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Abstract

Objectives: We prospectively evaluated endomyocardial biopsies in heart failure with preserved 

ejection fraction (HFpEF) patients to identify histopathological phenotypes and their association 

with clinical characteristics.

Background: Myocardial tissue analysis from a prospectively defined HFpEF cohort reflecting 

contemporary comorbidities is lacking.

Methods: HFpEF patients (EF ≥ 50%) referred to the Johns Hopkins HFpEF Clinic between 

August 2014 - September 2018 were enrolled for right heart catheterization and endomyocardial 

biopsy. Clinical features, echocardiography, hemodynamics, and tissue histology were determined 

and compared to controls (unused donor hearts) and HF with reduced EF (HFrEF).
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Results: Of 108 patients enrolled, median age was 66 (57–74) years, 61% were female, 57% 

African American, 62% with prior HF hospitalization, median systolic pressure 141 [125–162] 

mmHg, BMI 37 [32–45] kg/m2, and 97% were on a loop diuretic. Myocardial fibrosis and 

hypertrophy were often present (93% and 88%, respectively), however mild in 71% with fibrosis 

and in 52% with hypertrophy. Monocyte infiltration (CD68+ cells/mm2) was greater in HFpEF 

versus controls (60.4 [36.8–97.8] v. 32.1 [22.3–59.2], p=0.02), and correlated with age and renal 

disease. Cardiac amyloidosis (CA) was diagnosed in 15 (14%) patients (HFpEF-CA: 7 wild-type 

transthyretin [ATTR], 4 hereditary ATTR, 3 AL, and 1 AA), of which 7 cases were unsuspected. 

HFpEF-CA patients were older, with lower BMI, higher LV mass index, and higher NTproBNP 

and troponin I.

Conclusions: In this large, prospective myocardial tissue analysis of HFpEF, myocardial fibrosis 

and hypertrophy were common, CD68+ inflammation was increased, and CA prevalence was 

14%. Tissue analysis in HFpEF may improve precision therapies by identifying relevant 

myocardial mechanisms.
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Introduction

An estimated 6.5 million American adults suffer from heart failure (1), roughly half of 

whom have heart failure with preserved ejection fraction (HFpEF) (2). HFpEF represents a 

heterogeneous population with multiple co-morbidities, portends a poor prognosis following 

heart failure hospitalization (2–5), and generally lacks effective treatments (6). While 

clinical phenotyping of HFpEF has been proposed to better target therapies (7,8), this 

approach is limited by significant overlap in co-morbidities. Over the past 10–15 years, 

metabolic co-morbidities including obesity and diabetes have become more common than 

hypertensive heart disease or ischemic heart disease phenotypes in HFpEF, yet tissue 

assessment in this predominantly metabolic phenotype of HFpEF is lacking (9).

The diagnostic yield of endomyocardial biopsy in establishing an underlying etiology of 

unexplained dilated cardiomyopathy ranges between 15–37% of patients, with biopsy 

changing the diagnosis in about one third (10,11). Its application to HFpEF remains limited. 

Studies to date on myocardial histopathology in HFpEF have mostly originated from 

autopsy studies (12), HFpEF patients undergoing coronary artery bypass surgery (13,14), or 

studies of small numbers of patients often with marked systolic hypertension (15–17).

We aimed to assess myocardial tissue histopathology in a large, prospectively enrolled 

HFpEF cohort with comorbidities representative of contemporary HFpEF (4,18,19). We 

examined the extent of histopathologic abnormalities to better identify underlying cardiac 

pathophysiologies in this syndrome.
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Methods

Study Population

A total of 108 of 222 patients referred to the Johns Hopkins University HFpEF clinic from 

August 2014 to September 2018 meeting inclusion/exclusion criteria underwent right heart 

catheterization and endomyocardial biopsy for etiology assessment. Informed consent was 

obtained, and the study was approved and overseen by the Johns Hopkins Institutional 

Review Board. The diagnosis of HFpEF was based on signs and symptoms of clinical HF 

using Framingham criteria for HF (20), left ventricular ejection fraction (LVEF) ≥ 50% by 

echocardiography within the prior 12 months, and at least two of the following: 1) structural 

heart disease (increased left ventricular [LV] wall thickness or left atrial [LA] diameter) or 

diastolic dysfunction on echocardiography (21); 2) N-terminal pro–B-type natriuretic 

peptide (NTproBNP) ≥ 100 pg/mL; or 3) hemodynamic evidence of elevated left sided 

filling pressures (pulmonary artery wedge pressure [PAWP] ≥ 15 mmHg at baseline; or ≥ 25 

mmHg with exercise). Exclusion criteria included prior history of reduced LVEF (< 40%), 

severe valvular disease, known infiltrative or restrictive cardiomyopathy, hypertrophic 

cardiomyopathy, congenital heart disease, constrictive pericarditis, isolated pulmonary 

arterial hypertension, or history of heart transplantation.

Demographic and Clinical Characteristics

Detailed history, physical examination, and laboratory assessment were made at the time of 

initial evaluation. Echocardiographic data closest to this time was utilized. Coronary artery 

disease was defined as prior myocardial infarction, ≥ 50% stenosis on coronary angiography, 

or prior coronary revascularization. Obstructive sleep apnea was diagnosed from chart 

review and documented sleep study, and atrial fibrillation from chart review and 

electrocardiography. Glomerular filtration rate (GFR) was calculated by the Chronic Kidney 

Disease Epidemiology Collaboration equation (22). Abnormal serum free kappa/lambda 

light chain ratio was defined as <0.26 or >1.65.

