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Why do we assess diastolic function?

« We want to diagnose HFpEF.

— For a patient with HF symptoms with normal EF, we
suspect a possibility of diastolic dysfunction.

« We want to know patient’s prognosis.

— We know diastolic dysfunction and high filling
pressure worsen the patient’s prognosis.




Definition of heart failure

HFrEF HFmrEF HFpEF
Symptoms = signs  Symptoms = signs Symptoms = signs
LVEF <40% LVEF 40 —49% LVEF >50%

- 1. Elevated levels of natriuretic 1. Elevated levels of natriuretic
peptides (BNP>35 pg/mL and/or peptides (BNP>35 pg/mL and/or
NT-proBNP>125 pg/mL) NT-proBNP>125 pg/mL)

2. At least one additional criterion: 2. At least one additional criterion:

a. Relevant structural heart disease ~ a. Relevant structural heart disease
(LVH and/or LAE) (LVH and/or LAE)

b. Diastolic dysfunction b. Diastolic dysfunction

Signs of diastolic dysfunction
* Structura aterations; LAV1>34 mL/m? or LVMI=115 g/m? (male) =95 g/m? (female).
* Functional alterations: E/e’>13 and average € <9 cm/s.

* Other: TR velocit
Y (2016 ESC GL, EHJ 2016;37:2129)

GUIDELINES AND STANDARDS

Recommendations for the Evaluation of Left Recommendations for the Evaluation of Left
Ventricular Diastolic Function by Echocardiography Ventricular Diastolic Function by Echocardiography:
5 L An Update from the American Society of
Echocardiography and the European Association
of Cardiovascular Imaging




Estimation of Filling Pressures in
Patients with Normal EF

Ar—A=30ms
Valsalva A E/A > 0.5

Practical Approach to Grade Diastolic
Dysfunction
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LA volume
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Estimation of Filling Pressures in
Patients with Depressed EF

/

E/A <1 and E < 50 cm/s E/A21-<2,0r
E/A<1and E > 50 cm/s

_— ~—
E/e’ (average e’) <8 Efe’ (average €') > 15
ENp<i4 ENp225
S/D>1 8D<1
Ar-A<Oms Ar—-A>30ms
Valsalva A E/A < 0.5 Valsalva A E/A > 0.5
PAS <30 mmHg PAS >35 mmHg
IVRT/ T >2 NI!TI:E,.Q
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Normal LAP TLaP

Mitral E/A

E/A 22, DT <150 ms

Were 2009 GLs he
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Grading diastolic function by
echocardiography: hemodynamic validation
of existing guide“nes (Cardiovasc Ultrasound 2015;13:28)

Andrew D. M. Grant', Kazuaki Negishi’, Tomoko Negishi’, Patrick Collier’, Samir R. Kapadia®, James D. Thomas®,
Thomas H. Marwick?, Brian P. Griffin® and Zoran B. Popovi¢®®”
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Normal Grade 1 Grade 2 Grade 3

Norma Grade 1 Grade 2 Grade 3

Diastolic Function Grade Diastolic Function Grade
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of paradoxically increased compliance in patients with severe DD.

Conclusions: Although echocardiographic grading of DD was related to invasive hemodynamics in this population,
the relationship was modest.

Effect of Recommendations on Interobserver
Consistency of Diastolic Function Evaluation

Samuel Unzek, MD, Zoran B. Popovic, MD), Thomas H. Marwick, MBBS, Pub,

for the Diastolic Guidelines Concordance Investigators

Clewvland, Obio

rssnht tha im.

Complete d| aﬁbl i\cmé‘val uat{inéﬁmohbtai ned|n20pts and| nterpreted
by 14 expertsin 8 countries.
 Concordance assessed with recommendations by 2 investigators.

» Complete agreement was obtained in 10 of 20 pts.
» Sensand Spec of raised filling pressure were 66% and 88%.

* Overdl, kappavaluesfor filling pressure and diastolic class were
0.71 and 0.68.

ppa values for filling
54 to 0.86).

