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Abstract

Diastolic dysfunction (DD) and left ventricular remodeling (LVR) characterize patients at risk for heart failure (HF). To
assess the prognostic impact of different diastolic function algorithms and a complex LVR classification (CRC) in asymp-
tomatic subjects with preserved ejection fraction (EF) at risk for HF. We analyzed 1923 asymptomatic patients (male 43%;
age 57, 33-76 years) with at least one cardiovascular risk factor and preserved (>50%) EF. We used three algorithms for LV
diastolic function assessment (Paulus et al. in Eur Heart J 28(20):2539-2550, 2007; Nagueh et al. in J Am Soc Echocardiogr
22(2):107-133, 2009, Eur Heart J Cardiovasc Imaging 17(12):1321-1360, 2016), and two algorithms for LVR (classic and
CRC). We considered a composite end-point: cardiac death and hospitalization for HF. The highest presence of DD was
diagnosed by Nagueh 2009 (211, 11%), while the prevalence according to Nagueh 2016 (63 patients, 3.2%) turned out to be
the lowest (p <0.001 vs the other algorithms). According to CRC, 780 (48.6%) patients had normal or physiologic hyper-
trophy, 298 (15.5%) concentric remodeling, 85 (4.4%) eccentric remodeling, 294 (15.3%) concentric hypertrophy, 39 (2%)
mixed hypertrophy, 80 (4.1%) dilated hypertrophy, 73 (3.7%) eccentric hypertrophy and 294 (15.3%) were unclassifiable.
After 39-month follow-up (261 events, 13.6%), Cox-regression (adjusted for age, gender, history of stable ischemic heart
disease, classic remodeling classification) identified CRC (p =0.01) and Nagueh 2016 (p <0.001) as independent predictors
of end-point. The coexistence of an adverse LVR by CRC and DD by Nagueh 2016 was associated with the worst prognosis.
A concurrent structural (CRC) and functional (Nagueh Op. Cit) analysis improves prognostic stratification in asymptomatic
subjects at risk for HF with preserved EF.
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DD Diastolic dysfunction

DT E-wave deceleration time

E/A ratio Ratio of proto to tele-diastolic trans-
mitral flow velocities

E/e’ ratio Ratio of proto-diastolic trans-mitral

e’ wave velocity

flow velocity to TDI average septal and
lateral velocities

TDI mitral annular proto-diastolic wave

velocity
EDD End-diastolic diameter
EDV Left ventricular end-diastolic volume
EF Ejection fraction
ESV Left ventricular end-systolic volume

E-wave velocity

PW transmitral proto-diastolic wave
velocity

HF Heart failure
LAVi Indexed left atrial volume
LV-EDVi Indexed left ventricular end-diastolic
volume
LVH Left ventricular hypertrophy
LVMi Indexed left ventricular mass
LVR Left ventricular remodeling
PWT Posterior wall thickness
RWT Relative wall thickness
SIHD Stable ischemic heart disease
TR Tricuspid regurgitation
Background

Heart Failure (HF) involves approximately 1-2% of the adult
population in developed countries, rising to > 10% among
people > 70 years of age [1]. Pre-clinical abnormalities in
left ventricular (LV) structure and function are each inde-
pendently associated with overt HF.

Adverse LV remodeling (LVR) and diastolic dysfunction
(DD) are the main pathophysiological markers of patients
with HF and preserved ejection fraction (HFpEEF, i.e.,
EF > 50%), which accounts for up to one-half of cases of
HF syndrome [1, 2]. An accurate assessment of diastolic
function is a challenge both for a multiplicity of echocardio-
graphic indexes and substantial overlap between values in
healthy subjects and patients [3]. Consistently, in sub-studies
of randomized controlled trials on HFpEF, diastolic function
according to present-day algorithms may result normal, even
in the context of elevated natriuretic peptides, and a fur-
ther 20-30% have only mild or grade I diastolic dysfunction
[4-6]. The latest joint task force proposed a new and simpler
system for grading diastolic function [7], but the prevalence
and outcomes of DD in asymptomatic patients have yet to
be studied [8]. LV hypertrophy (LVH) is considered another
hallmark of HFpEF [1]. Echocardiography allows an agile
and clinically useful analysis of LVR [3]. The universally
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known 4-group classification of LVR considers the only esti-
mation of LV mass index (LVMi) and relative wall thick-
ness (RWT) as classifying variables [9]. A more complex
LVR classification (CRC) includes indexed LV end-diastolic
volume (LV-EDVi), adding further phenotypes [10]. How
the interplay (and the distribution) of DD and LVR outper-
form in prognostic stratification of asymptomatic subjects at
increased HF risk has largely to be proven.

