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Background: Low flow (LF) in heart failure with preserved ejection fraction (HFpEF) is a paradox but is
associated with worse prognosis. Determinants of LF in HFpEF have not been clarified but their assess-
ment could corroborate recognition and definition of such a paradoxical condition.
Methods: A cohort of 193 patients hospitalized with HFpEF was retrospectively studied and divided in a
group with LF (N = 45), defined by a left ventricular (LV) stroke volume index (SVI) < 30 ml/m?, and a
group with normal flow (N = 148). A small LV cavity was pre-defined as LV end diastolic diameter index
(EDDI) below median values (<25 mm/m? for males and <26 mm/m? for females). Right ventricular dys-
function (RVD) was defined as the ratio between tricuspid annular plane systolic excursion and systolic
pulmonary artery pressure < 0.36 mm/mmHg. An endpoint of all-cause mortality was evaluated after a
median follow-up of 2.4 years.
Results: RVD (OR = 7.4; P < 0.001), atrial fibrillation (AF) during echocardiography (OR = 3.26; P = 0.008),
and small LV cavity (OR = 3.81; P = 0.003) were independently associated with LF. After adjusting for age,
body mass index, systolic blood pressure, renal function, chronic obstructed pulmonary disease, use of
ACE inhibitors/angiotensin receptor blockers, moderate tricuspid regurgitation, RVD), LF was associated
with mortality (HR = 3.69; P < 0.001) whereas the combination of the determinants of LF was not.
Conclusion: Paradoxical LF in HFpEF is associated with small LV cavity, AF and RVD. None of the combi-
nation of different factors associated with LF could substitute direct assessment of LF status in predicting
prognosis in this cohort.

© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

On the basis of the left ventricular ejection fraction (LV-EF) val-
ues, heart failure (HF) is currently differentiated in a form with
preserved, mid-range and reduced LV-EF (HFpEF, HFmrEF and
HFrEF, respectively) [1]. While in patients with HFrEF the LV
anterograde flow, evaluated by stroke volume index (SVI), is
expected to be low, this is not obvious in patients with HFpEF.
Recently, Patel et al. [2] showed that, in a cohort of stable outpa-
tients with HFpEF, there is substantial heterogeneity in the resting
SVI distribution and that more than one-third of the study patients
had a low-flow (LF) “paradoxical” phenotype. Lower resting SVI
was independently associated with lower peak VO, and higher
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NT-proBNP levels, both known markers of adverse prognosis in
HF patients [2]. The issue of the LF paradoxical phenotype should
also be considered for hospitalized patients with HFpEF. In previ-
ous studies we have shown that a reduced SVI is associated with
a worse outcome in these patients but the clinical and echocardio-
graphic determinants of the paradoxical HFpEF phenotype were
not clarified [3]. Such an information would be important to fully
understand and characterize the profile of hospitalized HFpEF
patients with LF status and possibly guide their management.
Therefore, in this study we sought to explore this issue.

2. Methods

Study patients. A cohort of adult patients hospitalized with HF
and a LV-EF >50% was evaluated. Diagnosis of acute HF was estab-
lished on the basis of clinical signs and symptoms and adjunctive
investigations (e.g. chest X-rays) according to current guidelines
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[1]. This cohort is part of a wider group of 581 consecutive patients
with suspected HF enrolled in a previous investigation [4]. Two-
hundred and ninety-two patients were excluded because of LV-
EF < 50%. At the hospital discharge, 231 patients had a confirmed
diagnosis of HFpEF (diagnoses non confirmed as HFpEF were pul-
monary embolism in 27 patients, chronic obstructive pulmonary
disease exacerbation in 11, acute coronary syndrome in 5, pneu-
monia and sepsis in 10 and cardiac tamponade in 5 patients). At
the moment of the echocardiographic analysis, 38 patients were
excluded because of severe valve heart disease (including severe
tricuspid regurgitation), defined on the basis of current guidelines
[5]. Thus, the final study sample included 193 patients. All echocar-
diograms were performed at the central echocardiographic labora-
tory of our hospital.

