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Ejection Fraction
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Ejection Fraction: A Chimeric Index

Ejection Fraction (%) = EDV-ESV (SV)

EDV

Preload
Afterload

“Physiological variables”
Inotropy

LV wall thickness  «architectural variables”

LV size and shape ©

Katz AM, et al. Eur Heart J. 2016;37:449-454
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Conclusion |

1. Sensitive to loading conditions for instance mitral

insufficiency with mild dysfunction means actually great
loss of EF

2. The term preserved could be misleading confusing and
mistakenly reassuring




INnfra and infer observer variability
relatively unreliable
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Variability in Ejection Fraction Measured By Echocardiography,
Gated Single-Photon Emission Computed Tomography,

and Cardiac Magnetic Resonance in Patients With

Coronary Artery Disease and Left Ventricular Dysfunction
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Volumetric Volumetric Biplane

MRI Biplane MR Echocardiography  Echocardiography

Interobserver
Variability (%) 36 134 83 178
ManzSD(%) 05215 -14259  -01%38 13288
SEE 16 43 37 92
¢ 099 0.94 0.9 08
Intraobserver
Variability (%) 51 130 6. 134
Mean£SD (%) -11£21 -20£56  -04%31 -09+68
SER 21 54 33 6.1
¢ 0.9 091 097 0.90
M. L. Chuang, et al J ACC 2000;35:477— 84
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Conclusion |l

1. Intra and inter observer variability relatively
unreliable

2. Unable to display complex anatomical structures - It
hides structural functional heart abnormalities

3. Systolic and diastolic dysfunction is often present in
HEpEF or HErEF
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Estimation of the volume and functionality

EDV  109.44 ml
ESV 41.98ml
sV 67.46 ml
EF 61.64 %
SDI16 49 ms




Left Ventricular Rotation

Counterclockwise Top (A) Base (B)
movement

ROTATION RATE (dagls)

-

ANTERIOR

ANTERIOR

Clockwise movement



From Rotation to Torsion

MVO EEF

AVC

P:w\.
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ANTERIOR \
0 ®
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Uth\

IVRT | npQIMH
NAHPOEH

orsion rate (deg/s) —60.16

PTw Vel
..

ANTERIOR

Helical cardiac motion where the top is directed counterclockwise and the base clockwise with
longitudinal shortening and simultaneous transverse movement (thickening) of their walls




3D STRAIN
(Wall Motion Tracking)

Time-strain curves from each of 16 segments



Longitudinal
shortening

Cicumferential
Radial
shortening







4D Quantification of LV function

Mean difference +SD vs MRI

RT3DE 2DE
Jenkins 2004 EDV (ml) -4+9 -54+33
ESV (ml) -3+18 -28+28
EF (%) 047  -1+13
Caiani2005 EDV (ml) -4+29 -23+86
ESV (ml) -4+33 -19+60
EF (%) -8+14 +4+16
Jacobs 2006 EDV (ml) -14+17 -23+29
ESV(ml) -7+16 -15+24
EF (%)  -146 149




LV Remodeling Index (LVRi)
In Various Conditions by RT-3D Echo

220 subjects:
normal athletes
DCM HOCM

3D:

Of line
endocardial and
epicardial border
tracing

Nagueh S, et al. J Am Soc Echocardiogr 2016.



RT-3D Echo-Derived LVRIi in Various
Pathophysiological Conditions

>>1
L _
3 LV Remodelling
LVRi ~1 Index
21 1 an
e <1 LV mass
e LVRI =
o LVEDV
Healthy Athletes DCM HOCM
volunteers

Nagueh S, et al. J Am Soc Echocardiogr 2016.



Clinical Decision Making by 3D Echo

» 220 pts, 3 hospitals
*« 3D: 83% feasible; add time 5.4+2 min

Clinically-relevant i
measurement thresholds: Reallocatlon bV 3D

« LVESV >50ml/m?2 8.5%, (5/59)
(surgery for regurgitant valve lesions)

- LVESV >30ml/m? 12.4%, (13/105)
(prognosis after Ml)

. LVEF <35% 17.5%, (11/63)
(indication for ICD)

* LVEF <40% 16.1%, (13/81)

(indication for HF treatment)

Hare JL et al, Heart 2007



Estimation of Diastolic and Systolic function

HEART FAILURE

Left Ventricular Mechanics in Idiopathic Dilated
Cardiomyopathy: Systolic-Diastolic Goupling
and Torsion

Jaroskay Meluzin, MD, PhD, FESC, Lenka Spinarova, MD, PhD, FESC, Petr Hude, MD,
Jan Krejci, MD, Hana Poloczkova, MD, Helena Podrouzkova, MD, Martin Pesl, MD, Marek Orban, MD,
Ladislay Dusek, MD, PhD, and Josef Korinek, MD, PhD, Brio and Prague, Caech Republic; Rochester, Minnesoto

Background: In idiopathic dilated cardiomyopathy (IDC), myocardial deformational parameters and their
mutual relationships remain incompletely characterized.