Echocardiography and Strain Analysis

Comprehensive clinical 2D/Doppler echocardiograms obtained within 12 months prior to 

enrollment were analyzed (GE Vivid e95, General Electrics, Boston, MA; or Philips iE33, 

Philips Healthcare, North Ryde, New South Wales, Australia). Patients also underwent 

limited 2D echocardiography at the time of endomyocardial biopsy, and speckle-tracking 

strain analysis performed in the apical 4-chamber view (TomTec 2D Cardiac Performance 

Analysis v.1.2.3.6; Unterschleissheim, Germany). In patients with technically adequate 

strain images (n=73), peak longitudinal strain for 6 segments of the LV in the apical 4-

chamber view was measured and averaged to yield LV longitudinal strain. RV free wall 

strain was derived by averaging peak longitudinal strain of basal, mid, and apical RV free-

wall segments. Relative apical strain was defined as the average of the peak LV longitudinal 

strain from the 2 apical segments divided by the average of the 4 remaining mid and basal 

segments (23). The difference between average apical and average basal or mid longitudinal 

strain was also calculated.
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Right Heart Catheterization and Endomyocardial Biopsy

Right heart catheterization and endomyocardial biopsy were performed in the supine 

position using standard Seldinger technique with echocardiographic and hemodynamic 

guidance. Biopsies were obtained from the RV septum using a Jawz Endomyocardial 

Bioptome (Argon Medical, Frisco, TX), and 4 pieces were sent for clinical histology. A 

thermodilution-equipped, fluid-filled pulmonary artery catheter (Edward Lifesciences Corp, 

Irvine, CA) was advanced, and right atrial, RV, pulmonary artery (PA), and PAWP pressures 

were measured at end-expiration with a properly zeroed transducer. Pressure recordings 

were analyzed off-line at a 50 mm/s paper speed with adjustment of pressure (mmHg) scale 

as needed. Cardiac output was determined by thermodilution technique from a mean of three 

consecutive measurements with less than 10% variance.

Clinical Histology

Endomyocardial biopsies were fixed in 10% buffered formalin, analyzed by the Johns 

Hopkins anatomic pathology laboratory and stained with hematoxylin and eosin, Masson’s 

trichrome, iron, Congo Red, and CD68. Fibrosis (Masson’s trichrome) and myocyte 

hypertrophy and were graded using a qualitative scale (mild, moderate, severe) by a 

cardiovascular pathologist (C.S. or M.K.H.). Cardiac amyloidosis (HFpEF-CA) was based 

on Congo Red staining with at least moderate interstitial infiltration of amyloid fibrils. 

Follow-up mass spectrometry was performed at the Mayo Clinic (Rochester, MN) to 

determine amyloid type, and confirmatory genetic testing was performed for transthyretin 

cardiac amyloidosis (ATTR).

Quantitative analysis of fibrosis and CD68+ cell number was performed using HALO (Area 

Quantification FL algorithm, Indica Lab, Albuquerque, NM) using slides digitized at 20X, 

and areas of endocardial fibrosis, thrombus, or adipose cells were excluded. Percent 

interstitial fibrosis was quantified in Masson’s trichrome stained slides, with 3 settings due 

to color variation, excluding HFpEF-CA due to overlap in color between collagen and 

amyloid. CD68+ monocytes were quantified from immunohistochemical staining, and pixel 

area of a representative cell was used to determine CD68+ cell number, normalized to tissue 

area. Myocardial fibrosis and CD68+ analysis employed myocardial tissue from non-failing, 

explanted, unused donor hearts as controls and explanted hearts prior to cardiac 

transplantation as HF with reduced ejection fraction (HFrEF), provided by the University of 

Pennsylvania through an IRB-approved protocol.

Statistical Analysis

Data are reported as median (25th-75th percentile) for continuous variables and numbers 

(proportions) for categorical variables. Quantitative histologic findings of % fibrosis and 

CD68+ cell count in non-amyloid HFpEF were compared to controls and HFrEF, 

respectively, and to HFpEF-CA for CD68+ cell count only, using Wilcoxon tests. 

Differences in baseline characteristics, echocardiographic and hemodynamic parameters 

between non-amyloid HFpEF and HFpEF-CA were compared using Wilcoxon tests for 

continuous variables and Fisher’s exact tests for categorical variables. Multivariable linear 

regression analyses were used to determine associations between clinical variables and 

natural log transformed values for % fibrosis and CD68+ cells, respectively. Multivariable 
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logistic regression was used to test associations between clinical variables and myocyte 

hypertrophy and cardiac amyloidosis. Covariates included age, sex, and race/ethnicity. 

Regression diagnostics including residual plots, influence, and leverage were run for each 

model. A p-value <0.05 was considered statistically significant. Statistical analyses were 

performed with Statistical Analysis Software (Version 9.4 SAS Institute Inc, Cary, NC) and 

STATA (version 15.1, StataCorp LLC, College Station, TX).

Results

HFpEF Demographics and Clinical Characteristics

The median age of the HFpEF cohort was 66 (57–74) years, 61% were women, 57% were 

self-reported African American, 93% had hypertension, 54% diabetes, and the median BMI 

was 36.9 (31.5–45.1) kg/m2 (Table 1). Clinical HF was reflected by: 99% with NYHA class 

II or more, 97% on a loop diuretic, 62% admitted for HF in the preceding 12 months, and 

median NTproBNP of 450 (111–1433) pg/mL. Echocardiographic findings (Table 2) were 

consistent with HFpEF, including median LVEF 65 (60–70) %, interventricular septal wall 

thickness 1.3 (1.1–1.5) cm, LA diameter 4.2 (3.6–4.6) cm, and E/e’ 16.8 (11.0–21.4). 

