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A B S T R A C T   

Heart failure with preserved ejection fraction (HFpEF) is associated with multiple cardiovascular and noncardiovascular comorbidities and risk 
factors which increase the risk of thrombotic complications, such as atrial fibrillation, chronic kidney disease, arterial hypertension and type 2 
diabetes mellitus. Subsequently, thromboembolic risk stratification in this population poses a great challenge. Since date from the large randomized 
clinical trials mostly include both patients with truly preserved EF, and those with heart failure with mildly reduced ejection fraction, there is an 
unmet need to characterize the patients with truly preserved EF. Considering the significant evidence gap in this area, we sought to describe the 
coagulation disorders and thrombotic complications in patients with HFpEF and discuss the specific thromboembolic risk factors in patients with 
HFpEF, with the goal to tailor risk stratification to an individual patient.   

Introduction 

Heart failure (HF) is a clinical syndrome caused by structural and/or functional abnormalities of the cardiac muscle, leading to 
impaired cardiac function. HF is divided into 3 subtypes based on left ventricular ejection fraction (LVEF): (i) HF with reduced ejection 
fraction (HFrEF), (ii) HF with mildly reduced ejection fraction (HFmrEF), and (iii) HF with preserved ejection fraction (HFpEF).1 The 
definition of HFpEF has changed in the recent years, from LVEF ≥40% to the currently applicable values of ≥50%.1,2 Furthermore, 
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along with preserved systolic function, HFpEF patients should also have symptoms and/or signs consistent with HF and objective 
evidence of structural and/or functional cardiac abnormality such as increased LV filling pressures and elevated natriuretic peptides. 

Data from the large randomized clinical trials mostly include both patients with truly preserved EF, and those with HFmrEF (LVEF 
41%-49%), such as CHARM-Preserved (two-thirds of patients with LVEF ≥50%), I-PRESERVE (EF ≥45%), PARAGON-HF (EF ≥45%) 
and TOPCAT (EF ≥45%)]. Thus, there was an unmet need to characterize the patients with HF and LVEF ≥50%, as their clinical 
characteristics, comorbidities, prognosis, and treatment significantly differ from "canonical" heart failure phenotype which has been 
traditionally associated with HFrEF. Of note, patients with HFpEF are usually older, more often female and present with many car-
diovascular and noncardiovascular comorbidities and risk factors such as atrial fibrillation (AF), chronic kidney disease (CKD), arterial 
hypertension and type 2 diabetes mellitus (Fig 1).1 These risk factors both directly and indirectly increase the risk of thrombotic 
complications, and are also potent drivers and modifiers of heart failure outcomes. For example, in the above-mentioned clinical trials, 
29%-32% of patients had a history of AF and 8.5%-11% had a history of previous stroke,3-5 whereas the incidence of new stroke 
episodes ranged from 3.3% in the I-PRESERVE and TOPCAT trials to 6% in the PARAGON-HF trial during the mean follow-up period of 
29 to almost 50 months.2-7 

Considering the inherently high thromboembolic risk of patients with HFpEF due to underlying comorbidities, thromboembolic 
risk stratification in this population poses a great challenge. Considering the significant evidence gap in this area, we sought to describe 
the coagulation disorders and thrombotic complications in patients with HFpEF and discuss the specific thromboembolic risk factors 
this population, with the goal to tailor risk stratification to an individual patient. 

Epidemiology 

Increased lifespan and aging of the Western population and breakthrough improvements in the HF therapeutic approaches lead to a 
steady increase in the HF prevalence, currently ranging from 1.5% to 4% per 1000 patient-years.8 HFpEF accounts for 34% of HF cases 
in the general population,9,10 but more than 50% of HF cases among female patients and those >65 years of age.11 Similarly, 
contemporary studies and registries report that HFpEF and HFmrEF together might together constitute about 50% of all patients 
hospitalized due to HF.12 Women are more likely to develop HFpEF compared to men, while among those patients with HFpEF, women 
are significantly older than men (85 years vs 83 years), have greater prevalence of diastolic dysfunction, while men are more likely to 
have comorbidities including diabetes, coronary artery disease (CAD), hyperuricemia, and chronic kidney disease.13 Women also have 
some unique sex-specific risk factors that might predispose them to heart failure such as hypertensive disorders of pregnancy.14 The 
risk of death in patients with HFpEF is high and increases along with the burden of comorbidities, with 5-year survival rate of 35% after 
a HF-related hospitalization.15 