The integration of a morpho-functional evaluation in pre-
clinical stages may offer the appeal of a better prognostic
stratification.

We thus designed this study to:

e assess the prevalence of DD using different diastolic
function algorithms [7, 11, 12],

e describe the association between DD and CRC,

e evaluate the prognostic impact of a combined structural
and functional analysis in a cohort of asymptomatic sub-
jects at risk for HF.

Materials and methods
Study population

We retrospectively selected consecutive patients with pre-
served EF from a multicenter study by the Italian Soci-
ety of Cardiovascular Echography (SIEC): Disfunzione
Asintomatica del Ventricolo Sinistro (DAVES) [13]. It
included asymptomatic subjects at risk for HF aged more
than 18 years admitted to 19 laboratories for transthoracic
examination in the presence of > 1 cardiovascular risk fac-
tors, from 2003 to 2004. The ethic committees approved
the study. All laboratories were selected in agreement with
the American Society of Echocardiography (ASE) require-
ments [14]. The following cardiovascular risk factors were
considered: stable ischemic heart disease (SIHD, defined as
history of angina or previous coronary revascularization),
hypertension (systolic blood pressure > 140 mmHg, diastolic
blood pressure >90 mm Hg, or on therapy), diabetes mel-
litus (fasting glucose > 7.0 mmol/L or on therapy), hypercho-
lesterolemia (total cholesterol >200 mg/dL or on therapy),
family history of cardiovascular disease (including CAD
and cardiomyopathy) and smoking (>1 cigarette/day; ces-
sation of smoking < 10 years was considered as smoking).
Exclusion criteria were: unstable coronary artery disease
(CAD) in the past 6 months, valvular heart disease (moder-
ate/severe), atrial fibrillation, anemia (hemoglobin < 12 mg/
dL in women and < 13 mg/dL in men), renal failure (accord-
ing to estimated glomerular filtration rate, eGFR <45 mL/
min/mz), endocrine disorders. Pericardial disease, pulmo-
nary hypertension, aortic diseases and cardiomyopathy were
excluded, as patients with pacemakers. Obese subjects were
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also excluded (BMI > 30 kg/m?), since indexing for body
surface area (BSA) may result in underestimation biases [3].
All subjects provided written informed consent and medical
history.

Echocardiography

All selected subjects underwent a complete 2-dimensional
echocardiographic study to evaluate LV functional and struc-
tural findings. Echocardiograms were acceptable when at
least 80% of the endocardium was visible. Quantitative anal-
ysis was done, for each laboratory, by the same expert opera-
tor. All measurements were performed as a mean of three
cardiac cycles [3]. We excluded echocardiograms without
a comprehensive tissue doppler imaging analysis. A ran-
dom sample of 5% of patients was centrally re-analyzed by
two independent investigators to evaluate intra- and inter-
observer variability.

Diastolic dysfunction assessment

DD assessment was based on the latest recommendations
[7], together with 2009 recommendations [11] and 2007
consensus statement [12]. For each classification algorithm,
we classified the patients as having normal, abnormal (DD)
or undetermined diastolic function. A random sample of 5%
of patients was centrally re-analyzed by two independent
observers.

According to the inclusion criteria, all patients had pre-
served EF and were classified accordingly, starting with the
Nagueh 2016 algorithm for the diagnosis of LV DD. In the
presence of hypertension and pathological LV hypertrophy,
we identified a condition of myocardial disease; thus, as sug-
gested by Nagueh, we used the algorithm for estimation of
LV filling pressures and grading LV DD in patients with
depressed LVEFs and patients with myocardial disease and
normal LVEF.

