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Abstract

Left atrial (LA) structure and function in heart failure with reduced (HFrEF) versus preserved ejection fraction (HFpEF) is
only established in small studies. Therefore, we conducted a systematic review of LA structure and function in order to find
differences between patients with HFrEF and HFpEF. English literature on LA structure and function using echocardiography
was reviewed to calculate pooled prevalence and weighted mean differences (WMD). A total of 61 studies, comprising 8806
patients with HFrEF and 9928 patients with HFpEF, were included. The pooled prevalence of atrial fibrillation (AF) was
34.4% versus 42.8% in the acute inpatient setting, and 20.1% versus 33.1% in the chronic outpatient setting when comparing
between HFrEF and HFpEF. LA volume index (LAVi), LA reservoir global longitudinal strain (LAGLSR), and E/e’ was
59.7 versus 52.7 ml/m?, 9.0% versus 18.9%, and 18.5 versus 14.0 in the acute inpatient setting, and 48.3 versus 38.2 ml/m?,
12.8% versus 23.4%, and 16.9 versus 13.5 in the chronic outpatient setting when comparing HFrEF versus HFpEF, respec-
tively. The relationship between LAVi and LAGLSy was significant in HFpEF, but not in HFrEF. Also, in those studies that
directly compared patients with HFEF versus HFpEF, those with HFrEF had worse LAGLSy [WMD=16.3% (22.05,8.61);
p <0.001], and higher E/e’ [WMD = —0.40 (—0.56,—0.24); p <0.05], while LAVi was comparable. When focusing on acute
hospitalized patients, E/e’ was comparable between patients with HFrEF and HFpEF. Despite the higher burden of AF in
HFpEF, patients with HFrEF had worse LA global function. Left atrial myopathy is not specifically related to HFpEF.

Keywords LA structure - Function - HFrEF - HFpEF

Introduction

The left atrium can be considered a transporting chamber
that optimizes left ventricular (LV) filling [1]. Left atrial
(LA) hypertension with subsequent pulmonary venous
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congestion is the hallmark of HF regardless of LV ejec-
tion fraction (LVEF) [2, 3]. More recently, the significant
pathophysiological role of LA dysfunction in HF has gained
increasing attention, particularly in HF with preserved
EF (HFpEF) [3-5]. Over the past decades, the incidence
of HFpEF has risen relative to HF with reduced ejection
fraction (HFrEF), accounting now for approximately 50%
of cases of HF [6, 7]. Studies have shown that atrial fibril-
lation (AF), diabetes, and obesity are risk factors for the
development of HFpEF, whereas coronary artery disease
(CAD) and myocardial infarction are more predisposed to
the development of HFEF [6, 7]. The close link between AF
and HFpEF might be explained by intrinsic LA myopathy
underlying both HFpEF and AF [8].

However, information regarding differences in LA struc-
ture and function between HFrEF and HFpEF, particularly
LA functional information assessed by strain analysis, is
scarce and not fully understood. Thus, we aimed to conduct
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a systematic review of LA structure and function assessed
by echocardiography in patients with HFrEF versus HFpEF.

Methods

The systemic review and meta-analysis were conducted
according to the Preferred Reporting items for Systemic
Reviews and Meta-Analysis (PRISMA) statement [9].
The review protocol had been registered with PROSPERO
(http://www.crd.york.ac.uk/PROSPERO).

Literature search strategy

We performed a systematic search in the MEDLINE and
EMBASE database from inception through February 2021.
Our search was restricted to studies in the English language.
Additional studies were selected by reviewing and searching
references of identified articles, which were not identified
by the initial search. Search terms are mainly composed of
the patient domain, including “heart failure,” “heart failure
with preserved ejection fraction” and “heart failure with
reduced ejection fraction,” and outcome domain as LA struc-
ture and function related terms, respectively. The detailed
search strategy was described in the online supplementary
Table S1.

Study selection

Studies were eligible if they were performed in a clearly
defined group of patients with HFrEF or HFpEF or both.
The study population had to have a clinical diagnosis of
HF, based on signs and symptoms such as dyspnea, fatigue
at rest or during exercise, or a previous HF hospitalization.
At least one measure of LA structure and function assessed
by echocardiography had to be reported. For HFrEF versus
HFpEF categorization, the cutoff value of LVEF assessed by
echocardiography had to be 45% or 50%. Elevated natriu-
retic peptides were recognized, but not mandatory for study
inclusion. Two authors (XY.J, K.TH.T) independently
screened the titles and abstracts of retrieved citations to iden-
tify potentially relevant studies. If abstracts were ambiguous,
studies were reviewed at the full-text level. Citations were
included when consensus between two authors was achieved.

Data extraction
For each included study, the following data of study par-
ticipants were extracted: (1) baseline characteristics [i.e.,

publication year, the total number of study participants, the
clinical setting of HF (i.e., inpatient vs outpatient setting),

@ Springer

age, sex, body mass index (BMI), hypertension, ischemic
heart disease (IHD), atrial fibrillation (AF), diabetes, and
presence of more than moderate functional mitral regurgita-
tion (MR)], (2) echocardiographic characteristics [i.e., LVEF,
LV global longitudinal strain (GLS), the ratio of mitral valve
peak velocity of early and late LV filling (E/A), mitral annu-
lus e’ velocity (e’), E/e’ ratio, LA (reservoir, booster, conduit)
GLS, software used for post-offline analysis]. When longi-
tudinal studies reported cardiovascular outcomes (mortality
and hospitalization), unadjusted and adjusted hazard ratio
(HR) for the association between the LA-related parameter
with outcomes were obtained. Follow-up time in months,
outcome measure, and variables for which was adjusted were
also obtained.

Quality assessment

To perform a quality assessment of included studies, the
Newcastle—Ottawa scale adapted for observational stud-
ies [10] was used scoring each study on several items (i.e.,
selection process, comparability, and assessment of the
outcome/exposure criterion). Moreover, the quality of the
clinical trials was evaluated using the revised Cochrane risk-
of-bias tool (RoB 2.0) [11], covering five domains (randomi-
zation, intervention, missing data, outcome measure, and
reported results) of included studies.

Statistical analysis

Continuous variables were reported as mean + standard devi-
ation (SD), and categorical variables as percentage. When
only medians and interquartile ranges were reported in the
study, we translated those into means and SDs by an estab-
lished formula based on previous recommendations [12].
The summary and pooled values of corresponding LA
parameters were calculated by the weighted average based
on the number of patients among included studies and
depicted in forest plots for HFrEF and HFpEF, respectively.
The prevalence of comorbidities for included studies was
pooled by the weighted average according to the number of
patients for HFrEF and HFpEEF, respectively. Data on LA
related echocardiographic parameters in both patients with
HFrEF and HFpEF were pooled to derive weighted mean
differences (WMDs) and 95% confidence intervals (CI). Lin-
ear regression and the mixed-effects meta-regression model
were applied to investigate the relationship of LAGLSy
with LAVi and LVGLS in patients with HFrEF and HFpEF,
respectively. Random effects model with inverse variance
weighting was performed using the Cochrane I statistic to
account for heterogeneity across the studies. All statistical
analyses were performed using RStudio version 1.1456.
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Results
Study characteristics and quality assessment

The search strategy and study selection are summarized in
the PRISMA flowchart [9] (Fig. 1). Of 1114 studies identi-
fied, a total of 61 studies were selected for the final quan-
titative and qualitative analysis. The quality assessment of
included studies is shown in the supplementary material
online (Tables S2 and S3). Reasons for exclusions were
described in the supplementary Table S4. Among 61 stud-
ies, 27 studies (including 8806 patients with HFrEF and 38
studies including 9928 patients with HFpEF) reported LA
structural and functional parameters by echocardiography.
Nine out of 61 studies included both patients with HFrEF
(n=1877) and HFpEF (n=3085). Nine out of 61 studies
included patients with HF from an acute inpatient setting
(HFrEF, n=2749; HFpEF, n=3319), whereas fifty-two
studies included patients with HF from a chronic stable
outpatient setting (HFrEF, n=6057; HFpEF, n=6714).
The pooled clinical and echocardiographic characteris-
tics in patients with HFrEF versus HFpEF in the acute
inpatient versus chronic outpatient setting were described
separately in Table 1. Moreover, the details of clinical and
echocardiographic characteristics of included studies are
described in Tables 2 and 3.

