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•  Je	  vais	  focaliser	  sur	  les	  paramètres	  de	  la	  
déformaDon	  qui	  sont	  disponibles	  en	  
échographie	  cardiaque	  	  

•  Je	  vais	  uDliser	  quatre	  cas	  cliniques	  pour	  
montrer	  l’applicaDon	  et	  l’uDlité	  de	  ces	  
paramètres	  chez	  les	  paDent	  avec	  
cardiomyopathie	  ischémique	  et	  valvulaire	  	  



Les	  volumes	  et	  la	  frac/on	  d’éjec/on	  –	  
l’évalua/on	  globale	  	  

•  Depuis	  plusieurs	  années	  	  
•  Facile	  avec	  une	  bonne	  

reproducDbilité	  
•  Bien	  établi	  la	  relaDon	  avec	  le	  

pronosDc	  mauvais	  

•  FoncDon	  radiale	  	  

MJ	  Su&on.	  Circula0on	  1994;89:	  68-‐75	  

!"#"$

%!#!$

"&#'$

&#'$

($

"($

%($

)($

*($

!($

&($

+,-./012$"$ +,-./012$%$ +,-./012$)$ +,-./012$*$

32.425/-62$47-562$05$4-80/9$-.2-$-/$:-;21052$<,-./012;$

$

32
.42

5/$
$=
>.
/-1
0/9
$?@

A$

?5B*CCA$



Les	  volumes	  et	  FEVG	  en	  3D	  

•  Méthode	  rapide	  
•  Bonne	  corrélaDon	  avec	  IRM	  
•  Plus	  précise	  et	  reproducDble	  que	  2D	  

•  Les	  valeurs	  sont	  proches	  de	  celles	  
d’IRM	  (mais	  parfois	  sous	  esDmées)	  

Mor-‐Avi	  V.	  JACC	  Cardiovasc	  Imaging,	  2008:413-‐23	  

Lang	  R,	  J	  Am	  Soc	  Echocardiogr	  2012;25;3-‐46	  



Strain	  –	  l’évaluaDon	  régionale	  et	  
globale	  de	  la	  foncDon	  systolique	  	  

Speckle	  tracking	  

Pas	  de	  dépendance	  de	  l’angle	   Plus	  dépendant	  de	  la	  qualité	  de	  l’image	  2D	  
	  

Asbjørn	  Støylen,	  NTNU,	  Trondheim	  



	  
•  Bien	  étudié,	  plus	  validé	  	  

•  Bonne	  corrélaDon	  entre	  le	  strain	  
longitudinal	  et	  la	  foncDon	  
systolique	  régionale	  et	  globale	  

•  Bonne	  reproducDbilité	  <	  10%	  

Strain	  longitudinal	  

P	  Reant,	  J	  Am	  Coll	  Cardiol	  2008;51:149057	  	  
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Les	  strains	  en	  3D	  

•  L’évaluaDon	  plus	  rapide	  
•  L’évaluaDon	  dans	  le	  même	  

cycle	  cardiaque	  
•  EliminaDon	  potenDelle	  

d’effet	  de	  «out	  of	  plane»	  
mouvement	  	  

•  Disponibilité	  des	  nouveaux	  
paramètres	  comme	  Area	  
Tracking	  ou	  Area	  strain	  

La	  cadence	  plus	  bas	  que	  en	  2D	  



	  Strain	  longitudinal	  3D	  –	  valeurs	  
régionales	  et	  globales	  



•  La	  puissance	  de	  la	  prédicDon	  
des	  conséquences	  négaDves	  
(mortalité)	  est	  superior	  de	  
celles-‐la	  de	  FEVG	  et	  WMSI	  

T	  Stanton,	  Circ	  Cardiovasc	  Imaging	  2009;2:356-‐64	  

SLG	  –	  un	  facteur	  pronosDque	  



Cardiomyopathie	  ischémique	  	  

•  62	  ans	  
•  Inaugural	  	  
•  Antero-‐
septale	  





Strain	  longitudinal	  globale	  

•  Un	  strain	  longitudinal	  
globale	  préservé	  lors	  d’une	  
phase	  aigue	  de	  l’infarctus	  
est	  associe	  avec	  une	  
meilleure	  survie	  sans	  
éventements	  	  	  

JS	  Woo,	  Am	  J	  Cardiol	  2011;	  108:340-‐47	  

K	  Munk,	  JASE	  2012;	  25:644-‐51	  



•  Les	  données	  plus	  limitées	  
•  Selon	  quelques-‐uns	  études	  

il	  y	  a	  une	  associaDon	  assez	  
forte	  avec	  FEVG	  

•  ReproducDbilité	  >	  10%	  

Strain	  radiale	  

•  Le	  moins	  étudié	  	  
•  Grande	  variabilité	  entre	  

operateurs	  	  
•  Moins	  précis	  corrélaDon	  

avec	  FEVG	  	  
•  ReproducDbilité	  >	  15-‐20%	  

Autres	  paramètres	  du	  strain	  
Strain	  circonféren/el	  	  

r = -0.72
p < 0.05
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M	  Altman,	  EHJ	  Cardiovasc	  Imaging	  2013	  	  



Rétrécissement	  
AorDque	  	  



• 	  Une	  femme	  de	  45	  ans	  
	  
• 	  AsymptomaDque	  	  	  

• 	  AV	  max	  6	  m/s	  

• 	  Gradient	  moyen	  80	  mm	  Hg	  



Rétrécissement	  aorDque	  

European Heart House via the Internet. Initial inter-
nal edit checks for missing or contradictory entries
or for values excessively out of the normal range
were implemented by the software. Additional
edit checks were implemented by the data manage-
ment staff at the European Heart House and the
EHS VHD data analysis centre at Bichat Hospital.
Patient identification was not entered on the local
computer or transferred to the central database.

Site audits for source document verification ver-
sus data collected in the central database, were
randomly performed by the EHS staff in sample
sites. Site audits were not intended to validate
the accuracy of the discharge diagnosis by the
attending physicians.

Analysis was performed with SAS statistical
software (SAS Institute Inc, release 8.2). Results
are presented as mean±standard deviation or
percentages.

Results

Population

Five thousand and one patients were included
in 92 clusters from 25 countries; 76 centres (82.6%)
were volunteers. The database was locked on
15 December 2001. The type of VHD was detailed

in 4910 patients (98.2%). Thirty-day follow-up was
complete in 4952 patients (99.0%). Participating
centres are detailed in the Appendix A. The division
between countries was well balanced between
Western (1407 patients), Mediterranean (1444
patients), and Eastern Europe (1750 patients), but
a more limited number of patients were included
from Northern Europe (400 patients).

The sites of inclusion were medical departments
in 2128 patients (42.5%), out-patient clinics in 1934
(38.7%), and surgical departments in 939 (18.8%).
The reasons for inclusion are summarised in Table
1. Of the 5001 patients, 1269 underwent a valvular
intervention during the survey period.

The type of VHD is shown on Table 2. Among the
single native left-sided valve diseases, AS was the
most frequent (1197 patients, 43.1%) followed by
MR (877 patients, 31.5%), AR (369 patients, 13.3%),
and MS (336 patients, 12.1%). Single native valve
disease was severe in 809 patients with AS, 546 with
MR, 230 with AR, and 232 with MS. Multiple valve
disease represented a significant sub-group while
right sided lesions were infrequent. As much as
28.1% of patients had had previous cardiac
intervention.

The aetiology of the major native VHD is shown
in Table 3. In AS the aetiology was mostly degen-
erative. In AR degenerative aetiology was also

Table 1 Reasons for Inclusion

Outpatient Clinic n=1934 Medical Department n=2138 Surgical Department n=939

Routine follow-up (%) 72.9 2.9 3.1
Diagnostic (%) 17.1 27.3 7.9
Worsening clinical condition (%) 8.0 53.5 63.1
Complication (%) 0.9 10.7 8.7
Extra-cardiac intervention (%) 0.5 0.9 3.3
Other (%) 0.6 4.7 13.9

Table 2 Type of valvular heart disease

Total population n=5001 Patients with intervention n=1269

Native valve disease (%) 71.9 87.0
Aortic (% native) 44.3 57.4

Aortic stenosis (%) 33.9 46.6
Aortic regurgitation (%) 10.4 10.8

Mitral (% native) 34.3 24.3
Mitral stenosis (%) 9.5 10.2
Mitral regurgitation (%) 24.8 14.1

Multiple (% native) 20.2 16.8
Right (% native) 1.2 1.5

Previous intervention (%) 28.1 13.0
Conservative surgery (%) 18.4 28.7
Valve replacement (%) 81.6 71.3

ESC survey on valvular heart disease 1233
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B.	  Iung,	  European	  Heart	  Journal,	  2003	  

F.	  Bakaeen,	  The	  annals	  of	  Thorac	  Surgery	  2010	  

• 	  RA	  la	  plus	  fréquente	  valvulopathie	  	  
	  	  en	  Europe	  	  

• 	  Chez	  les	  paDents	  avec	  un	  RA	  sévère	  la	  	  
	  	  survie	  est	  plus	  favorable	  dans	  le	  groupe	  	  	  
	  	  chirurgical	  



Rétrécissement	  aorDque	  
Indica/ons	  à	  l’interven/on	  chirurgicale	  	  

1.  Sévère	  RA	  avec	  des	  
symptômes	  associés	  

2.  Sévère	  RA	  sans	  
symptômes	  et	  FEVG	  <	  
50%	  

Guidelines	  on	  the	  management	  of	  the	  valvular	  heart	  disease	  (version	  
2012)	  ESC	  and	  EACTS	  

T.	  Mihaljevic,	  J	  Thorac	  Cardiovasc	  Surg	  2008	  

• 	  La	  survie	  est	  plus	  bas	  après	  le	  	  	  	  	  
	  	  	  remplacement	  si	  FEVG	  <	  50%	  
	  
• 	  Est-‐ce	  que	  FEVG	  normale	  veut	  dire	  	  
	  	  	  que	  la	  foncDon	  systolique	  est	  
normale?	  



Rétrécissement	  aorDque	  

cavity diameters and volumes and preserved LVEF (Table 2). The
mean end-diastolic thickness of the interventricular septum and
the posterior wall were 15+4 and 13+ 2 mm, respectively.

Mean LV mass index was 157+ 49 g/m2, and, according to pre-
vious criteria,14 LV hypertrophy was observed in 55 patients
(75%). Mild aortic regurgitation was present in 31 patients (43%);
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Table 1 Clinical characteristics of the severe aortic stenosis patients

Healthy controls (n5 20) LV hypertensive patients (n5 20) AS patients (n5 73)

Age (years) 65+8 66+9 65+13

Gender, M/F 7/13 10/10 41/32

Systolic blood pressure (mmHg) 122+10 155+21 145+22

Diastolic blood pressure (mmHg) 70+12 87+11 80+11

Cardiovascular risk factors, n (%)

Hypertension — 20 (100) 38 (52)

Diabetes mellitus — 0 (0) 10 (14)

Hypercholesterolaemia — 7 (35) 25 (34)

Current smoking — 8 (40) 23 (32)

Peripheral vascular disease — 0 (0) 11 (15)

Family history of coronary artery disease — 4 (20) 16 (22)

AS symptoms, n (%)

Angina — — 23 (32)

Syncope — — 10 (14)

Dyspnoea — — 42 (58)

Asymptomatic — — 10 (14)

Medication, n (%)

Beta-blockers — 11 (55) 41 (56)

Ca-receptor antagonists — 4 (20) 9 (12)

ACE-I/ARA-II — 13 (65) 31 (43)

Diuretics — 8 (40) 17 (23)

Statins — 8 (40) 28 (38)

ACE-I/ARA-II, angiotensin-converting enzyme-inhibitors/angiotensin-receptor antagonists-II; AS, aortic stenosis.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Baseline multidirectional left ventricular strain and strain rate values in severe aortic stenosis patients, healthy
controls, and hypertensive patients with left ventricular hypertrophy

Healthy controls (n5 20) LV hypertensive patients (n 5 20) AS patients (n5 73) ANOVA P-value

Age (years) 65+8 66+9 65+13 0.95

BSA (m2) 1.9+0.1 1.9+0.1 1.9+0.2 0.56

LV mass index (g/m2) 109+28*,§ 144+33 157+49 ,0.0001

LVEF (%) 62+7 61+7 61+11 0.91

Radial strain (%) 38.9+6.4 34.4+10.7 33.1+14.8 0.2

Radial strain rate (s21) 2.2+0.6† 1.8+0.5 1.7+0.5 0.003

Circumferential strain (%) 219.5+2.9† 217.0+3.0 215.2+5.0 0.001

Circumferential strain rate (s21) 21.3+0.3*,§ 21.1+0.3‡ 20.9+0.3 ,0.001

Longitudinal strain (%) 220.3+2.3*,k 217.2+3.7‡ 214.6+4.1 ,0.001

Longitudinal strain rate (s21) 21.1+0.2* 20.9+0.2‡ 20.8+0.2 ,0.001

AS, aortic stenosis; BSA, body surface area; EF, ejection fraction; LV, left ventricle/ventricular.
*P, 0.0001 vs. AS patients.
†P, 0.005 vs. AS patients.
‡P, 0.01 vs. AS patients.
§P ¼ 0.03 vs. LV hypertensive patients.
kP ¼ 0.005 vs. LV hypertensive patients.