Left ventricular remodeling

RWT was calculated as the ratio of 2 X posterior wall thick-
ness and End-diastolic diameter (EDD), while LV Mass
was calculated according to Devereux formula [15]. Both
EDV and LVMi were indexed for BSA. According to the
CRC [10], we identified eight LV geometric patterns: nor-
mal ventricle, physiological hypertrophy, concentric remod-
eling, eccentric remodeling, concentric hypertrophy, mixed
hypertrophy, dilated hypertrophy, eccentric hypertrophy (no
patient with atrophy). We included physiologic hypertrophy
as part of normal remodeling pattern, due to its relatively
low prevalence in our population. We considered the pat-
tern as undetermined if the LV geometry was unclassifiable
by CRC (eight groups in total). A random sample of 5%

of patients was centrally re-analyzed by two independent
observers.

Follow-up and outcome events

Follow-up was performed using clinical controls, the hospi-
tal database and phone contact. We considered a composite
end-point: cardiac death, hospitalization for worsening HF
and acute pulmonary edema.

Statistical analysis

Continuous measures were expressed as the mean value
and 95% confidence interval (CI) or median and 95% CI
for normally and skewed distributed variables. Categorical
variables are presented as percentages and were compared
using the Chi square test. We measured intra-observer and
inter-observer reproducibility with intra-class correlation
coefficient (ICC) and its 95% confidence intervals (CIs).
Concordance between diastolic function algorithms and
between two raters was assessed using the Kappa statistic.
Cox regression analysis was performed to establish inde-
pendent predictors of outcome (HR and 95% CI), includ-
ing DD as a dichotomous variable (normal/abnormal) and
CRC (considering eight LV remodeling patterns). Variance
inflation factor excluded multi-collinearity between selected
variables. Time-to-event data were also evaluated with the
use of Kaplan—Meier estimates. To confirm the incremental
value of proposed classifications for the occurrence of end-
point, we performed a stepwise model of logistic regression
analysis. For each step, we tested the differences using the
Chi square test. A two-tailed p-value <0.05 was considered
significant. All data were analyzed using SPSS software
(version 23.0; SPSS, Inc., Chicago, IL).

Results

A final population of 1923 patients (male 43%; Age 57,
33-76 years) were suitable for comprehensive assessment
of diastolic function analysis and CRC. Table 1 summa-
rizes clinical characteristics, together with risk factors and
comorbidities. Echocardiography-derived parameters were
summarized in Table 2. We obtained a good intra-observer
(all ICCs>0.8) and a good inter-observer repeatability (all
ICCs>0.8) of all the parameters included in Table 2.

Left ventricular diastolic function
Diastolic function analysis using three different algo-
rithms revealed the presence of an abnormal pattern in a

minority of the population (Table 3): the highest presence
of DD was diagnosed by Nagueh 2009 (211, 11%), that
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Table 1 Clinical characteristics of the study population (n=1923)

General characteristics

Male gender 827 (43%)
Age (years) 57 (33-76)
Height (cm) 165 (150-180)
Weight (kg) 70 (50-98)
BMI (kg/m?) 25.9 (20-28.9)
BSA (m?) 1.8 (1.7-1.9)
SAP (mmHg) 135 (105-170)
DAP (mmHg) 80 (70-100)
SIHD 192 (10)
Cerebrovascular disease 58 (3)
COPD 38 (2)
PAD 47 (1.5)
CKD 19 (1)

Risk factors
Family history heart disease 630 (32.8)
Dyslipidaemia 1250 (65)
Arterial hypertension 884 (46)
Smoke 423 (22)
Diabetes mellitus 192 (10)

Medications
Diuretic 365 (19)
ACE-inhibitor 1000 (52)
AT-II antagonist 231 (12)
Dihydropyridine CCBs 442 (23)
Non-dihydropyridine CCBs 115 (6)
Beta-blockers 635 (33)
Alpha-blockers 96 (5)
Nitrates 308 (16)
Anti-platelets 788 (41)
Statins 808 (42)

The data are presented as number and (%), mean and 95% confidence
intervals if normally distributed or median and 5-95 percentile range
if not normally distributed

