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ABSTRACT

Objective: Heart failure with preserved ejection fraction corresponds to half of the cardiac failure cases, having a similar prognosis
to patients with reduced ejection fraction. Cardiac sudden death is responsible to about one quarter of the death on these patients.
The objective of this study is to review published studies, seeking to identify the high-risk factors for sudden cardiac death in this
population. Methods: This work is a literature review on the most recent articles that assess the profile of patients with cardiac
sudden death and cardiac failure with preserved ejection fraction. Results: Several trials were published involving patients with diverse
characteristics that can help to identify patients with a higher risk of sudden death. The publication of risk score demonstrated that
would be possible to identify patients with a > 10% risk of sudden death in 5 years, what would be equivalent to the risk of reduced
ejection fraction patients eligible to implantable cardioverter-defibrillator (ICD) therapy. Trials with electrophysiological study and
programmed ventricular stimulation showed a good strategy to identify low risk patients for future arrhythmic events. Conclusion:
Sudden death must be a target of the therapy in the patients with preserved heart failure. Efforts should be done with the objective
to identify higher risk patients and search for the better risk stratification strategy, and after that, the definition of the benefit or not
of an invasive therapy such as ICD.
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Heart Failure with Preserved Ejection Fraction and Sudden Death: How to Identify High Risk Patients?

Heart failure (HF) is a clinical syndrome characterized by a set of signs and symptoms caused by structural or
functional cardiac abnormalities, resulting in reduced cardiac output and/or increased intracardiac pressures'. This
clinical syndrome represents a great impact in terms of public health around the world, being a disease with a high
prevalence in the elderly population® and responsible for a large number of hospitalizations, with an intra-hospital
mortality rate of around 4% * which can reach 10% in the first month after discharge®. It is estimated that at least
half of patients with HF are classified as HF with preserved ejection fraction (EF) °, having as clinical markers of
the disease the presence of signs and symptoms of HF, EF preserved (= 50% or between 40-49% for mid-range
HF), elevation of natriuretic peptides, objective evidence of structural or functional cardiac changes and increased
filling pressures in the left ventriclel.

It is estimated that the annual all-cause mortality is similar among patients with HF with preserved (HFpEF)
and reduced ejection fraction (HFrEF), around 25-30% per year®”, but a meta-analysis with 42,000 patients showed
a lower trend of death among patients with HFpEF®. Among the causes of death, the largest studies involving
patients with HFpEF estimate that sudden cardiac death (SCD) is responsible for about 40% of cardiovascular
deaths, and can reach up to 20% of all causes of death’. The risk stratification and indication of implantable
cardioverter-defibrillator (ICD) in patients with HFrEF is well-established by guidelines, but there is still no
consensus regarding its indication and investigation of measures for prevention of SCD among patients with HFpEF.

One of the first large trials involving patients with HFpEF was the Candesartan in Heart Failure Assessment
of Reduction in Mortality and Morbidity (CHARM) study', in which a total of 134 events attributed as SCD
in 37 months of follow-up were demonstrated, representing 28% of all deaths and 39% of cardiovascular deaths.
Subsequently, two large studies involving drugs versus placebo in patients with HFpEF demonstrated a similar
incidence of SCD: the Irbesartan in Heart Failure with Preserved Ejection Fraction Study (I-PRESERVE) with
231 SCD events, characterizing 26% of all deaths and 43% of cardiovascular deaths! and the Treatment of Preserved
Cardiac Function Heart Failure with an Aldosterone Antagonist (TOPCAT) with 128 SCD events, totaling 24%
of all deaths and 38% of cardiovascular deaths in a 40-month follow-up’.

In the community-based cohorts published in 2012, the incidence of SCD was lower in patients with HFpEF
compared to HFrEF. The Minnesota heart survey cohort of 2,203 patients presented an 11% incidence of sudden
death in 5 years of evaluation. In a multivariate analysis of the characteristics of patients with SCD, age, male
gender, chronic kidney disease and length of hospitalization were independent predictors of SCD among patients
with HFpEF'?. The Japanese JCARE-CARD registry cohort with 2,675 patients showed an incidence of SCD
of 10,7%*"3.

In a subanalysis of the TOPCAT study, with only patients from the centers of the American continents,
assessing the profile of patients who presented the event of SCD or aborted cardiorespiratory arrest, it was shown
that these patients tend to be younger (70 + 9 vs 75 + 9 years), mostly men, with higher body mass index (BMI)
and higher rates of diabetes mellitus. In this study, the ejection fraction did not differ significantly among patients
who had SCD or aborted cardiorespiratory arrest, as well as the incidence of previous infarction or coronary artery
disease. In the final regression model of competing risks, the variables male gender, diabetes mellitus in insulin
use, smoking and glomerular filtration rate (GFR) < 60 ml/min/1,73 m? were independent predictors of SCD. The
value of B-type natriuretic peptide (BNP) and NT-proBNP alone was not a predictor of SCD™.