As compared to patients with HFrEF, patients with
HFpEF appeared to be older, women, and had more often
hypertension, AF and diabetes irrespective of inpatient or
outpatient clinical setting (Table 1). The prevalence of IHD
was 39.8% versus 30.7% in the acute inpatient setting and
49.8% versus 33.3% in the chronic outpatient setting when
comparing patients with HFrEF versus HFpEF. Patients
with HFrEF were more likely to be present with functional
MR (27.2%) as compared to patients with HFpEF (12.0%)
in the chronic ambulant setting of the study. The pooled
mean value of BMI was 25.2 versus 25.6 kg/m? in the
acute inpatient setting and 27.5 versus 29.8 kg/m? in the
chronic outpatient in patients with HFrEF versus HFpEF.
As expected by definition, patients with HFpEF had better
LV systolic function as compared to patients with HFrEF
with higher pooled LVEF and pooled absolute values of
LVGLS irrespective of clinical setting of the study either
acute inpatient or chronic outpatient (Table 1). Patients
with HFpEF appeared to have higher pooled e’ (6.6 versus
7.5 cm/s in the acute inpatient versus chronic outpatient
setting) than patients with HFrEF (4.7 versus 6.5 cm/s in
the acute inpatient versus chronic outpatient setting). Con-
versely, the HFrEF group was characterized by higher E/e’
(18.5 versus 16.9 in the acute inpatient versus chronic out-
patient setting) as compared to patients with HFpEF (14.0
versus 13.5 the acute inpatient versus chronic outpatient

1 additional record identified
through other source

831 records were screened at title, abstract or full-text level

721 records excluded at title,
abstract or full-text level

A 4

110 full-text articles were assessed for

inclusion eligibility

28 full-text articles were excluded with
reasons:
1) Data were from duplicate
cohorts (n=2)
2) Not HF population (n=6)
3) Patients with HF were not
stratified by LVEF (n=4)
4) No reliable echo derived LA
data (n=19)

61 studies included for both quantitative

and qualitative analysis
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Table 1 The pooled clinical and echocardiographic characteristics in patients with HFrEF versus HFpEF

Acute inpatient setting

Chronic outpatient setting

HF(EF (n=2749)

HFpEF (n=3319)

HFEF (n=6057) HFpEF (n=6714)

Age (years) 69.0 73.0
Sex (female, %) 37.8% 57.8%
Diabetes (%) 36.6% 37.1%
AF (%) 34.4% 42.8%
IHD (%) 39.8% 30.7%
BMI (kg/m?) 25.2 25.6
Presence of moderate to severe -

mitral regurgitation (%)
LVEF (%) 25.6 60.1
LVGLS (%) —12.5 —15.1
MV e’(cm/s) 4.7 6.6
E/e’ 18.5 14.0
LAVi (ml/m?) 59.7 52.7
LAGLSg (%) 9.0 18.9
LAGLSg (%) -
LAGLS (%) -

60.8 67.3
28.7% 58.9%
28.2% 33.2%
20.1% 33.1%
49.8% 33.3%
27.5 29.8
27.2% 12.0%
27.9 61.8
-8.4 -16.5
6.5 7.5
16.9 135
48.3 38.2
12.8 234
7.7 13.9

- 15.8

HFrEF heart failure with reduced ejection fraction, HFpEF heart failure with preserved ejection fraction, AF atrial fibrillation, /HD ischemic
heart disease, BMI body mass index, LVEF left ventricle ejection fraction, LVGLS left ventricle global longitudinal strain, MV e’ mitral annular
early diastolic velocity by tissue doppler, E/e’ the ratio between early mitral inflow velocity and mitral annular early diastolic velocity, LAVi
left atrial volume index, LAGLSy, left atrial global longitudinal strain at reservoir phase, LAGLSy, left atrial global longitudinal strain at booster

phase, LAGLS - left atrial global longitudinal strain at conduit phase

setting) irrespective of clinical setting of the study, indi-
cating higher LV filling pressure in HFrEF.

LA size and pressure estimated by LAVi and E/e’

Twenty-nine studies reported LAVi in patients with HFrEF
(n=8726), and thirty-eight studies reported LAVi in
patients with HFpEF (n=9049). The pooled mean value
of LAVi was 59.7 versus 48.3 ml/m? in the acute inpatient
versus chronic outpatient setting for patients with HFrEF,
and 52.7 versus 38.2 ml/m? in the acute inpatient versus
chronic outpatient setting for patients with HFpEF. Eight
out of 41 included studies reported LAVi in both patients
with HFrEF (n=3002) and HFpEF (n=1822). In these
eight studies, LAVi was comparable between patients
with HFrEF and HFpEF [pooled mean LAVi, 42.7 ver-
sus 37.6 ml/m?; weighed mean difference [WMD] = —0.2
(—0.48,0.07); p=0.15; P= 89.8%]. Three out of these eight
studies enrolled both patients with HFrEF (n =2718) and
HFpEF (n=1383) in the acute hospitalized setting, where
the remaining studies included patients with both HF pheno-
types in the chronic stable setting (HFrEF, n=284; HFpEF,
n=439). In both acute inpatient [pooled mean LAVi, 54.8
versus 52.6 ml/m? in HFrEF versus HFpEF; WMD =—0.2
(=0.48, 0.07); p=0.13; I’=89.8%] and outpatient setting
[pooled mean LAVi, 42.7 versus 36.9 ml/m? in HFrEF
versus HFpEF; WMD =-0.2 (-0.48, 0.07); p=0.153;

@ Springer

I?=89.8%], the LAVi was comparable between patient
with HFrEF and HFpEF, although the difference between
HFrEF and HFpEF patients appeared to be more narrowed
in acute inpatient HF settings. Seven out of 41 included stud-
ies reported E/e’ in both patients with HFrEF and HFpEF
(HFrEF, n=2344; HFpEF, n=1649). In these studies, E/e’
was significantly higher in patients with HFrEF as com-
pared to patients with HFpEF [15.9 versus 13.4 in HFrEF
versus HFpEF; WMD = —-0.40 (—0.56,-0.24); p <0.05,
12=77.6%]. However, in the acute inpatient setting, E/e’
was comparable between patients with HFrEF and HFpEF
[17.7 versus 14.0 in HFrEF versus HFpEF; WMD =—-0.40
(—=0.56,-0.24); p=0.15, I>=177.6%), whereas E/e’ was
significantly higher in patients with HFrEF as compared to
patients with HFpEF in chronic HF setting [15.3 versus 13.3
in HFrEF versus HFpEF; WMD = - 0.40 (—0.56,—0.24);
p<0.05, *=77.6%).

LA function estimated by LA reservoir, booster,
and conduit GLS

Ten studies reported LA reservoir GLS (LAGLSy) in
patients with HFrEF (n =3176), and seventeen studies
reported LAGLSy, in patients with HFpEF (n=4196). The
pooled mean value of LAGLSy was 9.0 versus 12.8% in the
acute inpatient versus chronic outpatient setting for patients
with HFrEF, and 18.9 versus 23.4% in the acute inpatient