CONCLUSIONS Correc its for g ned by a high
proportion of readers. Cla ot ) be variabl ht be addressed
by provision of a uniform hie s. () Am Coll Cardiol Img 2011;4:460-7) © 2011 by

the American College of Cardiology Foundation




Concordance between observers and
the reference read

US readers
International readers

Concordance Between Observers (%)

Delayed Pseudonormal Restrictive
Relaxation

(Unzek S, JACC Img 2011;4:460)

CUIDELINES AND STANDARDS

Recommendations for the Evaluation of Left Recommendations for the Evaluation of Left
Ventricular Diastolic Function by Echocardiography Ventricular Diastolic Function by Echocardiography:
e An Update from the American Society of
' Echocardiography and the European Association
of Cardiovascular Imaging

This update places more emphasis on
applying the most useful, reproducible,
and feasble 2D and Doppler
measurements  from  the
guidelines.




Algorithm for diagnosis of
LYV diastolic dysfunction

- Mitral Inflow  ——_

[
E/AS08+E>50cm's

In patients with normal LV EF

or
EA>08-<2

4-LA volume index >34mlm? of3or 3o 1-Average E/e’ > 14
N 2-TR velocity > 2.8 m/s
I 3-LA Vol. index>34mlim*

50%
positive

Diastolic

Normal Diastolic Indeterminate Dysfunction

function

Norma LVEF

Depressed EF or myocardial disease with
(2016 ASE/EACVI recommendations) normal LVEF

Echo-Doppler estimation of left ventricular
filling pressure: results of the multicentre
EACYVI Euro-Filling study Lancellotti P EHJl 2017

Estimating Left Ventricular Filling Pressure )
by Echocardiography Andersen OS, JACC 2017

Differential Clinical Implications of Current
Recomme

= 2016 recommendations are more
=een ACCUrate and user friendly than
g 2009 recommendations.

Heau-to-neao Lomparisorn witn wne
2009 Guidelines Baaney B, JASE 2018

Interobserver Variability in Applying American

Society of Echocardiography/European Association

of Cardiovascular Imaging 2016 Guidelines for

Estimation of Left Ventricular Filling Pressure Nagueh SF, CCl 2019




Are 2016 GLs really helpful?

Impact of the 2016 ASE/EACVI
recommendations on the prevalence of
diastolic dysfunction in the general population

Joao G. Almeida”, Ricardo Fontes-Carvalho"z*T, Francisco Sampaio1, José Ribeiro1,
Paulo Bettencourt®, Frank A. Flachskampf®, Adelino Leite-Moreira>®, and

Ana Azevedo®’

Among 1000 individuas with EF=50%, DD was
1.4% with 2016 recommendations and 38.1% with
2009 recommendations.

55.4%

50.5%

oy .mmm-x-mmmxmmmwmmm mi-
The application of the new 2016 ASE/EACVI recommendations resulted in a much lower prevalence of DD. The
concordance between the classifications was poor. The updated algorithm seems to be able to diagnose only the

most advanced cases.
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Clinical utility of the 2016 ASE/EACVI
recommendations for the evaluation of
left ventricular diastolic function in the
stratification of post-discharge prognosis in
patients with acute heart failure (
Tomoko Machino-Ohtsuka', Yoshihiro Seo'*, Tomoko Ishizu',
Yoshie Hamada-Harimura', Masayoshi Yamamoto', Kimi Satqg

Seika Sai', Akinori Sugano?, Kenichi Obara®, Ikuo Yoshida®, Is:
Kazutaka Aonuma’, and Masaki leda'

Patients were admitted for ADHF (n = 838)

Exclusions (n = 357)
In-hospital death
Atrial fibrillation, atrial flutter, or atrial tachycardia
Pacemaker rhythm