The analysis of causes of death was also performed in a subanalysis of the -PRESERVE study. They demonstrated
a 25% all-cause mortality over 5 years of follow-up in randomized patients for the study, with an annual incidence
of 5.2%. Of these deaths, 60% were from cardiovascular causes, 30% from noncardiovascular causes and 10% from
unknown causes. Among the cardiovascular causes, SCD was the main cause, followed by heart failure. The presence
of the variables of left branch block, lower ejection fraction, ischemic heart failure, anemia, GFR < 60ml/min/1.73 m?,
NT-proBNP elevation were statistically significant for association with death of cardiovascular cause'.

From the subanalysis of patients who suffered sudden death in the -PRESERVE study, another study with a

risk prediction model for patients with HFpEF was conducted”. A multivariate Cox regression model was generated
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to estimate regression coefficients for the selected variables. From this model, individual risk scores were calculated
as the sum of the products of the individual predictive values and the estimated regression coefficients. The scores
were then used to predict the individual probability of SCD over 5 years. The sample was divided into low risk
(< 10%) and high risk (> 10%). Patients at risk of SCD > 10% would have a similar risk to patients with HFrEF

1618 The variable selection strategies identified age, gender

eligible for ICD therapy, according to current evidence
(male), history of diabetes mellitus, history of acute myocardial infarction, presence of left branch block on the
electrocardiogram, and InNT-pro BNP as independent factors for SCD.

This score allowed the identification of 837 patients (24%) classified as high risk of SCD (>10% in 5 years)
and 2723 (76%) classified as low risk of SCD (<10% in 5 years). The cumulative incidence of SCD in 5 years was
11 and 4% in the high- and low-risk groups, respectively. In the high-risk group, SCD was responsible for 32% of
deaths, compared to 26% of the entire cohort of the I-PRESERVE study. Making a direct correlation with primary
prevention studies of SCD in patients with HFrEF, the SCD-Heft study'” presented a risk of SCD of 11% in a 4.8-year
follow-up in the placebo group, demonstrating a similar risk to patients with HFpEF in the high-risk group.
It is important to emphasize that the high-risk patients in this study presented, in addition to a higher risk for
SCD, a higher risk for death from other causes, including noncardiovascular causes.

This score was later applied to a validation cohort among the TOPCAT study participants'. Due to the fact
that natriuretic peptide is a secondary inclusion criterion in this study, 615 patients with NT-ProBNP measurements
were included for analysis of the SCD risk model and cohort validation. Based on the risk prediction model, 35%
of the patients in this cohort were classified as high risk for SCD. In a 2.9-year follow-up there were 86 deaths, of
which 23 (26.7%) were due to SCD and 63 (73.3%) due to other causes. The mortality rate for SCD was 13 per
1,000 person/year. Based on the risk prediction model, 216 patients (35.1%) were classified as high risk of SCD.
These patients had a cumulative incidence of SCD in 5 years of 15.2%, against 2.8% of patients in the low-risk
group. The proportion of SCD for other deaths was 41% in the high-risk group vs 31% in the low-risk group. The
risk of SCD was 4-fold higher in high-risk patients compared to low-risk HR 4.0 (95% CI: 1.7, 9.6; 24 p = 0.001).
Similar to the I-PRESERVE study, high-risk patients also had higher mortality from other causes.

Considering that SCD is an important cause of death among patients with HFpEF, more studies should be
conducted in order to identify patients at higher risk of this event, as well as the evaluation of measures that may
intervene in this outcome. Implantable cardioverter-defibrillator therapy for HFrEF patients is well established
through guidelines' and is an important part along with optimized clinical therapy. However, among HFpEF
patients, there are not randomized clinical trials evaluating the effectiveness of this device. In a secondary analysis
of Sudden Cardiac Death in Heart Failure (SCD-HEFT) patients, it was evaluated whether among patients who
achieved an improvement in the ejection fraction (> 35%) over time, ICD therapy would still show significant
clinical benefit. In a 30-month follow-up it was demonstrated that even in patients with a recovered ejection
fraction, the reduction in mortality was similar to those who followed with an ejection fraction < 35%. The mean
ejection fraction in the recovered EF group was 45%. A large population-based series demonstrated that 65 to
75% of patients who presented with cardiac arrest and died suddenly had EF > 35% in a previous examination and
were not eligible for ICD implantation before the event, by the current recommendations®. This data demonstrates
that the isolated evaluation of EF fails to predict a large number of high-risk patients for this outcome.