V. Delgado et al.3040
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V.	  Delgado,	  European	  Heart	  Journal,	  2009	  

classified into three groups: 10 with mild AS, 15 with moderate
AS, and 48 with severe AS. Characteristics of the 73 patients and
20 controls are shown in Table 1. As expected, there were significant
differences regarding New York Heart Association class, relative wall
thickness, stroke volume, midwall fractional shortening, E/E0 ratio,
LV mass index, and peak and mean pressure gradient among the
all groups.

Longitudinal and Radial Strain Parameters

Longitudinal, transmural, subendocardial, and subepicardial
radial strain and bilayer ratio at baseline are shown in Table 1.
Although there were no differences among groups for transmural
and subepicardial radial strain, bilayer ratio decreased significantly
as the severity of AS became more serious (Figures 1 and 2).
Longitudinal strain and subendocardial radial strain could not
differentiate mild and moderate AS patients. In addition, linear
regression analysis showed the relationship between AS parameters
and strain parameters (Table 2). Although there were weak correla-

tions between longitudinal strain or subendocardial radial strain and
LVejection fraction, LV mass index, AVA, and peak pressure gradient,
these correlations were stronger for bilayer ratio. Moreover, there was
a moderate correlation between bilayer ratio and E/E0 ratio that was
not seen with longitudinal strain or subendocardial radial strain. By
multivariate linear analysis, AVA was independently associated with
bilayer ratio (Table 3).

Changes in Echocardiographic and Strain Parameters before
and after Aortic Valve Replacement

Among 73 patients, 21 patients underwent aortic valve replacement
because they developed symptoms, such as palpitation, dyspnea, and
chest pain, for which surgery was the answer to provide relief for the
patients. Echocardiographic parameters before, 7 days after, and
6 months after aortic valve replacement for 21 patients are shown
in Table 4. Heart rate significantly increased after aortic valve replace-
ment in these patients. In addition, peak and mean pressure gradients
significantly decreased after surgery. No changes were observed in LV

Table 1 Baseline characteristics

Variable

AS

Control (n = 20) PMild (n = 10) Moderate (n = 15) Severe (n = 48)

Age (y) 82 6 10 80 6 9 86 6 7 82 6 8 .10
Men 6 6 17 12 .20

NYHA classification
I 10 (100%) 13 (87%) 24 (50%)*,†,‡ 20 (100%) <.001

II 0 (0%) 2 (13%) 18 (38%)*,†,‡ 0 (0%) <.001
III 0 (0%) 0 (0%) 5 (10%) 0 (0%) .18

IV 0 (0%) 0 (0%) 1 (2%) 0 (0%) .82
Body surface area (m2) 1.9 6 0.2 1.8 6 0.3 1.7 6 0.2 1.8 6 0.2 .29

Systolic blood pressure (mm Hg) 139 6 26 131 6 27 137 6 22 130 6 22 .71
Diastolic blood pressure (mm Hg) 65 6 12 62 6 12 60 6 11 62 6 11 .67

LV systolic pressure (mm Hg) 166 6 18 171 6 26 190 6 29† — —
LV end-diastolic pressure (mm Hg) 22 6 5 18 6 11 18 6 6 — —

Heart rate (beats/min) 69 6 16 68 6 10 66 6 9 66 6 10 .73
Echocardiography

LV end-diastolic volume/body surface area (mL/m2) 46 6 8 48 6 13 48 6 12 47 6 10 .88
LV end-systolic volume/body surface area (mL/m2) 14 6 4 15 6 8 14 6 6 16 6 6 .88

Relative wall thickness 0.47 6 0.12 0.51 6 0.08 0.61 6 0.15*,†,‡ 0.44 6 0.09 <.001
Stroke volume (mL) 85 6 20 73 6 22 66 6 21*,† 86 6 18 <.001

LVEF (%) 63 6 5 61 6 2 61 6 4 62 6 4 .53
MWFS (%) 16 6 3 15 6 3* 14 6 3*,†,‡ 18 6 3 <.001

E/E0 ratio 12 6 3 15 6 10 22 6 8*,†,‡ 11 6 4 <.001
LV mass index (g/m2) 78 6 15 104 6 20* 137 6 31*,†,‡ 75 6 21 <.001

AVA (cm2) 1.6 6 0.5 1.1 6 0.1† 0.7 6 0.2†,‡ — —
Peak PG (mm Hg) 29 6 11* 50 6 19*,† 82 6 24*,†,‡ 9 6 3 <.001

Mean PG (mm Hg) 16 6 8* 30 6 12*,† 48 6 17*,†,‡ 5 6 2 <.001
Longitudinal strain (%) !18 6 3 !17 6 3* !14 6 3*,†,‡ 20 6 3 <.001

Transmural radial strain (%) 34 6 13 34 6 11 30 6 9* 35 6 8 .18
Subendocardial radial strain (%) 56 6 5 49 6 16* 37 6 10*,†,‡ 59 6 10 <.001

Subepicardial radial strain (%) 24 6 5 28 6 8 28 6 7* 22 6 5 .38
Bilayer ratio§ 2.4 6 0.5* 1.7 6 0.3*,† 1.3 6 0.3*,†,‡ 2.7 6 0.6 <.001

LVEF, LV ejection fraction; NYHA, New York Heart Association; MWFS, midwall fractional shortening; PG, transaortic pressure gradient.
Data are expressed as mean 6 SD or as number (percentage).
*P < .05 versus control.
†P < .05 versus mild AS.
‡P < .05 versus moderate AS.
§Ratio of subendocardial to subepicardial radial strain.
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classified into three groups: 10 with mild AS, 15 with moderate
AS, and 48 with severe AS. Characteristics of the 73 patients and
20 controls are shown in Table 1. As expected, there were significant
differences regarding New York Heart Association class, relative wall
thickness, stroke volume, midwall fractional shortening, E/E0 ratio,
LV mass index, and peak and mean pressure gradient among the
all groups.

Longitudinal and Radial Strain Parameters

Longitudinal, transmural, subendocardial, and subepicardial
radial strain and bilayer ratio at baseline are shown in Table 1.
Although there were no differences among groups for transmural
and subepicardial radial strain, bilayer ratio decreased significantly
as the severity of AS became more serious (Figures 1 and 2).
Longitudinal strain and subendocardial radial strain could not
differentiate mild and moderate AS patients. In addition, linear
regression analysis showed the relationship between AS parameters
and strain parameters (Table 2). Although there were weak correla-

tions between longitudinal strain or subendocardial radial strain and
LVejection fraction, LV mass index, AVA, and peak pressure gradient,
these correlations were stronger for bilayer ratio. Moreover, there was
a moderate correlation between bilayer ratio and E/E0 ratio that was
not seen with longitudinal strain or subendocardial radial strain. By
multivariate linear analysis, AVA was independently associated with
bilayer ratio (Table 3).

Changes in Echocardiographic and Strain Parameters before
and after Aortic Valve Replacement

Among 73 patients, 21 patients underwent aortic valve replacement
because they developed symptoms, such as palpitation, dyspnea, and
chest pain, for which surgery was the answer to provide relief for the
patients. Echocardiographic parameters before, 7 days after, and
6 months after aortic valve replacement for 21 patients are shown
in Table 4. Heart rate significantly increased after aortic valve replace-
ment in these patients. In addition, peak and mean pressure gradients
significantly decreased after surgery. No changes were observed in LV

Table 1 Baseline characteristics

Variable

AS

Control (n = 20) PMild (n = 10) Moderate (n = 15) Severe (n = 48)

Age (y) 82 6 10 80 6 9 86 6 7 82 6 8 .10
Men 6 6 17 12 .20

NYHA classification
I 10 (100%) 13 (87%) 24 (50%)*,†,‡ 20 (100%) <.001

II 0 (0%) 2 (13%) 18 (38%)*,†,‡ 0 (0%) <.001
III 0 (0%) 0 (0%) 5 (10%) 0 (0%) .18

IV 0 (0%) 0 (0%) 1 (2%) 0 (0%) .82
Body surface area (m2) 1.9 6 0.2 1.8 6 0.3 1.7 6 0.2 1.8 6 0.2 .29

Systolic blood pressure (mm Hg) 139 6 26 131 6 27 137 6 22 130 6 22 .71
Diastolic blood pressure (mm Hg) 65 6 12 62 6 12 60 6 11 62 6 11 .67

LV systolic pressure (mm Hg) 166 6 18 171 6 26 190 6 29† — —
LV end-diastolic pressure (mm Hg) 22 6 5 18 6 11 18 6 6 — —

Heart rate (beats/min) 69 6 16 68 6 10 66 6 9 66 6 10 .73
Echocardiography

LV end-diastolic volume/body surface area (mL/m2) 46 6 8 48 6 13 48 6 12 47 6 10 .88
LV end-systolic volume/body surface area (mL/m2) 14 6 4 15 6 8 14 6 6 16 6 6 .88

Relative wall thickness 0.47 6 0.12 0.51 6 0.08 0.61 6 0.15*,†,‡ 0.44 6 0.09 <.001
Stroke volume (mL) 85 6 20 73 6 22 66 6 21*,† 86 6 18 <.001

LVEF (%) 63 6 5 61 6 2 61 6 4 62 6 4 .53
MWFS (%) 16 6 3 15 6 3* 14 6 3*,†,‡ 18 6 3 <.001

E/E0 ratio 12 6 3 15 6 10 22 6 8*,†,‡ 11 6 4 <.001
LV mass index (g/m2) 78 6 15 104 6 20* 137 6 31*,†,‡ 75 6 21 <.001

AVA (cm2) 1.6 6 0.5 1.1 6 0.1† 0.7 6 0.2†,‡ — —
Peak PG (mm Hg) 29 6 11* 50 6 19*,† 82 6 24*,†,‡ 9 6 3 <.001

Mean PG (mm Hg) 16 6 8* 30 6 12*,† 48 6 17*,†,‡ 5 6 2 <.001
Longitudinal strain (%) !18 6 3 !17 6 3* !14 6 3*,†,‡ 20 6 3 <.001

Transmural radial strain (%) 34 6 13 34 6 11 30 6 9* 35 6 8 .18
Subendocardial radial strain (%) 56 6 5 49 6 16* 37 6 10*,†,‡ 59 6 10 <.001

Subepicardial radial strain (%) 24 6 5 28 6 8 28 6 7* 22 6 5 .38
Bilayer ratio§ 2.4 6 0.5* 1.7 6 0.3*,† 1.3 6 0.3*,†,‡ 2.7 6 0.6 <.001

LVEF, LV ejection fraction; NYHA, New York Heart Association; MWFS, midwall fractional shortening; PG, transaortic pressure gradient.
Data are expressed as mean 6 SD or as number (percentage).
*P < .05 versus control.
†P < .05 versus mild AS.
‡P < .05 versus moderate AS.
§Ratio of subendocardial to subepicardial radial strain.
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• 	  FEVG	  normale	  	  

• 	  Paramètres	  de	  la	  	  	  
	  	  déformaDon	  diminués	  
	  
	  
	  
	  
	  
	  
	  
• 	  Strain	  longitudinal	  s’est	  	  	  
	  	  diminué	  plus	  tôt	  	  
	  
• 	  CorrélaDon	  linéaire	  	  
	  	  avec	  la	  sévérité	  de	  RA	  
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Figure 2 Changes in left ventricular myocardial strain and strain rate in radial, circumferential, and longitudinal directions. Strain and strain
rate values of aortic stenosis patients are presented in white bars at baseline and in black bars at follow-up. Strain and strain rate values obtained
in the group of healthy controls are presented in grey bars. In aortic stenosis patients, significant increases in all the three different types of strain
and strain rate were observed at long-term follow-up after aortic valve replacement. The increase in strain and strain rate values was more
pronounced in the radial and circumferential directions, reaching almost the normal reference values (without differences compared with
healthy controls).
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Figure 2 Changes in left ventricular myocardial strain and strain rate in radial, circumferential, and longitudinal directions. Strain and strain
rate values of aortic stenosis patients are presented in white bars at baseline and in black bars at follow-up. Strain and strain rate values obtained
in the group of healthy controls are presented in grey bars. In aortic stenosis patients, significant increases in all the three different types of strain
and strain rate were observed at long-term follow-up after aortic valve replacement. The increase in strain and strain rate values was more
pronounced in the radial and circumferential directions, reaching almost the normal reference values (without differences compared with
healthy controls).
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• 	  Pas	  de	  changement	  de	  FEVG	  (60%)	  
	  	  
• 	  AmélioraDon	  de	  paramètres	  de	  la	  déformaDon	  	  

• 	  Strain	  circonférenDel	  augment	  vers	  les	  valeurs	  	  	  	  	  
	  	  normales	  
	  
• 	  Strain	  longitudinal	  augment	  mais	  il	  ne	  	  
	  	  rajrape	  pas	  les	  valeurs	  normales	  

Apres	  le	  remplacement	  de	  la	  valve	  aor/que	  



Insuffisance	  	  
aorDque	  



• 	  Un	  homme	  de	  72	  ans	  
	  
• 	  SymptomaDque	  

• 	  Vena	  contracta	  0.7	  cm	  

• 	  Inversion	  holodiastolique	  du	  flux	  	  
	  	  	  aorDque	  (arche)	  

• 	  Vitesse	  telediastolique	  0.2	  m/s	  	  	  	  
	  	  (arche)	  
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#Sudden death
* Onset of symptoms
o Onset of asymptomatic

LV dysfunction

FIGURE 1. Life table depicting the clinical course of
the 104 patients. Brackets indicate SEE. At 11 years,
58±9% of the patients were alive and asymptomatic
with normal left ventricular (LV) function.

