Atrial Dysfunction in Patients
with AF and HF

Cross Specialty 1: Joint Symposium with Heart Failure
KHRS 2021

SEoist e AR A4ZTS o|The

o
= — O = | [ T

CHUNGBUK NATIONAL UNIVERSITY HOSPITAL

Bl

o




Mutual Promotion between HF and AF

LA enlargement
T LA pressure
Functional MR

\ 4
Fibrosis
ey Neurohormonal umme AF
activation
g | Cardiac output |




@ European Journal of Heart Failure (2009) 11, 676—683

EUROPEAN doi:10.1093/eurjhf/hfp085
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A meta-analysis of the prognostic significance
of atrial fibrillation in chronic heart failure

Mamas A. Mamas.

Table | Summary of randomized controlled studies

Author Setting Number LYV systolic function Mean % Number (%) of deaths P-value
inclusion follow-up AF SR

Carson et al.” V-HEFT | &Il 1427 LVEF < 45% 2.5 years 19 480/1221 (39) 75/206 (36
Dries et al.® SOLVD 6517 LVEF < 35% 2.8 years 6 1395/8098 (23)  149/419 (34
Mathew et al’® DIG 7788 All LVEF included 3.1 years 11 2231/6922 (32)  375/866 (43
Crijns et al.’® PRIME Il 409 LVEF < 35% 3.4 years 21 153/325 (47) 50/84 (60
Swedberg COMET 3029 LVEF < 35% 4.8 years 20 874/2429 (36)  258/600 (43
et al.'®
Olsson etal’®  CHARM 7601 All LVEF included 3.1 years 15 1466/6451 (23) 365/1148 (32
Pederson DIAMOND 3587 LVEF < 35% N/A 24 1951/2661 (73)  634/818 (77

et al.’




Effect of AF on Prognosis according to HF subtype

Prior AF New onset AF

Test for
interaction

Test for
interaction

AF No AF AF No AF

non-fatal stroke

' 172
CV-deathor  Preserved EF 161/478 (34%) 53812545 (21%) | | o ———— - CV-deathor  Preserved EF  60/129 (47%) 478/2416 (20%)! 4g2
hospitalization  Low EF 299/670 (45%) 146213906 (37%) | | —e— P hospitalizaton  Low EF 1741263 (66%) 1288/3643 (35%) L [ S p=019
due to CHF | due to CHF |
| I
| 1.80 |
CV-death Preserved EF  83/478 (17%)  257/2545 (10%) | 1 =8 T CV-death Presorved EF 24129 (19%) 2332416 (10%)1 | ——28——
LowEF  204/670 (30%) 916/3906 (23%) | | —e— i Low EF 931263 (35%) 82313643 (23%)! | 12— p=0.25
— i 1.64 T
Hospitaization  Preserved EF 115/478 (24%) 40202545 (16%) | 8 ) Hospitaization ~ Preserved EF  50/129 (39%)  352/2416 (15%)! o
duetoCHF  LowEF 199/670 (30%) 959/ o1 130 p=0.08 | 700 p=0.82
ue to ow 99/670 (30%) 959/3006 (25%) | —le0 due to CHF Low EF 147/263 (56%)  812/3643 (22%)|
I
' 1.80 :
All-cause mortality Preserved EF 117/478 (24:4,) 364/2545 (14:/u) : T B p=0.04 Allcause mortality, Preserved EF ~ 34/129 (26%)  330/2416 (14%), ~———261——
LoweF  24@670 (a7%) 11020006 (28%) 1 —e— ; newonsetAF  LowEF 112263 (43%) 090/3643 (27%)1 —gl— PR
1.45 1
) L) l v
Fatal ornon-fatal  Preserved EF  25/478 (5%)  96/2545 (4%) T3 p=0.35 Fatalor non-fatal  Preserved EF 121129 (9%)  84/2416 (3%) | 348
stroke Low EF 30/670 (6%) 1273006 (3%) ! * stroke Low EF 161263 (6%) 11113643 (3%) | il P02
| 1.65 :
CVdeathor  Preserved EF 1601478 (35%) ~569/2545 (23%) 1 437 p=0.04 CVdeathor  Presorved EF 63120 (49%) 526/2416 (22%)1 A4
hospitalization Lo EF S1670 (47%) 150413906 (d9%) | —e— hospitaization  Low EF 178/265 567?3 1328/3843 Esoo,zzu _ 32 p=0.19
due to CHF or I due to CHF or :
I
l
1

non-fatal stroke
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Impact of AF on Prognosis in HFpEF

Through LA myopathy




Mutual Promotion between HFpEF and AF

Atrial structural remodeling
Adtrial electrical remodeling
Calcium handling impairment
Neurchormonal activation
Oxidative stress/inflammation

Shared risk factors

Hypertension

Aging

Obesity

Metabolic syndrome

Diabetes mellitus
OSA

Tachycardia
Irregularity

Loss of atrial kKick
Functional MR, TR




HFpEF Diagnostic Criteria

2016 ESC

HFpEF

dymptoms £ Signs’

LVEF 250%

. Elevated levels of natriuretic peptides’,

2. At least one additional criterion:
a.relevant structural heart disease (LVH and/or LAE),
b. diastolic dysfunction (for details see Section 4.3.2).