ACE angiotensin-converting enzyme, AT-1] angiotensin receptor II,
BMI body mass index, BSA body surface area, CCB calcium chan-
nel blocker, CKD chronic kidney disease, COPD chronic obstructive
pulmonary disease, DAP diastolic arterial pressure, PAD peripheral
artery disease, SAP systolic arterial pressure, SIHD stable ischemic
heart disease (defined as history of angina or previous coronary
revascularization)

was nearly equivalent to the frequency of DD based on
Paulus 2007 (209, 10.9%; p =ns); the prevalence accord-
ing to Nagueh 2016 (63 patients, 3.3%) turned out to be
the lowest (p <0.001 vs the other two algorithms). In
all the three algorithms, the proportion of DD increased
with age, describing the highest frequency of DD in sub-
jects > 60 years of age (p <0.02; Fig. 1). The proportion of
patients with undetermined diastolic function was similar
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across the three algorithms, with a non-significant higher
prevalence in Nagueh 2016 (n= 154, 8%). A significant
different distribution of male and female patients was
noted in all the three algorithms (p <0.001), considering
a normal diastolic function (42% vs 58% in Nagueh 2009,
41.5% vs 58.5% in Nagueh 2016, and 41.6% vs 58.4%
in Paulus 2007), DD (44.2% vs 55.8% in Nagueh 2009,
47% vs 53% in Nagueh 2016, and 45% vs 55% in Paulus
2007) and undetermined diastolic function (54% vs 46%
in Nagueh 2009, 57% vs 43% in Nagueh 2016, 67% vs
33% in Paulus 2007). Concordance analysis between three
algorithms is reported in the Supplemental Material.

Left ventricular remodeling

We summarized the distribution of patients according to the
classic and CRC in the Supplemental Table 1. Significant
different gender distribution was noted in both classifica-
tions (p <0.001). In the classic classification, we observed a
higher proportion of women with normal morphology (57%
vs 43%), concentric hypertrophy (55% vs 45%) and eccen-
tric hypertrophy (68% vs 32%), while an equal frequency
of male and female patients with concentric remodeling
was observed. As far as CRC, we described a higher pro-
portion of women with normal morphology (65% vs 35%),
concentric hypertrophy (59% vs 41%) and eccentric hyper-
trophy (70% vs 30%). The frequency of male was higher
in patients with eccentric remodeling (63% vs 38%) and
mixed hypertrophy (65% vs 35%), while a similar distri-
bution of male and female patients with dilated hypertro-
phy (52% vs 48%), concentric remodeling (52% vs 48%)
or unclassifiable morphology (50% vs 50%) was observed.
An age trend was detected only in CRC (p<0.001), with
oldest patients in concentric hypertrophy subgroup (62.7,
60.4—64.7 years) and the youngest ones in the normal pattern
(53.5, 51.5-55.8 years). Concordance between two raters
was assessed using the Kappa statistic as a measure of agree-
ment: 0.96 for classic LVR classification and 0.91 for CRC.

Follow-up analysis

During the follow-up (39 +9 months), we observed 261
(13.6%) events: 140 (7.3%) hospitalization for HF, 111
(5.8%) cardiac deaths and 10 (0.6%) episodes of acute pul-
monary edema. Univariate Cox regression analysis identified
CRC (p<0.001) and the presence of DD according to all
the three algorithms (Paulus 2007; Nagueh 2009: p=0.01;
Nagueh 2016: p <0.001) as independent predictors of com-
posite end-point. In multivariate analysis, adjusted for age,
gender, SIHD, and classic LVR classification, we observed
CRC (p=0.01), age (p=0.006) and DD identified by Paulus
2007 p=0.01) and Nagueh 2016 (p <0.001) as independent
predictive factors (Table 4). We analyzed the distribution of
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Table 2 Echocardiographic parameters in the overall population
(n=1923)

Variable Overall population

LV end-diastolic diameter (mm) 51.2 (45.2-57.7)

LV EDVi (mL/m?) 59.1 (43.2-92.5)
EF (%) 65 (61.8-69.3)
Inter-ventricular septum (mm) 10.5 (8.1-13.1)
Posterior wall (mm) 9.7 (7.7-11.8)
Tricuspid reg. max Vel. (m/s) 2.5-2.9 (2.4-3.1)
Estimated sPAP (mmHg) 31 (23-40)

RWT
LV Mass indexed (g/m?)
E wave velocity (cm/s)

0.36 (0.30-0.45)
94.4 (65.2-157.4)
75.5 (48.4-98.9)

E/A ratio 1.1 (0.8-1.5)
Deceleration time (ms) 195 (170-250)
Average €’ (cm/s) 9 (7-12)
Average E/e’ ratio 7.5 (6.2-14.9)
LAVi (mL/m?) 29.5 (16.5-43.7)
Pulmonary veins S/D ratio 1.7 (0.8-2.1)
TAPSE (mm) 23 (18-27)