Baseline characteristics. Baseline demographic and clinical
patients’ characteristics and therapy at discharge were collected.
Hypertension was defined on the basis of the use of antihyperten-
sive drugs or of a previous diagnosis of hypertension. The first
blood pressure at the time of admission was used. Results of blood
test at time of admission were collected. Glomerular filtration rate
(GFR) was calculated with the Cockroft-Gault formula and then
normalized to a standard body surface area (BSA) of 1.73 m2. The
BSA was calculated using the Mosteller formula.

If BNP or NT-proBNP had not been measured at the time of
admission, the first available assay during hospitalization was
used. Because either BNP or NTproBNP was available for each sin-
gle patient, we pre-defined a unifying high natriuretic peptides
(NatPs) category as BNP or NTproBNP above the upper limit of nor-
mality with the following cut-off values for the acute HF setting
[6]: BNP > 100 pg/ml; NTproBNP > 450 pg/ml (age < 50 years),
>900 pg/ml (age 50-75 years), >1800 pg/ml (age > 75 years); a
25% higher threshold was considered for patients in atrial fibrilla-
tion [6]. Heart rate and rhythm at the time of the echocardio-
graphic examination were recorded.

Echocardiographic examination. A comprehensive echocar-
diographic, Doppler and color Doppler examination was performed
using a GE Vivid 7 or E9 echo scanner (GE Health Care, Milwaukee,
US) equipped with a 3.5 MHz transducer. Echocardiographic
images were stored in digital format and analyzed using the Echo-
PAC software v. 201 (GE Health Care, Milwaukee, US). One trained
physician did all the echocardiographic measures, according with
the American Society of Echocardiography/European Association
of Cardiovascular Imaging guidelines [7]. Echocardiographic analy-
sis was performed without knowledge of clinical or hemodynamic
data. Indexed LV end-diastolic diameter (EDDI) was measured at
the level of the mitral valve leaflet tips on two-dimensional images
[7]. Indexed LV end-diastolic and end-systolic volumes (EDVI and
ESVI, respectively) were calculated from orthogonal apical views
using the biplane Simpson method and LV-EF was derived from
the standard equation [7]. Left atrial maximal volume index (LAVI)
was calculated using the biplane method [7]. The relative wall
thickness and LV mass index (LVMI) were assessed according to
current guidelines and used to define the 4 following patterns of
LV geometry: normal geometry, concentric remodeling, eccentric
and concentric hypertrophy [7]. The mitral peak E wave velocity,
peak A wave velocity and their ratio as well as the average annular
peak e’ velocity and the E/e’ ratio were measured and calculated
and information about normal or elevated LV filling pressure were
derived according with the recommendations for the evaluation of
LV diastolic function [8]. Cardiac valve regurgitations were graded
conform to current guidelines [5]. The tricuspid annular plane sys-
tolic excursion (TAPSE) was measured on the M-mode tracing [9].
The systolic pulmonary artery pressure (sPAP) was calculated from
peak tricuspid regurgitation jet velocity, using the simplified Ber-
noulli equation and combining this value with an estimate of the
right atrial pressure [9]. The TAPSE/sPAP ratio was used as an index

of right ventricular (RV) systolic function with a pre-specified cut-
off of < 0.36 mm/mmHg to define RV dysfunction (RVD) [10]. For
each Doppler-based and M-mode measurement, estimates were
obtained from 3 cardiac cycles in sinus rhythm or 5 in atrial fibril-
lation (AF).

The LV forward stroke volume (SV) was calculated as the pro-
duct of the LVOT outflow tract area and the time-velocity integral
(TVI) of the aortic flow velocity, as previously described [3].
Because SV depends on BSA, it was indexed to the BSA (in m?) to
obtain the SVI. A LF status was defined as a SVI < 30 ml/m? accord-
ing with previous studies [3,11].