2019 New consensus

@ESC et 57 FASTTRACK CLINICAL RESEARCH

European Sociely doi 10,109 eurheartehzbét Heart faiurelcardiomyopathy
of Cardiology

How to diagnose heart failure with preserved
ejection fraction: the HFA-PEFF diagnostic
algorithm: a consensus recommendation from
the Heart Failure Association (HFA) of the
European Society of Cardiology (ESC)




HFpEF Diagnostic Criteria

Breathless patient

L
Clinical assessment
compatible with HFpEF

Rule out other cardiac
wi-candiac causes -
Standard diagnostic tests:
including natriuretic peptides,
ECG, X-ray, echocardiography
+
Pretest results suggestive of HFpEF
-

HFA PEFF Score
Intermediate

Diastolic stress test:
MNoninvasive or Invasive

Not conclusive

Abnormal
HFpEF confirmed

'

L

Investigate for specific aetiology




Functional

septale’<7cm/s or
lateral e’ < 10 cm/s
or

Average E/e’ > 15

or

TR velocity > 2.8 m/s
(PASP > 35 mmHg)

Average Efe’ 9 -14
or
GLS<16%

HFA PEFF Score

Morphological

LAVI > 34 ml/m?2

or

LVMI > 149/122 g/m? (m/w)
and RWT>0,42 4

LAVI 29-34 ml/m?2

or

LVMI > 115/95 g/m2 (m/w)
or

RWT > 0,42

or

LV wall thickness = 12 mm

Biomarker (SR)

NT-proBNP > 220 pg/ml
or
BNP > 80 pg/ml

NT-proBNP 125-220 pg/ml
or
BNP 35-80 pg/ml

Biomarker (AF)

NT-proBNP > 660 pg/ml
or
BNP > 240 pg/ml

NT-proBNP 365-660 pg/ml
or
BNP 105-240 pg/ml

> 5 points: HFpEF

2-4 points: Diastolic Stress Test or Invasive Haemodynamic Measurements




HFpEF Diagnostic Criteria

Advanced HFpEF workup: Echo stress test

Stress echo

§
Average Efe’ > 15

TR velocity > 3.4 m/s

i
Y

Average E/e’ 15 2 points Perform invasive haemodynamic

A . measurements
: «—— Yes «— Criterion Fulfilled —» N0 —— o
Average Efe’ 15 and (right heart catheterisation at rest

TR velocity > 3.4 m/s : 3 points or during exercise)

Invasive Haemodynamic Measurements (Left and Right Heart Catheterisation)

Invasive Haemodynamic Measurements at Rest Invasive Haemodynamic Measurements during Exercise
(invasive Stress Test)

| |

LVEDP > 16 mmHg
or
PCPW =15 mmHg

|
Yes

4 Echo Stress Test
or
HFpEF Invasive Stress Test

PCPW =25 mmHg




HFrEF vs HFpEF

Pattern of LV remodeling LV distensibility

Left ventricular mass

Normal Increased

Normal

p_ \\ / N
Concentric \ / \ /

Concentric
remodeling Concentric

hypertrophy

LV diastolic pressure (mmHg)

Left ventricular geometry

Eccentric {1

e < 100 150 200

Eccentric

remodeling Eccentric

hypertrophy LV diastolic volume (mL)




Left Atrial Remodeling: HFpEF vs HFrEF

MAYO CLI N IC Controls, n=40 HFpEF, n=101 HFrEF, n=07 PValug

« 198 pts LAsness, gL

« 40 control: 101PEF: 97 REF

Rt side catheterization
Filing |, Passive Emptying * Active Emptying
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Total LAEF = — — ‘ o LA reservoir function
= Expansion index
Passive LA EF = H; e LAstiffness =a = (LAmaX-LAmin) / LAmMInN




Mechanism of Left Atrial Stiffness

A) Gelatinase activity and mean PAP B) Wall tension & Collagen Synthesis

Canine model

2
R =0.772
P<0.01

R =0.766
P<0.01
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Non-Invasive Analysis of Left Atrial Function

LA function

Volume analysis “pump /\/ \% —
Spectral Doppler of

trans-mitral, pulmonary :

venous, and LAA
appendage flow
Tissue doppler and
deformation analysis

(strain and strain rate)