Pathophysiology 

Association Between HFpEF Pathophysiology and Coagulation Disorders 

Here, the pathophysiology of HFpEF has briefly been discussed to explain the association between HFpEF and coagulation dis-
orders. The crucial components of HFpEF development include (i) left atrium (LA) myopathy, (ii) endothelial-to-mesenchymal 

FIG 1. Cardiovascular and noncardiovascular comorbidities associated with coagulation disorders in patients with heart failure with preserved 
ejection fraction. Created with BioRender.com, licensed version by A.G. (Color version of figure is available online.) 
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transition, (iii) increased vascular stiffness, (iv) myocardial ischemia, (v) right ventricular (RV) failure and (vi) increased diastolic 
ventricular interaction (Fig 2). 

High filling pressures in the LA and LV play an important role in the pathophysiology of HFpEF. Elevated filling pressures are 
caused by stiffening of the LV and delayed isovolumetric relaxation of this chamber that impairs the suction function. Consequently, 
the workload of LA increases to produce more pressure than in physiological conditions to ensure adequate LV filling. Under normal 
physiological conditions, 80% of the LV filling occurs during early diastole (isovolumetric relaxation) due to the suction of LV, 
indicated by the echocardiographic E wave. The remaining 20% is due to the contractile work of the LA, indicated by the A wave. In 
patients with HFpEF, the percentages of the filling are opposite, with most filling caused by the LA contraction. When the heart rate 
increases, for example during physical exercise or stress, there is a further decline in the isovolumetric relaxation and an increase in the 
LA filling pressure, which evokes HF symptoms in the early stage of the disease.16 The concomitant renin-angiotensin-aldosterone 
system (RAAS) activation, oxidative stress, inflammatory cascades, and mechanical atrial stretch due to pressure and volume over-
load lead to LA fibrosis.17 Continuous volume overload, loss of atrial contractility and the stiffening of LA wall are symptoms of LA 
myopathy. This state promotes additional nonsinus impulses, substantially increasing the risk of AF. Moreover, LA myopathy pre-
disposes to blood stasis and spontaneous thrombus formation. This state increases with AF risk of thromboembolism.18 

Endothelial-to-mesenchymal transition (EndoMT) is a biological pathway connected with the remodeling of vascular and heart in, 
for example, pulmonary hypertension, vascular malformation, vascular calcification, and earlier mentioned, cardiac fibrosis.19 

EndoMT is crucial during the embryonic cardiac development, especially for the formation of the heart valves. Postnatal reactivation of 
EndoMT is a potential mechanism for adaptation to a new pathological environment, such as proinflammatory state.20 In HFpEF, the 
expression of EndoMT biomarkers (such as SM22α and calponin) is increased.21 Angiotensin II, known for its profibrotic effects, also 
activates EndoMT. In the rodent model, administration of angiotensin II receptor antagonist ibesartan reduced interstitial cardiac 
fibrosis and left ventricular hypertrophy by blocking EndoMT.22 Hence, EndoMT activation is a crucial event in HFpEF and one of its 
comorbidities—chronic kidney disease. 

Vascular stiffness due to endothelial dysfunction is another crucial factor in HFpEF pathophysiology. Multiple risk factors and 
comorbidities that coexist within the clinical syndrome of HFpEF, such as aging and metabolic syndrome lead to endothelial activation 
and impaired bioavailability of nitric oxide (NO). The molecular changes demonstrated in the cardiac biopsies of HFpEF patients 
included upregulation of E-selectin and intercellular adhesion molecule-1 expression levels and low levels of endothelial NO synthase, 
indicating systemic inflammation.24 The loss of NO is associated with vasoconstriction and abnormal blood flow. The increased 
vascular stiffness, in turn, increases the afterload and leads to the blood pressure fluctuations, especially during physical exercise.23 At 
the crossroads of myocardial fibrosis, LV and LA stiffening, and diastolic dysfunction is the microvascular dysfunction that occurs as 
the consequence of widespread systemic inflammation perpetuated by comorbidities that elicits injury to endothelial cells and through 
perivascular space induces cardiomyocyte injury.25 

CAD is a common comorbidity in patients with HFpEF.26 Myocardial ischemia is involved in the development of HFpEF and 
correlated with the abnormalities of ventricular function.27 Although classically, myocardial ischemia more often leads to HFrEF 
instead of HFpEF, the diastolic function becomes impaired prior to the systolic function of the LV in any HF subtype.28 The mismatch 
between oxygen supply and demand and coronary microvascular dysfunction explain the association between myocardial ischemia 
and HFpEF.29 