0 2 4 6 8 10 12

TIME (years)

a linear model, and the slope of the regression line
was calculated to represent the average rate of
change. This particular analysis was performed only
in those patients with data obtained at a minimum of
three points in time, with a subset analysis involving
only those patients with a minimum of four data
points. The rate of change in each variable was first
tested individually for its association with subsequent
clinical outcome using a univariate Cox regression
analysis. Finally, a multivariate Cox regression analy-
sis incorporating the rates of change along with the
initial values of all variables was performed. In these
analyses of serial follow-up data, the end point
evaluated was defined as death or the development
of symptoms. The onset of asymptomatic left ventric-
ular dysfunction was not included in the end point, as
some of the same variables involved in this analysis
(fractional shortening and ejection fraction at rest)
were those used to define left ventricular dysfunc-
tion. For example, it was self-evident that patients
with a greater rate of decrease in ejection fraction
with time might be more likely to develop a subnor-
mal ejection fraction than those in whom the ejection
fraction did not change with time.

Results
Patient Experience

During the mean 8-year follow-up period, two
patients died suddenly and 23 patients underwent
aortic valve replacement. Nineteen of these latter
patients underwent operation because of the devel-
opment of symptoms and four patients because of
reproducible evidence of left ventricular dysfunction
at rest in the absence of symptoms. Among the 19
patients who developed symptoms warranting oper-
ation, 11 (58%) also manifested evidence of left
ventricular dysfunction with subnormal ejection frac-
tion and fractional shortening at the time of preoper-
ative studies. Seventy-nine patients remained asymp-
tomatic with normal left ventricular systolic function
under resting conditions. By Kaplan-Meier life table

analysis, 58+9% of patients remained asymptomatic
with normal left ventricular function at 11 years
(Figure 1), an average attrition rate less than 5% per
year. This confirms our previous observations, made
in a smaller group of patients with shorter follow-up
periods, regarding the clinical outcome of patients
with asymptomatic aortic regurgitation.'4 The two
deaths in our current series represent an annual
mortality rate of 0.4% per year.

Determinants of Clinical Outcome
Initial data. By univariate Cox regression analysis,

several variables at the time of initial study were
associated significantly with subsequent clinical
course (Table 1). These included the left ventricular
dimensions at end diastole and end systole and the
fractional shortening by echocardiography and the
ejection fraction, both at rest and during maximum
exercise, by radionuclide angiography. Left ventricu-
lar wall thickness was not associated with outcome.
As age was also a significant determinant of clinical
course, these variables were reanalyzed with age as a
covariate. All baseline variables identified on univari-
ate analysis as significantly related to clinical out-
come remained so after age correction, except for the
ejection fraction at rest.
On the basis of these data, patients were divided

into subgroups to assess the influence of baseline
variables on subsequent clinical outcome (Table 2).
By Kaplan-Meier life table analyses, the likelihood of
death, symptoms, or left ventricular dysfunction,
which was less than 5% per year for the entire
population, increased to 19% per year in patients
with initial left ventricular end-systolic dimensions of
50 mm or greater but was negligible in the subgroup
with an end-systolic dimension less than 40 mm.
Similarly, the risk of a cardiac end point increased to
10% per year in patients with initial end-diastolic
dimensions of 70 mm or greater and to 12% per year
in those in whom the ejection fraction decreased with
exercise greater than 5% compared to the resting
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n=104	  

•  Chez les patients asymptomatiques  
   avec FEVG normale: à 11 ans  
   presque 60% restent asymptomatiques 

Operative mortality. The overall operative mortality rate
was 4.2% (12 of 289 patients): 1.2% (2 of 161 patients) for
group 1 and 7.8% (10 of 128 patients) for group 2 (p 5 0.005).
On multivariate analysis, in all models, the only significant
independent predictor of operative mortality was preoperative
symptomatic status of the patient (all p , 0.015). In a model
including age, the only separation among the four functional
classes that was significant was between class I/II and class
III/IV in the backward logistic regression (p 5 0.04, adjusted
odds ratio 5.5, 95% confidence interval [CI] 1.08 to 28.2).

In patients without CAD, preoperative symptomatic status
was also the only significant independent predictor of opera-
tive mortality in all models (all p , 0.03). The operative
mortality rate was 0.7% (1 of 140) for patients in functional
class I/II and 7.3% (6 of 82) for those in class III/IV (p 5
0.007).

Long-term postoperative survival. Long-term postopera-
tive survival rate at 5 and 10 years was 92 6 2% and 78 6 7%,
respectively, for group 1 and 72 6 4% and 45 6 4%,
respectively, for group 2 (p , 0.0001) (Fig. 1). This difference
was not due only to the difference in operative mortality,
because comparison of survival between groups 1 and 2 after
excluding the operative deaths showed a highly significant
difference (p , 0.0001). Although 10 of 31 deaths in group 1
were due to LV failure or sudden death compared with 26 of
61 deaths in patients with advanced symptoms, no significant

difference between groups existed in the distribution of the
causes of death (p 5 0.67). Compared with the survival of age-
and gender-matched general groups, long-term postoperative
survival was similar to that expected in group 1 (representing
100% and 94% of expected survival at 5 and 10 years,
respectively, p 5 0.14), but markedly diminished in group 2
(representing 84% and 64% of expected survival at 5 and 10
years, respectively, p , 0.0001) (Fig. 2). In all models (includ-
ing those adjusting for LVEF), only age (p 5 0.0001) and
preoperative symptomatic status (p , 0.009) were independent
predictors of postoperative survival. The adjusted hazards ratio
for patients in class III/IV compared with those in class I/II was
1.81 (95% CI 1.16 to 2.82). In the backward proportional
hazard analysis, the only separation among the four functional
classes that was significantly associated with excess mortality
was between class III/IV and class I/II. The univariate com-
parison of survival showed no difference between classes I and
II (at 10 years, 80 6 5% and 77 6 6%, respectively, p 5 0.79)
or between classes III and IV (at 10 years, 45 6 6% and 47 6
12%, respectively, p 5 0.79).

Subgroup analysis. To further assess the effect on long-
term survival of preoperative symptoms, the comparison be-
tween group 1 and group 2 was performed in subsets of
patients defined according to clinically important variables.

Coronary artery disease. In patients with significant CAD
(stenoses $70%) or CABG, or both, overall survival at 10
years was 76 6 11% and 39 6 8% in groups 1 and 2,
respectively (p 5 0.028) (Fig. 3). In patients without CAD,
10-year survival was 79 6 4% and 48 6 7% in groups 1 and 2,
respectively (p , 0.0001). Multivariate analysis repeated in
patients without CAD showed an independent effect of pre-
operative symptoms on survival, similar to the overall group
(adjusted hazard ratio 1.76, 95% CI 1.03 to 3.03, p 5 0.04) in
association with age (p 5 0.0002), diabetes mellitus (p 5 0.01),
aortic aneurysm (p 5 0.02), atrial fibrillation (p 5 0.028) and
female gender (p 5 0.02).

Gender. In men, overall survival at 10 years was 80 6 4%
and 55 6 6% in groups 1 and 2, respectively (p 5 0.0004),
whereas the corresponding survival rates for women were 73 6
11% and 21 6 9% (p 5 0.004) (Fig. 4). Compared with the
expected survival, there was no significant difference for group
1, representing 95% of that expected in men (p 5 0.30) and
88% of that expected in women (p 5 0.14) at 10 years. There

Figure 1. Long-term postoperative survival stratified according to
preoperative symptoms. Patients with functional class III or IV symp-
toms experienced significantly worse survival than patients with class I
or II symptoms.

Figure 2. Long-term postoperative survival compared with age-
and gender-matched populations. Overall survival was similar
to that expected in patients with functional class I or II
symptoms (right) but was markedly worse than that expected in
patients with class III or IV symptoms (left).

748 KLODAS ET AL. JACC Vol. 30, No. 3
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symptoms but may also be asymptomatic. These patients
have higher operative and postoperative long-term mortality
rates and heart failure risk than patients with milder or no
decrease in EF. However, in patients with a low EF, operative
mortality rate, although increased, is not overwhelming (14%
overall and 7.7% without associated procedure), and late
survival, although reduced, represents 62% of expected sur-
vival. Patients with markedly low EF have higher long-term
likelihood of postoperative heart failure, but at 10 years only
a minority of patients (25%) had this complication. Also,
there is no excessive risk of thromboembolism. A mechanis-
tic explanation for the relatively low rate of heart failure is the
postoperative EF improvement, which is greater in these
patients than in those with better preoperative EF. Thus,
although a markedly decreased preoperative EF is a predictor
of worse postoperative outcome, surgery should not be
contraindicated for most patients who have severe AR and
markedly low EF because the majority can enjoy years of
survival and symptomatic improvement.

Characteristics of AR and Markedly Low EF
Patients with a markedly low EF represent a minority (10%)
of patients with severe AR. In previous studies, small sample
sizes prevented this specific subgroup from being defined.
Importantly, our data show that the severe LV function

reduction cannot be ascribed to advanced age or excessive
coronary disease, atrial fibrillation, or hypertension. A higher
prevalence of diabetes mellitus in the LoEF group suggests
that it may have a role in the reduction of LV function, albeit
in a small number of patients. Another important observation
is the markedly increased LV wall stress with LoEF. This
excessive afterload emphasizes the combination of volume
and pressure overload in AR and explains in part the LV
function improvement after the overload has been relieved by
AVR. Another important observation is that patients with
LoEF often remain asymptomatic, emphasizing the insidious
development of LV dysfunction in AR and the need for
frequent LV function assessment to detect deterioration
before a marked reduction occurs, which has severe conse-
quences even after successful AVR.

AR and Markedly Reduced EF:
Outcome Implications
The risks attached to a markedly low EF in patients operated
on for severe AR have not been well described. The most
recent guidelines have underscored6 the relative consensus
that a low EF generally appears to affect outcome.7 However,
these guidelines also emphasized gaps in knowledge regard-
ing patients with markedly reduced LV function and the
difficulty in making recommendations because of this lack of

Figure 1. Survival after AVR for the entire study
population, with significant AR stratified accord-
ing to EF. Patients with markedly low EF had sig-
nificantly lower survival rates than those with nor-
mal EF and moderately reduced EF before AVR.

Figure 2. Late survival after AVR for
each group (low ejection fraction [LoEF],
moderate EF [MedEF], and normal EF[Nl
EF]), based on preoperative EF com-
pared with expected survival of an age-
and sex-matched 1990 US white
population.

2690 Circulation November 19, 2002
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• 	  Sévère	  IA	  avec	  des	  	  
	  	  symptômes	  associés	  	  
• 	  Sans	  symptômes	  mais	  	  
	  	  FEVG	  ≤	  50%	  	  

biological and mechanical prostheses are associated with the
long-term risk of valve related complications (see Section 11).

4.4 Indications for surgery
In symptomatic acute severe AR, urgent/emergent surgical inter-
vention is indicated.
In chronic severe AR, the goals of treatment are to prevent

death, to diminish symptoms, to prevent the development of HF,
and to avoid aortic complications in patients with aortic
aneurysm.69

On the basis of robust observational evidence, recommended
surgical indications are as follows (Table 8A, B; Figure 1):

† Symptom onset is an indication for surgery in patients with
severe AR. Surgery should also be performed in patients with
LV dysfunction or marked LV dilatation after careful exclusion
of other possible causes. Although, in these patients, post-
operative outcome is worse than in those operated on earlier,
an acceptable operative mortality, improvement of symptoms
and acceptable longer-term survival can be obtained.48,70,71

† Surgery is indicated in asymptomatic patients with severe AR
and impaired LV function (EF ,50%) and should be considered
if LV end-diastolic diameter (LVEDD) is .70 mm or LVESD is
.50 mm (or .25 mm/m2 BSA in patients with small body
size), since the likelihood of developing irreversible myocardial
dysfunction is high if intervention is delayed further, and

postoperative results are excellent if surgery is performed
without delay. Good imaging quality and data confirmation
with repeated measurements are recommended before
surgery in asymptomatic patients. A rapid worsening of ven-
tricular parameters on serial testing is another reason to con-
sider surgery.

