
supporting patients to promote a healthy lifestyle (class I)

The	 recent	 definition	 of	 cancer	 therapy-related	 cardiac	
dysfunction was included to cover the extensive spectrum 
of possible heart disease in cancer patients. It distinguishes 
and	 defines	 symptomatic	 cancer	 therapy-related	 cardiac	
dysfunction of (very) severe, moderate, and mild degree and 
asymptomatic cancer therapy-related cardiac dysfunction 
of severe, moderate, and mild degree [3].

For the baseline CV toxicity risk assessment, the use of the 
HFA-ICOS tools is endorsed. “We built a score to analyse the 
risk of future CV toxicity according to the type of treatment the 
patient receives,” Dr López-Fernández explained. This includes 
a wide range from age and sex, overt prior CVD, medical 
and lifestyle risk factors, and the results of complimentary 
diagnostic assessment from the medical team.

•  In all cancer patients scheduled for cardiotoxic therapies, 
baseline clinical CV assessment, physical exam, and ECG 
are recommended (class I)

•	 	Referral	to	a	cardiologist	in	case	of	abnormal	ECG	findings	
(class I)

•  Baseline measurement of natriuretic peptides and/
or cardiac troponin is recommended in all patients 
with cancer at risk of cancer therapy-related cardiac 
dysfunction if these biomarkers are going to be measured 
during treatment to detect cancer therapy-related cardiac 
dysfunction (class I)

•	 	For	 imaging	 echocardiography,	 first-line	 3D	 echo-
cardiography is preferred for LVEF measuring and 
echocardiography with global longitudinal strain is 
recommended if available (class I)

“After	this	baseline	CV	toxicity	risk	stratification,	every	patient	
fits	in	one	of	these	3	categories:	low	risk,	moderate	risk,	high	
or very high risk, and this enables the oncology team to make 
appropriate treatment choices, to educate patients on their 
own CV risk, and also to organise a preventive and surveillant 
personalised plan during treatment,” Dr López-Fernández 
stated.

Prevention of cancer therapy-related CV toxicity
Besides the above-mentioned guideline conform 
management of CVD and CV risk factors that is recommend 
for primary and secondary prevention, primary prevention 
includes:

•  Minimising the use of cardiotoxic drugs (class I)
•  ACE inhibitors, ARB, and beta-blockers in (very) high risk of 

CV toxicity in anthracycline, anti-HER2 drugs and targeted 
therapy with HF risk (class IIa)

•  Dexrazoxane/liposomal anthracyclines in (very) high risk 
patients considered for anthracyclines (class IIa)

•  Statins in patients with (very) high CV toxicity risk

Also,	 specific	 surveillance	 protocols	 and	 monitoring	
pathways are available for nearly all cancer drugs, as well as 
radiotherapy that may also induce CV toxicity.

Management of CVD and cancer therapy-related CV 
toxicity
At the start, the algorithms for management of cancer 
therapy-related cardiac dysfunction under the different 
drugs, distinguish between symptomatic and asymptomatic 
cancer therapy-related cardiac dysfunction in their 
different grades or severity. A suitable oncologic strategy is 
adjudicated that may range from uninterrupted treatment 
with monitoring to discontinuation of therapy and also 
includes multidisciplinary team discussions. The algorithm is 
of course also complemented with a suitable CV strategy for 
the treatment of cancer therapy-related cardiac dysfunction 
according to patient’s features.

“In patients with asymptomatic moderate cancer therapy-
related cardiac dysfunction, where the LVEF has fallen to 
40-49%, a new recommendation is that anti-HER2 targeted 
therapy can continue, but with close CV monitoring and 
that is a class IIa indication,” guideline co-chairperson Dr 
Alexander Lyon (Royal Brompton Hospital, London, UK) 



6 CONFERENCE REPORT - ESC 20226

described management recommendations in an example 
of trastuzumab for breast cancer. “Patients with moderate 
or severe cancer therapy-related cardiac dysfunction due to 
HER2-targeted therapy should be treated with HF therapy 
as a class I indication and if mild asymptomatic cancer 
therapy-related cardiac dysfunction is detected due to a 
decrease in their global longitudinal strain or a rise in cardiac 
biomarkers, then ACE inhibitors and/or beta-blockers should 
be considered,” he continued.

A common problem in cancer patients is QT prolongation 
that can be induced by many cancer drugs. Baseline 
assessment is important together with the determination of 
a threshold for levels acceptable of commencing treatment 
that is provided in an algorithm together with advice on when 
to stop/ resume treatment or multi-disciplinarily discuss 
alternative cancer regimens.

“Guidance is provided for example for arterial hypertension 
with new cut-offs for treatment decisions depending on 
the nature of the cancer, and we provide guidance for 
anticoagulation decisions in patients with either AF and 
cancer or VTE and cancer and who might be eligible for 
vitamin K antagonists, for direct oral anticoagulation, and 
low molecular weight heparin,” Dr Lyon highlighted.

After cancer treatment has ended, the cardiovascular risk has 
to be reassessed and among the class I recommendations 
are:

•  Cardiology referral in patients with cancer with new 
cardiac symptoms or new asymptomatic abnormalities in 
echocardiography and/or cardiac serum biomarkers at the 
end of therapy assessment

•  Echocardiography and cardiac serum biomarkers at 3 
and 12 months after completion of cancer therapy in 
asymptomatic high-risk patients

•  Long-term continuation of cardiac medication in patients 
who develop severe cancer therapy-related cardiac 
dysfunction during cancer therapy

•  CV follow-up and treatment optimisation in patients 
who developed tyrosine kinase inhibitor (TKI)-mediated 
hypertension or vascular toxicities during cancer therapy

The next step is the planning of the adequate long-term 
CV surveillance that depends on the individual risk of the 
cancer survivor. There are tailored recommendations 
depending on, whether e.g. the patient has survived cancer 

as a child, adolescent, or adult, and on whether the survivor 
is asymptomatic or suffers from long-term complications of 
the treatment. 

There is also a special section on radiotherapy in the 
presence of cardiac implantable electronic devices with 
different management algorithms depending on whether the 
radiation	field	includes	the	site	of	the	device	or	not.	“Finally,	in	
the clinical section, we focus on some special populations,” 
Dr Lyon mentioned referring to conditions like cardiac 
tumours, carcinoid heart disease, amyloid light-chain cardiac 
amyloidosis or pregnant women requiring cancer treatment.

1  Presentations in Session: “2022 ESC Guidelines Overview, ESC Congress 2022, 
Barcelona, Spain, 26–29 August. 

2  Presentations in Session:” 2022 ESC Guidelines on cardio-oncology”, ESC 
Congress 2022, Barcelona, Spain, 26–29 August. 

3  Lyon AR, et al. Eur Heart J. 2022 Aug 26;ehac244. doi: 10.1093/eurheartj/ehac244. 
Online ahead of print.

The 2022 ESC/ERS guidelines for the diagnosis 
and treatment of pulmonary hypertension
The 2022 guideline on pulmonary hypertension (PH) 
was a joint project of the European Society of Cardiology 
and the European Respiratory Society (ERS).

The new guideline was developed by the task force for the 
diagnosis and treatment of pulmonary hypertension of the ESC 
and the ERS [1–3]. Prof. Stephan Rosenkranz (Heart Center 
at the University Cologne, Germany) pointed out that patient 
representatives	were	actively	involved	for	the	first	time.	

PH is not a rare condition as it affects 1% of the global and 
10%	of	the	elderly	population.	The	clinical	classification	of	PH	
in	5	groups	was	maintained	in	the	novel	guideline,	with	only	
minor changes. “When assessing patients, it is of utmost 
importance	 to	 find	 the	 right	 diagnosis,	 because	 therapy	 is	
different,” Prof. Rosenkranz stressed. In the new guideline, 
there	are	minor	changes	in	the	haemodynamic	definition	of	
PH, for example:

•  The threshold of PH was lowered to a mean pulmonary 
arterial pressure (mPAP) >20 mmHg

•  The threshold of pre-capillary PH was lowered to a 
pulmonary vascular resistance (PVR) >2 Woods units (WU) 

•  The threshold of isolated post-capillary PH was lowered to 
a	PVR	≤2	WU

•  The threshold of combined post- and pre-capillary PH was 
lowered to a PVR >2 WU.

https://doi.org/10.1093/eurheartj/ehac244
https://doi.org/10.1093/eurheartj/ehac244
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New diagnostic algorithm aims at earlier detection
The	 statement	 contains	 a	 new	 definition	 of	 exercise	 PH,	
in case the mPAP/cardiac output slope between rest and 
exercise is >3 mmHg/L/min.

“In the new guideline, the diagnostic algorithm has been 
re-structured. Importantly, a fast-track referral in case of 
warning signs is included,” Prof. Rosenkranz said. 

The general practitioner plays a key role in patients with 
unexplained dyspnoea and/or suspicion of PH. They can 
perform a general assessment (see Figure) and according to 
the suspected cause (lung disease, PH, or cardiac disease) 
the patient is referred to a cardiologist or a pulmonologist.
 
In step 2 of the diagnostic algorithm a more comprehensive 
assessment of the heart and lung is performed. In step 
3, in case of a high PH probability, referral to a PH centre 
for invasive assessment and comprehensive PH work-
up is suggested. At any time, a fast-track referral to a PH 
centre in case of warning signs or when pulmonary arterial 
hypertension (PAH) and chronic thrombo-embolic pulmonary 
hypertension (CTEPH) are suspected is recommended.

The new guideline presents far more details in transthoracic 
echocardiographic parameters in the assessment of PH. 
The presence of risk factors for PAH moves the patient up 1 
category in the PH probability. “We added the ratio of tricuspid 
annular plane systolic excursion and systolic pulmonary 
arterial pressure (TAPSE /sPAP) as a sensitive marker 

to diagnose PH”; Prof. Rosenkranz explained. A TAPSE/
sPAP	 ratio	 of	 <0.55	 mm/mmHg	 in	 the	 echocardiography	
is suggestive of pulmonary hypertension. Right heart 
catheterisation remains gold standard to diagnose PH.

Modified PAH treatment algorithm with a focus on 
cardiopulmonary comorbidity
Prof. Marion Delcroix (University Hospitals Leuven, Belgium) 
presented	 the	 part	 of	 group	 1	 of	 the	 clinical	 classification,	
patients	 with	 PAH.	 The	 haemodynamic	 definition	 of	 PAH	
implies a PVR >2 WU and pulmonary arterial wedge pressure 
(PAWP)	≤15	mm	Hg.

Once	 the	 diagnosis	 is	 confirmed,	 a	 comprehensive	 risk	
assessment in PAH in a 3-strata model is recommended 
in the new guideline. “The single components of low risk, 
intermediate risk, and high risk did not change, but the NT-
proBNP threshold was adjusted,” Prof. Delcroix said. 

The	PAH	treatment	algorithm	has	been	modified,	highlighting	
the importance of cardiopulmonary comorbidities. In case 
of	a	confirmed	diagnosis	at	a	PH	centre	initial	monotherapy	
with	 PDE5	 inhibitors	 or	 endothelin	 receptor	 antagonists	
is recommended in patients with cardiopulmonary 
comorbidities,	 whereas	 all	 other	 patients	 benefit	 from	 a	
combination of these agents. 

At	follow	up,	a	novel	simplified	4-strata	risk-assessment	tool	
is	recommended	as	a	basic	risk-stratification	tool.	

PH associated with left heart disease (LHD): the most 
frequent subgroup. 
Prof. Rosenkranz also explained novel recommendations in 
group	2	of	 the	 clinical	 classification,	PH	associated	with	 left	
heart disease (LHD), the most frequent subgroup. There are new 
recommendations for right heart catheterisation in patients 
with suspected PH and LHD – if it aids in the management 
decision – and in patients with severe tricuspid regurgitation  
(± LHD) prior to surgical or interventional valve repair.

Regarding therapy, there are 2 new class I recommendations:
•  In patients with LHD and combined post- and pre-capillary 

PH with a severe pre-capillary component, an individualised 
approach to treatment is recommended

•  When patients with PH and multiple risk factors for LHD, 
who have a normal PAWP at rest but an abnormal response 
to exercise or fluid challenge, are treated with PAH drugs, 
close monitoring is recommended

ESC CLINICAL PRACTICE GUIDELINES

Suspected cause

Lung disease PH or cardiac disease

Diagnostic algorithm of patients with unexplained exertional 
dyspnoea and/or suspected PH

Fast-track referral at any time in case of warning signs 
  or when PAH or CTEPH  are suspected

General practitioner
• Medical history
• Physical exam
• ECG
• BNP/NT-proBNP
• O2 saturation

Figure: Step 1 of the novel diagnostic algorithm of patients with 
unexplained exertional dyspnoea and/or suspected PH [2]
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Prof. Delcroix then presented the part of PH associated 
with	 lung	 disease,	 group	 3	 of	 the	 clinical	 classification	
and	 a	 common	 cause	 of	 PH.	 For	 the	 first	 time,	 there	 is	 a	
recommendation for PH medical therapy in group 3, based on 
a single positive study: inhaled treprostinil may be considered 
in PH associated with interstitial lung disease (ILD). 

PDE5	 inhibitors	may	be	 considered	 in	 patients	with	 severe	
PH associated with ILD (individual decision-making in PH 
centres), but is not recommended in patients with ILD and 
non-severe PH.

Multi-modality approach warranted in chronic 
thromboembolic PH
For	chronic	thromboembolic	PH	(CTEPH;	group	5)	there	is	an	
overlap in surgical/invasive procedures and medical therapy.
In a new diagnostic algorithm for symptomatic CTEPH 
patients, perfusion imaging and echocardiography is 
recommended. In case there are signs of PH, referral to a 
CTEPH/PH centre is recommended.

“In	 a	 patient	 with	 confirmed	 CTEPH,	 lifelong	 therapeutic	
anticoagulation is recommended,” Prof. Delcroix explained. 
In case patients are operable, pulmonary endarterectomy is 
the treatment of choice. If this is not possible, patients will 
receive medical therapy. The same is true for patients with 
persistent/recurrent PH after pulmonary endarterectomy. 
Riociguat is recommended for symptomatic patient with 
inoperable CTEPH or with persistent/recurrent PH after 
pulmonary endarterectomy (class I).