Among the risk factors evaluated noninvasively, the occurrence of nonsustained ventricular tachycardia
(NSV) can be suggested as a possible factor to be researched and an aid in the identification of patients at high
risk for SCD. While some studies point out that the occurrence of NSVT does not increase the risk of SCD or
mortality?"?, some other studies show that its presence is related to a higher occurrence of ventricular tachycardia
and/or sustained ventricular fibrillation and an independent predictor for SCD**. In a study published in 2019 by
Zhou et al.”, it was demonstrated that the occurrence of nonsustained ventricular tachycardia with rapid frequency
was an independent predictor for appropriate ICD therapy, appropriate shock, and all-cause mortality. To evaluate
the occurrence of arrhythmias in patients with HFpEF, Gutierrez el al.? used a long-stay device (14 days) to
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electrocardiographically monitor these patients. In a total of 40 patients monitored, with an average EF of 59.4%
and 44% with a history of previous ischemic heart disease, it was identified that 32% of patients had episodes of
nonsustained ventricular tachycardia. All patients presented premature ventricular complexes, and of these, 7.5%
had a load greater than 5%. Patients with NSVT had lower EF, higher levels of NT-proBNP and higher degree
of obesity.

The risk of arrhythmia in patients after acute myocardial infarction and preserved EF was evaluated by Gatzoulis
etal.?’,in a 2018 study with 575 patients. Eligible patients should have had EF = 40% and have more than 40 days
after the acute event without evidence of active ischemia. In addition, they should have at least one noninvasive
risk factor (premature ventricular complexes, nonsustained ventricular tachycardia, late potentials, corrected QT
interval prolongation, increased T-wave alternans, reduced heart variability, and abnormal deceleration capacity with
abnormal turbulence). Patients who met the risk criteria were referred for an electrophysiological study to perform
a programmed ventricular stimulation (PVS) protocol, and if monomorphic sustained ventricular tachycardia,
ventricular flutter or polymorphic ventricular tachycardia were induced, ICD therapy was offered. In a 32-month
follow-up, there were no major arrhythmic events in patients who did not have any noninvasive risk factors and
also in those undergoing electrophysiological study in which sustained ventricular arrhythmias were not induced.
On the other hand, in the patients submitted to electrophysiological study who presented induction of sustained
ventricular arrhythmias (27% of those submitted to PVS), 9 major arrhythmic events occurred. This number
corresponded to 22% of the patients of whom sustained ventricular arrhythmia was induced. This combined two-
stage strategy, with identification of noninvasive risk factors followed by electrophysiological study with PVS, in
patients after acute myocardial infarction with EF > 40% demonstrated a sensitivity of 100%, specificity of 93.8%,
a positive predictive value (PPV') of 22% and a negative predictive value (NPV) of 100%.

The use of electrophysiological study and PVS was evaluated by Hilfiker et al.?® in 2015, including patients
with structural or functional heart disease and/or electrical conduction abnormalities and/or after syncope or
cardiorespiratory arrest, to perform PVS. The main outcome of the study was appropriate ICD activation. Sustained
ventricular arrhythmia was induced in 125 patients (47.2%) and ICD implanted in 157 patients (57.7% of the
cohort). During the 4.8 £ 2.3-year follow-up, the primary outcome occurred in 49 patients (18.5%). The study
demonstrated that EF < 35% and sustained ventricular tachycardia induction during the electrophysiological
study were independent predictors for primary outcome. Among patients with EF 235% who induced sustained
ventricular tachycardia during the electrophysiological study the test showed a sensitivity of 72.7%, a specificity
0f 63%, a PPV 0f 24.2%, an NPV 0f 93.5% and an area under the receiver operating characteristic (ROC) curve of
0.681. This study, together with the studies conducted by Gatzoulis et al. and Hilfiker et al., corroborates the low
incidence of major arrhythmic outcome (sustained ventricular arrhythmia) in patients with electrophysiological

§27,28

study with negative PV

CONCLUSION

The occurrence of SCD in patients with HFpEF may represent up to a quarter of the causes of death among
these patients, and should be an important therapeutic target to be considered when treating these patients. The
clinical therapy for HFpEF to date is poor, with respect to clinical trials with statistically significant power to
reduce hard outcomes. Some risk score models have been shown to have a good discriminative power to identifying
high risk patients for SCD, selecting those who could benefit from a more invasive investigation strategy, with
electrophysiological study and VPS and subsequently, ICD implantation. At the present, there is still a lack of
clinical data that could support this strategy in general, but efforts should be made to look for markers and clinical
characteristics that could more clearly assist in identifying patients at high risk for SCD and possibly guide future

therapy, with measures to prevent SCD and reduce the causes of death in this population.
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