The data are presented as mean and 95% confidence intervals if nor-
mally distributed or median and 5-95 percentile range if not normally
distributed

EDVi end-diastolic volume indexed, EF ejection fraction, LAVi left
atrial volume indexed, LV Left ventricular, RWT relative wall thick-
ness, sPAP systolic pulmonary artery pressure

Table 3 Diastolic function distribution in the population (n=1923)
according to three algorithm

Paulus 2007

Normal 1618 (84.1)
Diastolic dysfunction 209 (10.9)
Undetermined 96 (5)
Nagueh 2009

Normal 1636 (85.1)
Diastolic dysfunction 211 (11)
Grade 1 150 (71)
Grade 11 61 (29)
Grade 111 0
Undetermined 76 (4)
Nagueh 2016

Normal 1706 (88.7)
Diastolic dysfunction 63 (3.3)
Grade 1 45 (71.4)
Grade II 18 (28.6)
Grade 111 0
Undetermined 154 (8)

The data are presented as number and (%)

population considering both the CRC and diastolic function
assessment by Nagueh 2016 classification (Supplemental
Table 2). Kaplan—Meier analysis showed a significant differ-
ent event-free survival distribution (log-rank test: p <0.001)
of the remodeling patterns (Fig. 2a): the worst prognosis was
reported for patients with concentric hypertrophy, followed
by eccentric, mixed and dilated hypertrophy. In the same
way, diastolic function demonstrated a significant different
event-free survival distribution (log-rank test: p<0.001;
Fig. 2b), and the worst prognosis was observed in patients
with DD. Then, we subdivided total population according
to the coexistence of DD using Nagueh 2016 and adverse
hypertrophy pattern (concentric, eccentric, mixed and
dilated) based on CRC (Group A, n=56, 2.9%), the presence
of DD or adverse hypertrophy pattern (Group B, n=437,
22.7%) and the absence of DD and any adverse hypertrophy
pattern (Group C, n=1430, 74.4%). Kaplan—Meier analysis
proved a significantly worse prognosis for Group A, fol-
lowed by Group B and C (Fig. 2c). Survival analysis was
also performed in the subgroup of patients with an unde-
termined diastolic function using Nagueh 2016 (n=154),
confronting the coexistence (n=77) and the absence (n="77)
of an adverse remodeling pattern (according to CRC), show-
ing a worse prognosis associated with hypertrophy (Fig. 2d).

Discussion
Main findings of the present paper are:

e The prevalence of DD in asymptomatic subjects at risk
for heart failure is low; it is lower with more recent diag-
nostic algorithms and increases with age;

e A gender difference is reported for DD and CRC;

e CRC and DD have been shown to be outcome predictors;

e The coexistence of DD and adverse remodeling subtend
an adverse prognosis.

Left ventricular diastolic function

HFpEF develops from a complex interplay among several
mechanisms, but it has been speculated that DD is probably
the critical element beneath it and may also represent the
pre-clinical alteration leading to an overt syndrome [16, 17].
In the clinical arena, DD is an echocardiographic, rather
than clinical, diagnosis [7, 12]. Unfortunately, the diagnosis
of DD is challenging: a recent report found that more than
half of consecutive patients coming to the echo laboratory
leave with a limited assessment of diastolic function, due
to numerous reasons (e.g. tachycardia, E-to-A fusion, atrial
fibrillation, valvular dysfunction) [18]. Even after the exclu-
sion of these patients, a substantial proportion of subjects
remains unclassifiable (10-17%), with a poor concordance
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Fig.1 Study population %

stratified by age and classified 16

according to three diagnos-

tic algorithms (Paulus 2007, 14

Nagueh 2009 and Nagueh 2016)

12 10.9 11.0

10
8
6.6
6
4 33
2
0

Overall

MW Paulus 2007

between different algorithms [18, 19]. In this study, we
selected a population at Increased risk of HF with preserved
EF. Nevertheless, some patients were classified as an unde-
termined diastolic function (5% with Paulus 2007, 4% with
Nagueh 2009, 8% with Nagueh 2016). The presence of DD
was associated with a significant age trend, reflecting the
progressive myocardial stiffening of ageing [8] The majority
of the study population is made up mainly of women (57%),
and a significant sex-specific difference was documented
in all the algorithms: higher prevalence of female patients
with both normal and altered diastolic function, and a higher
frequency of male patients in undetermined cases. In accord-
ance with the literature, we ascribed this distribution of DD
to gender-related differences in LVR in response to common
types of injuries. Indeed, women are more likely associated