Filling Passive Emptying * Active Emptying

NG NN
|

Reservoir




Methods of LA Strain

Tissue doppler imaging Speckle tracking imaging
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Relationship of LA strain and prognosis in HFpEF

A Primary Endpoint: Unadjusted Analysis Primary Endpoint: Adjusted Analysis

TOPCAT Trial e

LA emp. fraction LA emp. fraction

LA passive emp. fraction LA passive emp. fraction

357 HFpEF

LA active emp.fraction LA active emp. fraction

T T T T

Strain
LA (peak LA strain) s i e s
LV Iongitudinal St rain B HeartFailure Hospitalization: Unadjusted Analysis  Heart Failure Hospitalization: Adjusted Analysis

Peak LA strain Peak LA strain

Primary Endpoint
Cardiac death

Secondary Endpoint s tcon PV
Hospitalization d/t HF

LA emp. fraction p < 0.001 LA emp. fraction

B —

LA active emp.fraction p < 0.001 LA active emp.fraction

T T T T T T T
] 7 i} 7
Hazard Ratio Hazard Ratio




Common Chamber during Diastole

pulmonary Left Atrium

capillaries

Buffering pressure and flow
pulmonary —_—
oscillation between LV and

pulmonary vasculature.

LV stiffness > Impaired LA
function LA myopathy >
remodeling of pulmonary
vasculature -> pulmonary

hypertension

Atrial fibrillation

= absence of atrial
kick




@ European Heart Journal (2014) 35, 34523462 CLINICAL RESEARCH

EUROPEAN doi:10.1093/eurheartj/ehu193 Heart failure/cardiomyopathy

SQCIETY OF

Right heart dysfunction in heart failure
with preserved ejection fraction

Vojtech Melenovsky!?*, Seok-Jae Hwang!, Grace Lin', Margaret M. Redfieldl,
and Barry A. Borlaug'

Predictor for RVD

1.0
HFpEF, normal RV

0.8 Odd ratio
Male: 8.0 (2.9-26)

AF: 4.0 (1.5-11)

RV :c:IysfunctiIonh | rvaston - LVEF: 2.0 (1.2-3.5)

RV fractional change 1 -
(below 35% vs. above 35%) i | , — CAD: 3.1 (1.2-7.1)
0 500 1000 1500 2000 Days SBP: 0.6 (0.4_0.9)

no RVD 64 32 21 B 2
RVD 32 17 5 2 0

96 PEF
46 control

0.6+

0.4+
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Atrial Dysfunction in Patients B
With Heart Failure With Preserved
Ejection Fraction and Atrial Fibrillation

Yogesh N.V. Reddy, MBBS, MSc,” Masaru Obokata, MD, PuD,® Frederik H. Verbrugge, MD, PuD,™" Grace Lin, MD,"

Barry A. Borlaug, MD?

TABLE 1 Demographics and Clinical Characteristics
M AYO Control Subjects HFpEF .05 HFPEF parox-ar HFPEF permoar
(n = 146) (n=181) (n =49) (n = 48) p Value
C LI N I C Age, yrs 56 +15° 66 + 11" n+7 75+6 <0.0001
Female 60 62 61 60 0.90
BMI, kg/m? 283 +56 33.8 + 7.41% 329 +79¢% 307 £57 <0.0001
Hemoglobin, g/dl 12.9 £1.3* 123+15 122 +15 N8+16 =<0.0001
Diabetes 14 30 35 21 <0.0001
2 8 5 P E F Hypertension 84 94 100 98 0.0001
COPD 8 12 12 10 0.70
1 46 CO ntrOI Laboratories and chest radiography
NT-proBNP, pg/ml 69 (31-127)* 195 (68-557)* 613 (296-1,061)* 1,859 (969-3,051)* <0.0001
Creatinine, mg/dl 0.9+ 0.2* 1.1+£04 1.2+ 04 12+ 04 <0.0001
Rt Side eGFR, ml/min/1.73 m* 73 +18* 61+£17 58 + 20 55 + 20 <0.0001
o o Cardiomegaly 4 16 3 62 <0.0001
Catheterlzatlo n Lung congestion 0 3 4 19 <0.0001
Medication
Beta-blocker 29 51 47 75 <0.0001
TTE ACE inhibitor or ARB 24 41 39 58 <0.0001
Diuretic 23 43 55 65 <0.0001
MRA 6 10 16 27 0.0008
Digoxin 2 1 2 23 <0.0001
Anticoagulation 5 7 33 75 <0.0001




LV strain, no AF vs. PAF vs. PerAF

TABLE 2 Cardiac Structure and Function

Control Subjects
(n = 146)

HFpEFnu—ﬁ.F HFPEFpalux-M HFpEFpnrm-M
(n=181) (n = 49) (n=48)