Endpoints and follow-up duration. The primary study end-
point was to identify clinical and echocardiographic variables asso-
ciated with the LF phenotype in hospitalized HFpEF patients. As a
secondary endpoint we evaluated all-cause mortality. The outcome
status was determined by the hospital medical informatic plat-
form, which is updated with patients who passed away in our
country region. The median duration of the follow-up period was
2.4 years (interquartile range: 1.9-3.1 years).

Statistical analysis. Normal distribution was tested with the
Kolmogorov-Smirnov test. Continuous variables were expressed
as median values with 25th and 75th percentiles. Categorical vari-
ables were reported as counts and percentages. Baseline continu-
ous variables across different subgroups were compared with the
Mann-Whitney U test, and categorical variables were compared
with the chi-square test or Fisher exact test, as appropriate. For
the primary endpoint, an univariate logistic regression analysis
was initially performed to determine the odds ratios (ORs) for
the LF status, which are reported with 95% confidence intervals
(CIs). Variables found to be statistically significant at the univariate
analysis were included as covariates in the multivariate logistic
regression analysis to find the determinants of LF. A matrix of cor-
relation with correlation coefficients (R value) was derived to
account for collinearity (R>|0.5]). A score for LF accounting for
the weight of the ORs from the multivariate logistic regression
analysis was derived. For the secondary endpoint, a univariate
Cox regression analysis was performed to determine the hazard
ratios (HRs) for all-cause mortality, which are reported with 95%
ClIs. Variables found to be statistically significant at the univariate
analysis were included as covariates in the multivariate Cox
regression analysis. Because collinearity was found between deter-
minants of LF and LF and between determinants of LF and RVD,
three multivariate models were tested, one including LF and RVD
(Model 1), one with determinants of LF (Model 2) and one with
the score for LF (Model 3) in addition to the other significant
covariates. C-statistic was used to compare the strength of the
multivariate models. Estimated survival rates and 95% Cls were
obtained using the Kaplan-Meier method and compared with the
log-rank test. Small LV cavity was pre-defined as LV-EDDI below
median values of the study population (25 and 26 mm/m? for EDDI
for males and females respectively). Data were analyzed using the
IBM SPSS Statistics software, v. 24. Differences were considered
statistically significant for P < 0.05. The study was approved by
the local Ethics Committee.

3. Results

Patients characteristics. Patients’ characteristics are reported
in Table 1 for the overall cohort and subgroups of patients with
normal flow (NF) and LF. Patients with LF were the 23% of the over-
all HFpEF patients and their median SVI was 26 ml/m?. Compared
to NF patients, those with LF had lower systolic blood pressure
(SBP), higher heart rate and more AF during echocardiography,
lower LVMI, LV-EDDI, EDVI and ESVI, higher sPAP, lower TAPSE
and TAPSE/sPAP and higher percentage of deaths during
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Table 1
Baseline patient characteristics according to flow status.