2.2 22

20-40 yrs
m Nagueh 2009

15.0
13.8
9.6
8.0
4.1
2

41-60 yrs
m Nagueh 2016

>60 yrs

with DD and low cardiac output syndrome, that are the main
foundations of HFpEF [20]. Univariate survival analysis
demonstrated a significant association of female gender with
adverse prognosis, but diastolic function evaluation, in par-
ticular the presence of DD, proved to be a better predictor of
poor survival at multivariate analysis, after adjusting for age,
gender, SIDH and different LVR patterns. This finding is of
utmost importance, because the prevalence of DD was quite
low, and only a mild-to-moderate DD was observed, without
severe cases of DD. Moreover, the latest classification [7]
identified the lowest proportion of DD in comparison with
previously proposed algorithms [11, 12], and nevertheless,
it performed as the best independent predictor at multivari-
ate analysis. We confirmed in this large sample a relatively
limited concordance between the three different diastolic

Table 4 Cox proportional

. Parameter Univariate analysis p-value  Multivariate analysis ~ p-value
haza.rd 'model: independent . (HR (95% CI) (HR (95% CI)
predictive factors for composite
end-point Age 1.009 (1.006-1.011)  <0.001  1.007 (1.002-1.012)  0.006
Gender (male) 0.891 (0.877-0.983)  0.03 0.992 (0.882-1.117)  ns
SIHD 1.196 (1.092-1.416)  0.02 1.238 (0.995-1.539)  ns

Diabetes mellitus

Arterial hypertension

Smoke

CKD

Paulus 2007

Nagueh 2009

Nagueh 2016

Classic remodeling classification
Complex remodeling classification

1.126 (0.839-1.237)  ns
1.093 (0.902-1.142)  ns
1.041 (0.879-1.205)  ns
0.893 (0.754-1.107)  ns

1257 (1.132-1.318)  <0.001  1.034 (1.012-1.201)  0.01
1.055 (1.012-1.274)  0.01 0.935 (0.836-1.045)  ns
1352 (1.297-1.387)  <0.001  1.291 (1.195-1.396)  <0.001
1.081 (1.010-1.284)  0.04 0.984 (0.960-1.109)  ns
1317 (1.194-1.368)  <0.001  1.064 (1.013-1.118)  0.01

CI confidence intervals, CKD chronic kidney disease, HR hazard ratio; STHD stable ischemic heart disease
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Fig.2 Kaplan—Meier event-free survival curves. Patient population
(n=1923), assigned according to the left ventricle (LV) complex
remodeling classification (CRC) (a) and LV diastolic function evalu-
ation assessed by Nagueh 2016 (b). In panel ¢, population was sub-
divided according to the coexistence of an LV diastolic dysfunction
(DD) based on Nagueh 2016 and an adverse LV hypertrophy pattern
(concentric, eccentric, mixed and dilated) based on CRC (Group A,

function algorithms [18], except for normal diastolic func-
tion. Probably, the higher prognostic accuracy of Nagueh
2016 is related to a redistribution of patients from DD as
assessed by previous algorithms to undetermined diastolic
function. Indeed, undetermined patients by Nagueh 2016
showed an intermediate survival probability between the
presence of DD and normal diastolic function.

Left ventricular remodeling

LVR is defined as an alteration in heart structure in response
to any myocardial injury [21]. LV dilatation or hypertrophy
are significantly associated with an increased likelihood
of overt HF and adverse events [22, 23]. A renewed and
complex classification of LVR demonstrated a better prog-
nostic stratification in comparison with the classic one [10,
24]. In this study, we selected only asymptomatic patients
at risk for HF. A normal morphology was observed in the
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n=56), the presence of DD or adverse hypertrophy pattern (Group
B, n=529) and the absence of DD and any adverse hypertrophy pat-
tern (Group C, n=1338). In panel d, the subgroup of patients with an
undetermined (UND) diastole was subdivided according to the pres-
ence (n=77) or absence (n=77) of an adverse LV hypertrophy pat-
tern