Finally, medical therapy should be considered prior to the 
intervention in patients with CTEPH who are candidates for 
balloon pulmonary angioplasty. The last part of the guidelines 
outlines requirements for a PH centre.

1.  Presentations in Session: “2022 ESC Guidelines Overview”, ESC Congress 2022, 
Barcelona, Spain, 26–29 August. 

2.  Presentations in Session: “2022 ESC-ERS Guidelines for the diagnosis and 
treatment of pulmonary hypertension”, ESC Congress 2022, Barcelona, Spain, 
26–29 August. 

3.  Humbert M, et al. Eur Heart J. 2022 Aug 26;ehac237. doi: 10.1093/eurheartj/
ehac237. Online ahead of print. 

Cardiovascular assessment and management 
of patients undergoing non-cardiac surgery
The occurrence of cardiovascular complications in the 
peri-operative phase of non-cardiac surgery has impact 
on prognosis. The new guidelines aim to reduce this risk 
by giving recommendations in the pre-, peri-, and post-
operative field. 

The new 2022 guidelines were presented during 2 sessions 
at the ESC Congress 2022 and published simultaneously 
online in the European Heart Journal [1–3]. 

“There is a complex interplay between the intrinsic risk of 
surgery and the patient risk of peri-operative cardiovascular 
complications,” said Prof. Sigrun Halvorsen (Oslo University 
Hospital Ulleval, Norway), Chair of the Guidelines Task Force, in 
her overview of the new guidelines. To assess the risk, the task 
force	has	decided	against	recommending	on	a	specific	score.	

Specific	 surgical	 interventions	 are	 now	 categorised	 as	 low	
(<1%),	intermediate	(1–5%),	and	high	(>5%)	risk,	based	on	30-
day risk of cardiovascular (CV) death, myocardial infarction 
(MI), and stroke.

An initial assessment is recommended in all patients 
scheduled for non-cardiac surgery, which includes 
accurate history taking and a clinical examination, with 
special emphasis on CV risk factors, established CVD, and 
comorbidities. In the new flowchart on recommendations 
for preoperative assessment before non-cardiac surgery, 
patients	are	divided	in	3	groups:	those	<65	years	without	any	
CVD/CV	risk	factors,	those	≥65	years	or	with	CV	risk	factors,	
and patients with established CVD (see Figure). In the 
second and third group, assessment of ECG and biomarkers 
were given a class I recommendation. “This is one of the 
most important changes in the guidelines, the upgraded 
biomarker recommendation. Troponin was given a class 1 
recommendation because it is useful both for pre-operative 
risk	 stratification	 and	 for	 the	 diagnosis	 of	 peri-operative	
myocardial infarction,” Prof. Halvorsen explained.
 

<65 years without any
CVD/CV risk factors

≥65 years or with
CV risk factors

Patients with
established CVD

Intermediate-risk NCS
None

Intermediate-risk NCS
ECG, biomarkers (Class l)

Intermediate-risk NCS
ECG, biomarkers (Class l)

Functional capacity
(Class lla)

Functional capacity 
(Class lla)

+ Cardiology consultation
Multidisciplinary decision

High-risk NCS
In patients >45 year, 

consider
ECG, biomarkers

(Class lla)

High-risk NCS
ECG, biomarkers (Class l)

High-risk NCS
ECG, biomarkers (Class l)

Functional capacity
(Class lla)

Functional capacity
(Class lla)

Low-risk NCS
None

Low-risk NCS
None

Low-risk NCS
None

Figure: Pre-operative assessment depending on patient characteristics 
and risk of NCS [1] 

https://doi.org/10.1093/eurheartj/ehac237
https://doi.org/10.1093/eurheartj/ehac237
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There is also a new section for patients with previously 
unknown murmur, angina, dyspnoea, or peripheral oedema. 
Regarding a general risk reduction strategy there are 2 new 
recommendations:
•  Smoking cessation is recommended more than 4 weeks 

before non-cardiac surgery 
•  If time allows, guideline-recommended treatment of CVD 

and CV risk factors before non-cardiac surgery should be 
optimised

The	 routine	 initiation	 of	 β-blocker	 peri-operatively	 is	 not	
recommended.

There are revised recommendations on the peri-operative 
management of antiplatelets and anticoagulants, and new 
recommendations on peri-operative thromboprophylaxis. 
Recommendations are complemented by a couple of new 
figures,	e.g.	on	P2Y12	inhibitor	interruption	after	percutaneous	
coronary intervention (PCI) before elective non-cardiac surgery 
and a flowchart with new recommendations for management of 
oral anticoagulation therapy. “We are now much more restrictive 
with respect to bridging compared with before,” Prof. Halvorsen 
commented. Therefore, bridging of oral anticoagulants therapy 
is not recommended in patients with low/moderate thrombotic 
risk undergoing non-cardiac surgery. 

New recommendations for management of specific 
diseases
Prof. Julinda Mehilli (Landshut-Achdorf Hospital, Germany), 
also Chair of the Guidelines Task Force, presented the second 
part	 of	 the	 guidelines,	 namely	 management	 of	 specific	
diseases, peri-operative monitoring and anaesthesia, and 
post-operative CV complications.

In coronary artery disease (CAD), stress imaging should 
be considered before high-risk non-cardiac surgery in 
asymptomatic patients with poor functional capacity, and 
prior PCI or coronary artery bypass graft (CABG). Coronary 
CT angiography should be considered to rule out CAD 
in patients with suspected chronic coronary syndrome 
or biomarker-negative non-ST-segment elevation acute 
coronary syndrome (ACS) in case of low-to-intermediate 
clinical likelihood of CAD, or in patients not suitable for 
non-invasive functional testing undergoing non-urgent, 
intermediate-, and high-risk non-cardiac surgery. 

Three new recommendations deal with severe aortic valve 
stenosis. In a new algorithm, 3 factors determine the 

management of these patients before non-time sensitive 
non-cardiac surgery: the symptoms of the patient, the risk 
of the non-cardiac surgery, and the patient´s risk for valve 
procedure. “We recommend particularly for symptomatic 
patients with severe aortic valve stenosis and who have a 
low risk for valve procedure to undergo valve repair prior to 
elective intermediate- or high risk non-cardiac surgery,” Prof. 
Mehilli described the class I recommendation.

There is a new flowchart for the management of severe 
secondary mitral valve regurgitation in patients scheduled 
for non-cardiac surgery, where valve intervention (surgical 
or transcatheter) is recommended depending on patient 
characteristics and/or risk of non-cardiac surgery.

There are also new recommendations for patients with 
cardiac implantable electronic devices and arrhythmias. 
In	 atrial	 fibrillation	 patients	 with	 acute	 or	 worsening	
haemodynamic instability undergoing non-cardiac surgery, 
emergency electrical cardioversion is now recommended 
(class 1).

“Regarding peripheral artery disease (PAD) and abdominal 
aortic aneurysm (AAA), only in patients with poor functional 
capacity	or	with	significant	risk	factors	or	symptoms,	referral	
for cardiac work-up and optimisation is recommended prior 
to elective surgery for PAD but no routine referral,” Prof. 
Mehilli explained.

In a new class I recommendation, for patients with chronic 
hypertension undergoing elective non-cardiac surgery, it is 
recommended to avoid larger peri-operative fluctuations in 
blood pressure, particularly hypotension, during the peri-
operative period.

In the guideline there is a new flowchart on factors 
associated with peri-operative CV complications divided in 
patient-related factors, procedure-related factors, and post-
operative factors, which play a role. “The most frequent post-
operative complication is myocardial injury or infarction in 
intermediate- or high-risk non-cardiac surgery,” Prof. Mehilli 
said. There are 2 new recommendations regarding peri-
operative CV complications: it is recommended to have high 
awareness combined with surveillance for peri-operative 
MI in patients undergoing intermediate- or high-risk non-
cardiac surgery. Moreover, systematic peri-operative MI 
work-up is recommended.

ESC CLINICAL PRACTICE GUIDELINES
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Post-operative	atrial	fibrillation	is	seen	particularly	in	patients	
undergoing intermediate- or high-risk non-cardiac surgery. 
“Therefore, we propose an algorithm on how to prevent and 
treat this complication,” Prof. Mehilli said. 

1. Presentations in Session: “2022 ESC Guidelines Overview”, ESC Congress 2022, 
Barcelona, Spain, 26–29 August. 

2. Presentations in Session: “2022 ESC-ERS Guidelines on cardiovascular 
assessment and management of patients undergoing non-cardiac surgery”, ESC 
Congress 2022, Barcelona, Spain, 26–29 August. 

3. Halvorsen S, et al. Eur Heart J. 2022 Aug 26;ehac270. doi: 10.1093/eurheartj/
ehac270. Online ahead of print.

Old dogs, new tricks: Acetazolamide plus loop 
diuretics improves decongestion
Adding acetazolamide, a carbonic anhydrase inhibitor 
that reduces renal proximal tubular sodium reabsorption, 
to loop diuretics in patients with acute decompensated 
heart failure (HF) with volume overload improved 
the rates of successful decongestion within 3 days, 
according to findings from the ADVOR trial. 

Results of the ADVOR (NCT03505788) trial were presented 
by Prof. Wilfried Mullens (Hospital Oost-Limburg, Belgium), 
who showed that acetazolamide added to standard-of-
care improved decongestion rates by 12%. The results were 
simultaneously published in the New England Journal of 
Medicine [1,2].

Patients with acute decompensated HF were randomised 
to receive standard loop diuretics with addition of either 
acetazolamide	 (500	 mg	 intravenously;	 n=259)	 or	 placebo	
(n=256).	At	randomisation,	oral	loop	diuretics	were	stopped	
and all participants received high-dose intravenous loop 
diuretics.	Participants	had	an	average	age	of	78	years,	 the	
average ejection fraction (EF) was 43%, and all had at least 1 
clinical sign of volume overload (i.e. ascites, pleural effusion, 
or oedema), elevated natriuretic peptide levels, and had been 
taking oral diuretics for at least 1 month.

Randomisation	was	stratified	according	to	the	left	ventricular	
ejection	fraction	(LVEF	≤40%	or	>40%).	The	primary	endpoint	
was	successful	decongestion,	defined	as	no	clinical	signs	of	
fluid overload within 3 days of randomisation, and without 
any escalation of decongestive therapy. Secondary endpoints 
were a composite of death from any cause, rehospitalisation 
for HF during 3 months of follow-up, and safety.

The primary endpoint was met; 42.2% of participants in the 
acetazolamide	 group	 versus	 30.5%	 in	 the	 placebo	 group	
were successfully decongested within 3 days, with a relative 
risk	(RR)	of	1.46	(95%	CI	1.17–1.82;	P=0.0009,	see	Figure).	At	
discharge,	78.8%	of	 the	acetazolamide	group	versus	62.5%	
of the placebo group had successful decongestion (RR 1.27; 
95%	CI	1.13–1.43;	P=0.0001).

The	 secondary	 endpoints	 revealed	 other	 benefits;	
participants in the acetazolamide arm stayed in hospital for 
shorter	periods	 (average	8.8	days)	compared	with	 those	 in	
the	placebo	arm	(average	9.9	days;	P=0.02).	However,	there	
were no differences between the arms in the composite 
outcome of all-cause mortality and hospitalisation for HF 
within	3	months	(HR	1.07;	95%	CI	0.78–1.48).	Safety	signals	
were not different between the arms, and the incidence of 
renal decline, hypokalaemia, hypotension, and adverse 
events was similar between the 2 groups.

Prof. Mullens concluded: “ADVOR was a large, randomised, 
diuretic trial performed in patients with acute decompensated 
HF. Acetazolamide is easy to use, safe, effective, off-patent, 
and cheap. It is therefore expected that the results of ADVOR 

Heart Failure

Acetazolamide Placebo

30.5%

42.2%
RR 1.46 (95% CI 1.17-1.18)
P=0.0009
NNT = 8.5
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Figure: Results of ADVOR primary endpoint: successful decongestions 
within 3 days [1]  

NNT, number needed to treat; RR, relative risk.

https://doi.org/10.1093/eurheartj/ehac270
https://doi.org/10.1093/eurheartj/ehac270
https://clinicaltrials.gov/ct2/show/NCT03505788
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will lead to a paradigm shift in the way physicians worldwide 
treat acute decompensated HF."

1. Mullens W, et al. ADVOR - Acetazolamide in acute heart failure. Hot Line Session 2, 
ESC Congress 2022, Barcelona, Spain, 26–29 August.

2. Mullens	W,	et	al.	N	Engl	J	Med.	2022	Aug	27.	doi:	10.1056/NEJMoa2203094.	

No effect of neprilysin inhibition on cognition 
Initial results of the phase 3 PERSPECTIVE trial 
demonstrated no evidence that neprilysin inhibition 
increased the risk of cognitive impairment, due to 
accumulation of amyloid-β in the brain, in patients  
with heart failure with mildly reduced or preserved 
ejection fraction (HFmrEF/HFpEF). These data should 
set to rest concerns about increased cerebral amyloid-β 
deposition with sacubitril/valsartan related to neprilysin 
inhibition.

Sacubitril/valsartan	is	the	first	of	the	class	of	dual	neprilysin	
and angiotensin receptor inhibitors (ARNI). "Neprilysin is one 
of the many enzymes involved in the proteolytic breakdown 
of	amyloid-β	peptides,	one	of	which	(amyloid-β1–42) may be 
neurotoxic and is associated with Alzheimer's disease, for 
example, and concern was raised that their accumulation 
in the brain during sustained inhibition of neprilysin could 
cause or worsen cognitive impairment,” Prof. John McMurray 
(University of Glasgow, UK) explained as rationale for the 
presented trial [1].

PERSPECTIVE (NCT02884206) was a randomised-controlled 
trial to prospectively evaluate the effect of long-term 
treatment with sacubitril/valsartan, compared with valsartan 
alone, on cognitive function in patients with HFmrEF or HFpEF 
(EF	 >40%).	 A	 total	 of	 592	patients	were	 randomised	1:1	 to	
receive sacubitril/valsartan (target dose 97/103 mg twice 
daily) or valsartan alone (target dose 160 mg twice daily). 
The primary endpoint was the change in cognitive function 
from baseline to 3-year follow-up. Cognitive function was 
assessed using the CogState global cognition composite 
score (GCCS), which includes 7 tests for assessing attention, 
episodic memory, and executive function.