Total NF LF P

N =193 N = 148 (77%) N =45 (23%)
Age (years) 81 (73-87) 81 (72-87) 9 (75-87) 0.772
Males (n) 87 (45%) 67 (45%) 0 (44%) 0.922
BMI (kg/m?) 27 (24-31) 27 (24-30) 28 (24-32) 0.198
Hystory of HF (n) 46 (24%) 37 (25%) 9 (20%) 0.491
Hystory of AF (n) 85 (44%) 60 (41%) 25 (56%) 0.076
Previous diagnosis of CA (n) 8 (4%) 4 (3%) 4(9%) 0.087
Hypertension (n) 148 (77%) 115 (78%) 33 (73%) 0.544
Diabetes (n) 52 (27%) 45 (30%) 7 (16%) 0.049
CKD (n) 56 (29%) 47 (32%) 9 (20%) 0.128
CAD (n) 59 (31%) 44 (30%) 15 (33%) 0.646
COPD (n) 45 (23%) 33 (22%) 12 (27%) 0.544
NYHA class (n) 0.291
I 12 (6%) 8 (5%) 4 (9%)
111 168 (87%) 128 (87%) 40 (89%)
\" 13 (7%) 12 (8%) 1(2%)
SBP (mmHg) 145 (120-163) 150 (130-170) 130 (110-160) 0.017
DBP (mmHg) 80 (70-90) 80 (70-90) 80 (65-90) 0.327
GFR at admission (ml/min/1.73 m?) 43 (27-59) 43 (26-59) 43 (31-60) 0.626
NT-proBNP (pg/ml) 3257 (1830-6273) 3009 (1766-6273) 4388 (2545-6840) 0.215
BNP (pg/ml) 512 (309-855) 496 (265-924) 555 (354-795) 0.368
High NatPs (n) 172 (92%) 130 (92%) 42 (95%) 0.391
Admission-to-echo time (days) 4 (2-8) 4 (2-8) 4 (2-9) 0.295
HR during TTE (bpm) 71 (63-80) 70 (62-76) 80 (66-90) <0.001
AF during TTE (n) 61 (32%) 36 (24%) 5 (56%) <0.001
LVMI (g/m?) 102 (90-115) 104 (91-115) 5 (82-108) 0.04
LV-EDVI (ml/m?) 50 (41-60) 52 (44-62) 2 (37-49) <0.001
LV-ESVI (ml/m?) 20 (16-25) 21 (17-26) 7 (14-21) 0.001
LV-EF (%) 59 (55-64) 58 (55-64) 9 (56-65) 0.617
LV-EDDI (mm/m?) 25 (23-28) 26 (24-28) 24 (22-25) <0.001
RWT 0.42 (0.38-0.46) 0.42 (0.37-0.45) 0.44 (0.38-0.54) 0.062
LV geometry 0.058
Normal 65 (34%) 51 (34%) 14 (31%) -
Concentric remodeling 47 (24%) 30 (20%) 17 (38%) 0.017
Eccentric hypertrophy 36 (19%) 32 (22%) 4 (9%)
Concentric hypertrophy 45 (23%) 35 (24%) 10 (22%) -
E/A ratio 0.9 (0.6-1.38) 0.9 (0.65-1.3) 0.7 (0.6-1.5) 0.711
E/e’ ratio 12 (9-16) 12 (9-15) 4 (8-23) 0.37
LAVI (ml/m?) 45 (37-55) 45 (37-55) 3 (36-58) 0.862
sPAP (mmHg) 43 (35-50) 40 (35-50) 8 (35-58) 0.045
SVI (ml/m?) 38 (31-46) 40 (36-48) 26 (23-28) <0.001
CI (1/min/m?) 2.64 (2.17-3.19) 2.85 (2.42-3.36) 2 (1.69-2.23) <0.001
TAPSE (mm) 19 (16-22) 20 (18-23) 15 (13-18) <0.001
Moderate MR (n) 58 (30%) 44 (30%) 14 (31%) 0.86
Moderate AR (n) 17 (9%) 15 (10%) 2 (4%) 0.238
Moderate TR (n) 48 (25%) 32 (22%) 16 (36%) 0.058
TAPSE/sPAP (mm/mmHg) 0.44 (0.32-0.59) 0.49 (0.38-0.63) 0.3 (0.22-0.37) <0.001
Beta-blockers at discharge (n) 128 (66%) 96 (65%) 32 (71%) 0.504
ACEI/ARB at discharge (n) 84 (44%) 70 (47%) 14 (31%) 0.055
MRA at discharge (n) 70 (36%) 54 (37%) 6 (36%) 0.909
Duration of hospitalization (days) 9 (5-14) 9 (4-14) 1(6-15) 0.242
Deaths at follow-up (n) 83 (43%) 50 (34%) 33 (73%) <0.001