† The rationale for surgery in patients with ascending aortic and
root dilatation has been best defined in Marfan patients. In bor-
derline cases, the individual and family history, the patient’s age,
and the anticipated risk of the procedure should be taken into
consideration. In patients with Marfan syndrome, surgery
should be performed with a lesser degree of dilatation
(≥50 mm). In previous guidelines, surgery was considered
when aortic diameter was .45 mm. The rationale for this ag-
gressive approach is not justified by clinical evidence in all
patients. However, in the presence of risk factors (family
history of dissection, size increase .2 mm/year in repeated
examinations using the same technique and confirmed by
another technique; severe AR; desire to become pregnant),
surgery should be considered for a root diameter ≥45 mm.61

With an aorta diameter of 40–45 mm, previous aortic growth
and family history of dissection are important factors which
would indicate advising against pregnancy.72 Patients with Marfa-
noid manifestations due to connective tissue disease, without
complete Marfan criteria, should be treated as Marfan patients.
In individuals with a bicuspid aortic valve, the decision to

Table 8 Indications for surgery in (A) severe aortic regurgitation and (B) aortic root disease (whatever the severity of
aortic regurgitation)

Class a Level b Ref C

A. Indications for surgery in severe aortic regurgitation

 Surgery is indicated in symptomatic patients. I B 59

 Surgery is indicated in asymptomatic patients with resting LVEF ≤50%. I B 71

 Surgery is indicated in patients undergoing CABG or surgery of ascending aorta, or on another valve. I C

 Surgery should be considered in asymptomatic patients with resting EF >50% with severe LV dilatation:
 LVEDD >70 mm, or LVESD >50 mm or LVESD >25 mm/m2 BSA.d IIa C

B. Indications for surgery in aortic root disease (whatever the severity of AR)

 Surgery is indicated in patients who have aortic root disease with maximal ascending aortic diametere ≥50 mm
 for patients with Marfan syndrome. I C

 Surgery should be considered in patients who have aortic root disease with maximal ascending aortic diameter:
≥45 mm for patients with Marfan syndrome with risk factorsf

≥50 mm for patients with bicuspid valve with risk factorsg

≥55 mm for other patients

IIa C

AR ¼ aortic regurgitation; BSA ¼ body surface area; CABG ¼ coronary artery bypass grafting; EF ¼ ejection fraction; LV ¼ left ventricular; LVEDD ¼ left ventricular
end-diastolic diameter; LVESD ¼ left ventricular end-systolic diameter.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting class I (A + B) and IIa + IIb (A + B) recommendations.
dChanges in sequential measurements should be taken into account.
eDecision should also take into account the shape of the different parts of the aorta. Lower thresholds can be used for combining surgery on the ascending aorta for patients who
have an indication for surgery on the aortic valve.
fFamily history of aortic dissection and/or aortic size increase .2 mm/year (on repeated measurements using the same imaging technique, measured at the same aorta level with
side-by-side comparison and confirmed by another technique), severe AR or mitral regurgitation, desire of pregnancy.
gCoarctation of the aorta, systemic hypertension, family history of dissection or increase in aortic diameter .2 mm/year (on repeated measurements using the same imaging
technique, measured at the same aorta level with side-by-side comparison and confirmed by another technique).

ESC/EACTS Guidelines 2461
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septum, P ¼ 0.03; LV lateral wall, P ¼ 0.0009 vs. control
group). Radial and longitudinal end-systolic S values
(Table 3) were also lower in the severe AR group compared
with controls (P, 0.0001) while no difference was found
in deformation between moderate AR and controls. There
were no significant differences in peak systolic SR and end-
systolic S values between patients with mild AR and con-
trols. Scatter plots of the peak systolic SR and end-systolic

S values for radial and longitudinal deformation for all
patients and controls are shown in Figure 1.

Strain rate values for moderate AR show significant
overlap with controls, but in a few individuals it is seen
that the speed of longitudinal deformation (SR) is already
decreased while deformation itself (S) remains normal
(Figure 1). For severe AR, SR and S values present to be sig-
nificantly lower compared to the other groups but there is
still an important overlap between part of deformation
indices and these groups (Figure 1).

Radial and longitudinal peak systolic SR and S were inver-
sely correlated with EDD as well as with ESD for both con-
trols and patients with AR (Figures 2 and 3).

The index was calculated by dividing deformation by
diameter: SR/EDV and S/EDV show a significant reduction
in patients particularly with severe AR (Figure 4). Values
of SR/EDV and S/EDV indices were included in Table 4 and
showed significantly lower values in severe and moderate
AR group compared with controls.

Example of longitudinal SR curves of a patient with severe
AR and control subject is presented in Figure 5.

Discussion

Patients with chronic AR develop LV dilatation in order to
cope with the volume overload. In addition, LV hypertrophy
occurs to cope with the required increase in contractility.

Table 3 Radial and longitudinal systolic function of the LV
estimated by peak systolic strain

Control
(n ¼ 22)

Mild AR
(n ¼ 10)

Moderate AR
(n ¼ 13)

Severe AR
(n ¼ 36)

Parasternal SAX
LVPW (%) 51+9 45+9 45+16 32+10*

Apical four-chamber
Septum
(%)

21+6 21+4 18+3 14+6*

LV lateral
wall (%)

21+5 22+4 19+4 15+5*

Values are mean+ SD.
AR, aortic regurgitation; LV, left ventricle; SAX, short axis; LVPW, left

ventricular posterior wall.
*P , 0.0001 vs. control group.

Table 1 Clinical and standard echocardiographic parameters

Control (n ¼ 22) Mild AR (n ¼ 10) Moderate AR (n ¼ 13) Severe AR (n ¼ 36)

Age (years) 50+11 54+9 56+13 48+13
Male 6 4 6 27
HR (bpm) 60+10 59+10 68+11 68+12
LV EDD (cm) 4.5+0.3 4.7+0.5 5.3+0.8† 6.6+0.9*
LV ESD (cm) 2.9+0.4 3.0+0.3 3.4+0.7 4.6+1.0*
IVS (cm) 0.8+0.1 0.8+0.1 0.8+0.1 1.0+0.2*
PWT (cm) 0.8+0.1 0.8+0.2 1.0+0.1 1.1+0.2*
EF (%) 67+6 63+6 64+6 55+9*
EDV (mL) 107+23 108+27 148+51‡ 231+70*
ESV (mL) 35+11 37+12 50+24 103+49*
SV (mL) 72+15 68+20 93+31 117+37*
LV mass 139+50 157+51 226+78** 413+167*

Values are mean+ SD.
AR, aortic regurgitation; HR, heart rate; LV, left ventricle; EDD, end-diastolic diameter; ESD, end-systolic diameter; IVS, interventricular septum; PWT,

posterior wall thickness; EF, ejection fraction; EDV, end-diastolic volume; ESV, end-systolic volume; SV, stroke volume.
*P , 0.0001, **P ¼ 0.0007, †P ¼ 0.0009, ‡P , 0.05 vs. control group.

Table 2 Radial and longitudinal systolic function of the LV estimated by peak systolic strain rate

Control (n ¼ 22) Mild AR (n ¼ 10) Moderate AR (n ¼ 13) Severe AR (n ¼ 36)

Parasternal SAX
LVPW (s21) 3.0+0.5 3.0+0.4 2.6+0.5** 2.1+0.6*

Apical four-chamber
Septum (s21) 1.54+0.32 1.67+0.32 1.32+0.28** 1.11+0.42*
LV lateral wall (s21) 1.63+0.24 1.64+0.37 1.22+0.33‡ 1.08+0.28*

Values are mean+ SD.
AR, aortic regurgitation; LV, left ventricle; SAX, short axis; LVPW, left ventricular posterior wall.
*P , 0.0001, **P ¼ 0.0009, ‡P ¼ 0.03 vs. control group.
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septum, P ¼ 0.03; LV lateral wall, P ¼ 0.0009 vs. control
group). Radial and longitudinal end-systolic S values
(Table 3) were also lower in the severe AR group compared
with controls (P, 0.0001) while no difference was found
in deformation between moderate AR and controls. There
were no significant differences in peak systolic SR and end-
systolic S values between patients with mild AR and con-
trols. Scatter plots of the peak systolic SR and end-systolic

S values for radial and longitudinal deformation for all
patients and controls are shown in Figure 1.

Strain rate values for moderate AR show significant
overlap with controls, but in a few individuals it is seen
that the speed of longitudinal deformation (SR) is already
decreased while deformation itself (S) remains normal
(Figure 1). For severe AR, SR and S values present to be sig-
nificantly lower compared to the other groups but there is
still an important overlap between part of deformation
indices and these groups (Figure 1).

Radial and longitudinal peak systolic SR and S were inver-
sely correlated with EDD as well as with ESD for both con-
trols and patients with AR (Figures 2 and 3).

The index was calculated by dividing deformation by
diameter: SR/EDV and S/EDV show a significant reduction
in patients particularly with severe AR (Figure 4). Values
of SR/EDV and S/EDV indices were included in Table 4 and
showed significantly lower values in severe and moderate
AR group compared with controls.

Example of longitudinal SR curves of a patient with severe
AR and control subject is presented in Figure 5.

Discussion

Patients with chronic AR develop LV dilatation in order to
cope with the volume overload. In addition, LV hypertrophy
occurs to cope with the required increase in contractility.

Table 3 Radial and longitudinal systolic function of the LV
estimated by peak systolic strain

Control
(n ¼ 22)

Mild AR
(n ¼ 10)

Moderate AR
(n ¼ 13)

Severe AR
(n ¼ 36)

Parasternal SAX
LVPW (%) 51+9 45+9 45+16 32+10*

Apical four-chamber
Septum
(%)

21+6 21+4 18+3 14+6*

LV lateral
wall (%)

21+5 22+4 19+4 15+5*

Values are mean+ SD.
AR, aortic regurgitation; LV, left ventricle; SAX, short axis; LVPW, left

ventricular posterior wall.
*P , 0.0001 vs. control group.

Table 1 Clinical and standard echocardiographic parameters

Control (n ¼ 22) Mild AR (n ¼ 10) Moderate AR (n ¼ 13) Severe AR (n ¼ 36)

Age (years) 50+11 54+9 56+13 48+13
Male 6 4 6 27
HR (bpm) 60+10 59+10 68+11 68+12
LV EDD (cm) 4.5+0.3 4.7+0.5 5.3+0.8† 6.6+0.9*
LV ESD (cm) 2.9+0.4 3.0+0.3 3.4+0.7 4.6+1.0*
IVS (cm) 0.8+0.1 0.8+0.1 0.8+0.1 1.0+0.2*
PWT (cm) 0.8+0.1 0.8+0.2 1.0+0.1 1.1+0.2*
EF (%) 67+6 63+6 64+6 55+9*
EDV (mL) 107+23 108+27 148+51‡ 231+70*
ESV (mL) 35+11 37+12 50+24 103+49*
SV (mL) 72+15 68+20 93+31 117+37*
LV mass 139+50 157+51 226+78** 413+167*

Values are mean+ SD.
AR, aortic regurgitation; HR, heart rate; LV, left ventricle; EDD, end-diastolic diameter; ESD, end-systolic diameter; IVS, interventricular septum; PWT,

posterior wall thickness; EF, ejection fraction; EDV, end-diastolic volume; ESV, end-systolic volume; SV, stroke volume.
*P , 0.0001, **P ¼ 0.0007, †P ¼ 0.0009, ‡P , 0.05 vs. control group.

Table 2 Radial and longitudinal systolic function of the LV estimated by peak systolic strain rate

Control (n ¼ 22) Mild AR (n ¼ 10) Moderate AR (n ¼ 13) Severe AR (n ¼ 36)

Parasternal SAX
LVPW (s21) 3.0+0.5 3.0+0.4 2.6+0.5** 2.1+0.6*

Apical four-chamber
Septum (s21) 1.54+0.32 1.67+0.32 1.32+0.28** 1.11+0.42*
LV lateral wall (s21) 1.63+0.24 1.64+0.37 1.22+0.33‡ 1.08+0.28*

Values are mean+ SD.
AR, aortic regurgitation; LV, left ventricle; SAX, short axis; LVPW, left ventricular posterior wall.
*P , 0.0001, **P ¼ 0.0009, ‡P ¼ 0.03 vs. control group.
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Tayyareci, et al.

TABLE III

Longitudinal Systolic Strain and Strain Rates of the Each Segment

VVI Analyses Patients Inferior Septum Lateral Anterior Septum Posterior Anterior Inferior

Strain Rate (s−1) AR patients 0.86 ± 0.11 0.95 ± 0.15 0.95 ± 0.18 0.87 ± 0.10 0.88 ± 0.13 0.90 ± 0.18
Control 1.5 ± 0.19 1.49 ± 0.18 1.5 ± 1.84 1.5 ± 0.18 1.53 ± 0.15 1.55 ± 0.18

Strain (%) AR patients 16.25 ± 2.53 18.12 ± 3.03 18.24 ± 3.39 16.09 ± 2.34 16.85 ± 3.0 16.78 ± 3.0
Control 21.7 ± 3.76 24.2 ± 3.01 24.15 ± 3.25 24.3 ± 2.56 24.29 ± 2.9 24.15 ± 3.26

∗P < 0.0001. Control group versus patients with AR in each segment.

statistical differences between the strain and SRs
of the each segment showing that there was a
global dysfunction rather than segmental dys-
function. Furthermore, RV deformation was also
evaluated when TDI-derived RV-IVA showed im-
pairment in severe AR patients. For this aim, we
used base segment of RV lateral wall (70 seg-
ments). We found that peak longitudinal systolic
strain (28.4 ± 2.6% to 31.5 ± 2.6%; P = 0.0001)
and SRs (1.82 ± 0.13 1/s to 1.99 ± 0.14 1/s;
P = 0.0001) of the RV were significantly decreased
in patients with AR compared to controls support-
ing the TDI-derived IVA.

Correlation Analyses of LV Deformation
and LV Geometry:
Correlation analyses for VVI-derived strain and SRs
among LV geometry parameters (LVEDD, LVESD)
were performed in AR group (n = 40). Longi-
tudinal peak systolic strain and SRs were signif-
icantly correlated with both LVEDD and LVESD
in AR patients (P = 0.0001) (Fig. 3). Moreover,
circumferential deformation was also well corre-
lated with LV geometry (Fig. 4). In addition, there
was a marked correlation between LV IVA and LV
geometry (r = −0.48; P = 0.001 for LVEDD and
r = –0.36; P = 0.001 for LVESD). Left ventricu-
lar IVA was also significantly correlated with LV
longi-tudinal strain (r = 0.72, P = 0.0001) and
SRs (r = 0.68, P = 0.0001).