Roughly 60% of participants had some extent of cognitive 
impairment at baseline, but at the 3-year follow-up primary 
endpoint, there was no difference between the 2 arms (least 
squares	mean	change	 in	GCCS	-0.0180;	95%	CI	-0.1230	to	
0.0870;	P=0.74).	Non-inferiority	was	established	statistically	
(Cohen	effect	d-size	-	0.0277;	95%	CI	-0.1101	to	0.0778).	The	
data	was	confirmed	in	all	subgroups.

A key secondary outcome was the change from baseline at 
18	months	and	3	years	in	the	deposition	of	amyloid-β	in	the	
brain measured using 18F-florbetaben	PET	and	MRI	 (n=491	
patients), and, again, no difference was observed (difference 
in	 least	 squares	mean	 change	 -0.0292;	 95%	CI	 -0.0593	 to	
0.0010;	 P=0.058),	 “indicating	 that	 amyloid-β	 deposition	 in	
the brain tended to be unexpectedly lower in participants 
treated with sacubitril/valsartan compared with valsartan,” 
Prof. McMurray said. “The trend towards decreased amyloid 
deposition on the PET scan is surprising and may only reflect 
a factor of chance,” he added.

Overall, Prof. McMurray said, “there was no evidence that 
inhibition of neprilysin increased the risk of cognitive 
impairment	due	to	the	accumulation	of	amyloid-β	in	the	brain	
in patients with HFmrEF and HFpEF.” In any case, he said, 
“the absence of any negative effect on cognitive function is 
very important to remove a concern some doctors had about 
long-term treatment with sacubitril/valsartan.”

At the end of the presentation, it was asked whether valsartan 
itself might have similar effects that could mask any 
differences within a drug combination. “No,” Prof. McMurray 
replied. “If anything, the evidence could be that angiotensin 
receptor blockers are able to protect cognitive function, and 
this goes back a long time with the SCOPE study conducted 
with candesartan in a hypertensive population [2].”

1. McMurray JJV, et al. PERSPECTIVE - Sacubitril/valsartan and cognitive function 
in HFmrEF and HFpEF. Hot Line Session 1, ESC Congress 2022, Barcelona, Spain, 
26–29 August.

2. Lithell	H,	et	al.	J	Hypertens.	2003;21(5):875–86. 

Dapagliflozin DELIVERs for HFmrEF/HFpEF
The SGLT2 inhibitor dapagliflozin reduced the risk of 
cardiovascular death or worsening heart failure in heart 
failure patients with mildly reduced and preserved 
ejection fraction (HFmrEF/HFpEF), in the primary results 
of the DELIVER trial. 

The phase 3 DELIVER trial (NCT03619213) aimed to deter-
mine whether dapagliflozin would decrease cardiovascular 
morbidity and mortality in patients with HFmrEF/HFpEF, 
a group for whom limited therapies are currently available 
[1]. At last year’s ESC Congress, the only other large trial in 
this population, EMPEROR-Preserved, reported a reduction 
in cardiovascular death or HF hospitalisation for patients 
treated with empagliflozin [2]. Previously, dapagliflozin has 

HEART FAILURE

https://doi.org/10.1056/NEJMoa2203094
https://clinicaltrials.gov/ct2/show/NCT02884206
https://doi.org/10.1097/00004872-200305000-00011
https://clinicaltrials.gov/ct2/show/NCT03619213
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been shown to be effective in HF patients with reduced EF 
[3]. According to Prof. Scott Solomon (Brigham and Women's 
Hospital, Harvard Medical School, MA, USA), DELIVER “was 
the largest and most inclusive trial” in this vulnerable patient 
cohort.

DELIVER was a double-blind, placebo-controlled trial which 
randomised	 patients	 (n=6,263)	 with	 symptomatic	 HF	 with	
an	 EF	 >40%,	 including	 18%	 of	 the	 patients	 whose	 EF	 was	
previously	 ≤40%,	 to	 either	 dapagliflozin	 (10	mg	once	daily)	
or placebo. The primary endpoint was a composite of 
cardiovascular death or worsening HF.

With a median follow-up of 2.3 years, primary outcome 
events occurred in 16.4% of those in the dapagliflozin arm 
compared	with	 19.5%	 in	 the	 placebo	 group	 (HR	 0.82;	 95%	
CI	0.73–0.92;	P=0.008).	Analysing	individual	components	of	
the primary endpoint showed that worsening HF occurred in 
11.8%	in	the	dapagliflozin	group	versus	14.5%	in	the	placebo	
group	 (HR	 0.79;	 95%	 CI	 0.69–0.91;	 P=0.001,	 see	 Figure).	
However,	cardiovascular	death	was	not	significantly	different	
between	the	arms,	occurring	in	7.4%	and	8.3%	of	participants,	
respectively	 (HR	 0.88;	 95%	 CI	 0.74–1.05;	 P=0.17).	 Key	
secondary endpoints also favoured dapagliflozin compared 
with placebo, including total HF hospitalisations and 
cardiovascular	 death	 (rate	 ratio	 0.77;	 95%	 CI	 0.67–0.89),	
and total symptom burden, assessed using the Kansas City 
Cardiomyopathy Questionnaire (KCCQ) (mean difference in 
the	KCCQ	total	symptom	score	2.4;	95%	CI	1.6–3.2;	P<0.001).

Prof. Solomon said: “We found that dapagliflozin 
significantly	 reduced	 the	 primary	 composite	 endpoint	 by	
18%,	with	numerically	 lower	rates	of	all	components	of	 the	
primary	 endpoint.	 These	 benefits	 were	 consistent	 across	
prespecified	subgroups,	with	similar	benefits	in	patients	with	
EF at, below, or above 60%, those with HF with improved EF, 

as well as in patients who were hospitalised recently, and 
was accompanied by improvement in symptoms.” The data 
provides further evidence to support the use of an SGLT2 
inhibitor as foundational therapy for HF patients, regardless 
of care situation or EF. 

1. Solomon S, et al. DELIVER - Dapagliflozin in Heart Failure with Mildly Reduced and 
Preserved Ejection Fraction. Hot Line Session 4, ESC Congress 2022, Barcelona, 
Spain, 26–29 August.

2. Anker	SD,	et	al.	N	Engl	J	Med.	2021;385(16):1451–1461. 
3. Wiviott	SD,	et	al.	N	Engl	J	Med.	2019;380:347–357.

Pooled analysis of DAPA-HF and DELIVER
The pooled analysis of the phase 3 DAPA-HF and DELIVER 
trials found that dapagliflozin improved cardiovascular 
outcomes for patients with heart failure (HF) across the 
entire spectrum of ejection fraction (EF) measurements.

The	pre-specified	meta-analysis	 from	2	 randomised	phase	
3	 trials	 interrogating	 the	 efficacy	 of	 the	 SGLT2	 inhibitor	
dapagliflozin (10 mg once daily) versus placebo in HF, 
DAPA-HF	(EF	<40%,	NCT03036124) and DELIVER (EF >40%, 
NCT03619213), was presented by Prof. Pardeep Jhund 
(University of Glasgow, UK) and simultaneously published in 
the journal Nature Medicine [1–4].

Collectively,	the	average	age	of	participants	(n=11,007)	was	
69	years,	35%	were	women,	and	there	was	a	median	follow-
up	of	1.8	years.	The	survival	data	were	strong;	dapagliflozin	
reduced the risk of death from cardiovascular causes by 14% 
(HR	0.86;	95%	CI	0.76–0.97;	P=0.01),	death	from	any	cause	
by	10%	 (HR	0.90;	95%	CI	0.82–0.99;	P=0.03),	 total	hospital	
admissions	 for	 HF	 by	 29%	 (RR	 0.71;	 95%	 CI	 0.65–0.78;	
P<0.001),	and	major	adverse	cardiovascular	events	by	10%,	
the	 latter	 with	 only	 borderline	 statistical	 significance	 (HR	
0.90;	95%	CI	0.81–1.00;	P=0.045).	 In	 subgroup	analyses,	 it	
was evident that the baseline ejection fraction (EF) of the 
participants	did	not	significantly	alter	any	of	the	individual	or	
composite outcomes. 

Using the data from this pooled analysis, the number 
of patients with HF who needed to be treated (NNT) for a 
median	of	22 months	to	prevent	1	death	from	cardiovascular	
causes	was	68	 (95%	CI	39–281).	This	analysis	supports	a	
recommendation that treatment with dapagliflozin can be 
initiated in patients with a clinical diagnosis of HF and no 
contraindications, even if a measurement of EF is awaited. 
Prof.	Jhund	concluded:	“Our	findings	confirm	that	all	patients	
with	HF,	 regardless	of	EF,	may	benefit	 from	dapagliflozin	 in	
addition to any other HF therapy they are receiving.”
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Figure: Components of DELIVER’s primary endpoint, full population [1]

https://doi.org/10.1056/nejmoa2107038
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Meta-analysis of DELIVER and EMPEROR-
Preserved
In a meta-analysis of SGLT2 inhibitors in heart failure 
patients with preserved or mildly reduced ejection 
fraction (HFpEF/HFmrEF), reduced risk of cardiovascular 
death and hospitalisation for HF was observed across 
patient subgroups, supporting their role as a foundational 
therapy for HF, irrespective of EF.

Although there is strong evidence that SGLT2 inhibitors 
should be used to treat patients with heart failure with 
reduced ejection fraction (HFrEF), it is not yet well established 
what	the	benefits	might	be	for	individuals	with	higher	EF.	In	
the last year, 2 large randomised phase 3 trials have reported 
the	efficacy	of	SGLT2	inhibition	in	HFpEF/HFmrEF:	DELIVER	
(NCT03619213) and EMPEROR-Preserved (NCT03057951). 
Dr Muthiah Vaduganathan (Brigham and Women's Hospital, 
Harvard	Medical	School,	MA,	USA)	presented	a	pre-specified	
meta-analysis combining the DELIVER and EMPEROR-

Preserved data, which was simultaneously published in the 
Lancet [1,2]. The primary endpoint for this meta-analysis was 
time from randomisation to the occurrence of the composite 
of cardiovascular death or hospitalisation for HF.

Combining DELIVER and EMPEROR-Preserved data (total 
n=12,251)	showed	that	SGLT2	inhibitors	reduced	composite	
cardiovascular	 death	 or	 first	 hospitalisation	 for	 HF	 (HR	
0.80;	 95%	CI	 0.73–0.87;	 P<0.0001)	with	 reductions	 in	 both	
components:	 cardiovascular	death	 (HR	0.88;	95%	CI	0.77–
1.00;	P=0.052)	and	first	hospitalisation	for	HF	(HR	0.74;	95%	
CI	 0.67–0.83;	 P<0.0001).	 Adding	 3	 other	 trials	 with	 HFrEF	
patients	 (total	 n=21,947),	 SGLT2	 inhibitors	 further	 reduced	
the risk of composite cardiovascular death or hospitalisation 
for	HF	(HR	0.77;	95%	CI	0.72–0.82),	cardiovascular	death	(HR	
0.87;	95%	CI	0.79–0.95),	first	hospitalisation	for	HF	(HR	0.72;	
95%	CI	0.67–078),	and	all-cause	mortality	(HR	0.92;	95%	CI	
0.86–0.99).	These	treatment	effects	for	each	of	the	studied	
endpoints were consistently observed in both the trials of 
HFmrEF/HFpEF	and	across	all	5	trials.	Treatment	effects	on	
the primary endpoint were generally consistent across the 
14	subgroups	examined,	including	when	stratified	by	EF.

1.	 Vaduganathan	M,	et	al.	A	Pre-Specified	Meta-Analysis	of	DELIVER	and	EMPEROR-
Preserved. Hot Line Session 4, ESC Congress 2022, Barcelona, Spain, 26–29 
August.

2. Vaduganathan M, et al. Lancet. 2022 Aug 27. doi: 10.1016/S0140-6736(22) 
01429-5. 
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Anticoagulation
Rheumatic heart disease-associated AF: 
standard-of-care holds ground
In patients with rheumatic heart disease-associated 
atrial fibrillation (AF), rivaroxaban was non-inferior to 
vitamin K antagonist therapy for the rate of a composite 
of cardiovascular events or death, without a higher risk 
of bleeding.

The current standard of care for rheumatic heart disease-
associated AF is vitamin K antagonist therapy; however, it 
can	be	difficult	 to	administer	because	of	many	dietary	and	
pharmacologic interactions, and requires regular blood 
sampling to monitor anticoagulation status. Prof. Ganesan 

Karthikeyan (All India Institute of Medical Sciences, India) 
presented	 the	 findings	 of	 the	 phase	 3	 INVICTUS	 trial	
(NCT02832544), which compared cardiovascular outcomes 
in patients with rheumatic heart disease and documented AF 
or atrial flutter at any time [1,2]. In addition, at least 1 of the 
following criteria was also required: a CHA2DS2VASc score 
of at least 2, mitral stenosis with a mitral-valve area of no 
more than 2 cm2, or echocardiographic evidence of either 
left atrial spontaneous echo contrast or left atrial thrombus. 
Key exclusion criteria were the presence of a mechanical 
heart valve or the likelihood of receiving one within the next 
6 months, the use of dual antiplatelet therapy, treatment with 
dual	 strong	 inhibitors	 of	 CYP3A4	 and	 P-glycoprotein,	 and	

https://doi.org/10.1056/nejmoa1911303
https://doi.org/10.1038/s41591-022-01971-4
https://clinicaltrials.gov/ct2/show/NCT03619213
https://clinicaltrials.gov/ct2/show/NCT03057951
https://doi.org/10.1016/S0140-6736(22)01429-5
https://doi.org/10.1016/S0140-6736(22)01429-5
https://clinicaltrials.gov/ct2/show/NCT02832544
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renal	 insufficiency	 with	 an	 estimated	 glomerular	 filtration	
rate,	 <15	mL	 per	minute.	 Participants	were	 randomised	 to	
either receive treatment with factor Xa inhibitor rivaroxaban 
or with a standard vitamin K antagonist as an open-label 
design.	The	primary	 efficacy	 endpoint	was	a	 composite	 of	
stroke, systemic embolism, myocardial infarction, or death 
from vascular (cardiac or non-cardiac) or unknown causes. 
The primary safety endpoint was major bleeding according 
to the ISTH. 