Sinus tachycardia with EA fusion

Severe mitral regurgitation

Severe aortic regurgitation

Mitral stenosis or severe mitral annulus calcifiation
Prior mitral valve surgery

Hypertrophic cardiomyopathy

Acute coronary syndrome

S S W O S T U T A 8

4

‘Study population (n = 481) J

| HFrEF (n = 328) | HFpEF (n = 153)

Evaluation of DD grade before hospital discharge

Outcome assessment
Follow-up period: 15 {8, 24] months
A composite of

Endpoint cardiovascular death or HF hospitalization

Comparison of 2009 GL and 2016 GL

Kk coefficient = 0.44, p <0.001
Reclassification rate 38.5%

I 1
'ﬁ ﬁ’\
[ 2009 \ 2016 N\

Recommendation

Recommendation

The concordance between 2009 GL and
2016 GL was modest (k=0.44, p<0.001).

The reclassification rate was 39%.

2016 GL was comparable to 2009 GL in
predicting the endpoint.

" Grade |

(n=172) --> Gradelll (n=3)
R L)
=3 Indeterminate (n = 5)
Grade | (n = 56)
Grade ll (n = 68,
~~~~~~ >| Indeterminate (n=1)
> Gradel(n=15) |
Grade Il (n =42
<> Gradelll (n=113
e Gradel (n=2)
- Grade ll

" >{indeterminate (n=4) J)
E— (EHJ CVI 2019;20:1129)
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Survival curves in HFpEF

HFpEF HFpEF
2016 Recommendation 2009 Recommendation

— Grade | —CE
| — crade ‘
— Grade Il — RN
— Grade lll

—— Grade Il
g

— Grade lll

Log-rank x2 value = 7.81
P=0.02

4 Log-rank x? value = 7.65
P=0.02

Pairwise comparison

1 Gradelvs. Il

Event-free survival rate

Painwvise comparison P
0.2 Gradelvs.ll 0.92
¢ S 0.04 Grade | vs. Il
Grade Il vs Il 0.04 Grade Il vs lll

Event-free survival rate

0.0

Months Months
* Grade I was differentiated by 2009 GL while Grade III was differentiated
by 2016 GL.
(EHJCVI 2019;20:1129)

Age and gender difference




Web Table 4.3 Normal and abnormal values of echocardiographic indices of diastolic function of left ventricle at rest
according to age categories, differentiated for gender. Values are presented as means (+ standard deviations) (the
cut-offs of these parameters have been derived from the following references).®*7%72:80-86

Parameter Normal diastolic function Diastolic dysfunction

20-40 years 40-60 years 260 years Impaired | Pseudo-normal | Restrictive
relaxation | filling filling

Male Female Male Female Male Female

MV-inflow
MV-E (m/s) 079£0.14 |084£0.17 |072+016 (077017 |0670.15 [072£0.17
MV-A (m/s) 050£0.13 [051%0.12 |061£0.15 |063+0.14 [073+0.16 [0.76%0.16
DecT (m/s) 1798+ 464 |176.7 +40.1 | 186.6 +52.8 | 188.2+39.8 |217.5+69.7 (201.5+557 140-220
E/A ratio (m/s) 169+£052 |1.72+£052 | 1224031 |126+043 <£,96 t 0.27) 0.99 £ 0.31 P 1.0-20
Ivrt (m/s) 60-100

Tissue Doppler
' . -

¢ septal (cmls) 19+27 [123:23 [98+26 [97:25 (73222 )[79:23 )<s
N ‘V

€' lateral (cm/s) 16236 166 +32 126 £3.0 124+3.0 95+2.1 97+32 <10

€' mean sept-lat (cm/s) | 14.0 £2.9 145+24 112+£24 ILI£25 85x19 88126

Ele’ septal 69+ 1.7 69+ 1.6 78124 82+22 98130 97126

E/e' lateral 5013 5213 61122 65+23 7612l 79+22

E/e’ mean sep-lat 58+ 14 59+13 67121 72120 84122 86122

DecT = deceleration time of MV-E; e’ = early diastolic tissue velocity; E/e’ = a ratio between early mitral inflow velocity and mitral annular early diastolic velocity; IVRT =
isovolumetric relaxation time; MV = mitral valve; MV-A = mitral valve late diastolic inflow; MV-E = mitral valve early diastolic inflow.