Invasive hemodynamic testing was consistent with HFpEF physiology (Table 2) including 

median right atrial pressure 10 (6–13) mmHg, PA mean pressure 29 (23–35) mmHg, PAWP 

18 (14–22) mmHg, with a median cardiac index of 2.4 (2.0–2.9) L/min/m2. The overall 

procedural complication rate for endomyocardial biopsies performed at Johns Hopkins over 

the study enrollment period was 0.17% for sustained arrhythmia events (requiring 

pharmacologic or electric cardioversion) and 0.06% for pericardial effusion requiring 

pericardiocentesis (total n=3,495).

Clinical characteristics of controls (n=13) and HFrEF (n=20) are summarized in 

Supplemental Table 1, including median age 53 (27–58) years, 46% female, 15% African 

American, with median BMI of 26.4 (21.9–29.6) kg/m2, and overall normal renal function 

for controls.

Histologic Analysis of HFpEF

Histopathology revealed (Figure 1): 93% with myocardial fibrosis (7% none, 66% mild or 

patchy, 17% moderate, 10% severe), 88% with myocyte hypertrophy (12% none, 45% mild, 

40% moderate, 3% severe), 14% with cardiac amyloidosis, and one with borderline 

myocarditis (0.9%). Figure 2 displays representative images.

Quantitative histopathology data are provided in Table 3. Non-amyloid HFpEF had more 

fibrosis compare to controls (6.3% [3.1–8.6] v. 2.8% [2.5–3.6]; p=0.003); but less fibrosis 

compared to HFrEF (8.3% [5.7–11.6]; p=0.03, Figure 3). Non-amyloid HFpEF had more 

CD68+ cells per mm2 compared to controls (60.4 cells per mm2 [36.8–97.8] vs 32.1 cells 

per mm2 [22.3–59.2] cells/mm2; p=0.02) and HFrEF (26.5 cells per mm2 [2.7–65.3]; 

p=0.003, Figure 4).
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Clinical correlates of myocardial fibrosis, inflammation, and hypertrophy in HFpEF

In multivariable regression analysis of clinical correlates with histopathologic findings, 

myocardial fibrosis showed a trend to be greater in African Americans and in patients with 

higher systolic blood pressure, however not statistically significant, Supplemental Table 2. 

CD68+ infiltration was associated with increased age (β 1.38, 95% CI [1.02–1.87]; p=0.04) 

and lower GFR (β 0.99, 95% CI [0.99–1.00]; p=0.02), Supplemental Table 3. Moderate or 

severe hypertrophy was inversely associated with troponin I ≥ 0.04 ng/mL (OR 0.24, 95% CI 

[0.06–0.9]; p=0.045), Supplemental Table 4. This result was driven by the HFpEF-CA 

patients, none of whom had moderate or severe hypertrophy.

Diagnostic Evaluation of HFpEF-CA

Of the 15 patients diagnosed with HFpEF-CA, 11 had ATTR cardiomyopathy (7 wildtype, 4 

mutation positive: 1 Val122Ile, 1 both Val122Ile and Phe44Leu [presumed to be in trans], 2 

Leu58His), 3 had amyloidogenic light (AL) chain amyloidosis, and 1 had AA amyloidosis 

(Table 4). One patient had only mild interstitial infiltration of the myocardium with amyloid 

and was categorized as non-amyloid HFpEF. At the time of referral, 8 patients (2 AL, 6 

ATTR) were suspected to have cardiac amyloidosis based on the following: 2 with 

unexplained left ventricular hypertrophy, 2 with infiltrative cardiomyopathy on cardiac MRI, 

3 with history of amyloid neuropathy, and 1 with very elevated serum free kappa/lambda 

ratio. Of the 7 unsuspected cases, 1 patient had AL amyloidosis, 1 patient had AA 

amyloidosis, and 4 patients had ATTR amyloidosis. Two patients with biopsy-confirmed 

ATTR cardiomyopathy had a prior 99m-technetium pyrophosphate (99mTc-PYP) scan: one 

positive despite a negative nerve biopsy for amyloid, the other negative despite a history of 

amyloid neuropathy. Another patient with IgG multiple myeloma was diagnosed with 

concomitant wild-type ATTR cardiac amyloidosis by biopsy. Of note, 7 of the 15 cases 

would not have been suspected to have cardiac amyloidosis based on recently published 

screening guidelines (24).

Non-amyloid HFpEF versus HFpEF-CA

Compared to non-amyloid HFpEF, HFpEF-CA patients were older, had lower blood 

pressures, lower BMI, and less burden of comorbidities such as hypertension, diabetes, 

obstructive sleep apnea, and obstructive lung disease (Table 1). HFpEF-CA patients had 

significantly higher NTproBNP (Figure 5A), and higher troponin I compared to non-amyloid 

HFpEF (Figure 5B). HFpEF-CA had greater wall thickness and LVMI (adjusted for sex), 

and reduced tissue Doppler e’ velocity compared to non-amyloid HFpEF (Table 2). Global 

LV longitudinal strain was lower in HFpEF-CA; however, other measures of diastolic 

function, LV and LA chamber dimensions, and several measures of apical sparing did not 

differentiate HFpEF-CA from non-amyloid HFpEF (Table 2). Cardiac output and RV stroke 

work index were lower and pulmonary vascular resistance was higher in HFpEF-CA (Table 

2).