Of	 the	 4,531	 patients	 included	 in	 the	 final	 analysis,	 with	
average	follow-up	of	3.1	years	(mean	age	50.5	years,	72.3%	
women), the primary endpoint analysis favoured treatment 
with	vitamin	K	antagonist	over	rivaroxaban	(HR	1.25;	95%	CI	
1.10–1.41;	P<0.001),	and	as	such,	the	proportional	hazards	
assumption was not met. More patients in the rivaroxaban 
group than in the vitamin K antagonist group had a stroke 
(90	vs	65	patients,	 respectively),	which	was	almost	entirely	
attributable to a higher rate of ischaemic stroke in the 
rivaroxaban	 group	 (74	 vs	 48,	 respectively).	 Furthermore,	 a	
higher incidence of death was reported in the rivaroxaban 
arm than in the vitamin K antagonist arm (difference -72 
days;	95%	CI	 -117	 to	 -28).	The	 rate	of	major	bleeding	was	
similar in both arms. The mechanism for differences in 
mortality in the context of similar bleeding remains an open 
question. 

1. Karthikeyan G, et al. INVICTUS - Rivaroxaban versus VKA for rheumatic atrial 
fibrillation.	 Hot	 Line	 Session	 5,	 ESC	 Congress	 2022,	 Barcelona,	 Spain,	 26–29	
August.

2. Connolly	SJ,	et	al.	N	Engl	J	Med	2022;387:978-988. 

New anticoagulant safe and maybe effective: 
PACIFIC-AMI and PACIFIC-Stroke outcomes
In back-to-back late-breaking presentations of the 
phase 2 PACIFIC-AMI and PACIFIC-Stroke trials, adding 
the oral factor XIa inhibitor asundexian on top of dual 
antiplatelet therapy (DAPT) successfully reduced factor 
XIa activity after acute myocardial infarction (MI) and 
stroke reassuring safety. Although there was no clear 
signal for efficacy after MI, there appeared to be a signal 
in stroke patients with atherosclerosis for symptomatic 
stroke prevention.

Results from PACIFIC-AMI
Prof. John Alexander (Duke University, NC, USA) presented the 
results from the phase 2 PACIFIC-AMI trial (NCT04304534), 
which were simultaneously published in Circulation [1,2]. By 
means of explaining the rationale of the study, Prof. Alexander 

said: “Following an acute MI, patients remain at increased risk 
for recurrent events despite the excellent therapies we have 
today.	Antiplatelet	therapy	with	aspirin	and	P2Y12	inhibitors	
is	a	benefit	and	considered	standard-of-care	but	 is	 limited	
because of the risk of bleeding. Oral anticoagulation, that is, 
vitamin K antagonists and the factor X inhibitor rivaroxaban, 
have	also	been	shown	to	be	beneficial	post-MI,	but	their	use	
is also limited by bleeding and are, thus, rarely used.” 

PACIFIC-AMI	 aimed	 to	 test	 the	 efficacy	 and	 safety	 of	 3	
different doses of asundexian after acute MI, when added to 
standard	 of	 care	 DAPT.	 Participants	 (n=1,600,	 51%	 had	 an	
ST-segment elevation MI) were randomised to 10 mg, 20 mg, 
50	mg	asundexian,	or	placebo	once	daily	for	6–12	months.
The	 primary	 efficacy	 endpoint	 was	 a	 composite	 of	
cardiovascular death, MI, stroke, or stent thrombosis. The 
primary safety endpoints were Bleeding Academic Research 
Consortium	(BARC)	type	2,	3,	or	5	bleeding	and	any	bleeding	
in the 2 weeks after study drug discontinuation. 

As evidence of on-target activity, participants exhibited >70%, 
80%,	 and	 90%	 reduction	 in	 factor	 XIa	 activity	 when	 given	
asundexian	10	mg,	20	mg,	and	50	mg	once	daily,	compared	
with	placebo	 (see	Figure).	With	a	median	 follow-up	of	 368	
days, there were no trends for reductions in the composite 
primary outcome among patients assigned to any dose of 
asundexian compared with placebo. Notably, Prof. Alexander 
pointed out, there were only few total events, and therefore 
the conclusion is still uncertain. The primary safety endpoint, 
however, was met: there was no increase in bleeding among 
patients assigned to asundexian compared with placebo.

Prof. Alexander concluded: “These results, together with 
existing genetic and preclinical evidence, support the further 
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study of the factor XIa inhibitor asundexian, in adequately 
sized phase 3 trials as a potentially safer anticoagulant for 
patients following an acute MI.”

Results from PACIFIC-Stroke
Associate Prof. Ashkan Shoamanesh (McMaster University, 
Canada) presented the results of the PACIFIC-Stroke 
trial (NCT04304508), which assessed the same doses of 
asundexian compared with placebo [3]. PACIFIC-Stroke 
randomised	 patients	 (n=1,808,	 mean	 age	 67	 years,	 34%	
women)	 within	 48	 hours	 of	 non-cardioembolic	 stroke	
symptom onset (mean interval 36 hours), with a primary 
efficacy	 endpoint	 of	 ischaemic	 stroke	 or	 brain	 infarct	 at	 6	
months.

With a median follow-up of 10.6 months, recurrent 
symptomatic ischaemic stroke or transient ischaemic attack 
(TIA)	 occurred	 in	 8.3%	 of	 the	 placebo	 arm	 compared	with	
7.7% of the asundexian 10 mg arm, 6.2% in the 20 mg arm, 
and	 5.4%	 in	 the	 50	mg	 arm.	 Although	 there	were	 numeric	
differences,	 statistical	 significance	was	 not	 reached	 in	 the	
risk of events in patients given asundexian compared with 
placebo	 (P=0.8).	 However,	 after	 a	 post-hoc	 exploratory	
analysis that replaced the initial primary endpoint component 
of covert brain infarct with TIA, researchers observed a lower 
risk	with	50	mg	asundexian	compared	with	placebo	(5.4%	vs	
8.3%;	HR	0.64;	95%	CI	0.41–0.98),	especially	in	the	subgroup	
of	 patients	with	 atherosclerotic	 plaques	 (3.1%	 vs	8.1%;	HR	
0.39;	95%	CI	0.18–0.85).

At 12 months follow-up, the rates of bleeding were not 
significantly	 different	 between	 asundexian	 and	 placebo	
(3.9%	vs	2.4%;	HR	1.57;	90%	CI	0.91–2.71).

“Asundexian did not reduce the composite endpoint of 
intracranial infarction or ischaemic stroke in a dose-
dependent manner,” explained Associate Prof. Shoamanesh. 
“However,	treatment	with	asundexian	50	mg	daily	did	reduce	
recurrent symptomatic ischaemic strokes and TIAs in this 
population with acute non-cardioembolic ischaemic stroke, 
particularly among those with atherosclerosis, without 
a	 statistically	 significant	 increase	 in	 major	 bleeding.”	
He concluded: “The promising results from this phase 2 
trial require validation in an adequately powered phase 3 
randomised trial”.

1.	 Alexander	 J,	 et	 al.	 PACIFIC-AMI	 -	 Efficacy	 and	 safety	 of	 factor	 XIa	 inhibitor	
asundexian on top of dual antiplatelet therapy after acute myocardial infarction. 
Hot	Line	Session	5,	ESC	Congress	2022,	Barcelona,	Spain,	26–29	August.

2. Rao SV, et al. Circulation. 2022 Aug 27. doi: 10.1161/CIRCULATIONAHA.122.061612. 
Epub ahead of print. 

3. Shoamanesh A, et al. PACIFIC-STROKE - Phase 2 Program of AntiCoagulation 
via	Inhibition	of	FXIa	by	the	oral	Compound	BAY	2433334	–	non-cardioembolic	
STROKE	study.	Hot	Line	Session	5,	ESC	Congress	2022,	Barcelona,	Spain,	26–29	
August.

AXIOMATIC-SSP: Reducing risk of ischaemic 
stroke with factor XIa inhibition? 
Late-breaking findings from the phase 2, dose-
ranging AXIOMATIC-SSP trial evaluating milvexian for 
secondary stroke prevention showed that, although 
dose response was not observed, there appeared to 
be benefit for symptomatic ischaemic strokes. Overall 
safety appeared reassuring.

Milvexian is a small molecule inhibitor that binds activated 
factor	 XI	with	 high	 affinity	 and	 selectivity	 and	may	 reduce	
the risk of stroke when added to antiplatelet drugs without 
significant	 bleeding.	 Because	 genetic	 variants	 known	 to	
reduce factor XI levels are associated with reduced risk for 
ischaemic stroke but are not associated with increased 
intracranial bleeding, the rationale behind the AXIOMATIC-
SSP trial (NCT03766581) was to target factor XI. 

In the trial, presented by Dr Mukul Sharma (McMaster 
University, Canada), participants with a mild-to-moderate 
acute non-lacunar ischaemic stroke or transient ischaemic 
attack	 (TIA)	 (n=2,366)	 received	 dual	 antiplatelet	 therapy	 (75	
mg	clopidogrel	daily	for	the	first	21	days	and	100	mg	aspirin	
for	90	days)	and	were	randomised	to	1	of	5	doses	of	milvexian	
or	placebo	for	90	days	[1].	The	primary	efficacy	endpoint	was	
the composite of ischaemic stroke or incident infarct on brain 
MRI. Major bleeding was the safety endpoint. 
The	 primary	 efficacy	 endpoint	 was	 not	 different	 between	
milvexian and placebo. Milvexian was associated with a 
numerically lower risk for clinical ischaemic stroke at all doses 
except	200	mg	twice	daily,	with	doses	from	25	to	100	mg	twice	
daily showing an approximately 30% relative risk reduction 
versus	placebo	(5.5%	for	placebo;	4.6%	for	25	mg	once	daily;	
3.8%	for	25	mg	twice	daily;	4.0%	for	50	mg	twice	daily;	3.5%	for	
100 mg twice daily; but 7.7% for 200 mg twice daily). 

Major bleeding event rates were similar to placebo (0.6%; 
95%	CI	0.2–1.5)	for	milvexian	25	mg	once	daily	(0.6%;	95%	
CI	 0.1–2.2)and	 twice	daily	 (0.6%;	 95%	CI	 0.1–2.3)	 but	was	
moderately	 increased	 in	 the	 50	mg	 twice	 daily	 (1.5%;	 95%	
CI	0.5–3.6),	100	mg	twice	daily	(1.6%;	95%	CI	0.5–3.8),	and	
200	mg	twice	daily	(1.5%;	95%	CI	0.5–3.4)	arms.	Dr	Sharma	
pointed out that “most major bleeding episodes were 
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gastrointestinal and manageable. There was no increase in 
severe bleeding or symptomatic intracranial haemorrhage 
versus placebo, and no fatal bleeding occurred in any arm 
of the study.”

1. Sharma M, et al. AXIOMATIC-SSP: Antithrombotic treatment with factor XIa 
inhibition to Optimize Management of Acute Thromboembolic events for 
Secondary	Stroke	Prevention.	Hot	Line	Session	5,	ESC	Congress	2022,	Barcelona,	
Spain, 26–29 August.

Evolving evidence for P2Y12 inhibition in 
chronic coronary syndromes: PANTHER
A patient-level meta-analysis suggests similar safety 
and lower ischaemic risk with P2Y12 inhibition versus 
aspirin alone. These results challenge the central role of 
aspirin for prevention and shift the momentum toward 
P2Y12 inhibitor monotherapy for secondary prevention 
in the long-term antithrombotic management of patients 
with CAD.

Prof. Marco Valgimigli (Cardiocentro Ticino Foundation, 
Switzerland) presented the PANTHER meta-analyses [1] 
including patient-level data from 7 trials evaluating the effect 
of	 monotherapy	 P2Y12	 inhibitors	 (clopidogrel,	 prasugrel,	
or ticagrelor) versus aspirin on adjudicated ischaemic and 
bleeding outcomes in patients with established coronary 
artery	 disease:	 ASCET,	 CADET,	 CAPRIE,	 DACAB,	 GLASSY,	
HOST-EXAM,	 and	 TiCAB	 (analysed	 cohort	 n=24,325;	mean	
age	64	years;	22%	women;	median	 treatment	duration	557	
days)	[2–8].

The	 risk	of	 the	primary	efficacy	endpoint	of	cardiovascular	
death, myocardial infarction (MI), and stroke was lower by 

12%	 with	 P2Y12	 inhibitor	 monotherapy	 compared	 with	
aspirin	monotherapy	(5.5%	vs	6.3%;	HR	0.88;	95%	CI	0.79–
0.97;	P=0.014).	This	 result	was	attributable	 in	 large	part	 to	
the	association	of	P2Y12	inhibitor	monotherapy	with	a	lower	
risk	of	MI	compared	with	aspirin	(2.3%	vs	3.0%;	HR	0.77;	95%	
CI	0.66–0.90;	P<0.001).

Safety	was	similar	between	aspirin	and	P2Y12	inhibition,	with	
the risk of major bleeding being the same (1.4% vs 1.2%; HR 
0.87;	95%	CI	0.70–1.09;	P=0.23).	Some	differences	in	other	
secondary endpoints were observed. For example, the risk of 
net	adverse	clinical	events,	defined	as	the	composite	of	the	
primary	efficacy	endpoint	and	major	bleeding,	was	reduced	
in	 participants	 receiving	 P2Y12	 inhibitor	 monotherapy	
compared	with	aspirin	monotherapy	(6.4%	vs	7.2%;	HR	0.89;	
95%	CI	0.81–0.98;	P=0.020).

Prof. Valgimigli summarised: “The relative risk of the primary 
composite endpoint was reduced by 12% in patients receiving 
a	P2Y12	inhibitor,	primarily	driven	by	a	23%	relative	reduction	
of	 MI	 and,	 secondarily,	 by	 a	 numerical	 but	 not	 significant	
lower rate of stroke. The overall risk of major bleeding did not 
differ, whereas gastrointestinal bleeding and haemorrhagic 
stroke	occurred	less	frequently	in	patients	receiving	a	P2Y12	
inhibitor than aspirin monotherapy.”