CAD is also associated with reduced function of the right ventricle (RV),28 with RV dysfunction present in 19% of HFpEF patients, 
defined as EF <47% and measured by cardiovascular magnetic resonance imaging.30 To support this notion, in patients with HFpEF, 
24% increase in moderate or severe tricuspid regurgitation, 20% increase in RV diastolic area and 10% decrease in RV fractional area 
change was shown during 6 months of follow-up, compared to baseline echocardiographical examination.32 In addition, high LV filling 

FIG 2. Pathophysiology and coagulation disorders in HFpEF (Virchow’s triad). HFpEF, heart failure with preserved ejection fraction; NO, nitric 
oxide; RAAS, renin-angiotensin-aldosterone system; RV, right ventricle. Created with BioRender.com, licensed version by A.G. (Color version of 
figure is available online.) 
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pressure leads to the combined postcapillary and precapillary (reactive) pulmonary hypertension, increasing the risk of RV failure, 
systemic venous congestion, congestive hepatopathy, cardiorenal syndrome and development of cardiac cachexia.33,34 Consequently, 
RV dysfunction was the strongest single predictor of mortality in patients with HFpEF, increasing this risk nearly 2.5-fold. Patients with 
RV dysfunction have higher mortality compared to group of patients with HFpEF, but without RV dysfunction, with median 2-years 
survival of 56% vs 92%.31 

The increased volume of the LA and right heart chambers leads to the increased total cardiac volume, without altering the size of 
the LV cavity. This increase in cardiac volume can be a factor of increased pericardial restraint and RV pressure and volume changes, 
affecting the LV.35 Consequently, the left heart filling is elevated even though the left ventricular end-diastolic volume is normal or 
reduced. As a result, the heart of a HFpEF patient cannot increase stroke volume during exercise due to the pericardial restraint 
mechanism that prevents further preload, which aggravates venous congestion (one of the states that can promote thrombo-
genesis).24,36 In light of this, heart rate increase during exercise might be protective mechanism in sustaining cardiac output as stroke 
volume cannot be increased and this creates a rationale to not use beta-blockers in this population unless there is a clear and specific 
indication.37 

Pathophysiology of Comorbidities of HFpEF 

Numerous comorbidities associated with HFpEF increase the risk of thromboembolic complications. In the LATTEE registry, pa-
tients with HFpEF had a higher median of CHA2DS2-VASc scores than populations with HFmrEF and HFrEF (5, 4, and 4, 
respectively).38 

Chronic Kidney Disease 
The Prevention of REnal and Vascular ENdstage Disease (PREVEND) study reported that chronic kidney disease (CKD) is present in 

12%-14% of HFpEF patients.9 CKD and HFpEF are both associated with hypertension, diabetes, and obesity which lead to inflam-
mation, oxidative stress, arterial stiffening, and endothelial dysfunction.39 What is more, these states are connected with coagulation 
disorders. Myocardial impairment influences kidney dysfunction and vice versa. The interaction between heart and renal dysfunction 
is often described in studies as cardiorenal syndrome (CRS).39 Mice with HFpEF and CRS had elevated levels of Endo-MT biomarkers. 
The same findings are in serum taken from patients with HFpEF during the same study. That suggests the mechanism of Endo-MT plays 
a role in a pathway of not only cardiac but also kidney fibrosis.40 Kidney fibrosis is one of the pathophysiological pathways in the 
development of CKD. 

CKD including end-stage kidney disease are associated with an increased risk of thromboembolic complications such as stroke.41,42 

Recently, a meta-analysis of over 2 million subjects confirmed the strong association between kidney function and stroke incidence, 
showing a 7% increase in stroke risk with every 10 mL/min/1.73 m2 decline in estimated glomerular filtration rate.41,42 As the severity 
of chronic kidney disease increases, the incidence of HF increases. An estimated 44% of patients on hemodialysis have HF (10% with 
HFpEF, 13% with HFrEF, and 21% with unspecified).43 Patients with end-stage kidney disease undergoing dialysis had the highest risk 
of stroke, which was 2-7-fold higher compared to non-CKD patients, with a 3-5-fold increase in mortality.42,44 Finally, it was calculated 
that about two-thirds of patients aged over 75 years on dialysis will die within a year due to a stroke.42,44 