Baseline characteristics of the study population. Continuous variables are expressed as median (25th and 75th percentiles) and categorical variables as counts (frequency
percentages). ACEI, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; AR, aortic regurgitation; ARB, angiotensin receptor blocker; BMI, body mass index; CA,
cardiac amyloidosis; CAD, coronary artery disease; CI, cardiac index; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; DBP, diastolic blood
pressure; EDDI, end diastolic diameter index; EDVI, end diastolic volume index; EF, ejection fraction; ESVI, end systolic volume index; GFR, glomerular filtration rate; HF,
heart failure; HR, heart rate; LAVI, left atrial volume index; LF, low flow; LV, left ventricular; LVMI, left ventricular mass index; MR, mitral regurgitation; MRA, mineralo-
corticoid receptor antagonist; NF, normal flow; NatPs, natriuretic peptides; NYHA, New York Heart Association; RWT, relative wall thickness; SBP, systolic blood pressure;
sPAP, systolic pulmonary artery pressure; SVI, stroke volume index; TAPSE, tricuspid annular plane systolic excursion; TR, tricuspid regurgitation; TTE, transthoracic

echocardiography.

follow-up (73%) (Table 1). Although concentric remodeling was
more common in LF patients (P = 0.017), no significant difference
in LV geometry was found between subgroups.

Determinants of Low Flow. Univariate and multivariate deter-
minants of LF are reported in Table 2. On univariate logistic regres-
sion analysis, SBP, heart rate and AF during echocardiography,
small LV cavity and RVD were associated with LF. On multivariate
logistic regression analysis, only AF during echocardiography (OR
3.26, P = 0.008), small LV cavity (OR 3.81, P = 0.003) and RVD
(OR 7.4, P < 0.001) maintained a significant association with the
LF status (Table 2). No significant collinearity was found among

variables (all correlation coefficients R values <|0.3]). The incre-
mental prevalence of the LF phenotype with the growing number
of independent determinants is shown in Fig. 1 (left panel). A score
with the weighted LF determinants (Fig. 1, right panel) was derived
accounting for the almost double OR of RVD compared to the
others. A secondary logistic regression analysis was performed to
investigate independent determinants of SVI < 35 ml/m? for sensi-
tivity analysis purpose, showing similar results to that observed
with the cut-off of 30 ml/m? (Suppl Table 1).

Outcome evaluation. The cumulative survival of NF patients
was 58.3%, whereas that of the LF patients was 24%. Suppl Fig. 1
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Table 2
Determinants of Low Flow in HFpEF at time of TTE evaluation.
Univariate OR P Multivariate OR P
Age (years) 1.01 (0.98-1.04) 0.505
Males (n) 0.97 (0.49-1.89) 0.922
BMI (kg/m?) 1.05 (0.99-1.11) 0.081
Hystory of HF (n) 0.75 (0.33-1.7) 0.492
Hystory of AF (n) 1.83 (0.94-3.6) 0.078
Previous diagnosis of CA (n) 3.51 (0.84-14.66) 0.085
Hypertension (n) 0.79 (0.37-1.7) 0.544
Diabetes (n) 0.42 (0.18-1.02) 0.054
CKD (n) 0.54 (0.24-1.21) 0.132
CAD (n) 1.18 (0.58-2.41) 0.646
COPD (n) 1.27 (0.59-2.73) 0.544
NYHA class (n) 0333
SBP (mmHg) 0.99 (0.98-1) 0.02 0.093
DBP (mmHg) 0.99 (0.97-1.01) 0.99
GFR at admission (ml/min/1.73 m?) 1(0.99-1.01) 0.757
High NatPs (n) 1.94 (0.42-9.01) 0.399
Admission-to-echo time (days) 1.03 (0.97-1.09) 0.383
HR during TTE (bpm) 1.05 (1.03-1.08) <0.001 0.114
AF during TTE (n) 3.89 (1.94-7.81) <0.001 3.26 (1.37-7.75) 0.008
LVMI (g/m?) 0.99 (0.97-1) 0.084
LV-EF (%) 6.19 (0.02-2000.05) 0.536
Small LV cavity 4.34(2.07-9.1) <0.001 3.81(1.56-9.3) 0.003
LV geometry 0.071
- Normal Referent
- Concentric remodeling 2.06 (0.89-4.78) 0.09
- Eccentric hypertrophy 0.46 (0.14-1.51) 0.197
- Concentric hypertrophy 1.04 (0.42-2.61) 0.932
High LV Pressure 0.95 (0.43-2.13) 0.309
LAVI (ml/m?) 1(0.97-1.02) 0.864
Moderate MR (n) 1.07 (0.52-2.2) 0.86
Moderate AR (n) 0.41 (0.09-1.88) 0.252
Moderate TR (n) 2 (0.97-4.13) 0.061
Right ventricular dysfunction 10.01 (4.56-22.01) <0.001 7.4 (3.13-17.49) <0.001