1.	 Valgimigli	M,	 et	 al.	 PANTHER	 -	 P2Y12	 inhibitor	 versus	 aspirin	monotherapy	 in	
patients with coronary artery disease. Hot Line Session 9, ESC Congress 2022, 
Barcelona, Spain, 26–29 August.

2. CAPRIE	Steering	Committee.	Lancet.	1996;348:1329–1339.
3. Woodward M, et al. J Thromb Haemost. 2004;2:1934–1940.
4. Pettersen AÅR, et al. J Am Heart Assoc. 2012;1:e000703.
5.	 Zhao	Q,	et	al.	JAMA.	2018;319:1677–1686.
6. Franzone A, et al. J Am Coll Cardiol. 2019;74:2223–2234.
7. Schunkert H, et al. Eur Heart J. 2019;40:2432–2440.
8.	 Koo	BK,	et	al.	Lancet.	2021;397:2487–2496.

Prevention
Danish study suggests starting CVD screening 
before age 70
In men aged 65–74 years in Denmark, those randomised 
to receive an invitation for a comprehensive screening 
for subclinical cardiovascular disease (CVD) did not 
have a significantly reduced all-cause mortality after a 
median 5.6 years of follow-up. Patients aged between 
65–69 did however benefit.

The DANCAVAS study (ISRCTN12157806) was a population-
based, randomised-controlled screening trial attempting 
to	 address	 the	 significant	 increase	 in	 the	 average	 life	
expectancy and incipient CVD, explained Prof. Axel Cosmus 
Pyndt Diederichsen (Odense University Hospital, Denmark) 
in his presentation [1]. The results were simultaneously 
published in the New England Journal of Medicine [2]. The trial 
aimed	to	evaluate	the	health	benefits	and	cost	effectiveness	

https://doi.org/10.1016/S0140-6736(96)09457-3
https://doi.org/10.1111/j.1538-7836.2004.01017.x
https://doi.org/10.1161/JAHA.112.000703
https://doi.org/10.1001/jama.2018.3197
https://doi.org/10.1016/j.jacc.2019.08.1038
https://doi.org/10.1093/eurheartj/ehz185
https://doi.org/10.1016/S0140-6736(21)01063-1
https://www.isrctn.com/ISRCTN12157806
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of using non-contrast CT scans to measure coronary 
artery	 calcification	 and	 identify	 aortic/iliac	 aneurysms	 and	
measurements of the ankle brachial blood pressure index as 
part of a multifocal screening and intervention program for 
CVD	in	men	aged	65–74.

Between	September	2014	and	September	2017,	46,526	Danish	
men	aged	65–74	years	 living	 in	particular	municipalities	of	
Denmark were included; no exclusion criteria were applied. 
One	third	(n=16,736)	of	the	men	were	randomised	to	receive	
an invitation to the screening, while the remaining two thirds 
(n=29,790)	of	the	men	acted	as	clinical	controls.	The	primary	
endpoint was all-cause mortality. Key secondary endpoints 
were stroke, myocardial infarction (MI), amputation due to 
vascular disease, aortic dissection, and aortic rupture. The 
researchers powered the trial with the assumption that the 
attendance to screening would be 70%.

However, the attendance to screening was only 63%, and 
the primary endpoint was not met. With a median follow-up 
of	5.6	 years,	 12.6%	men	 in	 the	screening	group	and	13.1%	
men in the control group had died, corresponding to a non-
significant	5%	relative	risk	reduction	(HR	0.95;	95%	CI	0.90–
1.00;	P=0.062).	To	prevent	a	single	death,	the	number	needed	
to	invite	to	screening	was	155.	

Subgroup analyses did indicate that a slightly younger age 
group	(65–69	years)	may	benefit	from	screening;	while	there	
was no difference among men aged 70 years and older (HR 
1.01;	 95%	 CI	 0.94–1.09;	 P=0.747),	 an	 11%	 decreased	 risk	
in	those	aged	65–69	years	was	observed	(HR	0.89;	95%	CI	
0.83–0.96;	P=0.004).
 
Secondary endpoint results varied. For stroke, 7.0% men 
in the screening group experienced a stroke compared 
with	7.5%	in	the	control	group	(HR	0.93;	95%	CI	0.86–0.99;	
P=0.035).	There	were	no	differences	between	 the	2	groups	
in	 aortic	 dissection	 (HR	 0.95;	 95%	CI	 0.61–1.49;	 P=0.827),	
aortic	 rupture	 (HR	 0.81;	 95%	 CI	 0.49–1.35;	 P=0.420),	
amputation	due	to	vascular	disease	(HR	1.05;	95%	CI	0.80–
1.38;	P=0.711),	or	MI	(HR	0.91;	95%	CI	0.81–1.03;	P=0.134).

Not surprisingly, the group who had attended screening 
were prescribed more lipid-lowering agents (20.7% vs 9.0%; 
HR	 2.54;	 95%	 CI	 2.42–2.67;	 P<0.001),	 and	 antithrombotic	
agents	(22.9%	vs	8.3%;	HR	3.12;	95%	CI	2.97–3.28;	P<0.001).	
Likewise, elective aortic aneurysm repair was more common 
in	the	screening	group	compared	with	the	control	group	(1.5%	

vs	 1.2%;	 HR	 1.29;	 95%	 CI	 1.07–1.48;	 P=0.006).	 However,	
there were no differences in prescription of anticoagulants, 
antihypertensive medications, or therapies to treat diabetes. 

Prof. Diederichsen concluded optimistically: “We observed 
a substantial reduction in the combined endpoint of death, 
stroke, or MI in elderly men by comprehensive cardiovascular 
screening.	Our	results	point	quite	firmly	at	a	screening	target	
age below 70 years.”

1. Diederichsen ACP, et al. DANCAVAS - Screening and intervention to prevent 
cardiovascular disease. Hot Line Session 2, ESC Congress 2022, Barcelona, Spain, 
26–29 August.

2. Lindholt	JS,	et	al.	N	Engl	J	Med.	2022;387:1385-1394.	

Polypill SECUREs win in secondary prevention 
in elderly
The 3-drug fixed-dose 'polypill' containing aspirin, 
ramipril, and atorvastatin prevented secondary 
cardiovascular events in people ≥65 years old who have 
previously had a myocardial infarction (MI), reducing 
cardiovascular mortality by 33% in this vulnerable 
patient population. 

Findings from the EU-funded, randomised, open-label 
SECURE trial (NCT02596126) were presented by Dr 
Valentin	Fuster	 (Mount	Sinai	Health	System,	NY,	USA),	 and	
simultaneously published in the New England Journal of 
Medicine [1,2].	It	is	the	first	trial	testing	the	efficacy	of	a	fixed-
dose combination polypill for secondary cardiovascular 
prevention	in	individuals	≥65	years	old.

SECURE	aimed	to	evaluate	the	potential	benefit	of	the	polypill	
as a component of a cost-effective, globally available, and 
comprehensive treatment strategy for secondary prevention 
of cardiovascular events (death from cardiovascular 
causes, non-fatal MI, stroke, and hospitalisation requiring 
revascularisation) as compared with standard therapy (the 3 
components of the polypill given separately). "Although most 
patients initially adhere to treatment after an acute event 
such	as	an	infarction,	adherence	drops	off	after	the	first	few	
months. Our goal was to have an impact right from the start, 
and most of the patients in the study began taking a simple 
polypill	in	the	first	week	after	having	a	heart	attack,"	Dr	Fuster	
explained.

The trial randomised 2,499 patients to receive either the 
polypill or the usual care of 3 separate tablets. The polypill 
intervention	 contained	 aspirin	 (100	 mg),	 ramipril	 (2.5,	 5,	
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or 10 mg), and atorvastatin (20 or 40 mg). The baseline 
characteristics were similar in each arm of the study.

The primary endpoint was a composite of 4 major 
cardiovascular events: death from cardiovascular causes, 
non-fatal MI, non-fatal stroke, and need for emergency 
coronary revascularisation. After a median of 36 months of 
follow-up,	9.5%	of	participants	in	the	polypill	arm	and	12.7%	of	
the usual care arm had experienced a primary outcome event, 
which translated to a 24% lower risk of a primary-outcome 
event in favour of the polypill over the 3 separate drugs (HR 
0.76;	95%	CI	0.60–0.96;	P=0.02,	see	Figure).	Likewise,	a	key	
secondary outcome event (composite of cardiovascular 
death, non-fatal type 1 MI, or non-fatal ischaemic stroke) 
occurred	 in	 8.2%	 of	 the	 participants	 in	 the	 polypill	 arm	
compared	with	11.7%	 in	 the	usual-care	arm	(HR	0.70;	95%	
CI	0.54–0.90;	P=0.005).	Strikingly,	for	the	single	component	
cardiovascular-related death, a relative reduction of 33% in 
the	polypill	group	supported	a	clear	clinical	benefit.	Findings	
showed that participants in the polypill group had a higher 
level of treatment adherence than those in the control group. 
The	improved	adherence	supported	the	earlier	findings	of	the	
FOCUS study [3]; good adherence may explain the improved 
outcomes of those taking the polypill. The results were 
consistent	 across	 prespecified	 subgroups.	 Adverse	 events	
were similar between groups.

"The	 SECURE	 study	 findings	 suggest	 that	 the	 polypill	
could become an integral element of strategies to prevent 
recurrent cardiovascular events in patients who have had 
a heart attack. By simplifying treatment and improving 
adherence, this approach has the potential to reduce the risk 

of recurrent cardiovascular disease and death on a global 
scale," concluded Dr Fuster.

1. Fuster V, et al. A polypill strategy in secondary prevention: results of the SECURE 
trial. Hot Line Session 1, ESC Congress 2022, Barcelona, Spain, 26–29 August.

2. Castellano	 JM	 et	 al.	 N	 Engl	 J	 Med.	 2022.	 Online	 26	 Aug	 2022.	 doi:10.1056	
NEJMoa2208275.	

3. Castellano	JM,	et	al.	J	Am	Coll	Cardiol.	2014;64(20):2071–82.	

Long-term therapy with evolocumab 
associated with lower CV mortality
The long-term open extension of the FOURIER trial 
revealed that therapy with evolocumab is safe and 
effective: during a median time of 5 years, low LDL 
concentrations were maintained. In addition, in contrast 
to the pivotal study, longer exposure to evolocumab was 
associated with lower mortality.

In	 the	 FOURIER	 trial,	 including	 6,635	 patients	 with	 stable	
atherosclerotic cardiovascular disease, the PCSK9 inhibitor 
evolocumab reduced the risk of major cardiovascular events, 
but there was no observed effect on cardiovascular mortality.
The median follow-up was only 2.2 years, so potentially 
too short to show an effect on mortality. To further 
evaluate	safety	and	efficacy	of	evolocumab,	 the	open	 label	
extension FOURIER-OLE was conducted [1]. Twelve months 
after randomisation, placebo patients were switched to 
evolocumab and all study participants were treated with 
evolocumab until week 240. 

Once patients received evolocumab, their LDL concentration 
dropped quickly to comparable values of patients treated 
with evolocumab from the beginning. “Notably, during the 
median	 5-year	 extension	 period,	 participants	 maintained	
low LDL concentrations,” said Prof. Michelle O´Donoghue 
(Brigham and Women's Hospital, MA, USA), principal 
investigator of the FOURIER trial. Median LDL concentration 
at	week	260	was	0.75	mmol/L.	In	addition,	the	incidence	rate	
of side effects did not exceed that of placebo. Some of the 
patients	were	treated	for	more	than	8	years	but	there	were	no	
unexpected safety signals.

After	 5	 years,	 the	 composite	 primary	 endpoint	 of	
cardiovascular death, myocardial infarction (MI), stroke, 
unstable angina, or coronary revascularisation was reduced 
by	 15%;	 17.5%	 of	 patients	 treated	 originally	 with	 placebo	
and then evolocumab achieved this endpoint compared 
with	 15.4%	 of	 patients	 that	 were	 treated	with	 evolocumab	
from the beginning. “There was a reduction of 23% in the 
cardiovascular mortality although there was not such a 
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difference in the mother study,” Prof. O´Donoghue explained. 
As she pointed out, in the FOURIER trial the curves were 
essentially superimposed, it was not until the open-label 
extension	that	the	benefit	in	terms	of	CV	mortality	reduction	
became apparent.

Overall, earlier initiation of evolocumab was associated 
with	 continued	 accrual	 of	 cardiovascular	 benefit,	 including	
cardiovascular mortality, over the next several years. These 
findings	argue	for	early	initiation	of	a	marked	and	sustained	
LDL-C	reduction	to	maximise	clinical	benefit.

1. O´Donoghue ML. Long-term evolocumab in patients with established 
atherosclerotic cardiovascular disease: primary results of the FOURIER-OLE 
(open-label extension) studies. ESC Congress 2022, Barcelona, Spain, 26–29 
August.

ARBs + beta-blockers may delay Marfan 
syndrome aortic root replacement
A meta-analysis on the effects of angiotensin receptor 
blockers (ARBs) and beta-blockers in >1,400 Marfan 
syndrome patients has concluded that both drugs 
have similar, substantial, and independent effects on 
reducing aortic root size in these patients. The authors 
suggest that, if maintained over a period of several years, 
combination therapy may delay the need for elective 
aortic root surgery in patients with Marfan syndrome.

The connective tissue disorder, Marfan syndrome, is 
associated with characteristic aortic root enlargement, 
which increases the risk of life-threatening aortic dissection 
and rupture, sometimes in early adulthood. Elective surgery 
to replace the aortic root is often discussed with the patient 
when	 the	 aortic	 root	 reaches	 4.5–5	 cm.	 Limited	 previous	
data has led to the recommendation of using beta-blockers 
to retard aortic growth. However, some clinical evidence also 
suggests that ARBs might slow aortic root growth in Marfan 
syndrome.