Heart Failure Reviews

s3umes
juoned 11040d
urens JoA -Jno pue I9JUQd
-10S?I '] juonedur -o3urs [¥¢] T8
‘94 TAVT SY+T9C WY'CS %YS %EEE %8Y  60IF619 €9 %ST> A9dH AHD eAndadsonay 19 mysmeziny
Apnis
110402
Sumoes 19JUd
juoned -o[3urs [ec] T
R/ TAVT 8CF1'8C %6ty %Y 1E %01 BULL  TTIF98S (44 %01 > JHLMH MO gHD  eanoadsord 30 winuores
Kpmys
110402
urens I0A Sumes 19)U90 [z€l
-19SAI V'] juoned -9[3urs ‘Te 39 TuIyo
‘9/d TAVT %TE %€ 0 %S VS %S Sy %LLE %1TT IT¥¢9 LL %0 > JALH M0 gHD  eanoadsorg -lnsed
Sumes Kpmys
Juoned 11040J 9AT) [1¢]
P/d TAVT %TE %61 %LT padl %1€ LIF6S S0c %Sy > d81dH -0 ‘JHD -oodsoney  [e 10 eyeuR],
P/A TAVT CLFTIE %T9E %6°09 %L'8 %9Ye  €SIFEGLS 69 %0v > J91dH
Sumes Apmys
juonedur 1101[00 9AT) [og]
P/ TAV'T 0LF8IE %8°SE %TY9 %6 %EYE  VIIFS6Y L9 %0r> AHIIH ‘AHD -oadsoney ‘Te 19 yeys
Sumes  Apnjs [euon
juanedur -BAISQO
urens ‘I9JUQD 1)U
JIOAIISAI -nnuw -nnu lez]
V1.4 ‘TAVT LEF6'eT %€'6C %EY9 %Y'CE %6'CE %909 96F09L SOTT %0S§< JadIH ‘AHV ~ eanoadsoid  [e 10 Suemy
Sumes Apmis
juanedur 110402
K10188 I9)U2D
-uodwod -o[3urs [8z]
2 9/d AV 9eFETC %ye %CL %LT %BLY %6S  8TIFOEL 6 %Sy < JAdIH ‘dHV ~ oAnoadsold  °[e 19 epereHq
Apns Teuon
-BAIOSQO
Sumyes I)Ud
Juonedur -npow (L] e
P/d ‘TAVT 0SFEYT %88 %1y %EES  TOIFSSL SOt %0S < JHdIH AHD  eanoadsord EpIYsoH
uon
paInseawt -e3131n3ax
s1ojouwrered [enmu (%) (%) (%) paurwexa
[euonouny pue QI9A9S 0} ([u oseasIp jreoy (%) smiew  uone[Lqy (%) xos (u) syuoned Jomd adKyouayd Sumes
Imponns v QIBIOPOIN /3) TING orwayos]  uorsuayedAHq  sejeqeiq ey orewdg  (s1eak) 98y Jo Joquuny JAAT eInjrej J1edHq Apmg  uSisop Apm§  Ieak/10yIny

SOIPN)S PAPN[OUT JO SOTISLISJORIRYD [BITUI[D) ¢ d|qeL

pringer

a's



Heart Failure Reviews

Kpmis
110402
Sumoes 10JUd
2V juoped -o[3us (81l
"R/ TAVT %6 8YFYIC %6°SS BT 1Y Y11 %EST %99C  ¥IIF¥99 818 %Sy > JAH N0 ‘JHD  Andadsonay  [e 39 UIPON
Sumes
urens juon Apnis
9[noRINUOD -edino 110402
pue JINpuod ‘I9JUQD 10JUQD
ITOAIOSOY -o[3urs -o[3urs [¥1]
V1AV I'LF6T¢ %TE %06 %6< BLI %T9 01 +89 8¢€C %08 < JAdIH ‘qHD ~ eanoedsord  'Te3e Appey
s3umes
juoned
-Jno pue
sjuon
-edur e
‘(sotn pajonuod
Apms -unoo ¢t oqooeld
OHDH ut s318 purq
-[etn s -o[qnop
AH-NOD SIO)UQD 1)U
2 via -VIvd) -hnux -hnu [9¢]
9/d AV %l 6YF66C %0¢€ %Y6 %0Y %SE %ES 8F L L60T %SY < JdIH ‘dHD  ‘pazruopuey ‘Te 19 yeys
Sumes
juanedur
‘(dH Apms
pajesuad 110402
urens -wodop 1)U
JIOATISAX ANIY) -9[3urs [cel
V1.4 TAVT %9'1S  09F1°8C %Y 81 %VY'8Y %6< BHETE %9°CT SI+v9 53 %0r> J914H JHAV ~ eAndadsold  [e 19 wiope(
CYFI¢eT WY e BTYS %€ 9¢ %61 %E8E  I'VIFP'89 9€0T %0t > J94H
Sumes
2 ‘urens juanedur
II0AIOSAI ‘I01UQD Kpmys
V194 -hnur 310402 2Ty [91]
TAV'] 'y F8€C %Y'LT %C9 BlE %SE %E09  CEIFYEL 1611 %08 < JHadAH AHV -oedsoney ‘[e 19 Ied
uon
pomseow  -e)ISIn3a1
s1ojowrered [enmw (%) (%) (%) paurwexd
[euonjouny pue QI0A9S 0} ([u oseasip jeoy (%) smiew  Uone[LqYy (%) xos (u) syuoned Jomd adKyouayd Sumes
AImponns v QIBIOPOIN /) TNG orwayos]  uorsuayedAHg  seeqeiq ey orewdg  (s1eak) 98y Jo Joquuny JAAT  eInjrej J1edHq Apmg  uSisop ApmS  Ieak/1I0yIny

(ponunuoo) zsjqey

pringer

Qs



Heart Failure Reviews

urens Kpnys
9[NoeIUOD 11002
puE JINPUOd Sumes 19JUdd
‘ITOAIOSY juaned -o[3urs [zy] Te
VT IAVT Y'SF8LL %09 %LT8 %1°8¥ papnoxa %1°8¢ I1F€9 011 %0S < J4ddH -0 ‘qHD  eanoadsoid 10 ueyyres
TSFEULT %9T %8S %81 %9Y %IT  9TIFE9S CL %08 > A3IIH
Apnys
V/d e 110400
‘urens Joa Sumes I0JUQD
-19SAI ' juonedur -o[3urs [1%] T8
‘9/d ‘TAVT TSF99¢ %€ %69 %61 %81 %T9 8'8F0¢L 6 %0S< J944H ‘dHD  eanoedsord 1o Srogpuny
[e1n
[edrutyd
pa[jonuod
‘pazIwio
-puer
Sumes ‘purqun
juaned I9UAD [ov]
P/ TAVT %EEL %08 8+79 0€ %08 < J9ddH -0 gHD -o[SUIs V  [e 12 ULIqOg
v/d Apns
‘9 9mpuod 1104od
‘urens Joa Sumes 19JUQD
-I9S?I YT juanedur -9[3urs [6€]
“9/d ‘IAVT 0SFT0¢ ad! %L rad! %S'9C %Y 1L 08F 69 (94 %0S< J94d4H ‘dHD  oandadsord  “[e 10 SA[RL
Ly+TST %1 vy B1¥y %9°L1 %81 ¥ SIFSPS 123 %0t > AdIAH
Apmis
110402
Sumes I9)U2D
Qv uenedur -o[8urs (8¢l
9/d ‘TAVT TYF6'SC %S'€ %1°09 %1°0€ %19 €SIFI'I9 €91 %0S§< J44ddH ‘AHD  eanoadsoig UEERVN
LeFSTT BIL %LE %8 %ee  TTIFOSL LT19 %0t > J9H
Apmis
[euono9s
-$S0I10
Sumes pelieh)
yuanedur -o[3urs [Lg] T8
IAV'] LEFTET %L %1y %TS %08 1'8F908 LTI %08 < JAdIH ‘AHV oAndadsonoy 10 ueulyg
uon
pomseow  -e)ISIn3a1
s1ojouwrered [enmu (%) (%) (%) paurwexd
[euonouny pue QI0A9S 0} ([u oseasIp jeoy (%) smiw  Uone[LqYy (%) xos (u) syuoned Jomd adKyouayd Sumes
AImponns v QIBIOPOIN /) TNG otwayos]  uorsuayedAHg  seeqeiq ey orewdg  (s1eak) 98y Jo Joquuny JAAT eInjrej JredHq Apmg  uSisop ApmS  Ieak/10yIny