Multivariable logistic regression analysis of clinical correlates of cardiac amyloidosis (Table 

5), revealed age ≥ median age of 66 years (OR 4.58 [1.17–17.96], p=0.03), LVMI (OR 1.03 

[1.01–1.06] per g/m2, p=0.001), ln (NTproBNP) (OR 1.93 [1.24–2.99], p=0.003) and 

troponin I ≥ 0.04 ng/mL (OR 17.26 [3.72–80.10], p=0.0003) were positively associated with 
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HFpEF-CA. BMI was inversely associated with HFpEF-CA (OR 0.85 [0.77–0.94], 

p=0.002).

Discussion

In the largest prospective evaluation of myocardial tissue in HFpEF patients to date, we 

found myocardial fibrosis and myocyte hypertrophy to be highly prevalent, however 

relatively mild in the majority of cases. CD68+ monocyte infiltration correlated with 

advanced age and renal disease in HFpEF. Importantly, we report myocardial biopsy-proven 

CA prevalence of 14%, with CA often unsuspected. This has major implications, particularly 

for ATTR disease, given recent advances in treatments (25). Our HFpEF cohort reflects the 

demographic and comorbidity burden that characterizes HFpEF today: female 

predominance, African American representation, and a substantial burden of comorbidities 

including severe obesity. Importantly, the HFpEF patients enrolled in our study had a high 

burden of HF, with >60% having been previously hospitalized for HF hospitalization, >95% 

on loop-diuretic therapy, and elevated NTproBNP levels despite obesity.

To place the current histological data set into perspective, in total there have been 3 studies 

of myocardial tissue assessment in a total of 49 living patients (excluding autopsy studies, 

those with history of heart transplantation, or those undergoing coronary artery bypass 

surgery) characterized by patients with predominantly hypertensive heart disease referred for 

evaluation of etiology of HFpEF (15–17). Additional myocardial studies in HFpEF stem 

from patients referred for coronary artery bypass surgery (14), representing a less common 

but important ischemic phenotype of HFpEF, and an autopsy report in HFpEF by 

Mohammed et al. in which HFpEF subjects had lower microvascular density and greater 

fibrosis than matched controls.(26)

HFpEF Myocardial Fibrosis and Inflammatory Cell Infiltration

Though prior studies have reported on myocardial fibrosis in HFpEF, tissue obtained at time 

of coronary artery bypass surgery or at autopsy could influence the extent of fibrosis 

detected (14–17). We found myocardial fibrosis to be highly prevalent in HFpEF; however, 

the presence of moderate-severe fibrosis was <30% of subjects. Furthermore, our 

comparison to HFrEF suggests that fibrosis is not unique to HFpEF. Therapies targeting 

fibrosis pathways may certainly benefit a subgroup of HFpEF in whom fibrosis is moderate 

or severe, however the potential benefit in those with mild or less fibrosis is unclear. Our 

cohort also had a substantial representation of African Americans in whom fibro-

proliferative disorders have a higher prevalence; African Americans with HFpEF are 

younger with greater comorbidities including hypertension, diabetes, chronic kidney disease, 

and obesity, and this may impact racial differences in myocardial fibrosis (4,27,28).

CD68 is a pan-monocyte marker for macrophages and dendritic cells. In a study of 6 patients 

referred for bypass surgery, macrophage infiltration was found and suggested to contribute 

to diastolic dysfunction (13). We found increased CD68+ cells to be associated with 

increased age and renal dysfunction in HFpEF, which may have implications for age-related 

increased prevalence of HFpEF. Furthermore, chronic kidney disease has been associated 

with systemic inflammation (29), with macrophages playing a pathophysiological role (30). 
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Anti-inflammatory therapies are an area of ongoing interest in HFpEF and warrant further 

study.

Cardiac Amyloidosis: A Distinct Phenotype of HFpEF

The reported prevalence of cardiac amyloidosis in HFpEF ranges from 5–13% (12,31). In an 

autopsy analysis of patients with HF history and LVEF > 40%, amyloid fibrils were found in 

19%; however, only 4.6% had sufficient amyloid deposition to be clinically classified as CA 

(12). In another study using 99mTc-3,3-diphosphono-1,2-propanodicarboxylic acid (99mTc-

DPD), ATTR amyloidosis was diagnosed in 13.3% of HFpEF patients (31), though the 

cohort was very elderly (mean age 82 years), required the presence of LV hypertrophy, and 

no confirmatory endomyocardial biopsies were obtained. Importantly, 99mTc-DPD only 

identifies ATTR amyloid; AL amyloid requires a tissue diagnosis. Until recently, CA 

diagnosis portended a poor prognosis given the lack of targeted therapies, however new 

therapies particularly for ATTR that stabilize transthyretin or reduce its gene expression are 

rapidly changing this landscape (25,32). Survival for patients with AL amyloidosis is also 

improving, with early detection and advances in light-chain reducing therapies (33).