The Marfan Treatment Trialists’ (MTT) Collaboration set out 
to retrospectively determine the effects of ARBs and beta-
blockers on aortic root growth by means of a meta-analysis, 
presented by Dr Alex Pitcher (Oxford University Hospitals 
NHS Foundation Trust, UK), posing 3 research questions [1]: 

•  Treatment with ARBs versus placebo or control;
•  Treatment with ARBs versus beta-blockers;
•  Indirectly, treatment with beta-blockers versus placebo or 

control.

Individual data in Marfan patients with no prior aortic 
surgery	was	pooled	 from	7	 randomised	 trials	 (n=1,442)	 for	
these analyses. Firstly, with a median follow-up of 3 years, 
the researchers noted that treatment with ARBs versus 
placebo	or	open	control	(n=676;	average	age	29	years,	83%	
with	 confirmed	pathogenic	FBN1	 variant;	 75%	 taking	beta-
blocker at baseline), treatment with ARBs reduced the annual 
increase of rate of change in the aortic root Z-score to an 
absolute	difference	of	-0.07	(95%	CI	-0.12	to	-0.01;	P=0.012).	
Aortic dimensions were likewise decreased. 

Dr Pitcher paused to summarise this part of the data: “The 
benefit	of	ARB	therapy	was	particularly	large	in	patients	with	
an FBN1 mutation at baseline, making it more plausible that 
the effect is real. There were no other detectable differences in 
treatment effect depending on other patient characteristics, 
including	age,	 sex,	 and	blood	pressure.	The	benefit	of	ARB	
treatment was similar regardless of whether patients were 
taking a beta-blocker.”

Secondly,	 comparing	 an	 ARB	 with	 a	 beta-blocker	 (n=766	
patients;	 average	 age	 14	 years;	 86%	 with	 confirmed	
pathogenic FBN1 variant; 0% taking beta-blocker at baseline) 
with a 3-year follow-up, the annual change in the aortic root 
Z-score was similar in the 2 groups (absolute difference 
0.03;	95%	CI	-0.05	to	0.10,	not	significant).

Thirdly, indirect evaluation of the effect of a beta-blocker 
compared with placebo/control suggested that being 
randomised to a beta-blocker approximately halved the 
annual change in the aortic root Z-score (absolute difference 
-0.09;	 95%	 CI	 -0.18	 to	 -0.0033;	 P=0.04).	 The	 researchers	
concluded that both treatment with ARBs or beta-
blockers	has	clinical	benefit,	and	because	these	effects	are	
independent,	dual	therapy	may	provide	an	additive	benefit	to	
delay aortic root surgery. 

1. Pitcher A, et al. MTT - Assessing the effects of ARBs and beta-blockers in Marfan 
Syndrome. Hot Line Session 9, ESC Congress 2022, Barcelona, Spain, 26–29 
August.

ENTRIGUE: Subcutaneous pegozafermin in 
severe hypertriglyceridaemia 
In a phase 2 study, treating patients with severe hyper-
triglyceridaemia with subcutaneous FGF21 analogue 
pegozafermin significantly reduced trigly-cerides across 
all dose groups compared with placebo. Triglyceride 
reductions after 8 weeks of therapy showed that 75% 
of participants who received 27 mg of pegozafermin 
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weekly achieved a >50% triglycerides reduction, without 
serious side effects.

FGF21 regulates lipid and glucose metabolism, and its 
analogue	pegozafermin	extends	FGF21	half-life	by	25–50-
fold.	 The	 dose-finding	 ENTRIGUE	 trial	 (NCT04541186) 
hypothesised that pegozafermin would give some 
signal of reduced triglycerides in patients with severe 
hypertriglyceridaemia.	The	initial	findings	were	presented	by	
Prof. Deepak Bhatt (Harvard Medical School, MA, USA) [1]. 
ENTRIGUE was a randomised, double-blind, phase 2 trial of 
patients	 (n=85,	 average	 age	 54	 years,	 25%	 women,	 50.6%	
with	 diabetes,	 45%	 on	 baseline	 statin	 therapy)	with	 severe	
hypertriglyceridemia	 (≥500	 mg/dL	 to	 ≤2000	 mg/dL,	 mean	
was 733 mg/dL). Participants were randomised to different 
doses	of	 subcutaneous	weekly	 pegozafermin	 (9	mg,	 n=16;	
18	 mg,	 n=17;	 27	 mg,	 n=18),	 subcutaneous	 twice	 weekly	
pegozafermin	(36	mg,	n=16),	or	placebo	(n=18).	The	median	
duration	of	follow-up	was	8	weeks.

The pooled data across doses of pegozafermin versus 
placebo for the primary endpoint, reduction in triglycerides 
across all dose groups, showed a 12% reduction in the 
placebo	group	versus	a	57%	reduction	 in	the	pegozafermin	
groups	(P<0.001).	When	the	data	was	broken	down	by	dose	

of weekly pegozafermin, the percentage reduction was 
steady;	-57%	for	those	taking	9	mg;	-56%	for	those	taking	18	
mg; -63% for those taking 27 mg, and -36% for those taking 
36 mg twice weekly.

Secondary outcomes analysed for the 27 mg weekly 
subcutaneous pegozafermin versus placebo indicated that 
75%	 in	 the	 intervention	 group	 showed	 a	 ≥50%	 reduction	
of triglycerides from baseline, as compared with only 6% 
showing	reduction	in	the	placebo	group	(P<0.05).

In	conclusion,	treatment	with	pegozafermin	led	to	significant	
reductions in triglyceride levels as compared with placebo. 
The	level	of	triglycerides	over	8	weeks	of	therapy	in	75%	of	
participants who received 27 mg weekly of pegozafermin 
dropped	 by	 >50%.	 Furthermore,	 there	 was	 a	 substantial	
reduction	in	liver	fat	over	the	8	weeks	for	pooled	subcutaneous	
pegozafermin	 versus	 placebo	 (-43%	 vs	 -5%;	 P=0.012).	 No	
serious safety signals were reported. In short, these data 
warrant a phase 3 investigation of pegozafermin in a larger 
cohort of patients. 

1. Bhatt D, et al. ENTRIGUE: Pegozafermin for the treatment of severe 
hypertriglyceridemia. Late-Breaking Science - Innovations in drug treatment, ESC 
Congress 2022, Barcelona, Spain, 26–29 August.

Artificial Intelligence & Digital Health – 
What Is New
First RCT evidence for use of AI in daily 
practice
Initial assessment of left ventricular ejection fraction 
(LVEF) by artificial intelligence (AI) was superior to 
initial sonographer assessment. After blinded review 
of initial LVEF assessment, cardiologists were less 
likely to substantially change their final report with 
initial AI assessment than sonographer assessment. 
Furthermore, AI-guided assessment took less time for 
cardiologists to overread, and was more consistent in 
test-retest modelling. 

Tremendous progress in applying AI to cardiology has 
recently been made. In that context, Dr David Ouyang 
(Cedars-Sinai Smidt Heart Institute, CA, USA) reported the 
findings	of	the	EchoNet-RCT	(NCT05140642) [1]. 

The researchers measured how often cardiologists changed 
the initial assessment by AI compared with how often they 
changed the initial assessment by sonographer. Researchers 
randomly assigned transthoracic echocardiograms 
performed on adults for any clinical indication to either AI 
initial assessment or sonographer initial assessment, after 

https://clinicaltrials.gov/ct2/show/NCT04541186
https://clinicaltrials.gov/ct2/show/NCT05140642
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which blinded cardiologists reviewed the assessment and 
provided	a	final	report	of	LVEF.	The	AI	element	made	use	of	
a deep learning algorithm called EchoNet-Dynamic, which 
was trained on echocardiogram videos to assess cardiac 
function and was previously shown to assess LVEF, using 
information across multiple cardiac cycles to minimise error 
and produce consistent results [2]. The primary endpoint was 
the	 frequency	of	 a	 >5%	change	 in	LVEF	between	 the	 initial	
assessment	 (AI	 or	 sonographer)	 and	 the	 final	 cardiologist	
report. The trial was designed to test for non-inferiority, with 
a secondary objective of testing for superiority.

Transthoracic	 echocardiograms	 (n=3,495)	 were	 performed	
on adults for any clinical indication, and then randomised for 
LVEF assessment to either AI or an experienced sonographer 
(results summarised in Table). The proportion of assessments 
that	was	 substantially	 changed	was	16.8%	 in	 the	AI	 group	
and	27.2%	in	the	sonographer	group	(difference	-10.4%,	95%	
CI	-13.2%	to	-7.7%;	P<0.001	 for	non-inferiority,	P<0.001	 for	
superiority). The safety endpoint was the difference between 
the	 final	 cardiologist	 report	 and	 a	 historical	 cardiologist	
report. The mean absolute difference was 6.3% in the AI 
group and 7.2% in the sonographer group (difference -0.96%; 
95%	CI	-1.34%	to	-0.54%;	P<0.001	for	superiority).	

Table: EchoNet trial results [1]

Outcome AI
(n=1,740)

Sonographer
(n=1,755)

Mean Difference
(95% CI)

P-value

Primary efficacy outcome: Initial vs final assessment
Substantial change
Mean absolute  
difference

292 (16.8%) 

2.79±5.53

478 (27.2%) 

3.77±5.22

-10.5% (-13.2% to -7.7%) 

-0.97 (-1.31 to -0.61)

<0.001 

<0.001
Key secondary safety outcome: Final vs historical cardiologist assessment
Substantial change
Mean absolute  
difference

871 (50.1%) 

6.29±5.94

957 (54.5%) 

7.23±6.18

-4.5% (-7.8% to -1.2%) 

-0.94 (-1.34 to -0.54

0.008 

<0.001
Other secondary outcomes
Median sonographer 
time, s (IQR) 
Median cardiologist 
time, s (IQR)
Any change

0 (0-0) 

54 (31-95)
1,100 (63.2%)

119 (77-173) 

64 (36-108)
1,218 (69.4%)

-131 (-134 to -127) 

-8 (-12 to -4)
-6.2 (-9.3% to -3.1%)

<0.001

<0.001
<0.001

In conclusion, Dr Ouyang said: “We were initially quite 
conservative. This was built as a non-inferiority study, but 
it actually met that endpoint as well as the endpoint of 
superiority, so we were pleasantly surprised to see that it 
was able to work so well. This shows that AI in certain cases 
is ready for primetime.”

1.	 Ouyang	D,	et	al.	EchoNet-RCT	-	Safety	and	Efficacy	Study	of	AI	LVEF.	Hot	Line	
Session 3, ESC Congress 2022, Barcelona, Spain, 26–29 August.

2. Ouyang	D,	et	al.	Nature.	2020;580(7802):252–256.

AI-enhanced echography supports aortic 
stenosis patients
Echocardiography to assess aortic stenosis severity, 
supported by a novel artificial intelligence (AI) algorithm, 
better identified aortic stenosis patients at high risk of 
death who could benefit from treatment, according to 
findings from the AI-ENHANCED AS study.

Although echography can assess peak velocity, mean pressure 
gradient, and aortic valve area, the severity score determining 
the treatment plan varies from site to site, stated Prof. Geoffrey 
Strange (University of Notre Dame, Australia) [1]. The AI-
ENHANCED AS study examined whether an AI algorithm 
could	methodologically	support	the	accurate	 identification	of	
moderate-to-severe and severe aortic stenosis phenotypes 
associated	with	high	5-year	mortality.	To	that	end,	researchers	
developed the AI-Decision Support Algorithm (AI-DSA) and 
trained it using randomly selected data from 70% patients in the 
National Echo Database of Australia (NEDA), which contains 
more than 1,000,000 echocardiograms from over 630,000 
patients and is linked to mortality data. The other 30% of NEDA 
data	was	used	as	a	comparator.	Out	of	179,054	individuals,	of	
the	2.5%	in	whom	AI-DSA	detected	a	severe	phenotype,	77.2%	
of those also met guideline criteria for severe aortic stenosis.

In patients with the moderate-to-severe phenotype, the 
5-year	mortality	rate	was	56.2%	compared	with	67.9%	for	the	
severe phenotype versus 22.9% for those with neither of those 
phenotypes.	All-cause	mortality	odds	 ratios	were	1.82	 (95%	
CI	1.63–2.02)	and	2.80	(95%	CI	2.57–3.06)	 for	patients	with	
the moderate-to-severe and severe phenotypes, respectively.

Prof. Strange concluded: “This proprietary AI algorithm picks 
up patients with a high risk (and all patients within current 
guidelines)	 of	 dying	 within	 5	 years	 that	 may	 be	missed	 by	
conventional	 definitions.	 The	 findings	 suggest	 that	 the	 AI	
algorithm could be used in clinical practice to alert physicians 
of patients who should undergo further investigations, to 
determine if they qualify for aortic valve replacement. Given 
the rising prevalence of aortic stenosis and its impact on 
mortality, it is time to revisit the practice of watchful waiting 
and consider more proactive attempts to identify those at 
risk. More research is needed to determine if aortic valve 
replacement improves survival and quality-of-life in patients 
identified	by	the	AI-DSA	as	having	a	high	risk	of	mortality,	but	
who	do	not	meet	current	guideline	definitions.”

1. Strange G, et al. AI-ENHANCED detection of Aortic Stenosis. Hot Line Session 6, 
ESC Congress 2022, Barcelona, Spain, 26–29 August.
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Smartphones for AF detection
In the eBRAVE-AF trial, digital screening included a 
more than 2-fold detection rate of treatment-relevant 
atrial fibrillation (AF) over usual care. A certified App 
with photoplethysmography (PPG) via the smartphone 
camera was used for detection of abnormal PPGs, 
leading to ECG loop recordings for verification. 

eBRAVE-AF (NCT04250220) compared digital, smartphone-
based screening to detect treatment-relevant AF in 
comparison	to	normal	care	[1].	Eligible	67,488	policyholders	
of	 a	 big	German	health	 insurer	were	 invited	by	mail;	 5,551	
invitees gave consent over the downloaded study app. There 
was no in-person contact with participants at any time. The 
primary endpoint was newly diagnosed AF with consequent 
start of oral anticoagulation. 