(ponunuoo) zsjqey

pringer

a's



Heart Failure Reviews

%Yy %8°0L %1y S9 %0¥ > J91dH
Sumes Kpmnys [on
juonedur -U00—3sBd [8¥] Te
R/ TAVT %8'ee %08 BL'LY %SS <9 %0S < J9ddH ‘HV eandadsonoy 1o eprowy
Sumes
2 via Juaned 1oyos [Ly]
"9/ TAVT %¥8 %ET EIFLS 6S %08 > JHH N0 JHD  eAnoadsonay e 19 njSorg
110402
urens Sumas 101U
JI0AIOSOY juoned -o[3urs [o1] T8
VITAVT %¥9 %61 I1FL9 98¢ %01 > JHLH M0 ‘gHD  eanoedsord 30 IjoSe[RN
Apmys
onery/g 9 11040od
‘urens Joa Sumos 10JUD
-19SAI V'] juoned -9[3urs [61]1 T
"9/ TAVT I'y+99¢C %8¢ %9¢ YT  €TIFTSY sov %0v> JHLH N0 JHD  eAnoadsoid 10 oonfre)
Apmys
101U
-hnw
onery/q 9 ‘[euonea
‘urexs IoA Sumes -198QO0 ‘9AT)
-19SAI V' juonedur -0adsoid [sy]
"9/ TAVT SF0¢g %S1 %6L BHEE %09 %18 01F2L 98 %SY < JH4IH ‘dHO jojsqng  [e3o ASeN
s3umos Apmys
juaned 11040d
-1no pue 10JU9D
juonedur -9[3urs [+] e
2 9/H TAVT LFTE %BLS %8 B pxa4 %98 6F1L 1LT %0S< J9dIH ‘qHD ~ eAnoadsord 10 BIEOO
BIWOUE
oYM
6F¢¢ %9Y BSL %8C BLT %69 €I+¢9 S61 %0S < J9dIH
Apmis
110409
Sumes I19)U2d
BIwoue yuaned -o[3urs
2“9/ TIAV'T 01 F2T¢ %08 %H6L %LE %9C %95 CIFS9 yCC %0S< WM JgdIH -0 ‘JHD  eanoedsoid [€y] sung
uon
pomseow  -e)ISIn3a1
s1ojowrered [enmw (%) (%) (%) paurwexd
[euonjouny pue QI0A9S 0} ([u oseasip jeoy (%) smiew  Uone[LqYy (%) xos (u) syuoned Jomd adKyouayd Sumes
AImponns v QIBIOPOIN /) TNG orwayos]  uorsuayedAHg  seeqeiq ey orewdg  (s1eak) 98y Jo Joquuny JAAT  eInjrej J1edHq Apmg  uSisop ApmS  Ieak/1I0yIny

(ponunuoo) zsjqey

pringer

Qs



Heart Failure Reviews

9¢F0'8¢ %Sy %8¢ papnoxy cI+79 9¢ VN J31dH
11002
I0JUdd
-9[3urs
o/d yF6C B1¥ %68 papn[oxy 89F0°¢9 99 VN J94d4H dHD  eamdadsord  [¢¢] pereg
110402
Sumes I9)UD
juoned -9[3urs [¥6]
P/A TAVT I'SFL9C %eY %T6 %TTT T6FS 0L 161 %S> JHIH -0 JHD  2Anoadsonay e 3o UIPON
Apmnys [euon
-BAIOSQO
Sumes I9)Ud [gs]
Juonedur -9[3urs ‘[e 10 Jew
P/d TAVT EFLT %91 %¥9 %¥9 %SS 8F6S 148! %08 < J4ddH ‘AHV ~ eanoadsorg -weqoqy
110402
urens Sumos p3lieh]
JI0AIOSQI juonied  -o[3uIs ‘oan [zs]
v1'ed %89 %Tl %8 %TY EIFTL 6 %0% > d84dH -0 ‘gHD -oadsoney ‘Te 19 ByRS
Sumes
juonedur
%9LL  TSFSTT %1y 01 +2v LT %0t > J91dH ‘dHD
110402
Sumes 19)U2d
juonedur  -9[3urs ‘oAny [151
BULS  TEFIOT %81 y1+8¢ 8¢ %0t > J91dH ‘dHD -oadsoney Tee nx
urens IoA Sumes
19891 V' juarjed
'9/d TAVT $'8F0'6C BIT %18 %0¢ %8S %TS L8FLYL 161 %0¥ < JHddH -0 ‘AHD
Apnys Teuon
-BAISQO
IJUD
-hnw
urens IoA Sumpes [euonjeu
19891 V' juoned -ninw [os]
"9/ TAVT LOIF§Te %91 %T6 %S¢ %SE %€9 06F¥TL IS %0r < d9dqH -0 gHD  eanoadsord ‘Te 3 yeys
v/ Apms
‘urens JoA Sumes 1)U
19831 YT juanedur -o[3urs lot]
9/d ‘TAV'T %EE %€6 %EY %S ¥S EIF19 ISS %0S < JHadIH ‘AHD  eanoedsoid ‘e 30 ny
uon
pamseow  -e)ISIn3ar
s1ojouwrered [enmu (%) (%) (%) paurwexd
[euonouny pue QI0A9S 0} ([w oseasIp 1eoy (%) smiew  uone[Lqy (%) xos (u) syuoned Jomd adKyouayd Sumes
AImponns v QIBIOPOIN /) TING orwayos]  uorsuayedAHg  seeqeiq ey orewdg  (s1eak) 98y Jo Joquuny JAAT eInjrej yJredHq Apmg uSisop ApmS  Ieak/1I0yINY

(ponunuoo) zsjqey

pringer

a's



Heart Failure Reviews

urens
19)500q pue 10402
JINPUOD “ITOA Sumes 1)U
-19SAI Y] a3 mo juoned -o[3uls [z9]
‘94 TAVT L'8F8I¢E %9% %89 %1T %TT %79 €TIF609 1] %0S< -um ggdgH  -mo‘gHD  eanoedsord  [e e 103upn
AZE!
‘9/d ‘urens Apnys
9[NOrIUOD 110402
pue JINpuod Sumoes 19JUdd
ITOATOSIY juoned -o[3urs [19]
VT1TAVT %YL 98FCIE %08 %SL %0€ %9T %¥9 €1F+S9 80¢ %0S< d9ddH  -mo ‘JHD  eAmdadsold  [e 10 Padl]
Kpmys
v/d }104od
‘9 ‘urens Sumoes 19)Ud0
JI0AIOSQI juoned -o[3urs
V194 LEFTLT %1 YL %8°TE %YES  YTIFEY9 8¢ %0S < dHdqH -0 gHD  PAnvadsold [09] Sung
K]
‘o[noenuod
‘urex)s JoA Apnys
-19831 '] I9JUID OM) [6S]
9/d “TAVT 0CF1°8C %Y LY %S 09 BTET %08 L'SFTS9 8¢ %0S < BECEN dHD  eAmdadsord e Suny
Apnjs Teuon
-BAIOSQO
Sumyes heiliEh)
juoned -o[3urs [86] T8
AV YYF+TLT %Y 6€ %L'88 %TE %19C %9'9C  STIF8L9 €0¢ %0t > JHLH N0 ‘gHD  eanoedsord 3o ojueSreg
Apmys
I9)uRdnNW
[euoneA
Sumes -195q0
juonedur  oanoadsord (L8]
Q/A TAVT 6'SF8'8C DY %6L %b1E %BLS %1S 6'8FECTL 98 %Sy < J44d1H ‘dHV Jo1esqng Te 10 98eH
SY+L9C %TS %E€9 %S¢ %IE  6TIFI'E9 14 %0% > J9IH
v/id Apms
‘urens oA Sumes 1)U
19831 V' yuaned -o[3urs [96] T8
O/H TAV'T 0SF¢8C %01 %YL 44 %09  €0IF97TL 0T %08 < JHAIH -0 HD  dAmdadsord 19 ojowrdng
uon
pomseow  -e)ISIn3a1
s1ojowrered [enmw (%) (%) (%) paurwexd
[euonjouny pue QI0A9S 0} ([u oseasip jeoy (%) smiew  Uone[LqYy (%) xos (u) syuoned Jomd adKyouayd Sumes
AImponns v QIBIOPOIN /) TNG orwayos]  uorsuayedAHg  seeqeiq ey orewdg  (s1eak) 98y Jo Joquuny JAAT  eInjrej J1edHq Apmg  uSisop ApmS  Ieak/1I0yIny