Methods: Thirty-seven patients with IDC underwent two-dimensional speckle-tracking echocardiography
(2D-STE) to assess left ventricular rotation, torsion, and longitudinal, circumferential, and radial systolic and
diastolic strains and strain rates. Additionally, 2D-STE was performed in 14 controls.

Results: All deformational parameters on 2D-STE were significantly lower in patients with IDC compared with
controls. Seven patients exhibited opposite basal (postive, counterclockwise) and 11 patients exhibited
opposite apical (negative, clockwise) rotation at end-systole. Circumferential, radial, and longitudinal early
diastolic strain rates were correlated most strongly with the corresponding spatial components of systolic
deformation.

Conclusion: In patients IDC, all torsional, systolic, and diastolic deformational parameters were decreased.
Corresponding three-dimensional components of systolic and diastolic deformations were closely coupled.
Considerable variation in the direction of basal and apical rotation exists in a subset of patients with IDC.
(J Am Soc Echocardiogr 2009;22:486-493)

Keywords: Left ventricular rotation, Torsion, Two-dimensional strain echocardiography

European Journal of Heart Failure (2009) 11, 945-951
eurorean  doir10.1093/eurjhf/hfp124

SOCIETY OF
CARDIOLOGY®

Left ventricular remodelling and torsional
dynamics in dilated cardiomyopathy: reversed
apical rotation as a marker of disease severity'

Bogdan A. Popescu®?*, Carmen C. Beladan'?, Andreea Cilin'2, Denisa Muraru?,
Dan Deleanu?, Monica Rosca'?, and Carmen Ginghina'?

"Carol Davila’ University of Medicine and Pharmacy, ‘Prof. Dr C. C. lliescu’ Institute of Cardiovascular Diseases, Sos. Fundeni 258, sector 2, 022328 Bucharest, Romania; and 2Prof.
Dr C. C. lliescu’ Institute of Cardiovascular Diseases, Bucharest, Romania

Received 18 June 2009; revised 29 July 2009; accepted 7 August 2009

Aims

Methods
and results

Keywords

Decreased left ventricular (LV) rotation and torsion and even reversed systolic apical rotation have been described in
patients with dilated cardiomyopathy (DCM). We sought to test in patients with DCM whether reversed apical
rotation with loss of LV torsion is related to the extent of LV remodelling and to the severity of LV dysfunction.

Fifty consecutive patients with DCM (aged 49 + 13 years) were enrolled prospectively. Forty-seven healthy volun-
teers served as controls. All subjects underwent clinical examination, 12-lead electrocardiography, and a comprehen-
sive echocardiogram. Basal and apical LV rotation and LV torsion were quantified by speckle tracking
echocardiography. Left ventricular systolic rotation and torsion were reduced in patients, compared with controls
(P < 0.001). Normally directed (counterclockwise) apical rotation was found in 24 patients (group 1), whereas 26
had reversed (clockwise) apical rotation (group 2). Patients in group 2 had larger LV volume, increased LV sphericity
(P < 0.02), more severe systolic dysfunction (ejection fraction 26 + 7 vs. 33 + 12%), and higher filling pressures (E/E
ratio 19 + 10 vs. 14 £ 6; P < 0.05). The main correlates of LV apical rotation were LV volume, sphericity index, and
QRS duration.

Reversed apical rotation and loss of LV torsion in patients with DCM is associated with significant LV remodelling,
increased electrical dyssynchrony, reduced systolic function, and increased filling pressures, indicating a more
advanced disease stage.

Dilated cardiomyopathy e Left ventricular remodelling  Apical rotation e Left ventricular torsion e Speckle
tracking echocardiography



Estimation of Diastolic and Systolic function

Figure 1 Examples of normal and opposite basal and apical rotation curves obtained from a healthy volunteer and from two patients
with IDC. Each color of the deformational curve represents one segment of the left ventricle, and the dashed white curve depicts mean
rotation of 6 segments. (Top) Normal negative (clockwise) late systolic and end-systolic basal rotation (A) and normal positive (coun-
terclockwise) late systolic and end-systolic apical rotation (B) in a healthy volunteer. (Middle) A patient with IDC with opposite (positive)
late systolic and end-systolic basal rotation (C) and normal positive direction of apical end-systolic rotation (D). (Bottom) A patient with
IDC with normal negative direction of basal end-systolic rotation (E) and opposite (negative) end-systolic apical rotation (F).



Figure 1 Two-dimensional apical four-chamber views (top), speckle-tracking left ventricular (LV) rotation curves (middle), and schematic
representations of LV geometry and rotation (bottom) in a normal subject (A); a DCM (+) patient (B); and a DCM (—) patient (C). Top
row: progressive increase in LV dimensions and sphericity, from normal (A) to DCM with severe LV remodelling (C). Middle row: (A)
normal LV apical (blue) and basal (green) rotation curves; (B) normally directed, but reduced in amplitude LV rotation curves; (C) reversed
apical rotation with clockwise (—) motion of both apex and base in the patient with severely dilated LV. Bottom row: changes in LV geometry
and LV rotation at basal (green arrow) and apical (blue arrow) levels from normal (A) to mildly dilated (B), and severely dilated LV (C). The
amplitude of both basal and apical rotation is reduced but normally directed in the patient with DCM and mildly dilated LV (B). Reversed apical
rotation is seen in association with severe LV remodelling (C).