In	 the	 first	 6	 months,	 2,860	 randomised	 participants	
performed PPG self-measurements over 1 minute twice 
daily in week 1 and 2, followed by twice weekly. The other 
participants received usual care. The data were used for 
analysing	 primary	 efficacy.	 From	 months	 7–12,	 a	 cross-
over	 took	 place.	 In	 case	 of	 abnormal	 PPG	 findings,	 the	
patients received an external ECG loop recorder for 2 weeks. 
Treatment decisions based on these recordings were solely 
done by a local physician independent from the study. 

“The participants in our study were 66 years old, one third 
were women, and the median CHA2DS2-VASc score was 
3,” Prof. Axel Bauer (Innsbruck Medical University, Austria) 
described the cohort. Primary analysis showed a >2-fold 
significant	 superiority	 of	 the	 digital	 screening	 in	 terms	 of	
AF	 detection	 (OR	 2.12;	 P=0.010).	 In	 the	 second	 stage,	 this	
difference	was	even	higher	with	an	OR	of	2.75	(P=0.003).	“A	
new diagnosis of AF, as well as new prescription with oral 
anticoagulation was more frequent with digital screening 
than usual care, while there were no differences with 
respect to clinical outcomes,” Prof. Bauer elaborated. All 
in	all,	 85	new	cases	of	AF	were	 found	by	digital	 screening,	
69% resulting from PPG-measurements with consecutive 
ECG	 confirmation.	 Usual	 care	 detected	 40	 new	 cases	 of	
AF.	 A	 time-dependent	 Cox	 regression	 found	 a	 significant	
prediction of major adverse cardiac and cerebrovascular 
events for AF (HR 6.13), abnormal PPG (HR 2.74), and PPG 
plus	ECG-confirmed	AF	(HR	3.22).	

“Only future studies can inform us, whether improved AF 
diagnostics through digital technology really translates into 
better treatment outcomes,” Prof. Bauer concluded.

1. Bauer A. eBRAVE-AF - Smartphone-based AF screening. Hot Line Session 6, ESC 
Congress 2022, Barcelona, Spain, 26–29 August.

Ischaemia
Medical therapy versus PCI for ischaemic 
cardiomyopathy
In patients with severe ischaemic left ventricular systolic 
dysfunction, percutaneous coronary intervention (PCI) 
did not reduce the composite incidence of all-cause 
death or hospitalisation for heart failure at a median 
follow-up of 3.4 years, compared with optimal medical 
treatment. Furthermore, PCI did not incrementally 
improve left ventricular ejection fraction (LVEF) or 
provide a sustained difference in quality-of-life, reported 
researchers from the first randomised REVIVED-BCIS2 
trial in this patient population. 

Patients with ischaemic cardiomyopathy continue to have 
high rates of mortality and hospitalisation for heart failure 
even with contemporary medical and device therapy. 
Previously, the STICH trial has shown that revascularisation 
can improve the 10-year outcomes in this vulnerable 
patient	 population	 [1].	 The	 REVIVED-BCIS2	 trial	 (n=700;	
NCT01920048)	 sought	 to	 conclusively	 define	 the	 added	
value	of	PCI	(n=353)	over	optimal	medical	therapy	(n=353)	in	
the	first	randomised	trial	in	this	population.	The	results	were	
presented by Prof. Divaka Perera (Guy's & St Thomas' NHS 
Foundation Trust, London, UK) and were simultaneously 
published in the New England Journal of Medicine [2,3]. 

https://www.clinicaltrials.gov/ct2/show/NCT04250220
https://clinicaltrials.gov/ct2/show/NCT01920048
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The primary composite endpoint of all-cause death or heart 
failure hospitalisation was not met: 37.2% of the PCI group 
experienced	 a	 primary	 endpoint	 event	 compared	with	 38%	
of	the	group	on	optimal	medical	treatment	(HR	0.99;	95%	CI	
0.78–1.27;	P=0.96),	over	a	median	of	3.4	years	of	follow-up.	
The treatment effect was consistent across all subgroups. 
There	were	also	no	significant	differences	 in	LVEF	at	6	and	
12 months.

Quality-of-life scores favoured PCI at the 6-month and 
12-month timepoints, but the curves narrowed over time 
with medical therapy, and this advantage disappeared by 
2	years,	 indicating	 that	 this	benefit	was	not	sustained	 (see	
Figure).

gout,	might	confer	cardiovascular	benefits.	"The	importance	
of serum uric acid levels, which can be reduced by allopurinol, 
in cardiovascular disease is controversial, and there have 
been different reports over the years of how important they 
may be," Prof. Isla Shelagh Mackenzie (University of Dundee, 
UK) explained [1]. 

The ALL-HEART (ISRCTN32017426) study randomised 
5,721	patients	with	ischaemic	heart	disease	but	no	history	of	
gout 1:1 to receive 600 mg of allopurinol daily or usual care. 
The primary endpoint was a composite of non-fatal MI, non-
fatal stroke, or cardiovascular death.

Mean serum uric acid levels were reduced from 0.34 mmol/L 
at	baseline	to	0.18	mmol/L	at	6	weeks	of	treatment,	"so	we	
can see that the treatment was effective at lowering uric 
acid," Prof. Mackenzie pointed out. However, the composite 
primary	endpoint	was	not	met	(HR	1.04;	95%	CI	0.89–1.21;	
P=0.65),	nor	were	there	any	differences	between	the	2	arms	
on any of the individual components.

"ALL-HEART	 is	 the	first	 large,	prospective,	 randomised	 trial	
of the effect of allopurinol on major cardiovascular outcomes 
in patients with ischaemic heart disease and provides 
robust evidence on the role of allopurinol in these patients," 
concluded Prof. Mackenzie.

The invited discussant, Prof. Leslie Cho (Cleveland Clinic, 
OH, USA), suggested many factors could have masked any 
real influence of allopurinol, namely pointing to the older age 
of the participants (average age of 72 years) and the fact 
that the average length of their disease had been 10 years, 
suggesting chronic angina. Moreover, she felt that xanthine 
oxidase may not be “a major player” in the oxidative stress 
signalling in ischaemic heart disease, questioning whether 
allopurinol was the right drug to test in this setting. 

1. Mackenzie IS, et al. ALL-HEART - Allopurinol and cardiovascular outcomes in 
ischaemic heart disease. Hot Line Session 3, ESC Congress 2022, Barcelona, 
Spain, 26–29 August.

Conservative or invasive management for high-
risk kidney disease patients with ischaemia?
An invasive strategy for treating ischaemia in patients 
with chronic kidney disease (CKD) and chronic coronary 
disease was not superior to conservative management 
regarding the reduction of deaths after 5 years, 
according to the late-breaking results of the ISCHEMIA-
CKD EXTEND trial.
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2. Perera D, et al. REVIVED - Percutaneous Revascularisation for Ischaemic 

Ventricular Dysfunction. Hot Line Session 3, ESC Congress 2022, Barcelona, 
Spain, 26–29 August.

3. Perera	D,	et	al.	N	Engl	J	Med.	2022	Aug	27.	doi:	10.1056/NEJMoa2206606.

Allopurinol disappoints in ALL-HEART
The findings from the randomised, prospective ALL-
HEART study showed that allopurinol, a medicine 
commonly used to treat gout, did not reduce composite 
primary endpoint events, including non-fatal myocardial 
infarction (MI), non-fatal stroke, or cardiovascular 
death, in patients with ischaemic heart disease.

Preclinical and observational data have suggested that 
allopurinol, a xanthine oxidase inhibitor involved in oxidative 
stress signalling and commonly prescribed as a treatment for 

https://www.isrctn.com/ISRCTN32017426
https://doi.org/10.1056/nejmoa1602001
https://doi.org/10.1056/nejmoa2206606
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To date, it has not been thoroughly investigated whether a 
conservative or invasive strategy is the optimal management 
for patients with CKD and chronic coronary disease. To 
address this issue, the ISCHEMIA-CKD trial (NCT01985360) 
included 777 patients with CKD and moderate-to-severe 
ischaemia [1]. Participants were randomised to an initial 
invasive strategy for treating ischaemia, consisting of cardiac 
catheterisation and optimal revascularisation, either with 
percutaneous coronary intervention (PCI) or coronary artery 
bypass grafting (CABG), plus guideline-directed medical 
therapy, or to an initial conservative strategy, consisting of 
guideline-directed medical therapy and an invasive strategy, 
if medical therapy had failed.

After 2.2 years of follow-up, the primary results of the trial 
did	not	demonstrate	a	significant	difference	between	the	two	
treatment arms with respect to all-cause death, the primary 
outcome of the study [2]. Now, Prof. Sripal Bangalore (New 
York	University	School	of	Medicine,	NY,	USA)	presented	the	
results	of	the	ISCHEMIA-CKD	trial	after	5	years	of	follow-up.
The	death	rate	at	5	years	was	approximately	40%,	indicating	
that the trial population consisted of very high-risk patients. 
No	significant	difference	between	an	initial	invasive	strategy	
or	an	initial	conservative	strategy	was	reported	at	this	5-year	
interim	 analysis	 (adjusted	 HR	 1.12;	 95%	 CI	 0.89–1.41;	
P=0.322).	Likewise,	no	significant	differences	were	observed	
for the secondary endpoints of cardiovascular death and 
non-cardiovascular death. 

The	 final	 results	 of	 the	 trial	 are	 expected	 after	 a	 total	 of	 9	
years of follow-up.

1.	 Bangalore	 S,	 et	 al.	 ISCHEMIA-CKD	 EXTEND	–	Clinical	 Outcomes	 at	 5	 years	 of	
Follow-up.	 Hot	 Line	 Session	 8,	 ESC	 Congress	 2022,	 Barcelona,	 Spain,	 26–29	
August. 

2. Bangalore	S,	et	al.	N	Engl	J	Med.	2020;382:1608–1618.

Genotype-guided antiplatelet therapy in 
patients receiving PCI
In a prespecified analysis of the TAILOR-PCI trial, 
genotype-guided therapy with clopidogrel showed to be 
associated with a significantly lower risk of cumulative 
ischaemic events in patients undergoing percutaneous 
coronary intervention (PCI). A strategy to prevent 
recurrent events could dramatically impact a patient´s 
clinical course.

Clopidogrel is a prodrug that has to be converted in the 
liver to its active metabolite. “Loss-of-function carriers 

of the CYP2C19*2 or*3 carriers have 40% less antiplatelet 
activity then non-carriers,” Dr Brenden Ingraham (Mayo 
Clinic, MN, USA) explained [1]. Therefore, the TAILOR-PCI 
(NCT01742117) research question was whether identifying 
loss-of-function CYP2C19	allele	carriers	and	altering	P2Y12	
inhibitor therapy based on CYP2C19 genotype can reduce 
ischaemic outcomes.

TAILOR-PCI was a 2 arm, parallel, open-label, international, 
multicentre,	 randomised	clinical	 trial	 including	5,302	adults	
who underwent PCI and were prescribed at least 12 months 
of dual antiplatelet therapy. Participants were randomised 
into 2 groups, a conventional therapy group that received 
clopidogrel	 (75	 mg	 daily),	 or	 the	 point-of-care	 genotype-
guided therapy group. In this group, genotype was assessed 
and CYP2C19*2/e* loss-of-function carriers were treated 
with 90 mg ticagrelor twice daily; only non-carriers received 
75	mg	clopidogrel	daily.	The	primary	study	endpoint	was	the	
time-to-first	event	for	a	composite	of	cardiovascular	death,	
myocardial infarction (MI), severe recurrent ischaemia, 
definite	 or	 probable	 stent	 thrombosis,	 and	 stroke	 at	 122	
months. 

The trial did not meet its primary endpoint with results for 
genotype-guided	therapy	versus	standard	therapy	(P=0.056).	
However, in a post-hoc, hypothesis-generating, secondary 
analysis of cumulative endpoints was conducted where all 
ischaemic and bleeding endpoint within the 12 months were 
assessed,	including	recurrent	events.	A	total	of	5,276	patients	
were	 eligible	 for	 this	 analysis;	 1,849	 CYP2C19 loss-of-
function carriers were analysed. 903 of them were assigned 
to genotype-guided therapy, another 946 to conventional 
therapy. 

The cumulative incidence of ischaemic events in CYP2C19 
loss-of-function carriers was 7% in the conventional therapy 
compared	with	4.5%	in	the	genotype-guided	therapy,	which	
translates	 in	 a	 statistically	 significant	 40%	 reduction	 in	
cumulative	 ischaemic	 events	 (HR	 0.61;	 95%	 CI	 0.41–0.89;	
P<0.01).	 Moreover,	 there	 was	 no	 significant	 difference	 in	
major	or	minor	bleedings	between	the	2	groups.	“Our	findings	
demonstrate the potential clinical utility of a precision 
medicine approach,” Dr Ingraham concluded. 

1.	 Ingraham	BS.	Genotype-guided	oral	P1Y12	inhibitor	therapy	reduces	cumulative	
ischemic events following percutaneous coronary intervention. ESC Congress 
2022, Barcelona, Spain, 26–29 August.
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Take hypertension medication anyTIME 
The pragmatic randomised TIME trial, with over 5-year 
follow-up in >21,000 patients with high blood pressure, 
reported that taking antihypertensive medications in 
the morning or the evening provides identical protection 
against heart attack, stroke, or vascular death. 

Prof. Thomas MacDonald (University of Dundee, UK) presen-
ted the results of the TIME study (ISRCTN18157641) [1]. 
The smaller Hygia study had previously suggested that 
there	 might	 be	 a	 substantial	 cardiovascular	 benefit	 of	
evening dosing of antihypertensive medication [2], and Prof. 
MacDonald explained that TIME aimed to test this hypothesis 
in a large prospective, randomised trial. 

Participants already taking at least 1 antihypertensive 
medication were randomised 1:1 to take their usual 
antihypertensive	 medication	 in	 the	 morning	 (n=10,601)	 or	
the	 evening	 (n=10,503).	 The	 composite	 primary	 endpoint	
was hospitalisation for non-fatal myocardial infarction 
(MI) or non-fatal stroke, or vascular death. Information on 
hospitalisation and deaths was obtained from participants 
by email and through record linkage to national databases 
and further data was gathered from family doctors and 
hospitals, and independently adjudicated by a committee 
blinded to allocated dosing time.