We report a 14% prevalence of CA, consistent with prior reports, however nearly half of our 

CA diagnoses were unsuspected or would have been missed by recently proposed screening 

criteria (24). We suspect CA is significantly underdiagnosed within HFpEF and recommend 

systematic evaluation for CA in the evaluation of HFpEF patients. Our findings suggest the 

following clinical clues should raise suspicion for CA in HFpEF: older age, lower blood 

pressure, lower BMI, increased LV wall thickness, and higher NTproBNP and troponin I 

levels, some of which have been proposed (31,34). Notably, apical sparing strain pattern did 

not differentiate non-amyloid HFpEF from HFpEF-CA in our study, thus a normal strain 

pattern may not rule out CA in a HFpEF patient. Finally, self-identified race was 

unassociated with HFpEF-CA, though the most common TTR mutation in the US 

(Val122Ile) is present in ~4% of African Americans (32). This likely is due to the high 

prevalence of non-amyloid HFpEF in African Americans in our population. While there is 

growing evidence to support non-invasive diagnostic testing as part of initial screening for 

CA in HFpEF, our study supports the use of endomyocardial biopsy in select cases where 

non-invasive testing is equivocal, or clinical suspicion remains high for CA. This overall 

strategy is supported by a recent expert consensus statement (35).

Study Limitations

Our study has several limitations. This is a single center study from a dedicated HFpEF 

clinic constituting HFpEF patients with numerous co-morbidities which may limit 

generalizability. Our control tissue came from unused donor hearts, and therefore 

myocardial abnormalities associated with the donor’s cause of death cannot be ruled out; 

however, normal donor heart tissue remains the gold standard for myocardial tissue studies. 

The clinical characteristics of the control cohort differed from our HFpEF cohort which may 

further limit comparisons. Furthermore, RV endomyocardial biopsy provides localized 

sampling of tissue which may limit assessment of non-homogenous processes in the 

myocardium. Because patients were specifically referred for diagnosis and evaluation of 

HFpEF, the prevalence of cardiac amyloidosis may be higher from a referral bias. Finally, 
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our patients were not systematically referred for nuclear scans during the study enrollment 

period, and therefore we cannot definitively conclude whether those patients who were 

unsuspected for CA would have been identified by nuclear scan to have ATTR amyloidosis.

Conclusions

In this study of myocardial histopathology findings from a large-scale, prospectively 

enrolled HFpEF cohort, we found myocardial fibrosis and myocyte hypertrophy to be highly 

prevalent, however often mild in severity in HFpEF. Myocardial monocyte infiltration was 

greater in HFpEF compared to control tissue, and further studies are needed to clarify its 

contribution to disease pathobiology. We found HFpEF-CA prevalence to be 14%, with 

ATTR amyloidosis most commonly diagnosed, and often unsuspected. Given advances in 

non-invasive diagnostic testing and new therapies available, cardiac amyloidosis should be 

routinely considered and evaluated for as an etiology of HFpEF in patients with 

characteristic features. Further studies in tissue-based phenotyping in HFpEF may not only 

provide important insights into mechanisms of disease, but also potentially identify key 

treatable HFpEF phenotypes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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BMI body mass index

GFR glomerular filtration rate

HF heart failure

HFpEF heart failure with preserved ejection fraction

HFpEF-CA HFpEF-cardiac amyloidosis

HFrEF heart failure with reduced ejection fraction

LA left atrium

LV left ventricle

LVEF left ventricular ejection fraction

LVMI left ventricular mass index

Hahn et al. Page 9

JACC Heart Fail. Author manuscript; available in PMC 2021 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



NTproBNP N-terminal pro-B-type natriuretic peptide

NYHA New York Heart Association

PA pulmonary artery

PAWP pulmonary artery wedge pressure

RV right ventricle
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Clinical Perspectives

Competency in Medical Knowledge:

In a contemporary HFpEF population, myocardial fibrosis, myocyte hypertrophy, and 

monocyte infiltration were common, however often mild in severity. Cardiac amyloidosis 

was prevalent in 14% of HFpEF and was most commonly ATTR amyloidosis. Older age, 

lower blood pressure, lower BMI, increased wall thickness, and higher NTproBNP and 

troponin I correlated with amyloidosis in HFpEF.

Translational Outlook:

Myocardial tissue analysis is rare in HFpEF. Data from a large HFpEF cohort reflecting 

the prominence of metabolic syndrome and morbid obesity as co-morbidities show 

myocardial abnormalities including fibrosis, hypertrophy, and inflammation are highly 

prevalent, however with substantial variance. Furthermore, the findings also highlight that 

cardiac amyloidosis is likely underdiagnosed in HFpEF, and efforts to assess this in 

HFpEF are warranted.
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Figure 1. Frequency of Histologic Findings on Endomyocardial Biopsy in 108 HFpEF Patients.
Qualitative grading of myocardial fibrosis (Masson’s trichrome) and hypertrophy 

(Hematoxylin & Eosin) by a cardiovascular pathologist. Cardiac amyloidosis (Congo Red 

stain) was diagnosed in patients with at least moderate infiltration with amyloid fibrils. 

HFpEF, heart failure with preserved ejection fraction.
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Figure 2. Representative Histologic Findings on Endomyocardial Biopsies in HFpEF.
A) Interstitial fibrosis (blue) on Masson’s Trichrome stain. B) CD68+ cells (brown) on 

immunohistochemistry. C) Myocyte hypertrophy on Hematoxylin & Eosin stain. D) Cardiac 

amyloidosis on Congo Red stain. All images captured at 20x magnification.
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Figure 3. Percent Fibrosis Higher in HFpEF v. Control Tissue, but Lower than HFrEF.
Percent area with fibrosis was analyzed in the Masson’s trichrome stained slides using 

image analysis platform HALO and slides digitized at 20X. *Non-amyloid HFpEF vs 

control, p=0.003; **non-amyloid HFpEF vs HFrEF, p=0.03; Wilcoxon test. HFpEF = Heart 

failure with preserved ejection fraction; HFpEF-CA = HFpEF-cardiac amyloidosis, HFrEF = 