There are many pathological pathways in which CKD can enhance the risk of cardiovascular incidents in patients with HFpEF. 
Patients with CKD present with both a hypercoagulable state and endothelial dysfunction, contributing to increased cardiovascular 
risk.45 In patients with advanced CKD (stages 4 and 5), substantial changes in coagulation and anticoagulation pathways were shown, 
compared to healthy controls, including activation of the tissue factor pathway, increased prothrombin fragment 1+2 and substantial 
drop in antithrombin III and free protein S-to-total protein S ratio.45 Other authors also showed increased levels of fibrinogen, D-Dimer, 
thrombin-antithrombin complexes, intercellular adhesion molecule-1, von Willebrand factor (vWF) concentration and activity, and 
factors VII and VIII in patients with different stages of CKD, compared with the control subjects.46,47 However, there is still a lack of 
studies in the fields of thromboembolic incidents in CKD in which separate group of patients are patients with HFpEF. 

Arterial Hypertension 
Due to its hemodynamic consequences, arterial hypertension is one of the most prevalent risk factors not only for intracranial 

hemorrhage, but also for ischemic stroke.48 Data from 30 studies described that hypertension was present in about 64% of patients 
with stroke.48,49 The pathophysiological mechanisms underlying the prothrombotic profile of patients with hypertension remain 
elusive and may include (i) platelet activation, (ii) endothelial dysfunction, and (iii) dysregulation of the renin-angiotensin and 
kallikrein-kinin systems. 

It was suggested that in hypertensive patients, the inflammatory cytokines may enhance the procoagulant activity of platelets and 
endothelial cells by triggering phosphatidylserine exposure on their surface.50 In addition, the combination of chronic inflammation 
and shear stress may alter the normally acting endothelium into a procoagulant surface, expressing tissue factor.51 Renin-angiotensin 
and kallikrein-kinin systems, in turn, interact at several levels to impact blood clotting, fibrinolysis, and vasodilatation and therefore 
may increase the risk of thrombotic complications.51 It was demonstrated that the treatment of hypertensive patients with 
angiotensin-converting enzyme inhibitors and angiotensin II type 1 receptor antagonists may favorably alter both the 
renin-angiotensin and kallikrein-kinin axis, and as a result reduce the risk of thrombosis, which can partly explain the clinical efficacy 
of these groups of medications.51 
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Type 2 Diabetes Mellitus 
In recent clinical trials on HFpEF, patients with type 2 diabetes accounted for 27%-43% of the study participants.52-54 There is a 

bulk of evidence that type 2 diabetes is associated with an increased cardiovascular risk, which is not fully explained by the accu-
mulation of classical cardiovascular risk factors.55 

Recent evidence showed that fibrinogen is an independent risk factor for cardiovascular disease in the general population.55 

However, the influence of type 2 diabetes on atherothrombotic risk seems to extend beyond the increased fibrinogen levels and may act 
through the fibrin clot structure and function.55 Hyperglycemia and protein glycation have important effects on fibrin clot structure 
and function, generating a clot with a denser structure, and more resistant to lysis.56,57 In addition, patients with type 2 diabetes 
frequently present with platelet resistance to standard antiplatelet therapy, leading to increased platelet reactivity.56 Finally, sup-
pression of nitric oxide and prostacyclin synthesis might contribute to the development of endothelial dysfunction in diabetic patients. 

Altogether, a combination of elevated circulating coagulation proenzymes, decreased fibrinolysis, differences in fibrin structure 
and function and increased platelet reactivity seem to increase the thrombotic risk in this subpopulation.56 To support this statement, 
the rates of death from any cause and the rates of hospitalization are much higher in trials involving patients with HFpEF3,52-54 than in 
trials involving patients with other cardiovascular risk factors such as hypertension,58 diabetes59 or chronic coronary syndrome.60 

Obesity 
Obesity or overweight occurs in up to 80% of patients with HFpEF in the USA.61 Obesity affects both the development of HFpEF and 

the thromboembolic risk. Elevated inflammatory biomarkers, such as C-reaction protein or tumor necrosis factor, disrupt coagulation 
homeostasis in obese patients with HFpEF62 and lead to higher platelet activation.63 In morbidly obese patients loss of body mass 
reduces thrombin generation potential.64 

Both obesity and diabetes mellitus type 2 increase the risk of thromboembolic events without AF in the group of patients with 
HFpEF. Adiposity and dysregulation of sugar metabolism are common comorbidities and both enhance the inflammation, fibrosis, and 
abnormality in epicardial adipose. All of the mentioned states lead to ventricular myopathy and LA myopathy. LA myopathy promotes 
the development of thrombus into the atria but also promotes the occurrence of AF (the relation between AF and atrial myopathy in the 
pathophysiology of cardioembolic incidents is still elucidated—more in section “Atrial fibrillation”).18 Nonetheless, LA myopathy and 
AF are both connected with cardiovascular incidents in HFpEF patients. 