Abbreviations as in Table 1.

Determinants
of Low Flow
in HFpEF

Atrial fibrillation at time of Echo
LV-EDDI <25 mm/m? (Males) or

<26 mm/m? (Females)

Score for Low
Flow in HFpEF

(1x) Atrial fibrillation at time of Echo
(1x) LV-EDDI <25 mm/m? (Males) or

<26 mm/m? (Females)

TAPSE/sPAP <0.36 mm/mmHg

100+

Percentage

Number of determinants

Fig. 1. Incremental prevalence of Low Flow (LF) status in HFpEF patients with the growing number of determinants (left panel) and weighted determinants (right panel)
associated with LF. LV-EDD], left ventricular end diastolic diameter index; NF, normal flow; sPAP, systolic pulmonary artery pressure; TAPSE, tricuspid annular plane systolic

excursion. Overall P value < 0.001. *P < 0.05 vs. 0 and 1 risk factors.

shows the Kaplan-Meier survival of the overall cohort according to
LF determinants (Suppl Fig. 1A), LF score (Suppl Fig. 1B) and direct
echocardiographic assessment of LF (Suppl Fig. 1C). On univariate

Percentage

2

B F
] nF

Cox regression analysis LF, LF determinants and LF score were asso-
ciated with mortality (Suppl Table 2). At multivariate analysis, LF
maintained significant association with mortality (HR 3.69, Cls

(2x) TAPSE/sPAP <0.36 mm/mmHg

?

T

Score for Low Flow in HFpEF
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2.17-6.27, P < 0.001) after adjusting for other significant covariates
(age, body mass index, SBP, GFR, chronic obstructed pulmonary
disease, use of ACE inhibitors/angiotensin receptor blockers, mod-
erate tricuspid regurgitation, RVD; Model 1, Table 3), whereas LF
determinants did not (Model 2, Table 3). The LF score maintained
significant association with mortality (HR 2.51, CIs 1.56-4.03,
P < 0.001) after adjusting for age, body mass index, SBP, GFR,
chronic obstructed pulmonary disease, use of ACE inhibitors/an-
giotensin receptor blockers and moderate tricuspid regurgitation
(Model 3, Table 3). However, the multivariate model including
direct assessment of LF was the strongest one in mortality predic-
tion based on C-statistic (AUC for Model 1 = 0.823, P < 0.001; AUC
for Model 3 = 0.776, P < 0.001; Table 3).

4. Discussion

Our study shows that SVI is decreased (LF phenotype) in a sub-
stantial number of patients hospitalized with HFpEF, determining a
worse outcome. In these patients the LF phenotype is associated
with reduced LV size, presence of AF and RVD.

The issue of paradoxical HFpEF phenotype. Identification of
different phenotypes of clinical HF on the basis of LV-EF has limi-
tations [12]. One of the most important limits is that LV-EF normal-
izes SV to EDV. LV-EF, therefore, does not account for low SV in
patients with smaller LV cavity size. In these patients a paradoxical
hemodynamic situation occurs, because ejection of blood from the
LV is lower than expected in absolute terms, whereas it appears to
be within normal limits in percentage. This situation is similar to
that of paradoxical LF low-gradient aortic stenosis, where, despite
a normal LV-EF, the small LV is responsible for the low SV [11,13].