Heart failure with reduced ejection fraction.
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Figure 4. CD68+ inflammation greater in HFpEF v. control tissue and HFrEF.
CD68+ inflammation was analyzed using image analysis platform HALO and slides 

digitized at 20X. CD68+ cell number was calculated as number of cells per tissue area in 

non-amyloid HFpEF, HFpEF-CA, control, and HFrEF tissue. *Non-amyloid HFpEF vs 

control, p=0.02; non-amyloid HFpEF vs HFpEF-CA, p=0.09; non-amyloid HFpEF vs 

HFrEF, p=0.0033, Wilcoxon test. HFpEF = Heart failure with preserved ejection fraction; 

HFpEF-CA = HFpEF-cardiac amyloidosis, HFrEF = Heart failure with reduced ejection 

fraction.
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Figure 5A. Serum NTproBNP higher in HFpEF-CA v. non-amyloid HFpEF.
Serum N-terminal pro-B-type natriuretic peptide was significantly higher in HFpEF-CA 

compared to NTproBNP. Natural log transformed values are shown. *p=0.0002, Wilcoxon 

test. HFpEF = heart failure with preserved ejection fraction; HFpEF-CA = HFpEF-cardiac 

amyloidosis. NTproBNP = N-terminal pro-B-type natriuretic peptide.
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Figure 5B. Troponin I elevated in HFpEF-CA v Non-Amyloid HFpEF.
Frequency of patients within each range of troponin I. *p<0.0001, Fisher’s exact test. 

HFpEF = Heart failure with preserved ejection fraction; HFpEF-CA = HFpEF-cardiac 

amyloidosis.
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Central Illustration. Myocardial Histopathologic Findings and Prevalence in Heart Failure with 
Preserved Ejection Fraction and Associated Clinical Comorbidities.
Representative histologic images and frequency of findings from 108 HFpEF patients 

studied are shown for fibrosis (Masson’s trichrome), hypertrophy (Hematoxylin & Eosin), 

inflammation (CD68 immunohistochemistry), and cardiac amyloidosis (Congo Red stain). 

CD68+ inflammation was compared to control tissue in n=76 non-amyloid HFpEF patients. 

*p=0.02 for comparison between CD68+ staining cells in HFpEF v. controls. HFpEF, heart 

failure with preserved ejection fraction.
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Table 1.

Demographic and clinical characteristics of HFpEF stratified by presence or absence of cardiac amyloidosis.

All patients (n=108) Non-amyloid HFpEF 
(n=93) HFpEF-CA (n=15) P value

Age (years) 66 (57–74) 65 (56–72) 74 (68–79) 0.001

Sex, n (%) 0.09

 Female 66 (61.0) 60 (64.5) 6 (40.0)

Race, n (%) 0.23

 African American 62 (57.4) 56 (60.2) 6 (40.0)

 Caucasian 43 (39.8) 34 (36.6) 9 (60.0)

 Other 3 (2.8) 3 (3.2) 0 (0)

Hospitalized for Heart Failure in the last 12 
months, n (%) 67 (62.0) 61 (65.6) 6 (40.0) 0.08

NYHA Class, n (%) 0.14

 I 1 (0.9) 1 (1.1) 0 (0)

 II 36 (33.6) 28 (30.4) 8 (53.3)

 III 67 (62.6) 61 (66.3) 6 (40.0)

 IV 3 (2.8) 2 (2.2) 1 (6.7)

Systolic BP (mmHg) 141 (125–162) 141 (128–163) 125 (111–139) 0.01

Diastolic BP (mmHg) 70 (65–79) 72 (65–79) 69 (66–77) 0.81

Heart Rate (bpm) 78 (68–88) 77 (66–87) 80 (70–92) 0.16

BMI (kg/m2) 36.9 (31.5–45.1) 37.6 (33.2–45.6) 29.4 (25.1–34.2) 0.0001

Past Medical History, n (%)

 Hypertension 100 (92.6) 91 (97.8) 9 (60.0) <0.0001

 Diabetes mellitus 58 (53.7) 54 (58.1) 4 (26.7) 0.03

 Obstructive CAD 15 (13.9) 13 (14.0) 2 (13.3) 1.00

 Atrial fibrillation or flutter 34 (31.5) 28 (30.1) 6 (40.0) 0.55

 Obstructive sleep apnea 46 (42.6) 44 (47.3) 2 (13.3) 0.02

 COPD or asthma 34 (31.5) 33 (35.5) 1 (6.7) 0.03

Medications, n (%)

 ACE inhibitor 31 (28.7) 30 (32.3) 1 (6.7) 0.06

 ARB 33 (30.6) 29 (31.2) 4 (26.7) 1.00

 Beta-blocker 65 (60.2) 57 (61.3) 8 (53.3) 0.58

 Aldosterone antagonist 31 (28.7) 30 (32.3) 1 (6.7) 0.06

 Loop Diuretic 105 (97.2) 90 (96.8) 15 (100.0) 1.00

 Insulin 33 (30.6) 32 (34.4) 1 (6.7) 0.03

Laboratory Studies

GFR (CKD-EPI), ml/min/1.73m2 49 (34–70) 49 (34–70) 55 (35–68) 0.79

NTproBNP (pg/mL) 450 (111–1433) 353 (100–946) 3245 (1012–4542) 0.0002

Troponin I (ng/mL, n=83 HFpEF, n=12 HFpEF-
CA) 0 (0–0) 0 (0–0) 0.09 (0–0.12) <0.0001
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All patients (n=108) Non-amyloid HFpEF 
(n=93) HFpEF-CA (n=15) P value