(ponunuoo) zsjqey

pringer

Qs



Heart Failure Reviews

110402
urens IoA Sumes I9JUQd
-19S?I ' juened -o[3urs [s11
‘9/d ‘TAVT SF0¢ %L'S8 %8°€C %L'6E %Y 1L 8F9L €9 %0S< d9ddH  -mo gHD  eAmdadsold  “[e 19 siyoueg
Apmis
[euonO9s
-$S01D)
Sumes I19)UdD
2V Juonedut -o[suts [sol e
9/ TAV'T ¥+9¢ %09 By rad! %YCE I1+8S LE %08 < J944H ‘dHD  eandadsolrd 1o Sieqasseq
Apmys
110402
Sumes I19)UdD
2V yuoned -o[suts [¥ol
9/d TAV'T %06 %0% F09 8¢ %0S< J9dIH -0 HD  dAmdadsord e 3o eIdRID
69F01¢ %9% %98 184 %9T %0T €IF19 L6 %08 > A3IAH
Apmis
110402
Sumes Reiliteh] [L1]
juaned -o[3urs Te 30 AYsa
RTAVT 98F0¢ Va4 %HE6 BLY %V %8S OIFIL 101 %0S< JHdIH Mo JHD  eAndadsonay ~OUdON
Apmys
[euonO9s
-$S0I0
Sumes I0JUD [¢9] e
yuaned -o[3urs 39 [rews|
8'EF6'6C %S'81 %186 %T09 6'8F7€9 801 %08 < JHAIH -0 HD  PAndadsold  -ENSAQISI00D
urens
19)500q pue
1INPUOd “II0A
19831 V' @D
O/H TAV'T P 8FSIE %HTS %€8 %6€ %0€ %99  1TIFE€69 Sl %0S< s J9dIH
uon
pomseow  -e)ISIn3a1
s1ojouwrered [enmu (%) (%) (%) paurwexd
[euonouny pue QI0A9S 0} ([u oseasIp jeoy (%) smiw  Uone[LqYy (%) xos (u) syuoned Jomd adKyouayd Sumes
AImponns v QIBIOPOIN /) TNG otwayos]  uorsuayedAHg  seeqeiq ey orewdg  (s1eak) 98y Jo Joquuny JAAT eInjrej JredHq Apmg  uSisop ApmS  Ieak/10yIny

(ponunuoo) zsjqey

pringer

a's



Heart Failure Reviews

K]
9[NoBNU0d 110402
‘urex)s JoA Sumes I19)UdD
19831 YT juaned -9[3urs [oL]
"9/ TAV'T %Sy BLS BLT papnjoxe %ET SIFLS 801 %SE> Jd9HH M0 gHD  9Anoadsold e 19 DIOON
110409
Sumos 1)U
juoned -o[3urs [69]
R /A TAVT %1 6F¢¢ %8% BLL %HeE %9T %T9 €1+¢9 61y %0S< dHdqH -0 gHD  eAndedsord e 19 g
Apnys Teuon
-BAIOSQO
[euon
-euIUI
Sumes heilich)
Qv juspedut -nnw [89]
"R/A TAVT 9F6¢ %S eV %8L %0€ %98 61FLL 6¢£S %Sy < J4dH JHV ~ ‘eandadsord e 3o [euoq
%1°8L %8'EY %0S BS'LE CIFYL [43 %0 > J91dH
el
Ppa[jonuod
-oqooerd
puliq
(so1n J[qnop
v/A -unod ‘paziwiop
‘9/H ‘urens €1 ur s -uelr ‘[euor)
9[1oBNUO0d (retn U9 G9) -RUIAUI
pue JIpuod INNOW Neilieh] REIIER]
“TOAIISIY -VIvd) - -[nuwr Apmis [£9]
VTIAVT L'SF9'6C %TT %T6 BSE %HET %19 6F0L gel %SY< JH4dIH ‘dHO -qus oydy  °[e 3o sojueg
(Apmsqns
oYo9 ue
im) [ern
Ppa[jonuod
(soLn -0qooe[d
Q'via -unods putq
‘urens 9 UI SIS J[qnop
9[1oRIUOD 0L ‘paziwiop
RIUNERG) (OHDA IOJUQD  -UBI ‘1)U
v1‘ed -Lv2dOl1) -hnur -hnw [99]
TAV'] SLF9TE %609 %16 %0¥ %8¢ %61 L'6F6'69 S€6 %Sy < J44AH ‘dHD  ‘[euoneuidu] ‘[e 39 yeys
uon
pomseow  -e)ISIn3a1

s11owered Tentu (%) (%) (%) paurwexa )
[euonjouny pue QI0A9S 0} ([u oseasip jeoy (%) smiew  Uone[LqYy (%) xos (u) syuoned Jomd adKyouayd Sumes mo
AImponns v QIBIOPOIN /) TNG orwayos]  uorsuayedAHg  seeqeiq ey orewdg  (s1eak) 98y Jo Joquuny JAAT  eInjrej J1edHq Apmg  uSisop ApmS  Ieak/1I0yIny a.
97

&l

(ponunuoo) zsjqey



Heart Failure Reviews

110402
Sumes 1)U
juaned -9[3urs [sL]
IAVT SFIE %81 %001 %0€  Papnjoxe %0L 8FTL 0S %08 < dadJH  -no‘gHD  danoadsoid e urL,
Apnys
[orrered
[euon
-BUIYUI
I9JUD
-hnuw
(310402 sSumnyes purq
oyoyg juoned -o[qnop
-JAYAES -Jno pue paonuod
2 ‘Bare -q49d-D juonedur -ogooerd jo L]
V1o SF0¢ %eE %T6 BbST %9T %T9 LFTL SvL %Sy < JaddH ‘JHD  Moyoos-oydyg ‘ez
(saim
-unod 9g
ur soys
) [etn
Qv [euoneu  pazrwopuer lezl
"9/ TAVT %¥T %66 %09 BLE BbS %9l S6F609 900¢ %SE> d3IdH - JHD  [euoneuIdu] ALECR(0)
%01l 96FLEE %TE BY8 %89 %S9 0'8¥F609 Ie %08 > A3IAH
110402
SoNIUNUWIOD
Sumes -nnw
juaned Suro3-uo [eL]
v/id %0 6'SFITE %HEL %S8 Y44 %S8 69F9'19 S8 %05 < J4ddH -0 gHD  eAmdadsord  Jede exdnn
Apnys Teuon
-BAISQO
Sumpes 1)U
juoned -o[3urs [zL] T8
A/A TAVT %TE y+9¢ %8% %TC %91 %TT CI¥89 LyL %Sy > JHLH N0 JHD  eanoadsoid 10 oonfre)
110402
v/id ‘R Sumes pelieh)
‘ 9/ ‘urens yuaned -o[3urs [12] T
JI0AI9S3I V] SFTT %88 %HSE %S9 EIFLL 4 %08 < JHAIH -0 JHD  PAmdadsold 19 BIENOqQ
uon
pomseow  -e)ISIn3a1
s1ojouwrered [enmu (%) (%) (%) paurwexd
[euonouny pue QI0A9S 0} ([u oseasIp jeoy (%) smiw  Uone[LqYy (%) xos (u) syuoned Jomd adKyouayd Sumes
AImponns v QIBIOPOIN /) TNG otwayos]  uorsuayedAHg  seeqeiq ey orewdg  (s1eak) 98y Jo Joquuny JAAT eInjrej JredHq Apmg  uSisop ApmS  Ieak/10yIny

(ponunuoo) zsjqey

pringer

a's



Heart Failure Reviews

KJ100[2A O1[0ISBIP A[JB9 JR[NUUE [RIIW PUB AJIO0[OA MOPUI [eNIW A[IB9 U29MIQq onel Ay ,a/7 ‘1o[ddop £q Kj1o0[oA

MOpJUT [eNIW 9)] pue A[Ied U29MIaq onjel 3y vy ‘xoiddop onssn Aq A1100[9A OI[0ISEIP A[IBd JR[NUUE [BXIUL ,2 ‘XOPUI SWN[OA [BLIIR 1JI[ IAY7 ‘[ELIE 19 V7 ‘UOTIORIJ UOIIOS[o Poonpal yiim dInjrey
1109y JFAJH ‘UOTIORIY UONdfo paatasald Yy dInyrey 11edy J7dJF ‘9Seasip Koupry STUOIyd (7Y, ‘IN[Ie] }1eay OIUOIYd JH) ‘dIn[Ie] }1eay 9)noe JHV ‘dIn[rey 11eay payesuadwodap anoe JHJV