(2016 ESC GL, EHJ 2016;37:

Is E/e’ accurate?




@ ESC European Journal of Heart Failure (2018) 20, 1303-1311 RESEARCH ARTICLE
European Society  doi:10.1002/ejhf.1220
of Cardiology

Correlation with invasive left ventricular filling
pressures and prognostic relevance

of the echocardiographic diastolic parameters
used in the 2016 ESC heart failure guidelines
and in the 2016 ASE/EACVI recommendations:
a systematic review in patients with heart
failure with preserved ejection fraction

Jan F. Nautal, Yoran M. Hummell, Peter van der Meer?, Carolyn S.P. Lam2,
Adriaan A. Voors'*, and Joost P. van Melle!

"Department of Cardiology, University of Groningen, University Medical Centre Groningen, Groningen, The Netherlands; and 2Department of Cardiology, National Heart
Centre Singapore, Duke-National University of Singapore, Singapore

Study Correlation COR Weight

Hummel 2017 : 024 16.3%

Obokata 2016 0.58 14.6%

. y Matsushita 2015 056 9.6%
Corrélations between E/€ Kasner 2015 : 084 11.5%
. . - Bhella 2011 : 064 7.4%

and invasive filli ng Kasner 2010 ; 057 11.0%
Maeder 2010 n 0.19 88%

pFESSUI’eS in HFpEF Weeks 2008 : 035 6.8%

Kasner 2007 071 141%

Random effects model = 0.56 100.0%

Study Hazard Ratio 95%-Cl| Weight

Mascherbauer 2017 [0.99; 1.
Kimura 2016 » [0.99; 1.
Burke 2014 - [1.02; 1.

Association between E/e Obokata 2016 » hoo

. Shah 2015_
and MACEin HFpEF  [Feeh s

Zile 2011 [0.99; 1.

Random effects model = [1.03; 1.06] 100.0%
I

0.9

(Nauta JF, EHJF 2018;20:1303)




Limitations of E/e’
to assess filling pressures

Healthy subjects

— Bhella PS et al. Circ CV Img 2011, Jacques DC et.al. Chest 2004
HCM

— Geske JB et al. Circulation 2007
MR, MS

— Diwan A et al. Circulation 2005
Mitral annular calcification

— Soeki T et al. Eur J Echocardiogr 2002, Abudiab MM et al. JACC CV Img 2017
Advanced systolic heart failure

— Mullens W et al. Circulation 2009, Kimura K et al. Echocardiogr 2012
LBBB, PM rhythm, MI, severe PH .....

— OhJK, etal JACC CV Img 2020

What is the diastolic grade of this patient?

86 yo female
E 86 cm/s

A 119 cm/s
E/A 0.72
DT 220 ms




86 yo female

Sudden onset of dyspnea

She felt dyspnea after bathing which was worsening.
Transported by an ambulance.

Hypertension for >30 years
BP 172/80, HR 90/m, SIII, bilateral moist rales, pretibial
edema

Chest X-ray




TTE at ER

Echo and BNP

-
LVDd/Ds = 43/28 mm

EF = 62%

IVS/PW = 12/12 mm
LAVI =40 mL/m?

E 86 cm/s (>50 cm/s)
E/A 0.72 (<0.80)

DT 220 ms

BNP = 580 pg/ml

Even with E/A <0.8, some patients may develop CHF with
high filling pressure.




orithm for myocardial disease and
normal LVEF

E/AS08+E<=50cm/s EIA>08-<2

3 criteria to be evaluated”

verage Ele’ > 14
2-TR velocity > 2.8 m/s
3-LA Vol. index>34ml/m*

20of30r30f3
Negative

20of3o0r3of3
Positive

When only 2 criteria are available

1 positive and

. 2 positive
negative

I 2 negative

|

P Cannot determine 1 LAP

Norm A
Grade | Diastolic LAP and Diastolic Grade Il Diastolic Grade Il Diastolic
Dysfunction Dysfunction Dysfunction Dysfunction

Grade*

If Symptomatic
Consider CAD, or

proceed to diastolic
stress test

Redefining Diastolic Dysfunction Grading

Combination of(E/A =0.75)and[Deceleration Time 140 ms ]|
and|E/¢’ =10

Hiroshi Kuwaki, MD, Masaaki Takeuchi, MD, Victor Chien-Chia Wu, MD, Kyoko Otani, MD,