Correlation Analyses of RV Deformation
and LV Geometry:
After obtaining RV deformation and impaired
IVA, we evaluated the correlation between RV
deformation and LV geometry. Right ventricular

strain was inversely correlated with both LVEDD
(r = –0.69, P = 0.0001) and LVESD (r = –0.58,
P = 0.0001). Additionally, RV SRs were also cor-
related with LVEDD (r = –0.69, P = 0.0001) and
LVESD (r = –0.61, P = 0.0001). We suggested
that subclinical RV dysfunction may be observed
due to impaired LV systolic function. Similarly,
the relation between RV «IVA and LV geometry
(r = –0.34, P = 0.005; and r = –0.31, P = 0.005)
was also significant. Moreover, RV IVA very
well correlated with LV deformation parameters
(r = 0.63, P = 0.0001 with strain; r = 0.59,
P = 0.0001 with SR).

Left Ventricular Deformation Index Analysis:
We analyzed the index deformation, which was
used by Marciniak et al.13 before, calculated
by dividing deformation by LVEDV as following:
Strain/LVEDV and SR/LVEDV. We also added an-
other formulation, strain/LVESV and SR/LVESV,
aiming to get a detailed analysis of deformation
among left ventricular geometry. We found that
deformation indices both for longitudinal and
for circumferential deformation were significantly
lower in patients with severe AR (P = 0.0001)
(Table V).

Reproducibility:
Intraclass correlations for intraobserver variabil-
ity were good for VVI-derived parameters (lon-
gitudinal strain: 0.92, 95% confidence inter-
val [CI] 0.76–0.97; circumferential strain: 0.90,
95% CI 0.77–0.98; longitudinal SR: 0.97, 95%
CI 0.86–0.98; circumferential SR: 0.90, 95%
CI 0.70–0.96). The intraclass correlations for
interobserver variability were also good for

TABLE IV

Circumferential Systolic Strain and Strain Rates of the Each Segments at the Middle Layer in Short-Axis Views

VVI Analyses Patients Inferior Septum Lateral Anterior Septum Posterior Anterior Inferior

Strain Rate (s−1) AR patients 1.49 ± 0.41 1.62 ± 0.37 1.5 ± 0.33 1.62 ± 0.36 1.44 ± 0.28 1.54 ± 0.39
Control 2.41 ± 0.26 2.41 ± 0.23 2.29 ± 0.43 2.45 ± 0.31 2.51 ± 0.28 2.41 ± 0.26

Strain (%) AR patients 20.96 ± 3.72 20.85 ± 3.4 21.54 ± 3.15 20.85 ± 3.40 21.09 ± 2.56 22.2 ± 3.47
Control 25.87 ± 3.15 24.06 ± 3.76 27.01 ± 3.07 26.1 ± 4.24 24.6 ± 2.86 25.87 ± 3.15

∗P < 0.0001. Control group versus patients with AR in each segment.
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n=40	  

n=30	  

LVEF>50%	  

• 	  Strain	  longitudinal	  global	  	  	  
	  	  diminué	  même	  si	  	  
	  	  FEVG	  >	  50%	  	  	  

• 	  La	  différence	  significaDve	  entre	  sujets	  	  
	  	  normaux	  et	  les	  paDents	  avec	  IA	  sévère	  	  
	  



• 	  PaDent	  a	  refusé	  l’intervenDon	  chirurgicale	  	  

• 	  DiminuDon	  de	  FEVG	  de	  60%	  à	  50%	  dans	  9	  mois	  	  	  
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Predicting Postoperative LV Function

The correlation between preoperative and postoperative LV EDVwas
r = 0.65 (P < .01), while the correlation between preoperative and
postoperative normalized global longitudinal strain was r = 0.62
(P < .01). Global longitudinal strain (without LV EDV correlation)
was also correlated regarding preoperative and postoperative values
(r = 0.61, P < .01). Importantly, there was no such correlation for
LVEF (r = 0.17, P = .27), indicating that strain is a superior measure-
ment for predicting postoperative LV function. The correlation
between preoperative normalized global longitudinal strain and post-
operative LV EDV was r = 0.58 (P < .01; Figure 5). There was no re-
lationship between changes in LV EDV and longitudinal strain after
AVR (r = 0.11, P = .48) or between left atrial end-systolic volume
and preoperative LVEF (r = 0.09, P = .57) or between left atrial
end-systolic volume and postoperative LV EDV (r = 0.27, P = .09).

Feasibility and Reproducibility

Of all segment analyses, 17%were discarded in the present study. The
feasibility of global longitudinal strain was 100% and 84% for circum-
ferential strain. Reliability analysis of strain values revealed
Cronbach’s a values of 0.98 for intraobserver and 0.95 for interob-
server variation. For LVEF, the intraobserver and interobserver varia-
tion were 0.84 and 0.81, respectively.

DISCUSSION

The present study demonstrates that global systolic longitudinal strain
might be superior to LVEF as a means for detecting subclinical myo-
cardial dysfunction in patients with chronic severe AR. This was

indicated by the large proportion of patients with severe AR who
had reduced global systolic longitudinal strain preoperatively, despite
the presence of normal LVEFs. Optimal timing of surgery is depen-
dent on the identification of reduced myocardial function before it
becomes irreversible and negatively affects long-term prognosis.
Progressive chamber enlargement will lead to a more spherical geom-
etry and eventually depressed myocardial contractility, supervening
adaptive mechanisms to increased load. Unfortunately, such changes
may, at least for some time, remain unrecognized by the routinely
used imaging modalities.

Current guidelines17 recommend AVR even without symptoms if
the LVEF is reduced to <50%, the end-diastolic diameter increases to
>75mm, or the end-diastolic diameter reaches 55mm. However, the
regular indices of LV function, such as LVEF, may be confounded by
changes in preload and afterload. Therefore, volume-derived assess-
ment has important limitations as a measure of LV function in patients
with altered loading conditions, which is invariably present in severe
AR. In addition, the detection of impaired LV function by LVEF pre-
supposes dysfunction of a certain number of ventricular segments.
Thus, LVEF might be insensitive to small decrements in function asso-
ciated with early changes of myocardial contraction.11 However,
strain would be expected to be a more sensitive measure in this
respect, because it directly measures myocardial deformation.

The blood pressure of the patients with AR decreased significantly
after AVR, resulting in reduced afterload. This would be expected to
translate into increased strain, but our study demonstrated a slight de-
crease inmyocardial shortening after valve replacement. Factors other
than afterload might therefore be of importance.

The change in longitudinal shortening associated with AR was
more evident than the change in circumferential shortening, because

Table 2 Comparison of echocardiographic findings in patients and controls

Variable
Patients before
surgery (n = 44) P

Patients after
surgery (n = 44)

Controls
(n = 31) P* P†

Global longitudinal strain (%) !17.5 6 3.1 .01 !16.1 6 3.1 !22.1 6 1.8 <.01 <.01
Normalized global longitudinal strain !0.09 6 0.04 <.01 !0.12 6 0.04 !0.23 6 0.08 <.01 <.01

Global circumferential strain (%) !21.7 6 3.4 .55 !21.1 6 4.1 !22.6 6 2.5 .22 .07
Normalized circumferential strain !0.11 6 0.05 <.01 !0.16 6 0.06 !0.24 6 0.08 <.01 <.01

Radial strain (%) 51.7 6 18.5 .81 41.5 6 16.6 59.4 6 20.3 .14 <.01
Septal longitudinal velocity (cm/sec) 5.8 6 1.4 <.01 4.8 6 1.2 6.6 6 0.8 .01 <.01

Lateral longitudinal velocity (cm/sec) 6.2 6 1.6 <.01 7.2 6 1.8 7.0 6 1.6 .09 .479
Septal longitudinal displacement (cm) 11.4 6 3.9 <.01 9.7 6 3.0 13.7 6 1.8 .03 <.01

Lateral longitudinal displacement (cm) 10.3 6 3.3 <.01 12.5 6 3.7 13.0 6 2.4 <.01 .46
LVEF (%) 59 6 5 <.01 54 6 7 59 6 6 .59 <.01

LV EDV (mL) 214 6 71 <.01 141 6 36 105 6 30 <.01 <.01
LV ESV (mL) 93 6 36 <.01 68 6 24 43 6 15 <.01 <.01

Left atrial ESV (mL) 71 6 27 .47 70 6 29 55 6 17 .03 .03
SEDD (mm) 66 6 8 <.01 54 6 7 50 6 5 <.01 .04

SESD (mm) 44 6 8 <.01 36 6 7 32 6 4 <.01 .02
End-diastolic LV length (mm) 96 6 11 <.01 89 6 10 86 6 9 <.01 <.01

End-systolic LV length (mm) 78 6 9 .70 77 6 10 51 6 5 <.01 <.01
SV (mL) 163 6 36 <.01 74 6 19 62 6 17 <.01 .01

Systolic blood pressure (mm Hg) 142 6 25 <.01 131 6 16 135 6 21 .26 .42
Diastolic blood pressure (mm Hg) 66 6 12 <.01 77 6 12 77 6 11 <.01 .90

Heart rate (beats/min) 68 6 12 .24 66 6 13 71 6 12 .41 .12

ESV, End-systolic volume; SEDD, end-diastolic short-axis diameter; SESD, end-systolic short-axis diameter; SV, stroke volume.
Data are expressed as mean 6 SD.
*Patients before surgery versus controls.
†Patients after surgery versus controls.
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patients with disease progression during conserva-
tive management or between post-surgical patients
with good outcomes and those with impaired out-
comes. End-systolic wall stress was not associated
with outcome in either group. Type of surgery or
concurrent coronary artery bypass grafting had no
impact on post-surgical outcome.

Table 3 lists the relationships between baseline
echocardiographic measurements and outcomes. All
speckle-tracking measures (!sys, SRsys, and SRdia) were

significantly associated with outcome both during
conservative management and after surgery, while
conventional measures and tissue Doppler measures
were associated with outcome only after surgery.

The best cutoffs for discriminating between pa-
tients with disease progression and stable patients
during conservative management were !18% for
!sys (AUC: 0.72; sensitivity, 88%; specificity, 60%),
!1.1 s!1 for SRsys (AUC: 0.76; sensitivity, 75%;
specificity, 76%), and 1.2 s!1 for SRdia (AUC: 0.81;

Figure 3. Changes in LV Size and Function After Surgery for AR

Echocardiographic measurements before and at 3 and 6 months after surgery for aortic regurgitation (AR). Error bars indicate standard
error of the mean. *p " 0.05 versus baseline. LVESVI # left ventricular end-systolic volume index; other abbreviations as in Figures 1 and 2.

Table 3. Association Between Echocardiography and Outcome

Outcome During Conservative Management (n ! 33) Outcome After Surgery (n ! 29)

Baseline Measurement
Stable
(n ! 25)

Progression
(n ! 8) OR (95% CI) p Value

Good
(n ! 18)

Impaired
(n ! 11) OR (95% CI) p Value

Conventional echocardiography

LVEF (%) 58.7 $ 5.4 57.6 $ 3.6 1.3 (0.6–3.0) 0.57 53.9 $ 9.8 45.2 $ 11.8 2.3 (1.1–6.1) 0.04

LVEDVI (ml/m2) 58.9 $ 16.4 64.9 $ 21.1 1.4 (0.6–3.5) 0.39 92.2 $ 24.8 119.7 $ 33.4 3.0 (1.2–10.7) 0.01

LVESVI (ml/m2) 24.2 $ 7.1 27.8 $ 10.2 1.6 (0.7–4.0) 0.26 43.6 $ 18.8 67.5 $ 27.7 3.2 (1.3–10.5) 0.01

Speckle tracking

!sys (%) !19.0 $ 2.6 !16.3 $ 3.3 3.2 (1.2–13.8) 0.02 !15.6 $ 2.3 !11.5 $ 4.3 3.7 (1.4–14.4) 0.006

SRsys (s
!1) !1.19 $ 0.17 !1.04 $ 0.14 3.3 (1.2–13.4) 0.02 !1.01 $ 0.17 !0.88 $ 0.19 2.6 (1.0–9.0) 0.04

SRdia (s
!1) 1.60 $ 0.30 1.20 $ 0.34 4.6 (1.6–18.8) 0.002 1.33 $ 0.36 0.98 $ 0.21 4.0 (1.4–16.3) 0.005

Tissue Doppler

LDsys (mm) 11.2 $ 1.8 10.7 $ 2.1 1.4 (0.6–3.3) 0.45 11.2 $ 2.4 8.9 $ 2.5 2.8 (1.2–8.0) 0.02

s= (cm/s) 6.0 $ 1.1 5.5 $ 0.6 1.9 (0.8–5.4) 0.14 5.8 $ 0.8 4.9 $ 1.2 2.9 (1.2–9.4) 0.02

e= (cm/s) !6.5 $ 2.1 !5.9 $ 1.8 1.4 (0.6–3.4) 0.46 !6.2 $ 2.4 !5.0 $ 2.0 1.8 (0.8–4.9) 0.17

Data are expressed as mean $ SD.
CI # confidence interval; OR # odds ratio associated with 1 SD of worsening in predictive measure; other abbreviations as in Table 2.
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• 	  AmélioraDon	  n’est	  	  
	  	  pas	  toujours	  
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négaDves	  	  	  
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• 	  Un	  homme	  de	  55	  ans	  

• 	  AsymptomaDque	  
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reach statistical significance (P!0.23). Survival free of indi-
cations for surgery was 91"4% at 2 years, 69"7% at 4 years,
60"8% at 6 years, and 52"9% at 8 years for patients with
flail leaflets and 93"3% at 2 years, 84"5% at 4 years,
69"7% at 6 years, and 59"9% at 8 years for patients with
prolapse.