110402
Sumes 1)U
v/d Juoned -o[3uts [08] HO
"9/ TAVT - %16 BSE - %TS 8FGL 14 %08 < d9ddH Mo ‘JHD  eandadsold -onfren
110402
Sumyes I9)UdD
AV Juoned -9[3urs
- EYFYOE - %L6 %b6Y %001 %TL 6'8F VL9 6¢ %0SX WM JHdIH -0 gHD  eAmdadsord
v/
‘9/d ‘urens
9[NoRNU0D 110402
pue JIpuod Sumos 19)Ud0 [6L]
ITOATOSIY AV mo juoned -o[8urs  Te 3o yedz§
VTITAVT - IvPFYe6C - %68 %bLE 0 %EL 08FL€9 1€l %0S<Z  -WIM JHAIH -0 gHD  Andadsold -oIsef
110402
Sumes 19)u2d
uoned -n[nu [8L]
AV BLYE BHLTY I1+6S SL %SE> JHLH M0 ‘gHD  eAnoedsord  [e 9 [euo(
Sumes
juaned 11040d [LL] Te
AV TLFTIE r 334 BLL iiad %61 BLE CIFLS 11¢ %0¥ > J9MH MO JHD  9Anoadsold 19 JoNLIOpUIH
110402
Sumes J19)UdD
juanedur -o[3urs [oL]
R 9/ TAVT SFLT %6Y %8S %9¢ BLE CIF¥9 6S %SY< J9dIH ‘qHD ~ 2Anoadsoiq  [e 10 11aqnef
uon
pamseaw  -ejdm3or
s1ojowered [eniu %) (%) (%) paurwexa
[euonOUNJ pue QIAIS 0} (;ur  oseasIp Jredy (%)  smIow  uone[Lqy (%) xas (u) syuaned Jomd adKouayd Sumes
AImonns v JJeIOPOIN /3Y) N9 orwoyds]  uoisuddAH  s9reqerg [eLny Jrewd  (sIeak) a3y Jo Joquuny AAAT QInjrej JeoH Apmi§  uSisop ApmS  Jeok/Ioyiny

(ponunuoo) zsjqey

pringer

Qs



Heart Failure Reviews

QIWOL O FTYI- €9F¢19 I'yF101 LOFET LLFSIT  68F961 €8F 61 €91 FL9¢ 0TI FSTE PSI AMO ou-gaddH  [29] 'Te 30 108un
ovdowd 8 TFLSI- €9F 179 6TF6'S €9F €91 ¥'9FT'8C 8¢ J9dAH  [09] 'Te 1e8uny
ovdouyq TrF6T9 SIF9¢ TOFLO IFITII YTFOTI 'y FOLI reFLEY 8¢ J9d4H  [66] ‘e 10 Suny

oo WOl [PFSL— ¥9F019 LTFOL LOFET I'8F0SI  S$8F86l LLFE8I 671 FT9€E LETFY e 80¢ J9dAH  [19] e 30 paarg

YLFEE9 TTFER TIFST TYFOTI 9T Fi 98 J9dAH  [£8] ‘210 95eH
[9¢]
ovdouyq 0TIF09S 60F€1 0'8F0°0C YLFLYI 0CF0TS 0T J9dAH e 1 ojownsng
cedr sdnyg L'8F9°6S 9TFL9 €0F80 LYF¥6 s J94AH  [5S] e 10 ey
ovdouwyq S9FG6S YTFLL ELOF60'T 8'SFYTI TYF80I ¥LFY0T €8FCLE SS J9d4H [6+] Te 3o iy
[8%]
OVdOWwd  LEFOYI— 6'SF08S '8F 091 P61 F08h 9 J9d4H e 30 eprowy
2OLWOL 9 EFECI— 0LFSTY TTF6L FIFST 9F9CI OTIFEET 9l Fi¥ 98 JHAH  [Sp] e 10 ASeN
[#¥]
LF79 ¥99 8F91 ST+ 1.2 J94AH Te 19 vyey0q0
eruouy
09F019 LTFIL 90FC1 CLFOYI 6TIFEIE 61 ON-4444H
OLFOTY 8EF96 80FST 8'8F 191 8'G1F99¢ ¥TT erwouy-4qdiqH  [gr] ‘v 10 sung
[zr]
ovdoudyq LLF619 ICFIL €0F60 SHPFLII IIF¢l PEFIEI 6'1F29C LTI F88€E o011 A9dAH Te 10 ueyyres
[es] e
OVdoWwd  STFSElI— 0€F019 0EFOL LOF9T 0TFTTI OLFOLY 48! JHAAH 10 Tewweyoqy
aAno
2LWoL  SEFLGI— 1'8F¢'8S 6'SF68 60FST T9FSEI LLFOST Y ETFE6E ST uesard-ggdAH
And

PLWOL  SEFLI- 97609 yTFI8 60FCT LYF¥Tl £8F861 [1F69¢ IS wosqe-gaddH  [0S] e 30 yeys

[17]
OVdOWHd ¢ HFELI— 6'SFL09 TEFCB 60F 11 99F Y€l 08F ¢TI 0vIF0er 6 JHdAH e 10 Srogpun
oo woL,  gTFLGI— 1979779 YIFY6 90F 1 LSF6TL  6SFIO9I 96FEPT TSIFS T 6 JHdAH  [6€] e 30 so[aL,
06+0'89 T0FLO YTFSII I'8FI'LE €91 JHdAH [8€] Tere np

[L€]
YLTF099 Lzl A9dAH HLRERULIHII
osukg EFSI- 9F¥I 6F91 01 F81 91 F6T SI¥Fce 8€T JHAAH  [#1] T8 10 Appay
8'6F98S STF6L ELOFECT L'SFoTI SSIF6'8¢ L601 JHdAH  [9€] Te 10 yeys

[ov]
0LF09S 9IF09 SOF60T FEF9RI 08F0°€E 0¢ JHdAH [e 19 LGOS

20 WO, 6'SFI6S yTF6S T6F691 9IIFI61 887 F €9 1611 JHdAH  [91] e 10 yred

[62]

oo ol O SFISI— 99F €65 STF9G S0F60 ILFTST 9TIF98T  (869-S+E)6'6F SoTT JHdIH Te 10 Suemy

[zl
OVAOWH v F6El— Y6FSLS LTIFTS CLFLLI L'9TF IS 6 AHdAH [€ 12 epeIeH
[zl
6'9F6°09 LSFryl TYCFY LY o1 J9d4H [e 12 epIYsOH
sIsATeue
Sunpoen opyoads (u) syuaned
10y aremyog STOAT JHAT 2 sn[nuue [enty V/d AN A WOSTOVT %) IS1OVT (%) STV AV JO IoquinN adfyouoyd JH Teakjroyny

SIpN)s papnyout Jo sonstsjoereyd oryderSorpreooyoq € ajqel

pringer

a's



Heart Failure Reviews

[97]
€9F9'1¢€ P6F 61 TSIF T 98T J9LH TR 19 0SR[N
(171
ovdousd  L'E€FTL— 81 FE€8C 6TFSL 91F8C 06F89I1 TYFLL S8IFLLS L JHIH e 1 Seqpunry
6F0¢ 9T'0F8T'T L'LFS61 SOFY8E e J94H [8¢] Te10 npm
[Le]
YYCF L9 L19 J41H JERERLUIUTN
ovdowd g eFL6— I'6F8°LT STF69 LYOFETT TSFCTU 8EIF60€ 818 J9H  [81] ‘T8 30 upoy
[v¢l
ovdouoq I'yFT6l I'IF¥T Y8F YT 0CF68 CEIFITY9 €9 JHH e 0 Dismezmy|
oa)mog, CLFYLT 6TFLY 6 TIFS0C I'8FLII 8'8TF1'8S 9€0¢T JaH  [91] e dreq
[sel
Q0L §EFEL— 0TIF00C L0F9T 99F 891 TTFY9 0'9CF0'69 153 J94H Te 30 wvyeq
[g€]
9TFOL— 79F 6T STFoel 9CCFSIS w JAIAH  Te )0 WHUS[EA
[zel
oL, Oy FE— 09F0'8C 06FL9T 6'9F €01 09TF0'LS LL JHH T8 30 [UIYOIse)
(1€l
oAWOL  OTF9L— 08F0° 1€ CLFECHI 0'0TF0'IS S0t J99H Te 30 exeue],
(pa1aA0darx
I'LFIST FI1F0C 88FLIT LITFILY 69 -uou) JgLIH
8 SFY9C OTF8T  €0IF¥CT STIFISE L9 (paraodanggidH  [0g] Te 10 yeys
[9L]
€TFL0I LTFLY 9CIFLOE 65 J2d1H “[e 32 J1aqnef
ovdoydda 06F079 T6F¥0€ 0S J24d4H [SL] Te 10 uey,
06F0+9 PEFT6 LOFTT SHFO0T 9L JAddH  [pL] Tewenz
TOFO0T S8 J9dAH  [gL] Te e vdng
[1L]
ovdowd  SEF8TI-  €EIF09 r1Fee €0F80 89F 861 6'SFETI 99F LT o J9dAH Te 32 B1BY0q0
0LFOT9 6'€F€6 6LFECEI EYIFTHE 61t JHdAH  [69] Te 10 1oyIng
0SF06I— 0LF0T9 9TF6'L CIFSI 1'9F6°CI 8 LIF¥61 6€S J2ddH  [89] e 19 [euoq
QLWOL  FEFSI— 0LF06S ¥TF99 LOFTT 98FLEl 90F91C STIF¥ee 431 JHAAH  [£9] '[e 30 soueg
[s1]
oVdoud  L'E€F9I— 0'SF009 SCFEII 6vF6'8 €ETF6'8S €9 A44d4H [e 39 s1youeg
0'8F0°59 ¥1¥99 0CTF0'T 9eFETI 0TIF97CE 8C JHAAH  [+9] '[e 30 B1ORID
[s9l
ovVdousd  TEFSLI- 0LF0T9 0TFI'L I'IFST 0SFOTI 0CCFOSH LE J4ddH  [e 10 S10q[esseH
[L1] e
6'SF079 TTFLL 0CIF01+ 101 JHdIH 10 Aysaous
7'9F0°09 I'eFoL €5°0F60°1 LYF601 £01F0'8¢C €6 J3ddH  [99] 'Te 30 yeys
QLWOY,  ['yF89I— 9'9F 609 yEFS8 LOFYT OLFSYL  TLFYSI 6'LF6ST 61 F8'8C Y'STFS9¢ Syl AIO-J4dIH
sIsATeue
Sunpoen opyoads (u) syuaned
10y aremyog STOAT JHAT 2 sn[nuue [enty V/d AN A WOSTOVI %) IS1OVT (%) ¥STOVT AV JO IoquinN adfyouoyd JH Teakjroyny