However, there is research that shows the existence of the "obesity paradox" in HFpEF. There is a decrease in mortality in the group 
of patients without AF, but with overweight and obesity and in patients with AF, only obesity (not overweight) is associated with 
decreased risk of all-cause death.65 

Atrial Fibrillation 
Atrial fibrillation (AF) is a very common comorbidity of HFpEF reported in 62% of patients with previous or postdiagnosis AF.15 It is 

associated with an 11% increased risk of all-cause mortality in patients with HFpEF and is an independent predictor of cardiovascular 
death and stroke.66 

AF and HFpEF not only have similar risk factors, but also many similar mechanisms that lead to the development of AF. As earlier 
mentioned LA myopathy is the joint step of the pathophysiology of HFpEF and AF. We still don’t know which dysfunction - LA 
myopathy or AF is directly related to a higher risk of thromboembolism (especially stroke). If the main risk of thromboembolism is 
atrial myopathy, not AF, then control of rhythm should not lower the risk of thromboembolism.18 On one hand, there are observational 
studies that suggest that it is not true67 but on the other hand there are also meta-analyses that support the statement that control of 
rhythm has a lack of benefit in reducing stroke risk.68 Nonetheless, this topic requires further study with studies including a group of 
patients with HFpEF. 

Obesity is another common coexisting factor in the development of AF by increasing fibrosis of the atria.69 Moreover, Berkovitch 
et al. showed that the higher risk is reversible—5 kg weight loss reduced the risk of the new onset of AF by 12%.69 Fibrosis is associated 
with the occurrence of LA thrombus in patients with a long history of AF regardless of the size of the LA chamber. Akoum et al. suggest 
that the fibrotic tissue leads to a reduction of atrial contraction, blood stasis and tissue lesions that activate the thrombogenic 
cascade.70 Moreover, Nattel et al. showed that there are calcium abnormalities in myocytes and electrical remodeling of dilated atria.71 

Both, calcium abnormalities and electrical remodeling, lead to completely symptomatic AF. 
In a post hoc analysis of the Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation Trial 

(ARISTOTLE) the rate of stroke or systemic embolism was for HFpEF 5.3 per 100 patient-years and is classified as intermediate 
contrary to patients with HFrEF (8 per 100 patient-years) and low for patients without AF (1.54 per 100 patient-years).72 The 
ACTIVE-W trial showed that in patients with permanent AF, there is no significant difference between patients with reduced or 
preserved ejection fraction.73 AF also increased the risk of incidence of fatal thromboembolic events almost 2-fold in the group of 
HFpEF.66 Finally, patients with HFpEF and AF have a higher risk of developing pulmonary hypertension and right heart failure.31,74 It 
is also important to note that ischemic stroke occurred in 3.7% of patients with HFpEF but without atrial fibrillation yielding a rate of 
10.5 events per 1000 patient-years) while patients were followed for 3.6 years.75 

Platelet Dysregulation 
HFpEF is a clinical syndrome associated with a systemic proinflammatory state caused by comorbidities in which platelets are 

involved.76 Elevated mean platelet volume (MPV) reflecting increased platelet activity in the ongoing inflammatory process, which 
may reflect a presumed role of platelets in the pathophysiology of HFpEF.76 

Platelet proteins are altered in heart failure. Due to the lack of targeted therapies for HFpEF, it is crucial to identify biomarkers 
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associated with HFpEF. Elevated levels of serum amyloid A, lipopolysaccharide binding protein, S100A8 and apolipoprotein A have 
been identified in platelets from patients with HFpEF. This is the first study to link the presence of S100A8 protein to HFpEF.77 

However, data on platelet markers in HFpEF are still limited and the prognostic significance of MPV and S100A8 protein requires 
further study. 