Outcome of Surgery
Of the 35 patients who underwent mitral valve surgery, mitral
valve repair was performed in 29 patients (82.9%), whereas a
mechanical valve was implanted in 6 (17.1%). Eight patients
(22.9%) underwent concomitant aortocoronary bypass graft-
ing at the time of surgery. Additional tricuspid valve repair
was performed in 5 patients (14.3%). There were no periop-
erative deaths. Reoperation was necessary in 2 patients:
Mitral valve replacement was performed in 1 patient 8

months postoperatively after unsuccessful repair and in an-
other patient 5 months postoperatively because of mitral
valve endocarditis.

All patients had good functional status after surgery:
Twenty-three patients were asymptomatic, and 12 had only
mild symptoms (4 in New York Heart Association [NYHA]
class I–II and 8 in NYHA class II). Four of the 35 patients had
impaired LV function after surgery. Two of them had
undergone mitral valve replacement (both had normal preop-
erative ventricular function). The other 2 patients underwent
mitral valve repair with concomitant coronary bypass surgery
and had mildly reduced preoperative LV function.

Discussion
Within the background of ongoing controversy about the
management of asymptomatic patients with severe degener-
ative MR, this is the first study to provide prospective
outcome data on a specific treatment strategy. Excellent
outcome was achieved when patients were followed up
carefully until either symptoms developed or until asymptom-
atic patients reached currently proposed criteria for surgery
with regard to LV size, LV function, and pulmonary hyper-
tension or until they developed recurrent atrial fibrillation.
Twenty-four of the 38 patients who required surgery had
developed symptoms, whereas asymptomatic LV dilatation or
dysfunction only accounted for 24% of surgical indications.
Thus, development of symptoms appears to be the most
frequent indication for surgery and precedes LV impairment
in the majority of patients. Overall survival was 91"3% at 8
years, which was not statistically different from expected
survival. Even the survival of the subgroup of patients with
flail leaflet did not differ from the expected survival. After 2.5
years, these patients tended to develop indications for surgery
slightly earlier than patients with prolapse. Nevertheless,
even in the group with flail leaflet, 52% of patients did not
reach the defined criteria for surgery at 8 years. Even more
importantly, those patients who eventually underwent valve
surgery had a good postoperative outcome with regard to
functional class and LV function. These data, therefore,
strongly support adherence to current practice guidelines

Figure 1. Kaplan-Meier overall survival of patients with asymp-
tomatic severe degenerative MR managed according to a
watchful waiting strategy (solid black line indicates total patient
population; dotted line, patients with flail leaflet). Survival func-
tions did not differ significantly from expected cumulative sur-
vival (solid gray line). This analysis includes perioperative and
postoperative deaths for those patients who required valve
replacement during follow-up. Pts indicates patients.

Figure 2. Kaplan-Meier event-free survival. Solid black line
shows survival free of any event to indicate surgery. Gray line
shows survival free of symptoms. Dashed line shows survival
free of asymptomatic (asympt) LV dysfunction. Dotted line
shows survival free of asymptomatic development of atrial fibril-
lation (Afib) and/or pulmonary hypertension (PHT) to indicate
surgery.

Figure 3. Kaplan-Meier event-free survival for patients with
mitral valve prolapse (gray line; n!74) vs flail leaflet (black line;
n!58). P!0.23. Pts indicates patients.
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After adjustment for age, sex, the presence or
absence of diabetes and atrial fibrillation, and the
ejection fraction, the effective regurgitant orifice
remained independently predictive of the risk of
cardiac events (Table 2). Similarly, the regurgitant
volume predicted the risk of cardiac events (unad-

justed risk ratio per increment of 10 ml per beat,
1.15; 95 percent confidence interval, 1.09 to 1.21;
P<0.01; adjusted risk ratio per increment of 10 ml
per beat, 1.18; 95 percent confidence interval, 1.10
to 1.25; P<0.01; and adjusted risk ratio for a vol-
ume of at least 60 ml per beat as compared with a
volume of less than 30 ml per beat, 4.50; 95 percent
confidence interval, 2.40 to 8.60; P<0.01). The mod-
erate range of regurgitant volume (30 to 59 ml per
beat) showed borderline significance (risk ratio for
the comparison with a volume of less than 30 ml
per beat, 1.80; 95 percent confidence interval, 0.97
to 3.30; P=0.06). The qualitative grade and jet area
were predictive of the risk of cardiac events on
univariate analysis (both P<0.01) but not on multi-
variate analysis (both P>0.25). In nested models,
the predictive power of the quantitative classifica-
tion of the effective regurgitant orifice was superi-
or to that afforded by the qualitative grade or jet
area (both P<0.01).

 

surgery and clinical outcome

 

Among the 232 patients who underwent cardiac
surgery, 2 underwent isolated coronary bypass and
230 underwent mitral surgery (valve repairs in 209
and valve replacements in 21, with 38 associated
coronary-bypass graft procedures). The appear-
ance of symptoms was the indication for surgery
in 94 patients. In 91 other patients, the presence
of marked left ventricular dilatation (end-systolic
diameter of at least 40 mm, end-diastolic diame-
ter of at least 65 mm, or both), atrial dilatation (vol-
ume of at least 100 ml), or both contributed to the
indication for surgery. Thus, physicians’ and pa-
tients’ preference led to surgery in only 47 patients.
The Charlson comorbidity index was similar in pa-
tients who underwent surgery and those who did
not (P=0.51).

The five-year rates of freedom from surgery
and from death or cardiac surgery were 46±3 per-
cent and 36±3 percent, respectively. Excluding pa-
tients who underwent cardiac surgery within 90
days after the diagnosis of mitral regurgitation,
the 5-year rates of freedom from surgery and from
death or cardiac surgery were 63±3 percent and
49±3 percent, respectively. These rates were 94±3
percent and 86±4 percent, respectively, among those
with an effective regurgitant orifice of less than
20 mm

 

2

 

; 55±6 percent and 36±6 percent, respec-
tively, among those with an effective regurgitant
orifice of 20 to 39 mm

 

2

 

; and 27±6 percent and 16±4
percent, respectively, among those with an effec-
tive regurgitant orifice of at least 40 mm

 

2

 

 (P<0.01).

 

Figure 1. Kaplan–Meier Estimates of the Mean (±SE) Rates of Overall Survival 
among Patients with Asymptomatic Mitral Regurgitation under Medical 
Management, According to the Effective Regurgitant Orifice (ERO).

 

Values in parentheses are survival rates at five years.
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Figure 2. Kaplan–Meier Estimates of the Mean (±SE) Rates of Death from 
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rheumatic lesions, extensive valve prolapse, and (even more so)
MR with leaflet calcification or extensive annulus calcification is
not as consistent, even in experienced hands.134 In current prac-
tice, surgical expertise in mitral valve repair is growing and becom-
ing widespread.135

Patients with predictable complex repair should undergo
surgery in experienced repair centres with high repair rates and
low operative mortality.32–35,44,135

When repair is not feasible, mitral valve replacement with
preservation of the subvalvular apparatus is preferred.

6.1.4 Percutaneous intervention
Catheter-based interventions have been developed to correct MR
percutaneously. The only one which has been evaluated in organic
MR is the edge-to-edge procedure. Data from the EVEREST (Endo-
vascular Valve Edge-to-Edge REpair STudy) trials 136 and the results
of registries in Europe137 and the USA suggest that the MitraClip
procedure has a procedural success rate (i.e. postprocedural MR
≤2+) of around 75%, is relatively safe and generally well-tolerated,
even by patients in poor clinical condition. One-year freedom from
death, mitral valve surgery or more than moderate MR is 55%. The
procedure reduces MR less effectively than mitral valve surgery.
The follow-up remains limited to a maximum of 2 years and recur-
rence—or worsening of MR—is more likely to occur during
follow-up since 20% of patients required reintervention within
1 year in EVEREST II. The applicability of the procedure is
limited because precise echocardiographic criteria have to be
respected to make a patient eligible.136 Mitral valve repair has
been reported after an unsuccessful clip procedure, although
valve replacement may be necessary in up to 50% of such patients.

6.1.5 Indications for intervention
Urgent surgery is indicated in patients with acute severe MR.
Rupture of a papillary muscle necessitates urgent surgical
treatment after stabilization of haemodynamic status, using an
intra-aortic balloon pump, positive inotropic agents and, when
possible, vasodilators. Valve surgery consists of valve replacement
in most cases.119

The indications for surgery in severe chronic primary MR are
shown in Table 12 and Figure 3.
The decision of whether to replace or repair depends mostly on

valve anatomy, surgical expertise available, and the patient’s
condition.
Surgery is indicated in patients who have symptoms due to

chronic MR, but no contraindications to surgery.
When LVEF is ,30%, a durable surgical repair can still improve

symptoms, although the effect on survival is largely unknown. In
this situation, the decision on whether to operate will take into
account the response to medical therapy, comorbidity, and the
likelihood of successful valve repair.
Percutaneous edge-to-edge procedure may be considered in

patients with symptomatic severe primary MR who fulfil the
echo criteria of eligibility, are judged inoperable or at high sur-
gical risk by a ‘heart team’, and have a life expectancy greater
than 1 year (recommendation class IIb, level of evidence C).

The management of asymptomatic patients is controversial as
there are no randomized trials to support any particular course
of action; however, surgery can be proposed in selected
asymptomatic patients with severe MR, in particular when repair
is likely.138,139

Table 12 Indications for surgery in severe primary
mitral regurgitation

Class a Level b Ref C

Mitral valve repair should be
the preferred technique when
it is expected to be durable.

I C

Surgery is indicated in
symptomatic patients with
LVEF >30% and LVESD <55 mm.

I B 127, 128

Surgery is indicated in
asymptomatic patients with LV
dysfunction (LVESD ≥45 mm
and/or LVEF ≤60%).

I C

Surgery should be considered
in asymptomatic patients with
preserved LV function and
new onset of atrial fibrillation
or pulmonary hypertension
(systolic pulmonary pressure
at rest >50 mmHg).

IIa C

Surgery should be considered
in asymptomatic patients with
preserved LV function, high
likelihood of durable repair,
low surgical risk and flail leaflet
and LVESD ≥40 mm.

IIa C

Surgery should be considered
in patients with severe LV
dysfunction (LVEF <30% and/
or LVESD >55 mm) refractory
to medical therapy with high
likelihood of durable repair and
low comorbidity.

IIa C

Surgery may be considered
in patients with severe LV
dysfunction (LVEF <30% and/
or LVESD >55 mm) refractory
to medical therapy with low
likelihood of durable repair
and low comorbidity.

IIb C

Surgery may be considered in
asymptomatic patients with
preserved LV function, high
likelihood of durable repair,
low surgical risk, and:
• left atrial dilatation (volume
index ≥60 ml/m² BSA) and
sinus rhythm, or
• pulmonary hypertension on
exercise (SPAP ≥60 mmHg at
exercise).

IIb C

BSA ¼ body surface area; LV ¼ left ventricle; LVEF ¼ left ventricular ejection
fraction; LVESD ¼ left ventricular end-systolic diameter; SPAP ¼ systolic
pulmonary artery pressure.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting class I (A + B) and IIa + IIb (A + B) recommendations.

ESC/EACTS Guidelines 2471
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FIGURE 3. Graphic survival analysis of 14 patients with
mitral regurgitation who had postoperative ejectionfraction
(EF) more than 0.50 as compared with 27 patients with
postoperative EF less than or equal to 0.50.

data revealed four variables that significantly discrim-
inated between patients with a postoperative EF
more or less than 0.50 in the MR patients (Table 4).
Preoperative ESVI was higher in the MR patients
with an EF less than or equal to 0.50 postoperatively.
Also, preoperative EF was lower in those with lower
postoperative EF values. Additionally, cross-clamp
and total cardiopulmonary bypass times were signif-

icantly longer in the MR patients with an EF more
than 0.50 postoperatively. In the MS and MS/MR
groups, no preoperative or operative variable distin-
guished between patients with an EF more or less
than 0.50 after surgery.
The multivariate stepwise logistic regression anal-

ysis demonstrated that preoperative EF was the most

powerful predictor in the MR patients (p<0.001),
followed by total cardiopulmonary bypass time
(p<0.012) and LV systolic pressure (p<0.077).
There were no significant multivariate determinants
of postoperative EF in the MS or MS/MR groups.

Inspection of Figure 4 shows that all but one

patient with MR and a preoperative EF less than or

equal to 0.50 had a postoperative EF more than 0.50
(92% specificity, p<0.03). The sensitivity of a low
preoperative EF for identifying patients with low
postoperative EF, however, is only 43% (Table 6)
because many patients with a normal preoperative
EF had a low EF postoperatively. Also, all but two
MR patients with a preoperative LV systolic pressure

more than 120 mm Hg had a postoperative EF less
than or equal to 0.50 (85% specificity, p<0.05).

TABLE 3. Relation Between Postoperative Left Ventricular Size or Function at 6 Months and Percentage in NYHA Class III or IV

EF.0.50 EF>0.50 p EDVI>101 mi/m2 EDVI.101 mi/rm2 p
MR patients(%) 71 29 0.224 68 32 0.459
MS/MR patients(%) 62 38 0.047 75 25 0.764
MS patients (%) 40 60 0.063 80 20 0.497

EF, ejection fraction; EDVI, end-diastolic volume index; MR, mitral regurgitation; MS, mitral stenosis.