Yasufumi Nagata, MD, Atsushi Hayashi, MD, Mai Iwataki, MD, Shota Fukuda, MD, Hidetoshi Yoshitani, MD,
Haruhiko Abe, MD, Yutaka Otsuji, MD

OBJECTIVES This study sought to examine left atrial (LA) mechanics and the prognostic impact of patients with
echocardiographic findings of E/A ratio <0.75, deceleration time (DcT) of mitral E-wave =140 ms, but E/¢' =10.

BACKGROUND Traditional diastolic dysfunction (DD) grading system could not classify every patient into a specific
group. We considered the group of patients with E/A =0.75, DcT >140 ms, but Efe’ =10 (proposed new DD grade)
as a new group in the DD grading system,

METHODS A total of 1,362 consecutive patients were stratified according to the new DD grading system, and the LA
volumes, strain, and strain rates were measured by 2-dimensional speckle-tracking analysis. All patients were followed
up to determine cardiac death and major adverse cardiac events,

RESULTS{An E/A =0.75, DCT >140 ms, but E/e’ =10 was observed in 227 patients (175).JLA volumes in patients with
the new DD grade were between those of the impaired relaxation group and the pseudonormal group. LA strain of the

new DD grade was similar to that of the pseudonormal group, whereas LA booster function was preserved 3s in the
impaired relaxation group. During 3 mean follow-up of 3.0 £ 1.1 years, 25 patients had cardiac death and 61 had major
adverse cardiac events. Event-free survival for major adverse cardiac events of the new DD grade was worse than that

of the impaired relaxation group but similar to that of the pseudonormal group.

CONCLUSIONS The new DD grade is frequently observed and l\d{d prognosis similar to that of the uswdunumdl]
|group but significantly worse than that of the impaired relaxation group |Hovw:vcr. LA booster function was maintained
at the expense of LA volume enlargement. Thus| the new grade should be a distinct entity for routine DD grading. )

(J Am Coll Cardiol Img 2014;7:749-58) © 2014 by the American College of Cardiology Foundation




Normal E/A=<0.75, DcT >140 ms, E/e’ 210 — Restrictive
— |Impaired relaxation Pseudonormal

Survival (%)

Log-rank x = 103.13
P Value < 0.0001

T T T T T T T T T T T T T 1
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400

Follow-up Duration (Days)

(Kuwaki H, JACC Img 2014;7:749)

Grade 1 = impaired relaxation pattern with normal filling pressure
anu impaired relaxation pattern with mildly increased filling pressure

FOURTH EDITION Grade 2 = pseudonormalized pattern with mild-moderately increased filling pressure

Grade 3 = reversible restrictive pattern with severely increased filling pressure

Grade 4 = irreversible restrictive pattern with severely increased filling pressure

Ja e K Oh In the 2016 ASE/EACVI recommendation|g

Garvan C.Kane
James B. Seward
A. Jamil Tajik

ﬂ‘. Wolters Kluwer




Are the guidelines helpful?

-
* Yes, they are helpful.
 But they are not perfect.

— Age and gender are not considered.

— E/e’ is not very much accurate to predict high filling
pressure.

— Not all Grade 1 patients have low filling pressure.

* Guidelines will progress. Let’s wait for the
“New” guidelines.

Diastolic Guidelines
- Are they helpful?

Satoshi Nakatani
Osaka University Graduate School of Medicine
Osaka, Japan