Prevalence and definition of LF HFpEF. Patel et al. [2] showed,
in a cohort of stable outpatients with HFpEF, that 37% of the study
patients had a LF phenotype. Similarly, Hachicha et al. [13] found
that the paradoxical LF low-gradient pattern accounted for 35%
of severe aortic stenoses with preserved LV-EF. In our study of
patients hospitalized with HFpEF, the proportion of the LF pheno-
type was lower (23%). This is mainly related to the different SVI
cut-off value utilized to define the HFpEF phenotype: <35 ml/m?
in the previously cited studies (2,13) and < 30 ml/m? in the present
study. In fact, in our investigation 79 patients (41% of the entire
study cohort) had a SVI < 35 ml/m2. The lower cut-off value used
in our study derives from our previous observation that a
SVI < 30 ml/m? is better associated with outcome, compared to a
SVI < 35 ml/m?, in patients hospitalized with HF [3]. This is also
in agreement with recent observations in patients with severe aor-
tic stenosis and normal LV-EF [11].

Determinants of the LF HFpEF. In our study, patients with the
LF HFpEF phenotype were characterized by small LV
(EDDI < 25 mm/m? in males and < 26 mm/m? in females), presence
of RVD, expressed by a TAPSE/sPAP ratio < 0.36 mm/mmHg, and AF
at the time of echocardiography. Interestingly, two of these factors,
that is, LV-EDD and AF, were also associated with the LF phenotype
in the study of Patel et al. [2] in ambulatory patients with stable
HFpEF, whereas RVD has been previously found to be associated
with lower SVI values in a community-based HFpEF cohort [14].
Although cause and effect cannot be established from our study,
the mechanisms by which all these factors may contribute to
determine the LF HFpEF phenotype are various. Regarding the LV
size, it is intuitive that a smaller LV ejects a lesser amount of blood,
especially when the ejection force cannot be much increased to
compensate for the smaller cavity size, as in the case of a sick LV.
In this study we provide, for the first time, cut-off values of LV-
EDDI that can help to identify a “small” LV. This is important to
precisely profiling the HFpEF patients. The mechanism by which
AF acts as a determinant of the LF phenotype is most likely related
to the lack of the atrial contribution to LV filling, which reduces the
LV preload and end-diastolic size. Finally, although we recognize
that RVD in HFpEF is mainly caused by post-capillary pulmonary
hypertension, other mechanisms may contribute to RVD perpetrat-
ing LF, including direct LV under-filling due to a decreased antero-
grade RV-SV and impeded LV filling by increased interventricular
interaction with direct compression of septum from a severely
enlarged RV [15]. When all these determinants coexist, prevalence
of LF HFpEF can be expected to be higher, as documented in our
study cohort (Fig. 1). Also, the strength of the association between
the RVD and LF HFpEF phenotype seems to be higher than the
other factors (Table 2).

Effect of gender. It is known that LV cavity size is lower in
females than in males [7]. In principle, therefore, an effect of gen-
der on the relationship between LV size and LF HFpEF can be
expected. In practice, however, this may not necessarily occur,
depending on the measure used for assessment of LV cavity size
in males and females. For example, LV-EDD is lower in females
than in males, but LV-EDDI is not different or even slightly higher
in females [7]. Conversely, LV-EDV and EDVI are both reduced in
females [7]. In addition, the correlation between LV-EDDI and EDVI
has been shown to be only moderate and even modest in females
[16], thus EDVI cannot be predicted by EDDI. These observations
highlight that LV-EDDI and EDVI are not interchangeable in deter-
mining a “small” LV cavity size.