Complications of HFpEF-Associated Coagulation Disorders 

The main complications of prothrombotic state in patients with HFpEF are: (i) cardioembolic stroke, (ii) venous thromboembolism, 
and (iii) pulmonary thromboembolism. 

Cardioembolic Stroke Risk 

Embolic materials originating from the heart are a major cause of ischemic strokes in the population of patients with HF (64.7%) to 
the contrary with patients without HF (26.8%).78 Pathophysiology of thromboembolism is well known and described as abnormal 
blood flow, abnormality in the vessels wall or cardiac chambers and abnormal blood components (Virchow’s triad).79 Several 
mechanisms link the existence of AF and thromboembolism with stasis of blood especially in LA appendage, inducing formation of a 
thrombus. Approximately 25% of thromboembolic materials originally develop in the heart during AF episodes.80 However, studies 
showed not only AF, but also atrial and/or ventricular remodeling and LV function increases the risk of cerebral vesicular events. This 
risk are similar between HFpEF and HFrEF. 

AF, as mentioned earlier, is connected closely with stroke risk, but studies reported not only AF but also HFpEF without AF elevates 
this risk. In the analysis of CHARM-Preserved and I-Preserved trials point that even without AF there is elevated risk of stroke in 
patients with HFpEF (1.0% per year). This analysis involved 6701 patients with HFpEF, 4676 of them did not have AF. Interestingly, in 
the pooled analysis of this study in the highest tertile patients without AF have higher risk of stroke compared to with AF and receives 
of anticoagulant, but still lower than patients with AF but not treated by anticoagulants (sequentially 1.6% vs 1.5% and 2.2% per 
year).81 These results also emphasize the significant role of appropriate treatment which can lower the risk of stroke in patients with 
HFpEF and AF. In the Atherosclerosis Risk in Communities (ARIC) Study involving 1527 participants who underwent echocardiog-
raphy, brain resonance imaging and cognitive assessment showed that subclinical cerebral infarction (SCI) occurred in 49 from group 
of 167 patients (29.3%) with HFpEF but without prior history of AF. The odds ratio of having SCI were higher in the HFpEF group 
without AF than patients without HFpEF but no history of AF (OR 1.47, 95% CI 1.20-2.13).82 That results indicate that SCIs are 
prevalent in patients with HFpEF with no history of AF and are associated with measurable cognitive deficits. However, Cogswell et al. 
suggest that the AF may be underdiagnosed in this population.82 

It also seems that remodeling of the heart has significant influence on the frequency of stroke. In the Atherosclerosis Risk in 
Communities Neurocognitive Study (ARIC-NCS), loss of reservoir function and enhanced stiffness correlated with worse infarct for-
m—from SCI to full clinical stroke83 and the importance of these 2 parameters rose with patient age. Furthermore, progressive 
deterioration of LA function (measured in LA global longitudinal strain values) and structure, decline of atrial shortening and 
contractility are common findings in elderly patients. All of these parameters are factors of enhanced LA clot formation and cause SCIs. 
With development of LA global dysfunction, this increases the frequency of clinical stroke.83 

It has been suggested that heart function may play an important role in development of clots and future incidence of stroke. A post 
hoc analysis of the Atrial Fibrillation Follow-up Investigation of Rhythm Management (AFIRM) trial showed that HFpEF is related to 
higher mortality in the AF group compared to systolic HF.84 This trial also reported that stroke incidents (during mean follow-up 
duration of 3.5 years) was higher in the population with HFpEF than HFrEF (16.2% vs 10.9% P = 0.04). Age (≥75 years) and level 
of B-natriuretic peptide (BNP), produced by cardiac myocytes in response to wall stress (BNP 148-340 pg/mL and ≥341 pg/mL) are 
predictors of stroke and systemic thromboembolism in patients with AF.85 

It should be noted that the prevalence of stroke between 2 groups with a AF - HFpEF and HFrEF are similar, as indicated by a meta- 
analysis of 33,773 patients. However, all-cause mortality was significantly higher in AF patients with HFrEF compared to HFpEF.86 

During the Atrial Fibrillation Clopidogrel Trial With Irbesartan for Prevention of Vascular Events (ACTIVE) trial which included 3400 
patients with HF, the analysis showed that the risk of embolic events is 4.3% per 100 person-years and was similar to the population 
with HFrEF.73 These results support the findings from the analysis of CHARM-Preserved and the I-Preserve trial that the left ventricular 
ejection fraction (LVEF) is not a good independent risk factor, though in this analysis only patients with LVEF ≥45% were included).81 