Conclusions

Reversed apical rotation and loss of LV torsion in patients with
DCM is associated with significant LV remodelling, altered ventri-
cular geometry, increased electrical dyssynchrony, reduced systolic
function, and increased LV filling pressures. These findings identify
a subgroup of patients with more advanced disease.



Torsion Behavior

Control Diastolic Dysfunction Systolic Dysfunction
EF 70% EF 33%



Torsion & HF

Legend Presence of DISEASE MODIFIERS
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Criteria to establish or Confirm a Diagnosis of Cardiac Dysfunction
Cardioncology

A decline in LVEF of >5% to <55%
with signs and symptoms of HF or a
decline in LVEF of >10% to <55%

without signs or symptoms of HF.

As a decrease in the LVEF of >10

percentage points, to a value <53%. This
decrease should

be confirmed by repeated cardiac

imaging (2 to 3 weeks after the
baseline).

2:16 HR 91

Expert consensus. EHJ] - Cardiovascular Imaging 2014; 15: 1063-1093
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Relative drop of GLS as
compared to baseline

<8% > 15%
Y Y

el Subclinical

LV dysfunction ey QS MOGton

* The data supporting the initiation of cardioprotection for the
treatment of subclinical LV dysfunction is limited.

Initiation of regimen potentially associated with Type | toxicity

v

Baseline evaluation of LVEF
3DE (preferred) / 2DE (consider contrast)
GLS, Troponin |

l
v v

LVEF < 53%*
GLS < LLN**
+ Troponins

v

| Cardiology consultation |

* Consider confirmation with CMR.
** LLN = Lower limit of normal. Please refer to Table 5 for normal
GLS values based on vendor, gender and age.

*** |f the dose is higher than 240 mg/m? (or its equivalent), recommend measurement of LVEF,

GLS and troponin prior to each additional 50 mg/m?.

LVEF > 53%
GLS > LLN**
- Troponins

v

and 6 months later***

F/U at completion of therapy,

86

7:51 HR

57
9:90 HR

AFI

PRE
GLS:-19%

POST

GLS:-13%



1. The neurohormonal overactivity is present in all heart
failure phenotypes been highest on the low ejection
fraction side and lowest on the high ejection fraction side of
spectrum

2. Myocardial fibrosis and left ventricular remodelling are
independent of ejection fraction



Journal of
Clinical Medicine

Review

Reshaping Treatment of Heart Failure with Preserved
Ejection Fraction

Nikolaos Karamichalakis 179, Andrew Xanthopoulos 2, Filippos Triposkiadis ?-*{7, Ioannis Paraskevaidis !
and Elias Tsougos !

Medical Treatment
of Heart Failure
independent of LVEF
Congestion Cardioprotection mc“"“”"'
Em.h.smm
M ¢
-Blood pressure
-Heart rate/rhythm
-Disease stage
fs;;l::)ug morbidities &:rlm Specifi
-SacubitrilValsartan
-SGLT2 Inhibitors
ACEVARBs




Wherever the art of medicine is loved, there is also
a love of humanity.

(Hippocrates)

izquotes.com
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CENTRAL ILLUSTRATION: Treatment Layering According to Patient Char-
acterization Alone: Patient Journey

Initiation and Uptitration of
Events Therapeutic Initiations Patient the "Must Haves™
and Outcomes Characterization Followed by Treatment Layering

Normal to High HR / Low BP

]
& Low MR / Low BP

Decompensation

Uutcomes

Normal to High HR / Normal to High Bl
w MR / Normal to Migh BF

Patient journey

Atrial Fibrillation / Low BP
Atrial Fibrillation / Normal to Migh BP
. ) Normal to
Renal Dysfunction / Abnormal Potassium High HR /
Low BP

Recompensation

ARNI / ACEi

Beta-blocker
MRAs Atrial
SGLT2i fibrillation

|
Early post-discharge

ALnal

fhbrillation
Low BP

Chron phase

Rosano, G.M.C. et al. J Am Coll Cardiol HF. 2021;9(11):775-783.




Is echocardiography useful ? - YES

Easy to perform, safe, inexpensive, universally available, j

LVEF reasonably accurate

Is LVEF useful ? - YES

Familiar to all clinicians; informative on severity, prognosis,
triage, treatment, and referral of HF; imperfect
reproducibility but similar to more complex parameters

Is LVEF categorization useful ? - YES

LVEF is continuous but distinguishes differences in HF

criteria for practical clinical decision-making

characteristics and treatment response, and offers clear 1

Are HFrEF, HFmrEF, and HFpEF useful EF categories? - YES

These 3 categories distinguish well between HF

than to HFpEF

phenotypes; HFmrEF is on average more similar to HFrEF 1

Practical implications

1.
2.

LVEF has limitations but no useful alternative exists
Continue to use LVEF to categorize and treat HF
Improve implementation of proven therapy in HFrEF
Validate effects of existing HF medications in HFmrEF
Develop new treatment options for HFpEF
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