LV structure and function
LA volume index, mi/m’
LVEDD, mm

2818
4815

EF, %

LV mass index, g/m”

LV GLS, %

LV stiffness f, mm Hg/ml

635
84 £19°
16+3
04210

6416 62+7 bl £ 6

0+2 981 26 9+

16+3 543 14 + 471
0.47 £ 0.15¢ 046+0.14 047 £ 0.4

Efe

Septal @, cmfs

9+ 4
1042

1347 1416 16 615
943 1£3 =
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LA Reservoir Dysfunction

p < 0.0001

LA Compliance, %/mm Hg

o
1

i
1

p < 0.0001
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ABLE 3 Resting Hemodynamics

Resting Hemodynamics

Control Subjects
(n = 1486)

HFpEF 6-ar
(n =181)

HFPEFpa rox-AF
(n = 49)

HFPEFpEIm-AF
(n = 48)

Pressure data, mm Hg

PCWP, mean

9 4 3

15+ 5

16+ 6

19 + 6%

Peak a-wave
Madir x-descent
Peak v-wave

124
8 +3°
12 + 5

19+6
14 + 5°
21 +10*

20+ 6
16 + 6
26 +12*

18 + 5°
3+ 17

<0.0001

Madir y-descent

84+ 3"

14 + 5¢

16 £ 6

18 + 5t%

<0.0001

RA mean

PA mean

PA systolic
LVTMP
RA/PCWP
PCWP/LVEDV
LVTMP/LVEDV

5 + 2*
17 + 4*
28 4+ 7
4 4 2¢
0.57 + 0.2
0.08 + 0.04"
0.04 + 0.03*

9+4
25+ 7
38 + M§||
6+4
0.61 £ 0.20
0.14 + 0.06
0.06 + 0.04

10+4
28 £ 10
43 115
7+4
0.59 + 0.15
0.15 + 0.06
0.07 £ 0.05

12 + 5*
31+9
47 + 14
7+4
0.64 + 0.17
0.17 + 0.07+%
0.06 + 0.04

<0.0001
<0.0001
<0.0001
<0.0001
0.08
<0.0001
<0.0001




Left Atrial (LA) Mechanics

t LA compliance { LA reservoir function

{ LA contractility

LV diastolic dysfunction
—'

Paroxysmal AF

{ Biventricular systolic function
} Cardiac output reserve

{PVR

{ Right heart failure

t Pericardial restraint

B LV fillingpressure  { LAV wave
} Atrial dilatation } LA stiffness

Permanent AF
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Treatment of AF in HFpEF

Heart Rhythm 2018;15:651-657

DUKE univ.

230 pts

42% HFrEF
58% HFpEF
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63% PeAF

+ Censored
Logrank p=0.4382

AF success 121 12 121 121 117 112 104

rate 89 89 89 89 B84 80 TS
T I | | | I |

0 1 2 3 4 ) 6
Months

| EF Group: HFPEF — — — HFrEF |




LA myopathy = LA pressure &5
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Transcatheter Interatrial Shunt Device for the
Treatment of Heart Failure With Preserved
Ejection Fraction (REDUCE LAP-HF I [Reduce

Elevated Left Atrial Pressure in Patients With
Heart Failurel)

A Phase 2, Randomized, Sham-Controlled Trial




ORIGINAL RESEARCH ARTICLE

Transcatheter Interatrial Shunt Device for the
Treatment of Heart Failure With Preserved
Ejection Fraction (REDUCE LAP-HF I [Reduce
Elevated Left Atrial Pressure in Patients With
Heart Failurel)
A Phase 2, Randomized, Sham-Controlled Trial

Number of participants
enrolled

N=94

50 participants did not meet
inclusion/exclusion criteria®

TREATMENT

Number of participants
randomized

N=44

CONTROL

N=22

1 participant withdrew consent and
exited the study™*

21 participants active
at 1-month visit

(20 participants completed
hemodynamic testing***)

N=22

22 participants active
at 1-month visit

(22 participants completed visit)
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PCWP (mmHg)

-8~ Baseline
-2- 1-mo.

Rl;st Leg:s up 20IW

L
Peak

Control group: Baseline vs. 1-month PCWP

* -~ Baseline
*k =& 1-mo.

40~

30+

204

104

PCWP (mmHg)

0

*P<0.05
**P<0.01

Relst Leg:s up 26w

L]
Peak

IASD group: Baseline vs. 1-month PCWP




Conclusions

 In patients with HFpEF, LV stiffness induced LA

remodeling (LA myopathy) and AF.

However, LA function deteriorates at some point

independent of LV and PAF can occur.

If this situation persists, RA function declines with

persistent AF.

« There is a need for research on effective treatment for LA

myopathy and AF in HFpEF.
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