TABLE 4. Comparison of Baseline and Operative Characteristics Between Patients With Postoperative Ejection Fraction <0.50 and
Patients With Postoperative Ejection Fraction >0.50

MS MR MS/MR
Variable EF.0.50 EF>0.50 EF'0.50 EF>0.50 EF.0.50 EF>0.50

Age (yr) 56±10 57±11 59±7 58±10 57±5 55±6
Severity index 3.4±2.0 4.2±2.5 4.6±2.5 4.6±2.5 5.8±3.2 4.1±1.4
MPAP(mmHg) 32±13 35±15 29±11 28±10 28±10 32±15
Mean PAWP (mmHg) 22±7 25±9 20±9 21±9 20±7 21±8
LVSP (mm Hg) 120± 13 120± 19 125±25 114±16 115±19 120±18
LVEDP (mm Hg) 11±6 11±4 16±7 20±9 16±7 13±5
Heart rate (beats/min) 73±16 88±21 80±15 79±16 77±15 76±21

CI (I/min/M2) 2.3±0.7 2.1±0.5 2.5±1.1 2.6±0.9 2.1±0.6 2.6±0.6

A-Vo2 diff (mi/i) 5.6±1.3 6.2±1.7 5.7±1.5 5.2±1.6 6.3±1.1 5.8±1.3
EDVI (ml/m2) 86±21 76±20 125±57 108±37 121±50 95±61
ESVI (ml/m2) 47±17 38±10 67±48 36±13* 66±31 40±25
EF 0.47±0.10 0.48±0.11 0.50±0.15 0.66±0.08t 46±10 57+15
RgV (ml) ... ... 57±49 77±49 55±52 51±87

RgV/EDV ... ... 0.24±0.18 0.36±0.19 0.39±0.27 0.35±0.42
FSV/EDV ... ... 0.27±0.11 0.31±0.12 0.27±0.14 0.48±0.32
Mean mitral gradient (mm Hg) 14±7 16±8 ... ... 11±3 13±6
Mean orifice area (cm2) 1.2±0.5 1.1±0.4 ... ... 2.0± 1.3 1.6± 1.2

Cross-clamp time (min) 64±34 61±22 66±31 96±25* 61±34 65±13
Total cardiopulmonary bypass time (min) 118±29 126±57 117±42 162±58t 101±32 111±33

MS, mitral stenosis; MR, mitral regurgitation; EF, ejection fraction; MPAP, mean pulmonary artery pressure; PAWP, pulmonary artery
wedge pressure; LVSP, left ventricular systolic pressure; LVEDP, left ventricular end-diastolic pressure; CI, cardiac index; A-Vo2 diff,
arterial-venous oxygen difference; EDVI, end-diastolic volume index; ESVI, end-systolic volume index; EF, ejection fraction; RgV,
regurgitant volume; EDV, end-diastolic volume; FSV, forward stroke volume.

*p<0.01, tp<0.001, tp<0.05.
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patients were also more dilated at end-systole (LVESD index, 19.26
3.7 vs 21.66 2.6 mm, P= .02) and at end-diastole. Preoperative sPAP
at rest was higher in group B. Preoperative LVEF did not differ be-
tween the two subgroups at the time of inclusion (66.2 6 6.4% vs
64.6 6 10.1%, P = .43). However, LV GLS was more altered in pa-
tients with postoperative LV dysfunction (–19.6 6 3.6% vs !17 6
2.8%, P = .01).

Correlations of Preoperative Ultrasound Parameters with
Postoperative LVEF

Postoperative LVEF was correlated with preoperative LVESD (r =
!0.46, P < .001) and preoperative left atrial dimensions (diameter,
surface area, and volume), as shown in Table 4. A correlation be-
tween postoperative LVEF and preoperative resting LVEF was also
observed (r = 0.29, P = .03). Postoperative LVEF was also correlated
with preoperative resting GLS; this correlation was stronger when LV
GLS was normalized to LVESD (r = !0.45, P < .001). There was no
correlation between postoperative LVEF and preoperative sPAP in
our population.

Determinants of Postoperative LVEF

A linear multivariate model was constructed to analyze the relation-
ships of resting ultrasound parameters (including preoperative
LVEF, LVESD, LV GLS, left atrial volume, and sPAP) with postopera-
tive LVEF. Results of this analysis are shown in Table 5. This analysis
revealed that LVESD (36 6 6.1 mm, P = .001) and LV GLS (–19.2
6 3.9%, P = .02) were independent predictive factors for postopera-
tive LVEF (R2 = .29). The ratio of LV GLS to LVESD was not taken
into account in this model, given its strong correlation with the other
parameters. This result was the same for the ratio of LVGLS to LVend-
diastolic diameter. However, preoperative resting LVEF did not ap-
pear to be a predictive factor for postoperative LVEF (P = .11). Left
atrial volume (P = .64) and sPAP (P = .11) were also not predictive
factors for postoperative LVEF.

A multivariate logistical regression analysis was performed to
predict postoperative LV dysfunction. After binarization, the follow-
ing parameters were included: left atrial volume (threshold at 60
mL/m2, as previously defined), LVESD (threshold at 22 mm/m2),
LVEF (threshold at 60%), sPAP (threshold at 50 mm Hg), and LV
GLS (threshold at!18%). Factors predictive of postoperative LV dys-
function at 6 months were left atrial size $ 60 mL/m2 (odds ratio
[OR], 5.5; 95% confidence interval [CI], 1.7–17.2; P = .01), LVESD
$ 22 mm/m2 (OR, 4.2; 95% CI, 1.4–13; P = .02), sPAP (OR, 4.7;
95% CI, 1.2–19; P = .05), and LV GLS (OR, 4.2; 95% CI, 1.4–13;
P= .009). Preoperative LVEF did not appear to independently predict
postoperative LVEF. After constructing receiver operating

Table 3 Resting echocardiographic data at inclusion

Variable Total Group A (n = 73) Group B (n = 15) P

Left atrium
Volume (biplane area-length method) (mL/m2) 52.3 6 24.1 48.9 6 20.5 68.8 6 33.3 .003

Area (apical four-chamber view) (cm2) 26.2 6 9 24.8 6 7.9 33.1 6 10.0 .001
Diameter (parasternal view) (mm) 44.7 6 8 43.5 6 7.3 50.6 6 8.6 <.001

Left ventricle
LVESD (mm) 36 6 6.1 35.0 6 5.8 40.6 6 5.3 .001

LVESD index (mm/m2) 19.7 6 3.6 19.2 6 3.7 21.6 6 2.6 .02
LVEDD (mm) 52.3 6 23.3 54.7 6 7.8 61.5 6 6.6 .002

LVESV (mL) 55.9 6 8 49.8 6 23.0 64.5 6 21.3 .02
LVEDV (mL) 149.8 6 52.2 143.9 6 50.0 178.2 6 33.4 .01

E (transmitral pulsed Doppler) (cm/sec) 129.9 128 6 32 127 6 30 .48
LV S0 (tissue Doppler) (cm/sec) 9.3 6 2.5 8.4 6 3.7 9.5 6 2.0 .25

LVEF (%) 66 6 7 66.2 6 6.4 64.6 6 10.1 .43
LV GLS (%) !19.1 6 3.6 !19.6 6 3.6 !17.0 6 2.8 .01

LV GLS/LVESD (%/mm) !5.4 6 1.4 !5.7 6 1.3 !4.3 6 1.1 .001
Right ventricle

sPAP (mm Hg) 37.1 6 13 35.2 6 11.6 46.0 6 18.6 .009
TAPSE (mm) 22.7 6 .9 22.5 6 4.7 23.4 6 5.4 .46

Stric (cm/sec) 14 6 3.6 13.9 6 3.7 15.9 6 3.4 .05

LVEDD, LV end-diastolic diameter; LVEDV, LV end-diastolic volume; LVESV, LV end-systolic volume; TAPSE, tricuspid annular plane systolic
excursion; Stric, S wave at the tricuspid annulus on tissue Doppler.

Table 4 Correlations of preoperative echocardiographic
parameters with postoperative LVEF (linear regression
analysis)

Parameter r P

LA diameter !0.26 .006
LA volume !0.27 .01

LA area !0.27 .01
LVEDV !0.31 <.001

LVESV !0.36 <.001
LVEDD !0.36 .001

LVESD !0.46 <.001
LVEF 0.29 .03

LV GLS !0.29 .007
LV GLS/LVESD !0.45 <.001

sPAP !0.16 .15

LA, Left atrial; LVEDD, LV end-diastolic diameter; LVEDV, LV end-
diastolic volume; LVESV, LV end-systolic volume; TAPSE, tricuspid
annular plane systolic excursion; Stric, S wave at the tricuspid annu-
lus on tissue Doppler.
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tween the two subgroups at the time of inclusion (66.2 6 6.4% vs
64.6 6 10.1%, P = .43). However, LV GLS was more altered in pa-
tients with postoperative LV dysfunction (–19.6 6 3.6% vs !17 6
2.8%, P = .01).

Correlations of Preoperative Ultrasound Parameters with
Postoperative LVEF

Postoperative LVEF was correlated with preoperative LVESD (r =
!0.46, P < .001) and preoperative left atrial dimensions (diameter,
surface area, and volume), as shown in Table 4. A correlation be-
tween postoperative LVEF and preoperative resting LVEF was also
observed (r = 0.29, P = .03). Postoperative LVEF was also correlated
with preoperative resting GLS; this correlation was stronger when LV
GLS was normalized to LVESD (r = !0.45, P < .001). There was no
correlation between postoperative LVEF and preoperative sPAP in
our population.

Determinants of Postoperative LVEF

A linear multivariate model was constructed to analyze the relation-
ships of resting ultrasound parameters (including preoperative
LVEF, LVESD, LV GLS, left atrial volume, and sPAP) with postopera-
tive LVEF. Results of this analysis are shown in Table 5. This analysis
revealed that LVESD (36 6 6.1 mm, P = .001) and LV GLS (–19.2
6 3.9%, P = .02) were independent predictive factors for postopera-
tive LVEF (R2 = .29). The ratio of LV GLS to LVESD was not taken
into account in this model, given its strong correlation with the other
parameters. This result was the same for the ratio of LVGLS to LVend-
diastolic diameter. However, preoperative resting LVEF did not ap-
pear to be a predictive factor for postoperative LVEF (P = .11). Left
atrial volume (P = .64) and sPAP (P = .11) were also not predictive
factors for postoperative LVEF.

A multivariate logistical regression analysis was performed to
predict postoperative LV dysfunction. After binarization, the follow-
ing parameters were included: left atrial volume (threshold at 60
mL/m2, as previously defined), LVESD (threshold at 22 mm/m2),
LVEF (threshold at 60%), sPAP (threshold at 50 mm Hg), and LV
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function at 6 months were left atrial size $ 60 mL/m2 (odds ratio
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$ 22 mm/m2 (OR, 4.2; 95% CI, 1.4–13; P = .02), sPAP (OR, 4.7;
95% CI, 1.2–19; P = .05), and LV GLS (OR, 4.2; 95% CI, 1.4–13;
P= .009). Preoperative LVEF did not appear to independently predict
postoperative LVEF. After constructing receiver operating

Table 3 Resting echocardiographic data at inclusion

Variable Total Group A (n = 73) Group B (n = 15) P

Left atrium
Volume (biplane area-length method) (mL/m2) 52.3 6 24.1 48.9 6 20.5 68.8 6 33.3 .003

Area (apical four-chamber view) (cm2) 26.2 6 9 24.8 6 7.9 33.1 6 10.0 .001
Diameter (parasternal view) (mm) 44.7 6 8 43.5 6 7.3 50.6 6 8.6 <.001

Left ventricle
LVESD (mm) 36 6 6.1 35.0 6 5.8 40.6 6 5.3 .001

LVESD index (mm/m2) 19.7 6 3.6 19.2 6 3.7 21.6 6 2.6 .02
LVEDD (mm) 52.3 6 23.3 54.7 6 7.8 61.5 6 6.6 .002

LVESV (mL) 55.9 6 8 49.8 6 23.0 64.5 6 21.3 .02
LVEDV (mL) 149.8 6 52.2 143.9 6 50.0 178.2 6 33.4 .01

E (transmitral pulsed Doppler) (cm/sec) 129.9 128 6 32 127 6 30 .48
LV S0 (tissue Doppler) (cm/sec) 9.3 6 2.5 8.4 6 3.7 9.5 6 2.0 .25

LVEF (%) 66 6 7 66.2 6 6.4 64.6 6 10.1 .43
LV GLS (%) !19.1 6 3.6 !19.6 6 3.6 !17.0 6 2.8 .01

LV GLS/LVESD (%/mm) !5.4 6 1.4 !5.7 6 1.3 !4.3 6 1.1 .001
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TAPSE (mm) 22.7 6 .9 22.5 6 4.7 23.4 6 5.4 .46
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LVEDD, LV end-diastolic diameter; LVEDV, LV end-diastolic volume; LVESV, LV end-systolic volume; TAPSE, tricuspid annular plane systolic
excursion; Stric, S wave at the tricuspid annulus on tissue Doppler.

Table 4 Correlations of preoperative echocardiographic
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LA area !0.27 .01
LVEDV !0.31 <.001

LVESV !0.36 <.001
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characteristic curves for each of the parameters, the most significant
area under the curve was that for LV GLS (Figure 1, Table 5).

DISCUSSION

In this study, we have shown that systolic longitudinal deformation
(GLS) of the left ventricle added value to LVESD better than LVEF
in predicting postoperative LV function at rest.

Indications for Mitral Surgery and Controversies

Topreservenormal life expectancy inpatientswith severe degenerative
MR, it is essential to perform surgical intervention before complications
appear.2-4,12 Established criteria for surgery in these patients include the
presence of severe symptomatic MR with LV dysfunction (LVEF <
60%, LVESD $ 45 mm, atrial arrhythmias, or sPAP $ 50 mm Hg).
However, in patients in whom surgical decisions were made
according to these criteria or even before mitral valve repair was
considered feasible, we identified a 17% prevalence of LV
dysfunction even after mitral repair. No randomized study has been
performed to guide treatment in asymptomatic patients with mitral
insufficiency. Existing recommendations5 are thus leading to persistent
controversy about the optimal time for surgical intervention in such
patients.