(ponunuoo) ¢ 3jqey

pringer

Qs



Heart Failure Reviews

K)IO0[2A 2110}

-SeIp A[IBd Je[nuUUE [eNIW pue AJIDO[QA MOPUI [enIW A[Ied udamiaq onel ay) ,a/7 ‘1o[ddop Aq AJoo[ea mopgur [enmu 9)e[ pue A[Ied udamiaq onel oyl y/q AW ‘1e[ddop anssn Aq £1100[2A 21[0ISBIp
Apes re[nuue enmu 2 ‘eseyd 3Mpuod je urens [eurpmiSuol [eqolS [erne 1391 2$ 7oV 7 ‘oseyd 191s00q I8 urens reurpmisuo] [eqorsS [erne 1391 4970y7 ‘eseyd I0AISsaI e utens [eurpmisuo| [eqors
[eLne 1391 ¥$7OY7 Xopul SWN[OA [BLIE YO IAYT ‘[eLIe 1o 7 ‘Uonodelj uondald o[dInuaA 1Jo] JFAT ‘Urens [eurpniuo] [eqo[S 9[OLIUdA 1Jo] $TOAT ‘Urens [eurpmiSuo] [eqo[S §79 ‘uonounysAp
Aoupry o1uoIyd (7D ‘UOnOUNISAp IR[NOSEAOIOIW AIRUOIODd (J4) ‘QInjiej 11edy J4 ‘Uonoely uonoslo paonpar yim e} Jeay J74L{H ‘uonoely uonodfo paaresard yym ainjrey 1edy Jgd.JH

OVdOWH  SEFHSI— 9¥F09 SIF6S LOFES'T 89FL 91 691 FEeh 9% J9d4H  [08] Howonpe)
8EFGLI— S8F9IL CIFSS 8LOFICT €SFOEl  6vFET LEF601 S9FIET I'8F6°6€ 6¢ AV WM JHdIH
l6L] T2
OVdOWd  1'€F9'81— S8FLTL TIF6S 6C0FL80 §TFOIL  09FFHI 0P FSYI ¥LFO6C €6F9°€e [€1 AV noyum JqdJH 30 Yedzg-oiser
80CF ey SL JHRH - [8L] T8 12 [euoq
(LL]
11¥¢¢ €TF 6 4¥4 JALH T8 30 IN[I9pUIH
£8F6'8C 0€F09 T1F¢T 96F9LI TSIF6TY 900¢C JHRH [zl e uo
€0F80 e J9MH  [€L] 120 wdnn
[zLl
0LF06C 8TFLY 9STFLLT 08FLYI 881 F6'ch LyL JHRH - TE 19 odnfIe)
loL]
o3ukg 09F0°sT SYFTL FIFLT  0TIF00C LSFLL T8FSHI 0'SIF0TH 801 JHH Te 19 D01
[s1]
SPFS6— 001 F0O¥E 9LFYII ¥SFGS9 8'0CFYLS 43 JHRH T2 19 styoues
[L1] T8
L6F¥C I'CFT9 0'LIF00S L6 JHMH 1 Aysaoudely
(8]
OVAOWH  €¢F L8~ 7'8FT'8C 0TF+1 €8IFETH £0T JAMH e 30 ojuadieg
[9¢]
Jvdoudq 08F0IE IIFST  0EIF0¥C IOLF 161 0'6CF0°SS 6 JHLH e 30 ojowsng
SLFSE TTFES 60F¢T FOFSEI 9 JHMH  [SS] T8 12 reeg
OVdOWH 9 ¢F10I— Y'6FCT9C 9TF9'8 CSFOII 061 FITH ST JHRH  [$6] T8 10 upoy
ovdoudq EFL- 8FI¢ 01F¢I 9FI1 6 J9MH (28] e e eyes
9SFO6I TIFIT  TIIFS0C 091F0°LS L1 Pa1-uoAs-JHLIH
FSFOLI 80FLT LOIFE6! 0TTFOIL 8T JULAS-JHLIH [16] e 10 nx
[8+]
OVdOWH  TTFLL- 6TIFLLT TSFLLI CEIFLOY 9 JHMH T80 BpoWlY
av1o sdud vy FL6— FOIFEEE CIFES LTFLT 09F0LI TCFLTY 65 J9RH  [Ly] e 0 niSorg
le1]
OVAOWH  6TFE8— 7'LF00E 8IFH'S TIFYT TSFEYI 0'LF8ST 9'81F9'CS SO JHRH T8 19 01dnfIe)
sIsATeue
Sunyoen opyoads (u) syuaned
10y aremyog STOAT JHAT 2 sn[nuue [enty V/d AN A (WOSTOVT %) IS1OVT (%) ¥STOVT AV JO IoquinN adfyouoyd JH Teakjroyny

(ponunuoo) ¢ 3jqey

pringer

a's



Heart Failure Reviews

30-

20-

LA reservoir GLS (%)

30 40 50

LAVi (ml/m2)

Fig.2 Meta-analytic scatterplot for the relationship between LAVi
and LA reservoir GLS in patients with HFpEF versus HFrEF. HFpEF,
heart failure with preserved ejection fraction; HFrEF, heart failure

versus chronic outpatient setting for HFpEF patients.
Four out of 61 studies in the chronic outpatient setting
reported LAGLSy, in both patients with HFpEF (n=1877)
and HFrEF (n=3058). LAGLSR was worse in patients
with HFrEF as compared to patients with HFpEF [8.5%
versus 23.6%; WMD =16.3% (22.05, 8.61); p<0.001,
= 77.6%]. Besides, the relationship between LAVi and
LAGLSy, (Fig. 2) was significant in HFpEF (estimated coef-
ficient—1.08, p=0.009, R*= 0.525), but not in HFrEF (esti-
mated coefficient —0.44, p=0.06, R*= 0.447). On the other
hand, the relationship between LAGLS with LVGLS was
not significant in neither HFpEF (estimated coefficient 1.35,
p=0.30, R*= 0.01) nor HFrEF (estimated coefficient 2.81,
p=0.41, R?= 0.006). Two studies reported LA booster GLS
(LAGLSy) in patients with HFrEF (n =140), and ten stud-
ies reported LAGLSy in patients with HFpEF (n=1320).
The pooled mean value of LAGLSg was 7.7% versus 13.9%
between patients with HFrEF and HFpEF in the chronic
ambulant clinical setting. None of the included studies
reported the LAGLSy in both patients with HFpEF and

@ Springer
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with reduced ejection fraction; LAVi, left atrial volume index; LA,
left atrial; GLS, global longitudinal strain

HFrEF. Five studies reported LA conduit GLS (LAGLS()
in patients with HFpEF (n=1173) in the chronic ambu-
lant clinical setting, and the pooled mean value LAGLS,
was 15.8% in patients with HFpEF. No included studies
reported LAGLS in patients with HFrEF. Given the very
limited number of studies comparing LA booster and con-
duit function in patients with HFrEF versus HFpEEF, it is
hard to determine how these two LA phasic function differ
in patients with HFrEF versus HFpEF. Lastly, the details
of prognostic information for each LA parameter and the
adjusted covariates from included studies were summarized
in supplementary online (Tables S5 and S6).