Clinical implications. Assessment of LV-EF is generally the only
evaluation of LV systolic function performed in patients with HF,
especially in those with HFpEF. Our results, together with those

Table 3
Multivariate Cox regression analysis with relative risk of all-cause mortality.
Model 1 HR P Model 2 HR P Model 3 HR P
Age (per 5 years) 1.19 (1.03-1.39) 0.02 1.23 (1.06-1.42) 0.005 1.27 (1.1-1.47) 0.001
BMI 0.126 0.253 0.161
SBP (per 10 mmHg) 0.267 0.115 0.275
GFR at admission (per 10 ml) 0.8 (0.7-0.91) 0.001 0.88 (0.78-0.99) 0.027 0.88 (0.78-0.99) 0.037
CcoPD 1.78 (1.07-2.94) 0.026 0.111 0.269
ACEI/ARB at discharge 0.071 0.44 (0.26-0.75) 0.002 0.45 (0.27-0.76) 0.003
Moderate TR 0.413 2.01 (1.25-3.23) 0.004 0.497
Right ventricular dysfunction 1.85(1.1-3.13) 0.021 Not tested - Not tested -
Low Flow (SVI < 30 ml/m?) 3.69 (2.17-6.27) <0.001 Not tested - Not tested -
>2 LF determinants Not Tested - 0.054 Not tested -
LF score> 3 Not Tested - Not tested - 2.51 (1.56-4.03) <0.001
Model 1 AUC P Model 2 AUC P Model 3 AUC P
C-statistic 0.823 <0.001 0.765 <0.001 0.776 <0.001

Abbreviations as in Table 1.
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of Patel at al. [2], highlight the importance of assessing also SVI in
the management of patients with both stable and hospitalized
HFpEF [17]. Moreover, we suggest to include measures of LV cavity
size (EDDI) and RV function in the echocardiographic report to
fully characterize and interpret the paradoxical HFpEF profile. Fur-
ther investigations are needed to clarify whether the LF phenotype
may also be a target for cardioprotective therapies in patients with
HFpEF.

Study limitations and perspectives. (1) According to current
guidelines [7], LV-EDD was measured at the level of the mitral
valve leaflet tips on two-dimensional images. However, it has been
recently shown that measurement of the EDD at the midventricu-
lar level better reflects the ellipsoid geometry of the LV and pro-
vides a more accurate estimate of the LV cavity size [18]. (2) In
specific cardiomyopathies, like amyloidosis or hypertrophic car-
diomyopathy, characterized by a reduced LV cavity size, paradoxi-
cal HFpEF phenotype is expected to be more prevalent. However,
our study cohort was constituted by a generic group of hospitalized
HFpEF patients and only 4% had confirmed diagnosis of cardiac
amyloidosis, thus we could not make any specific comment on this
subset of patients. (3) Strain imaging (e.g. global longitudinal
strain) may reveal LV systolic dysfunction in patients with HFpEF.
A future investigation is needed to clarify whether SVI is reduced in
HFpEF patients characterized by impaired myocardial deformation.
(4) In this study the TAPSE/sPAP ratio was used as an index of RVD
instead of TAPSE alone, myocardial systolic excursion velocity (s’),
and fractional area change, which have limitations. TAPSE and s’ do
not reflect the contractile state of the RV but just its motion; they
are also afterload dependent, as well as fractional area change.
Conversely, the TAPSE/sPAP ratio examines the TAPSE versus sPAP
relationship, looking at the first as a variation in length and the sec-
ond as a developed pressure or force. This in vivo length-to-force
relationship has been shown to provide robust clinical and prog-
nostic insights that were stronger than those provided by TAPSE
alone [10].

Conclusions. The LF phenotype, identified by a SVI < 30 ml/m?,
represents about one-fourth of patients hospitalized with decom-
pensated HFpEF and carries a worse outcome. This phenotype is
associated with smaller LV cavity size, RVD and AF at the time of
echocardiography. We suggest to perform the evaluation of SVI
in all patients with HFpEF together with a clinical and echocardio-
graphic profiling as discussed above on a routine basis.

Appendix A. Supplementary material

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.ijcha.2020.100539.
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