Venous Thromboembolism 

Venous thromboembolism (VTE) consists of deep venous thrombosis and pulmonary embolism. There are several studies that 
indicate the influence of HF on VTE.87-89 In the earlier mentioned ARIC study, HFrEF and HFpEF increased the long-term risk of VTE by 
5 times.87,89 

The pathophysiology of this state not contains the classic Virchow’s triad but is exacerbated by additional factors. The literature 
indicates several potential mechanisms linking VTE with HFpEF, including pulmonary congestion which occurs in the process of 
HFpEF, blood stasis in the systemic circulation in advanced HFpEF (induced by RV dysfunction), elevated levels of prothrombotic 
microparticles and endothelial dysfunction of vessels.23,32 Studies conducted so far mentioned the main factors which influence 
morbidity and occur incidents of VTE are: (i) stasis of blood and (ii) echocardiographic parameters. 

Hospitalized patients with HF typically have multiple risk factors for VTE, for example, stasis of blood in the legs. According to the 
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Worcester Venous Thromboembolism study,88 hospitalization with diagnosed VTE and a history of HF have been associated with a 
doubling of in-hospital deaths and risk of death by 60% within 30 days of VTE diagnosis.88 Also, immobility was found a predictor of 
in-hospital mortality and death 30 days after VTE diagnosis.88 

A substudy of ARIC showed that greater left atrial volume index (LAVi) and left ventricular wall remodeling are independently 
associated with higher risk of thromboembolic events.87,89 

Pulmonary Thromboembolism 

A study of comparing the risk of death in patients with pulmonary embolism and either HFrEF or HFpEF showed that the presence 
of a history of HFpEF is not an independent factor for increased risk of 7-day mortality.90 

Diagnosis of Coagulation Disorders 

Markers of endothelial dysfunction, including vWF, vascular cell adhesion molecule 1 and adhesion molecule 1 have been shown to 
influence the prognosis of patients with HFpEF.91 A high proportion of deaths in patients with HFpEF are associated with advanced age 
and comorbidities. Plasma levels of vWF are higher with advancing age and also in patients with comorbidities such as 
nondialysis-depedendent chronic kidney disease.92-94 In addition, correlations have been found between elevated vWF levels and the 
occurrence of cardiovascular events and stroke in patients with HFpEF and AF.92,95 

Furthermore, in patients with HFpEF and comorbidities, the levels of the tissue plasminogen activator (tPA) and plasminogen 
activator inhibitor-1 (PAI-1) complex are significantly higher, which is associated with increased embolic risk.91,96 Whether the 
measurement of vWF and tPA/PAI-1 complex may have a practical value in the diagnosis, stratification and treatment of HFpEF re-
quires further study. 

Treatment of Coagulation Disorders in HFpEF 

HFpEF is associated with frequent coexistence of other diseases, which may further increase the risk of thrombosis or bleeding. For 
this reason, treatment of HFpEF is much more difficult. Compared to other HF phenotypes, thromboembolic risk in patients with 
HFpEF, is associated with a higher incidence of AF.1 The CHA2DS2-VASc score is used to assess the risk of thromboembolic compli-
cations in patients with AF. Patients with HFpEF and AF should have anticoagulant treatment included because of the increased risk of 
systemic embolism and stroke.17 Patients with HFpEF and AF should be anticoagulated with nonvitamin K antagonist oral antico-
agulants (NOACs) or warfarin, as per AF guidelines.97,98 A study comparing the use of NOACs and warfarin in patients with HFpEF and 
AF on the incidence of stroke and systemic embolism showed no statistically significant difference, while the use of NOACs reduced the 
risk of major bleeding from any cause compared to warfarin.99 

Conclusions 

It is essential to assess the global cardiovascular and thromboembolic risk in patients with HFpEF, knowing that these patients are 
characterized by a mosaic of clinical presentations and concomitant medical conditions that all increase both overall cardiovascular 
and thromboembolic risk. However, given the lack of guidelines and the limited number of studies on anticoagulant therapy in patients 
with HFpEF, large randomized trials are needed. As recently suggested by A. Zain et al., comprehensive evaluation of platelet function, 
clotting and fibrinolytic factors and their association with HFpEF severity, anticoagulant or antiplatelet therapy and outcomes might 
improve the management of coagulation disorders in HFpEF and inspire future research.100 
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