The results showed that the time of dosing made no 
difference.	With	a	median	follow-up	of	5.2	years,	a	primary	
endpoint event occurred in 3.4% of participants in the evening 
dosing group as opposed to 3.7% in the morning dosing 
group	(HR	0.95;	95%	CI	0.83–1.10;	P=0.53).	The	results	did	
not	vary	in	pre-specified	subgroup	analyses.	

Prof. MacDonald concluded: “TIME was one of the largest 
cardiovascular studies ever conducted and provides a 
definitive	answer	on	the	question	of	whether	blood	pressure	
lowering medications should be taken in the morning or 
evening. The trial clearly found that heart attack, stroke, and 
vascular death occurred at a similar degree, regardless of 
the time of administration. People with high blood pressure 
should take their regular antihypertensive medications at a 
time of day that is convenient for them and minimises any 
undesirable effects.”

1. McDonald T, et al. TIME - The Treatment in Morning versus Evening study. Hot Line 
Session 1, ESC Congress 2022, Barcelona, Spain, 26–29 August.

2. Hermida	RC,	et	al.	Eur	Heart	J.	2020;41(48):4565–4576.

BOXing out oxygen and blood pressure targets
In dual back-to-back presentations from the 2-by-2 
factorial BOX trial, both of which were simultaneously 
published in the New England Journal of Medicine, 
researchers conclusively showed that outcomes of 
comatose patients after an out-of-hospital cardiac arrest 
(OHCA) are not affected by shifting targets of oxygenation 
or blood-pressure.

BOX (NCT03141099)	enrolled	789	comatose	patients	who	had	
been admitted to hospital after resuscitated cardiac arrest 
and had a sustained return to spontaneous circulation [1–4]. 
All participants received temperature control at 36°C with 
mechanical ventilation for at least 24 hours, prior to return to 
normothermia. BOX was a double-blind, randomised trial with 
a 2-by-2 factorial design, in which the researchers evaluated a 
mean arterial blood-pressure target of 63 mmHg as compared 
with 77 mmHg; patients were also assigned to different oxygen 
targets. The primary outcome in both arms was a composite 
of all-cause death or hospital discharge with severe disability 
or coma (Cerebral Performance Category [CPC] of 3 or 4), 
whichever	came	first	within	90	days	of	randomisation.

Oxygenation
Prof. Jacob Eifer Møller (Copenhagen University Rigshospitalet, 
Denmark),	 presented	 the	 first	 part,	 the	 BOX	 trial’s	 oxygen	
analysis. Participants were randomised to receive either a 
restrictive target (partial pressure of arterial oxygen [PaO2] 
of	68–75	mmHg)	or	a	liberal	target	(PaO2	98–105	mmHg)	of	
oxygenation.

Prof. Møller provided the rationale: “There are translational 
data and some observational data that suggest that a lot of 
oxygen may harm the brain,” while other studies have shown 
“of course, that if you give too little oxygen that can be harmful 
as well. We wanted to know what is best.”

The trial results showed that there was no difference 
between the low or high PaO2 groups (32.0% vs 33.9%; HR 
0.95;	95%	CI	0.75–1.21).	BOX	was	“very	conclusive”	on	this	
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question, said Prof. Møller. “There was absolutely no signal 
of difference between these groups, and it was very stable in 
all subgroup analyses and also for the secondary endpoints. 
So even though it’s neutral, it’s a very consistent signal in this 
study.” All-cause mortality at 90 days was also not affected 
by liberal versus restrictive PaO2	targets	(31.1%	vs	28.7%;	not	
significant).

Blood pressure
The second part of BOX, interrogating the role of blood 
pressure in OHCA outcomes, was presented by Dr Jesper 
Kjaergaard (Copenhagen University Rigshospitalet, 
Denmark). It was hypothesised that a higher mean arterial 
blood pressure target of 77 mmHg may improve cerebral 
perfusion. In BOX, the blood pressure comparison was 
double-blinded due to tweaking the internal calibration of 
the blood pressure machines, which displayed values 10% 
above or 10% below the true measurements. Thus, while the 
study’s stated goal for mean target blood pressure was 70 
mmHg, in reality participants were randomised to targets 
of	63	or	77	mmHg,	and	the	data	showed	that	indeed	a	10.5	
mmHg	 difference	 between	 the	 2	 arms	was	 achieved	 (95%	
CI	 9.9–11.2	mmHg;	 P<0.0001).	 The	 higher	 blood	 pressure	
target was obtained using vasopressors and noradrenaline. 

However, again, BOX showed there was no impact on the 
proportion of patients who died or left the hospital with a 
CPC of 3 or 4, within 90 days, for those with a target of 73 
mmHg compared with a target of 63 mmHg (34% vs 32%; HR 
1.08;	95%	CI	0.84–1.37).	Likewise,	all-cause	mortality	at	90	
days was similar between the blood pressure targets (31% vs 
29%;	HR	1.13;	95%	CI	0.88–1.46).

Across both parts of BOX, results were similar across all 
subgroups, with no interaction between the oxygen and 
blood pressure targets.

1. Møller JE, et al. BOX - Oxygen therapy in comatose OHCA patients. Hot Line 
Session 2, ESC Congress 2022, Barcelona, Spain, 26–29 August.

2. Kjaergaard J, et al. Blood pressure targets in comatose survivors of cardiac arrest. 
Hot Line Session 2, ESC Congress 2022, Barcelona, Spain, 26–29 August.

3. Schmidt	H,	et	al.	N	Engl	J	Med.	2022	Aug	27.	doi:	10.1056/NEJMoa2208686. 
4. Kjaergaard	J,	et	al.	N	Engl	J	Med.	2022	Aug	27.	doi:	10.1056/NEJMoa2208687.	

Coronary CT angiography diagnostics 
compared head-to-head
The Danish DanNICAD-2 study compared the diagnostic 
accuracy of stress myocardial perfusion imaging (MPI) 
via 3T cardiac magnetic resonance (CMR) with rubidium 
positron emission tomography (RbPET) in patients 

with putative obstructive stenosis undergoing routine 
coronary CT angiography, compared with invasive 
coronary angiography-fractional flow reserve (ICA-
FFR). The study showed that CMR stress and RbPET 
stress had similarly moderate sensitivities coupled with 
high specificities in predicting FFR results.

Prof. Morten Bøttcher (Aarhus University, Denmark) 
presented	 the	 findings	 from	 DanNICAD-2	 (NCT03481712) 
[1].	 Consecutive	 patients	 (n=1,732,	 median	 age	 59	 years;	
57%	 men)	 with	 symptoms	 indicating	 putative	 obstructive	
coronary artery disease (CAD) underwent routine coronary 
CT angiography. The results from the CT angiography 
identified	 445	 patients	 (26%)	 had	 >50%	 diameter	 stenosis,	
who were then referred to CMR and RbPET. Of those, 372 
patients completed both CMR and RbPET and were included 
in the current analysis.

In that cohort with both imaging diagnostics, ICA-FFR 
identified	obstructive	CAD	 in	44.1%.	The	sensitivities	of	 the	
diagnostics	 were	 similar:	 59%	 for	 CMR	 and	 64%	 for	 RbPET 
(P=0.21).	 Specificities	 numerically	 favoured	 RbPET	 at	 89%	
versus	84%	for	CMR	(P=0.08).	The	overall	accuracy	favoured	
RbPET	over	CMR	as	well	(78%	vs	73%,	respectively;	P=0.03).	
Both	 techniques	 identified	 lesions	 with	 >70%	 diameter	
stenosis	with	a	sensitivity	of	83%	for	CMR,	and	89%	for	RbPET. 

Prof. Bøttcher commented that "A perfusion test approach 
appears to be safe as almost all patients with serious 
disease were diagnosed. But the modest sensitivities to 
predict low FFR means that there was often a discrepancy 
between these advanced perfusion results and the invasive 
FFR. The accuracy of coronary CT angiography needs to 
improve so that more patients without obstructive CAD 
avoid further investigations. This might be achieved through 
better CT image quality and perhaps by more advanced 
image analyses like non-invasive FFR estimation and photon 
counting systems." 

1. Bøttcher M, et al. DanNICAD-2 - Perfusion scanning with MR or PET after a positive 
CT coronary angiography. Hot Line Session 7, ESC Congress 2022, Barcelona, 
Spain, 26–29 August.

High-dose influenza vaccine: mortality benefit?
Findings from a pragmatic randomised Danish trial 
showed that high-dose influenza vaccination (60 μg of 
haemagglutinin antigen) in older adults reduced the risk 
of death by 49%, as well as reduced hospitalisation for 
influenza or pneumonia by 64%, compared with standard-
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dose influenza vaccination (15 μg of haemagglutinin 
antigen). 

Dr Niklas Dyrby Johansen (Herlev and Gentofte Hospital, 
Denmark) pointed out that several previous studies have 
indicated that influenza infection is strongly associated with 
heart failure and myocardial infarction (MI) hospitalisations, 
coupled with evidence that influenza vaccination can 
prevent cardiovascular events [1–3]. The DANFLU-1 study 
(NCT05048589) aimed to address the unmet need that to 
date, no randomised trial has assessed the effects of high-
dose, compared with standard-dose, quadrivalent influenza 
vaccines on severe clinical outcomes such as hospitalisations 
and mortality in a general population of older adults which 
would conclusively determine the potential public health 
value of high-dose vaccines [4]. However, to achieve this 
goal, a very large sample size would be required. 

DANFLU-1 was therefore conducted as a feasibility trial, 
which integrated a pragmatic open-label randomised trial 
into	the	official	Danish	vaccination	programme.	The	primary	
endpoint was feasibility (e.g. number of participants included 
and randomised to each vaccine, agreement between 
randomisation assignment and actual received vaccine, the 
balance between groups in terms of number of subjects in 
each arm and baseline characteristics, and a comparison 
of baseline characteristics with the overall Danish general 
population	 aged	 65	 to	 79	 years).	 The	 secondary	 endpoint	
was to determine the relative vaccine effectiveness (rVE) 
of the high-dose compared with the standard-dose for 
cardiovascular and respiratory endpoints.

Participants	 aged	 65	 to	 79	 years	 were	 randomised	 1:1	 to	
either	 high-dose	 (n=6,245)	 or	 standard-dose	 (n=6,232)	
influenza vaccine. Baseline characteristics were comparable 
with	the	overall	Danish	population	aged	65	to	79	years.

The primary endpoint for feasibility was met; registry-
based data collection and complete follow-up information 
was	available	for	>99.9%	of	participants.	The	initial	efficacy	
results were promising: High-dose recipients had a lower 
incidence of hospitalisation for influenza or pneumonia 
(0.2%) compared with standard-dose recipients (0.4%) and 
a	 rVE	 of	 64.4%	 (95%	 CI	 24.4–84.6;	 P<0.001,	 see	 Figure).	 
High-dose recipients also had a lower incidence of all-cause 
mortality	(0.3%	vs	0.7%,	respectively)	and	a	rVE	of	48.9%	(95%	
CI	11.5–71.3;	P<0.001).	There	were	no	significant	differences	
in serious adverse events between the different doses.

The researchers concluded that integrating an influenza 
vaccine trial into the Danish vaccination programme was 
feasible, and estimate that a fully powered trial to establish 
superiority of high-dose influenza vaccines will require a 
sample size of approximately 200,000 participants.

1. Kwong	JC,	et	al.	N	Engl	J	Med.	2018;378(4):345–353.	
2. Kytömaa S, et al. JAMA Cardiol. 2019;4(4):363–369. 
3. Fröbert	O,	et	al.	Circulation.	2021;144(18):1476–1484. 
4. Johansen ND, et al. DANFLU-1 - High-dose vs. standard-dose quadrivalent 

influenza vaccine in elderly adults. Hot Line Session 2, ESC Congress 2022, 
Barcelona, Spain, 26–29 August. 

FFR-guided decision-making in patients with 
AMI and multivessel disease
Fractional flow reserve (FFR)-guided decision-making 
was superior in selective percutaneous coronary 
intervention (PCI) of non-infarct-related artery (IRA) 
lesions than routine PCI based on angiographic diameter 
stenosis in patients with acute myocardial infarction 
(MI) and multivessel disease. The results of FRAME-
AMI suggest that a physiologic criterion of FFR <0.80 
is superior to a qualitative angiographic criterion of 
luminal stenosis >50% to select non-culprit lesions in 
acute MI for PCI.

The FRAME-AMI trial (NCT02715518) trial, presented by 
Dr	Joo-Yong	Hahn	 (Samsung	Medical	Center,	Seoul,	South	
Korea),	 randomised	 patients	 from	14	Korean	 sites	 (n=562)	
with AMI and non-IRA lesion(s) to PCI with either FFR or 
angiography [1]. Patients with non-IRA lesions with an FFR 
<0.80	were	 treated	with	PCI	 (n=284)	 in	 the	FFR	arm	of	 the	
trial, whereas patients with non-IRA lesions with estimated 
diameter	 stenosis	 >50%	 were	 treated	 with	 PCI	 in	 the	
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angiography	arm	of	the	trial	(n=278).	The	primary	endpoint	
was a composite of all-cause death, MI, or unplanned 
revascularisation.

With	a	median	follow-up	of	3.5	years,	the	primary	endpoint	
was	met:	an	event	occurred	in	18	patients	(7.4%)	in	the	FFR	
arm and 40 patients (19.7%) in the angiography arm (HR 
0.43;	95%	CI	0.25–0.75;	P=0.003).	Furthermore,	the	rates	of	
all-cause	death	(2.1%	vs	8.5%),	cardiac	death	(1.4%	vs	8.2%),	
and	MI	(2.5%	vs	8.9%)	were	significantly	lower	in	the	FFR	arm	
than in the angiography arm. 

Dr Hahn concluded: "Guidelines are unlikely to change solely 
based on the results of our trial, but in clinical practice, 
interventional cardiologists may choose to adopt FFR-guided 
decision-making in patients with acute MI and multivessel 
disease. In other words, FFR beats angiography for non-
culprit lesions in patients with acute MI and multivessel 
disease.” 

1.	 Hahn	JY,	et	al.	The	FRAME-AMI	trial	-	FFR	vs.	Angiography-guided	PCI	in	AMI	with	
multivessel disease. Hot Line Session 7, ESC Congress 2022, Barcelona, Spain, 
26–29 August.