Discussion

To the best of our knowledge, this is the first systematic
review and meta-analysis assessing and comparing LA struc-
tural and functional echocardiographic parameters and their
clinical relevance in patients with HFrEF versus HFpEF. It
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comprehensively summarized 61 studies, among which 27
studies with HFrEF patients (n=8806) and 38 studies with
HFpEEF patients (n=9928). Several important clinical find-
ings emerged from the current study:

(1) LA volumes were comparable between patients with
HFrEF and HFpEF; (2) LV filling pressures (estimated
by E/e’) were comparable between patients with HFrEF
and HFpEF in the acute inpatients setting, while in the
chronic outpatient setting, LV filling pressures were higher
in patients with HFrEF; (3) the LA reservoir GLS was
profoundly lower in patients with HFrEF as compared to
patients with HFpEF, despite the greater burden of AF in
patients with HFpEF and clinical setting of the study (acute
inpatient or chronic outpatient).

The left atrium is an easily expandable thin-walled struc-
ture that plays a crucial role in LV filling and optimizing
cardiac output through interaction with both LV and pulmo-
nary veins through the entire cardiac cycle [1]. It possesses
three main functions, including mechanical, endocrine, and
regulatory functions, which are closely intertwined and
tightly coupled with one another [1]. Rapid development
and application of 2D strain to the LA have enabled us to
better understand the mechanical function of LA, which is
composed of the reservoir, conduit, and booster functions
based on the corresponding LA phase in the cardiac cycle
[1]. Furthermore, a recent meta-analysis reported the normal
values of each strain component, with LA reservoir, conduit,
and booster GLS as 39%, 23%, and 17%, respectively [13].
Based on these reference values it can be concluded that pro-
nounced LA dysfunction exists in both patients with HFpEF
and HFrEF, further supporting the concept of LA myopathy.
Most interestingly, it was recently described that LA reser-
voir GLS outperformed E/e’ and LAVi in the diagnosis of
the HFpEF [14].

Several studies have compared LA structure and func-
tion using various imaging methods with mixed results in
patients with HFrEF versus HFpEF, which was the starting
point of our systematic review. For example, Sanchis et al.
showed that LAVi and LA longitudinal strain were similar
in new-onset outpatients with HFrEF versus HFpEF [15]. In
contrast, LA dysfunction (using LAGLS) was worse in acute
heart failure patients with HFrEF than HFpEF, but equally
associated with survival [16]. Melenovsky et al. used LA
ejection fraction (LAEF) and showed that LA dysfunction
was associated with mortality only in patients with HFpEF
despite worse LA function in patients with HFrEF [17]. In
contrast, Modin et al. showed LAEF was independently asso-
ciated with mortality in a larger sample of HFrEF patients
[18], and Carluccio et al. showed that LA reservoir GLS was
independently associated with survival in a cohort of patients
with HFrEF [19]. Finally, a recent meta-analysis, pooling
data of HFpEF studies, showed that LA reservoir strain was
associated with prognosis in patients with HFpEF [5].

A change in LA structure and function is a complex,
dynamic and heterogeneous process that may be different
between phenotypes of HF. LA dysfunction and increase
of LA pressure have long been considered as hallmarks of
HFpEF, whereas HFrEF is generally considered as a left
ventricular disease [3, 20, 21]. This might explain the dis-
crepancy in the number of studies focusing on LA dysfunc-
tion in HFpEF versus HFrEF. However, despite a greater
burden of AF in patients with HFpEF, our data found that
LA function was worse in patients with HFrEF than patients
with HFpEF. This might be related to the greater burden of
moderate to severe functional MR in patients with HFrEF.
HFrEF is more associated with an eccentric ventricular
remodelling, resulting in tethering of the mitral leaflets [22,
23]. In our review, we showed that in HFpEF patients func-
tional MR was less prevalent, but not negligible, and may
be more the result of mitral annular dilation due to the high
incidence of AF in this subgroup.

LA reservoir peak longitudinal strain, inherent to its nature
as a strain, is dependent on its baseline length, with maximal
elongation of the LA during LV systole, suggesting its high
dependence on LV longitudinal strain as well [24]. Carluccio
et al. showed that LA reservoir GLS was more strongly asso-
ciated with LVGLS beyond LA volume and E/e’ in patients
with HFrEF, supporting the significant contribution of LV
systolic dysfunction to LA dysfunction in patients with HFrEF
[19]. Comparatively, LA mechanical dysfunction in patients
with HFpEF, particularly in the setting of AF, is usually not
accompanied by substantial changes of LV systolic function,
which suggests LA mechanical dysfunction to be dispropor-
tionate to LV systolic dysfunction in such patients [8]. Hence,
a decrease of LV longitudinal function, as we show in patients
with HFrEF, might impact LA reservoir function more in
patients with HFrEF than HFpEF [17, 20], suggesting that
the concept of LA myopathy is not only subject to HFpEF,
but to HFrEF as well.

Despite worse LA global function in HFrEF than HFpEF,
the prevalence of AF was higher in patients with HFpEF
than HFrEF. AF and HFpEF share many convergent meta-
bolic risk factors, including obesity that promote systematic
inflammatory processes. Expansion of epicardial fat tissue
may act as a local source of inflammation, amplifying ongo-
ing systemic inflammatory processes [20]. LA dysfunction
in HFpEF is likely associated with a series of inflammatory
cascades resulting in coupled LA endocrine and regulatory
dysfunctions. This is supported by data from Patel et al.
who showed that LA reservoir strain was associated with
biomarkers of neurohormonal activation [25]. However,
the exact mechanism of how the LA mechanical, regula-
tory, and endocrine functions are coupled together, and par-
ticular which factor is the main driving component of LA
dysfunction in both settings of HFpEF and HFrEF remains
unknown.

@ Springer
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Although the prognostic value of LA reservoir strain has
been described in several studies that were included in our
systematic review both in patients with HFpEF and HFrEF
[16, 18, 19], future prognostic studies are warranted to
investigate whether LA dysfunction in HFrEF and HFpEF
are two distinct processes. A better understanding of differ-
ent forms of LA dysfunction in HFrEF versus HFpEF may
have important clinical implications. Given the distinct LA
reservoir GLS in patients with HFrEF versus HFpEF, this
measurement might serve as a potential marker to better phe-
notype patients with HF. For patients with HFpEF, a novel
therapeutic intervention which specifically targets the LA
by creating a shunt at the atrial level to offload LA pressure
looks promising from preliminary data [26]. Given our find-
ing of higher LA pressure and worse LAGLS in HFrEF, we
might cautiously postulate a potential benefit of this novel
device in patients with HFrEF as well.

Limitations

There are several limitations of the current systematic
review. First, our review has the inherent limitation of selec-
tion and reporting bias, which was minimized by a thor-
ough selection procedure and quality assessment. Secondly,
we only focused on primary echocardiographic parameters
assessing LA structures and function that have been widely
recommended in guidelines. Other echocardiographic
parameters such as LAEF and other LA-related parameters
assessed by other imaging modalities were not included in
the current review. Thirdly, we were not able to account
for all differences in clinical characteristics due to a lack
of individual-level data. For example, the definition (and
thus the extent) of ischemic cardiomyopathy varies study
by study, which hampers a thorough analysis of its (possi-
bly) confounding role. Fourth, we were unable to report the
weighted HR of comprehensive LA structural and functional
parameters except for LA reservoir GLS due to the limited
numbers of studies, different outcome measures, and lack
of confounder adjustments. Last but not least, the details
of averaging the RR interval for the strain measurement in
the setting of AF were not addressed in most of the studies.

Conclusion

Although left atrial abnormalities have been proposed as a
hallmark of HFpEF, we found that LA structure and function
are worse in patients with HFrEF than HFpEF. Thus, the sig-
nificant pathophysiological insight of intrinsic LA myopathy
should be equally emphasized in both patients with HFrEF
and patients with HFpEF.

@ Springer
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