majority of the population, both with classic classification
(47%) and CRC (40.6%, including patients with physiologi-
cal hypertrophy). CRC proved to be a better predictor of
adverse prognosis respective to classic classification, even
adjusting for age, gender, SIDH and the presence of DD.
Noteworthy, significant different gender distribution was
noted using CRC, with a female prevalence in patterns char-
acterized by more advanced LVR, in particular concentric
(59%) and eccentric hypertrophy (70%). These patterns were
associated with the worst prognosis at survival analysis, in
agreement with our previous findings [25, 26]. Of interest,
former studies focused on HF regardless of EF, revealing a
higher prevalence of male patients in all the adverse LVR
patterns. In the present study, the higher predominance of
female patients in the overall population and more adverse
LVR patterns has probably related to the exclusion of sub-
jects with reduced EF.
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The importance of a concurrent structural
and functional analysis

Our findings demonstrated even in asymptomatic patients
the presence of hypertrophic patterns in a quarter of the
population, while only about 3% of the patients presented a
DD, using the classifications revealing the best prognostic
value (CRC and Nagueh 2016, respectively).

Certainly, structural and functional alterations proved to
be strictly connected, because 89% of the patients with DD
had an adverse LVR, defined as the development of a hyper-
trophic pattern. Being pressure overload associated with
arterial hypertension one of the most frequent risk factors in
the study, it was not surprising concentric hypertrophy was
the principal structural alteration. Concentric hypertrophy,
together with other hypertrophic patterns (eccentric, mixed
and dilated hypertrophy) had the worst outcome invariably.
Then, we developed a survival model showing the coex-
istence of adverse LVR and DD was characterized by the
most unfavourable prognosis, while a significantly better
survival was observed in the presence of only one alteration
(functional or structural) and the lowest number of events
was recorded in patients with a normal morphology or low-
grade LVR and without DD. Previous pathophysiological
studies confirmed DD and adverse LVR independently as
typical findings of early stages of HFpEF [27-30] Moreo-
ver, we analyzed the behaviour of patients with undeter-
mined diastole (a non-negligible proportion [8%], in line
with previous findings in the literature [8, 31]), showing
an intermediate prognosis between the presence of DD and
normal diastolic function. Interestingly, CRC succeeded in
also stratifying this subgroup, proving the coexistence of
an adverse hypertrophy pattern is associated with a worse
prognosis. On the contrary, almost all patients with an unde-
termined LVR pattern were characterized by normal diastole
(93%), with no cases of DD. Only 18 patients (1% of total
population) remained completely undetermined after using
both the functional (Nagueh 2016) and the structural (CRC)
assessment. To our knowledge, this is the first study show-
ing the concurrent analysis of different diastolic algorithms
and LVR classifications in asymptomatic subjects at risk
for HF with preserved EF. In this respect, Nagueh 2016 and
CRC proved to be reliable assets with incremental prognos-
tic value, in addition to basal clinical evaluation.

Limitations

The main limitation of the present study is its retrospective
nature. However, we excluded as many confounding factors
as possible. Moreover, the cohort was relatively young, with
an average of 55 years. This is due to strict inclusion criteria,
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potentially limiting the applicability of our findings in an
older patient group. Another study limitation was the use of
composite outcomes. The use of standard echocardiographic
assessment instead of more sophisticated methods (e.g.,
strain imaging; three-dimensional echocardiography) could
be considered both a limitation and a strength of the study.
Anyway, we focused on the utility of currently established
and available echocardiographic techniques, this being a
real-world study. Another limit of the study is represented
by the lack of determination of natriuretic peptide levels.
Finally, both Nagueh 2016 and CRC were unable to classify
154 (8%) and 294 (15.3%) patients, respectively, in line with
literature [8, 10, 24, 31].

Conclusions

In asymptomatic subjects at risk for HF with preserved EF,
the latest diastolic function algorithm [7] identified a lower
prevalence of DD in comparison with previous ones, dem-
onstrating higher prognostic value. CRC retained a better
prognostic stratification than classic LVR classification. We,
therefore, propose a concurrent functional and structural
evaluation of asymptomatic patients at increased HF risk,
to improve diagnostic capability and outweigh the potential
limitations of both classifications, in particular in cases of
undetermined diastolic or LVR assessment.
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