Troponin I ≥0.04ng/mL (n=83 HFpEF, n=12 
HFpEF-CA), n (%) 18 (18.95) 10 (12.05) 8 (66.67) 0.0001

Abnormal K/L ratio (≤0.26 OR ≥1.65), n (%) 35 (34.3) 28 (32.2) 7 (46.7) 0.38

6 minute walk distance (meters, n=55 HFpEF 
n=6 HFpEF-CA), n (%) 204 (119–348) 203 (118–349) 229 (119–289) 0.91

Data are reported as median (25th–75th percentile), analyzed by Wilcoxon test, or n (%), analyzed by Fisher’s exact test. p<0.05 vs non-amyloid 
HFpEF (in boldface). ACE, angiotensin converting enzyme; ARB, angiotensin II receptor blocker; BP, blood pressure; BMI, body mass index; 
CAD, coronary artery disease; CKD-EPI, Chronic Kidney Disease Epidemiology collaboration; COPD, chronic obstructive pulmonary disease; 
GFR, glomerular filtration rate; HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFpEF-CA, HFpEF-cardiac amyloidosis; 
JVP, jugular venous pressure; K/L ratio, Kappa/Lambda free light chain ratio; NYHA, New York Heart Association symptom class; NTproBNP, N-
terminal pro-brain natriuretic peptide.
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Table 2.

Echocardiographic and invasive hemodynamics parameters in HFpEF stratified by presence or absence of 

cardiac amyloidosis.

All patients (n=108) Non-amyloid HFpEF 
(n=93) HFpEF-CA (n=15) P value

Echocardiography

 LV ejection fraction, % 65 (60–70) 65 (60–70) 60 (60–65) 0.18

 LV end diastolic diameter, cm 4.5 (4.1–5.0) 4.6 (4.2–5.0) 4.2 (3.8–4.9) 0.07

 Interventricular Septum thickness, cm 1.3 (1.1–1.5) 1.3 (1.0–1.5) 1.4 (1.3–2.0) 0.003

 LV posterior wall thickness, cm 1.1 (1.0–1.3) 1.1 (1.0–1.3) 1.3 (1.2–1.7) 0.002

 LA diameter, cm 4.2 (3.6–4.6) 4.2 (3.6–4.6) 4.2 (3.8–4.7) 0.77

 LV Mass, g 206 (157–261) 199 (155–248) 240 (201–342) 0.02

 Sex-adjusted LV Mass Index, g/m2 110 (91–134) 105 (90–126) 133 (104–167) 0.003

Tricuspid Regurgitant Peak Velocity, cm/s (n=43 
HFpEF, n=12 HFpEF-CA) 276 (252–308) 276 (245–316) 273 (254–290) 0.50

Tissue Doppler e’, cm/s (n=47 HFpEF, n=7 HFpEF-
CA) 5.7 (4.6–8.0) 6.0 (5.0–8.4) 4.0 (3.3–5.6) 0.01

E/e’ (n=53 HFpEF, n=7 HFpEF-CA) 16.8 (11.0–21.4) 16.8 (10.1–22.0) 20.9 (14.3–21.4) 0.50

E/A (n=74 HFpEF, n=9 HFpEF-CA) 1.1 (0.8–1.7) 1.1 (0.8–1.7) 1.4 (0.8–2.1) 0.38

Strain (n=64 HFpEF, n=9 HFpEF-CA unless otherwise specified)

 Global longitudinal % strain, LV (%) 13.9 (11.5–17.4) 14.6 (11.7–17.4) 9.3 (7.1–13.8) 0.03

 Average basal longitudinal strain, LV (%) 13.9 (9.8–16.3) 14.5 (11.3–16.9) 9.2 (7.7–12.6) 0.009

Average mid longitudinal strain, LV (%) 12.9 (9.2–15.7) 13.3 (9.9–15.9) 7.5 (4.5–13.7) 0.02

Average apical longitudinal strain, LV (%) 14.1 (10.1–17.3) 14.2 (10.2–17.4) 10.5 (9.5–16.5) 0.22

 Relative apical longitudinal strain, LV (%) 0.54 (0.35–0.76) 0.54 (0.35–0.75) 0.61 (0.46–0.92) 0.28

 Difference in apical vs. basal longitudinal strain, 
LV (%) 0.2 (−5.3–5.4) −0.3 (−5.7–6.1) 1.1 (0.3–5.4) 0.43

 Difference in apical vs. mid longitudinal strain, 
LV (%) 1.5 (−2.7–6.6) 1.4 (−3.0–6.4) 3.2 (−2.0–8.1) 0.60

 Relative apical longitudinal strain > 1, LV, n (%) 5 (6.9) 3 (4.7) 2 (22.2) 0.11

 Global longitudinal strain, RV (%, n=46 HFpEF, 
n=7 HFpEF-CA) 16.9 (11.9–18.9) 17.1 (13.1–19.1) 11.9 (6.9–17.9) 0.06

Hemodynamics

 Systolic blood pressure, mmHg 151 (131–167) 153 (140–171) 122 (114–141) 0.0003

 Diastolic blood pressure, mmHg 76 (70–85) 76 (71–86) 72 (67–82) 0.10

 Heart rate, bpm 75 (65–87) 75 (65–86) 82 (74–92) 0.03

 RA pressure, mmHg 10 (6–13) 10 (6–13) 10 (6–11) 0.73

 PA systolic pressure, mmHg 44 (33–54) 45 (33–54) 40 (37–53) 0.85

 PA diastolic pressure, mmHg 20 (16–25) 20 (17–25) 20 (16–24) 0.76

 PA mean, mmHg 29 (23–35) 29 (23–35) 29 (24–34) 0.94

 PAWP, mmHg 18 (14–22) 19 (15–22) 18 (13–22) 0.71

 PA saturation, % 67.7 (62.6–71.5) 67.9 (63.6–72.1) 66.5 (60.9–69.6) 0.10
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All patients (n=108) Non-amyloid HFpEF 
(n=93) HFpEF-CA (n=15) P value

 Cardiac output, Liters/min 5.57 (4.38–6.47) 5.74 (4.49–6.63) 4.13 (3.30–4.80) 0.0006

Cardiac index, Liters/min/m2 2.43 (2.03–2.92) 2.48 (2.13–3.00) 2.19 (1.69–2.57) 0.02

Systemic vascular resistance index, dynes-sec/cm
−5/m2 2994 (2387–3519) 2972 (2386–3499) 3126 (2537–4188) 0.26

Pulmonary vascular resistance, Wood units 1.91 (1.21–2.76) 1.82 (1.21–2.66) 2.61 (2.01–4.15) 0.02

RV stroke work index, g/m2/beat 8.2 (5.5–10.9) 8.8 (6.0–12.0) 5.5 (4.5–8.9) 0.046

Transpulmonary gradient, mmHg 10 (7–13) 10 (7–14) 11 (8–13) 0.59

Diastolic pulmonary gradient, mmHg 2 (0–5) 2 (0–5) 2 (1–4) 0.50

RA/PCWP ratio 0.54 (0.43–0.63) 0.55 (0.42–0.63) 0.50 (0.43–0.65) 0.68

Data are reported as median (25th–75th percentile), analyzed by Wilcoxon test, or n (%), analyzed by Fisher’s exact test. Strain data are reported as 
absolute values. p<0.05 vs non-amyloid HFpEF (in boldface). E/A, mitral inflow E wave velocity divided by A wave velocity; E/e’, mitral inflow E 
wave velocity divided by tissue Doppler e’ velocity; LV, left ventricle; LA, left atrium; PA, pulmonary artery; PAWP, pulmonary artery wedge 
pressure; RV, right ventricle.
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Table 4.

Summary of cardiac amyloidosis types diagnosed by endomyocardial biopsy from a HFpEF cohort, n=108.

Type of Cardiac Amyloidosis (n=15) n (% of HFpEF-CA)

Transthyretin amyloidosis (ATTR) 11 (73.3)

 Wild type 7 (46.7)

 Mutant 4 (26.7)

  Val122Ile 1 (6.7)

  Leu58His 2 (13.3)

  Val122Ile and Phe44Leu (presumed to be in trans) 1 (6.7)

Light chain amyloidosis 3 (20.0)

Serum amyloid A type 1 (6.7)

ATTR = Transthyretin amyloidosis; HFpEF = Heart failure with preserved ejection fraction; HFpEF-CA = HFpEF-cardiac amyloidosis.
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Table 5.

Multivariable logistic regression of correlates of HFpEF-CA

Odds Ratio 95% CI P value

Age ≥ median (66 years) 4.58 1.17–17.96 0.03

Female sex 0.43 0.13–1.43 0.17

Black or African-American race 0.78 0.23–2.68 0.69

Systolic blood pressure (per mmHg) 0.97 0.94–1.00 0.07

Body mass index (per kg/m2) 0.85 0.77–0.94 0.002

Diabetes mellitus 0.32 0.09–1.16 0.08

Glomerular filtration rate (per mL/min/1.73m2) 1.00 0.98–1.03 0.70

Coronary artery disease 0.54 0.10–2.97 0.48

LV mass index (per g/m2) 1.03 1.01–1.06 0.001

ln(NTproBNP in pg/mL) 1.93 1.24–2.99 0.003

Troponin I ≥0.04ng/mL 17.26 3.72–80.10 0.0003

Age, sex, and race were each adjusted for the other two variables. Each subsequent variable was adjusted for age, sex, and race in a separate model. 
CI, Confidence Interval. HFpEF-CA, heart failure with preserved ejection fraction-cardiac amyloidosis; LV, left ventricle; NTproBNP, N terminal 
pro-B type natriuretic peptide.

JACC Heart Fail. Author manuscript; available in PMC 2021 September 01.


	Abstract
	Introduction
	Methods
	Study Population
	Demographic and Clinical Characteristics
	Echocardiography and Strain Analysis
	Right Heart Catheterization and Endomyocardial Biopsy
	Clinical Histology
	Statistical Analysis

	Results
	HFpEF Demographics and Clinical Characteristics
	Histologic Analysis of HFpEF
	Clinical correlates of myocardial fibrosis, inflammation, and hypertrophy in HFpEF
	Diagnostic Evaluation of HFpEF-CA
	Non-amyloid HFpEF versus HFpEF-CA

	Discussion
	HFpEF Myocardial Fibrosis and Inflammatory Cell Infiltration
	Cardiac Amyloidosis: A Distinct Phenotype of HFpEF
	Study Limitations

	Conclusions
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Figure 5A.
	Figure 5B.
	Central Illustration.
	Table 1.
	Table 2.
	Table 3.
	Table 4.
	Table 5.