In a prospective study of 132 patients with severe degenerative mi-
tral insufficiency, Rosenhek et al.1 showed that patients undergoing
surgery according to current clinical recommendations (appearance
of New York Heart Association class $ II symptoms or echocardio-
graphic changes) had survival rates identical to those expected in
the general population. This study demonstrated that close follow-
up with clinical and ultrasound surveillance in a relatively young pop-
ulation is a viable option.1 Other authors have published studies that
support earlier surgical intervention.2,13,14,23-25 In these studies,
asymptomatic patients in whom the current recommendations are
followed (i.e., in whom surgery is delayed until symptoms appear
or severe MR is observed by echocardiography) have less favorable
postoperative outcomes than those in whom surgery is performed
earlier in the course of disease. The feasibility of mitral repair is
likewise an important criterion. The risk for severe complications in
mitral valve repair is approximately 1% and is highly dependent on
the level of expertise of the surgeon.26 Although this risk is not
zero, it is acceptable compared with the risk for sudden death and
progressive deterioration of myocardial function.26,27

LVESD and Prediction of Postoperative LV Dysfunction

Most of the participants in our study were men without other medical
comorbidities. Although all patients had severe MR, most were
asymptomatic or mildly symptomatic, without obvious LV echocar-

diographic abnormalities. In this group of patients, we used an ‘‘early
surgery strategy’’ based on the feasibility of mitral repair and the pa-
tient’s wish rather than the ‘‘watchful waiting’’ approach.5 Despite
this early surgery strategy, postoperative LV dysfunction was still
noted in some patients at 6 months. New evidences in favor of early
surgery has recently been proposed. Tribouilloy et al.13,25 showed that
increased LVESD predicts postoperative LV dysfunction and
postoperative survival. Our results agree with these studies. For
patients with postoperative LV dysfunction, preoperative evaluation
showed that the atrial and ventricular cavities were more dilated.
Our multivariate analysis showed that LVESD $ 22 mm/m2 was
a powerful independent predictive parameter for postoperative LV
dysfunction. This threshold is lower than that set forth in the
European Society of Cardiology guidelines.5 A recent study also
showed that echocardiographic signs of more advanced MR, includ-
ing left atrial volume > 60 mL/m2 and higher preoperative sPAP
(>50 mm Hg), are independent prognostic factors for postoperative
morbidity and mortality.28,29 Our study supports these findings; the
multivariate analysis we performed showed that elevated sPAP
(>50 mm Hg) and left atrial dilation (>60 mL/m2) were
independent predictors of postoperative LV dysfunction. However,
these factors seem to be less powerful predictors of LV dysfunction
than LVESD.

Value of Indices of Systolic Function: LVEF and LV GLS

It has previously been demonstrated that preoperative LVEF < 60% is
associated with a higher risk for postoperative cardiac events, includ-
ing cardiac mortality.2,5-7 We did not find any prognostic value of
preoperative LVEF. Also, in patients with severe MR, preoperative
LVEF is often overestimated because of favorable loading
conditions.16 Therefore, other tools for assessing LV systolic function
have been suggested. Measurements of myocardial deformation, par-
ticularly of the longitudinal component, may be useful methods of
evaluating systolic function. This parameter is thought to be one of
the earliest to be altered in the case of systolic dysfunction, and its
measurement is simple and reproducible.30,31 In our study, patients
with postoperative LV dysfunction had greater alterations in
preoperative LV GLS than patients with normal postoperative
LVEF. These results suggest that GLS may be more sensitive than
LVEF for the detection of latent LV dysfunction in patients with
severe MR. This is reinforced by the fact that preoperative resting
GLS appears to be an independent predictive factor of
postoperative LVEF. Studying predictors of LVEF after mitral valve
repair in patients with severe but asymptomatic MR and LVEFs >
60%, Marciniak et al.18 showed that imaging deformation (strain
and strain rate calculated on the basis of tissue Doppler collected
with a very high number of images) was better than the Simpsonmea-
sure of LVEF for predicting LVEF after mitral repair. We currently have
two-dimensional strain (based on the speckle-tracking technique),
which is more reproducible and feasible for routine clinical use.32

New Perspectives

Current European recommendations5 rely on measurements of
LVESD and analysis of LVEF using the biplane Simpson technique
to determine whether surgery is indicated for degenerative MR. To as-
sist in clinical decision making,10,33 pulmonary artery hypertension,29

atrial fibrillation,34 dilation of the left atrium,28 elevated brain natri-
uretic peptide, and altered oxygen consumption might be used in
addition. However, certain patients develop postoperative LV dys-
function, even though the critical thresholds for ventricular

Table 5 Areas under the curve, sensitivities, and specificities
of parameters predictive of postoperative LVEF < 50%

Parameter
Threshold

value
Area under
the curve Sensitivity Specificity

LA volume (mL/m2) 60 0.66 60% 78%
LVESD (mm/m2) 22 0.71 53% 78%

sPAP (mm Hg) 50 0.65 27% 93%
LV GLS (%) !18 0.76 53% 79%

LA, Left atrial.
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• 	  Strain	  longitudinal	  est	  plus	  bas	  même	  si	  	  
	  	  FEVG	  préopératoire	  est	  normale	  
	  
• 	  Valeur	  prédicDve	  de	  FEVG	  
postopératoire	  	  
	  	  	  <	  50%	  	  	  



Insuffisance	  mitrale	  

Statistical Analysis

Data are expressed asmean6 SDor as absolute number (percentage).
Differences between groups were analyzed using Student’s t test for
continuous variables and thec2 test for categorical variables. Linear re-
gression analysis was used to estimate correlations between continu-
ous variables. Receiver operating characteristic (ROC) curves were
plotted to determine the optimal cutoff values for individual parame-
ters to predict postoperative LVEF impairment and to establish the op-

timal cutoff points for use in clinical decision making. Univariate and
multivariate logistic regression analysis was used to analyze predictors
of postoperative LVEF impairment and for statistical adjustment.
Comparisons were considered significant in the presence of a P value
< .05. SPSS version 12.0 (Chicago, IL) was used for statistical analysis.

RESULTS

Baseline Characteristics and Postoperative Assessment

The patients’ mean age was 60.6 6 10.9 years. Fourteen patients
(36.8%) were men. The etiology of MR was rheumatic in 21 patients
(55.3%), degenerative in 15 patients (39.5%), and secondary to
healed endocarditis in 2 patients (5.3%). The surgical procedure
was valve replacement in all patients: bioprostheses in 4 (10.5%)
and mechanical prostheses in 34 (89.5%). Twenty-eight patients
(73.7%) were in atrial fibrillation. The surgical procedure included
the preservation of the mitral subvalvular apparatus.

Baseline characteristics are shown in Table 1. Statistically significant
differences between both groups were obtained for only end-diastolic
volume, end-systolic volume, and LV dP/dt. There were no statistical
significant differences in other variables, including ERO values. The
man LVEF decreased from 62.2 6 8.2% before surgery to 55.3 6
11% after surgery (P < .001).

Preoperative Speckle-Tracking Analysis

Results regarding preoperative speckle-tracking analysis are shown in
Table 2. Table 3 shows the results of the univariate and multivariate

Table 1 Baseline characteristics

Variable
Group 1 (postoperative
LVEF decrease < 10%)

Group 2 (postoperative
LVEF decrease > 10%) P

n 23 (60.5%) 15 (39.4%)
Mean age (y) 62.9 6 10.8 57.0 6 10.4 .1
Men (%) 8 (34.8%) 6 (40%) .74
LA diameter (cm) 5.4 6 0.8 5.7 6 1.8 .41
IVS (cm) 1.1 6 0.18 1.0 6 0.26 .66
Posterior wall (cm) 0.97 6 0.16 0.97 6 0.24 .97
EDV (3D) (mL) 87. 6 6 35.4 122.8 6 55.9 .023
ESV (3D) (mL) 32.5 6 15.2 48.3 6 28.2 .032
LVEF (3D) 62.5 6 7.9 61.7 6 9 .77
ERO (cm2) 0.38 6 0.15 0.53 6 0.33 .06
Etiology

Degenerative 7 (30.4%) 8 (53.3%)
Rheumatic 15 (65.2%) 6 (40.0%) .31
Endocarditis 1 (4.3%) 1 (6.7%)

LV dP/dt 1626 6 661 1191 6 387 .028
PASP (mm Hg) 50.3 6 14.6 46.8 6 18.0 .51
Atrial fibrillation 18 (78%) 10 (66%) .42
Bioprosthesis 4 (17.4%) 0 (0%) .08

EDV, End-diastolic volume; ESV, end-systolic volume; LA, left atrial;
PASP, pulmonary artery systolic pressure.

Table 2 Results of different preoperative speckle-tracking and
DTI parameters

Group 1
(postoperative LVEF
decrease < 10%)

Group 2
(postoperative LVEF
decrease > 10%)

Variable (n = 23) (n = 15) P

Speckle tracking
Longitudinal S,
basal IVS

!0.17 6 0.04 !0.13 6 0.04 .006

Longitudinal SR,
basal IVS

!1.2 6 0.03 !0.76 6 0.03 <.001

Radial S, basal IVS 0.17 6 0.14 0.10 6 0.11 .12
Radial SR, basal IVS 1.5 6 0.85 1.2 6 0.54 .35
Longitudinal S, mid IVS !0.19 6 0.05 !0.14 6 0.05 .006
Longitudinal SR,
mid IVS

!1.12 6 0.21 !0.81 6 0.20 <.001

Radial S, mid IVS 0.16 6 0.18 0.19 6 0.13 .67
Radial SR, mid IVS 1.5 6 0.94 1.42 6 0.80 .59

DTI
Longitudinal S,
basal IVS

!0.11 6 0.03 !0.08 6 0.03 .037

Longitudinal SR
basal IVS

!0.86 6 0.31 !0.61 6 0.25 .018

Longitudinal S, mid IVS !0.16 6 0.06 !0.11 6 0.04 .033
Longitudinal SR,
mid IVS

!1.02 6 0.27 !0.75 6 0.27 .005

S, Strain; SR, strain rate.

Table 3 Predictors of development of postoperative LVEF
decrease > 10% on univariate and multivariate logistic
regression analysis

Variable OR 95% CI P

Univariate
EDV (3D) (mL) 1.01 1.001-1.035 .036
ESV (3D) (mL) 1.03 1.001-1.07 .045
LVEF 0.98 0.91-1.07 .76
ERO (mm2) 0.14 0.007-0.27 .085
Longitudinal S, basal IVS (ST)* 3.4 1.4-8.29 .007
Longitudinal SR, basal IVS (ST)* 8.03 2.17-29.7 .002
Longitudinal S, mid IVS (ST)* 4.32 1.5-12.5 .007
Longitudinal SR, mid IVS (ST)* 8.82 2.33-33.3 .001
LV dP/dt 0.99 0.9-0.99 .042
Longitudinal S, basal IVS (DTI)* 2.5 1.1-5.6 .27
Longitudinal SR, basal IVS
(DTI)*

3.6 1.26-10.31 .017

Longitudinal S, mid IVS (DTI)* 1.7 0.86-3.5 .12
Longitudinal SR, mid IVS (DTI)* 3.7 1.5-8.9 .004
Age 0.93 0.87-0.99 .033
Atrial fibrillation 1.31 0.31-4.5 .7
Gender (male) 1.22 0.34-4.3 .8

Multivariate
LVEF 1.1 0.96 – 1.25 .17
LV ESV (3D) (mL) 1.2 0.7 – 2.1 .32
ERO (mm2) 5.4 0.13 – 217.22 .37
dP/Dt 0.99 0.99 – 1.01 .075
Longitudinal SR, mid IVS (ST)* 4.4 1.2 – 16.4 .027
Age (years) 0.9 0.84-1.01 .06
Gender (male) 0.85 0.025-28.9 .9

CI, Confidence interval; EDV, end-diastolic volume; ESV, end-systolic
volume; OR, odds ratio; S, strain; SR, strain rate; ST, speckle tracking.
*Values reported per unit change of 1 standard deviation.
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Statistical Analysis

Data are expressed asmean6 SDor as absolute number (percentage).
Differences between groups were analyzed using Student’s t test for
continuous variables and thec2 test for categorical variables. Linear re-
gression analysis was used to estimate correlations between continu-
ous variables. Receiver operating characteristic (ROC) curves were
plotted to determine the optimal cutoff values for individual parame-
ters to predict postoperative LVEF impairment and to establish the op-

timal cutoff points for use in clinical decision making. Univariate and
multivariate logistic regression analysis was used to analyze predictors
of postoperative LVEF impairment and for statistical adjustment.
Comparisons were considered significant in the presence of a P value
< .05. SPSS version 12.0 (Chicago, IL) was used for statistical analysis.

RESULTS

Baseline Characteristics and Postoperative Assessment

The patients’ mean age was 60.6 6 10.9 years. Fourteen patients
(36.8%) were men. The etiology of MR was rheumatic in 21 patients
(55.3%), degenerative in 15 patients (39.5%), and secondary to
healed endocarditis in 2 patients (5.3%). The surgical procedure
was valve replacement in all patients: bioprostheses in 4 (10.5%)
and mechanical prostheses in 34 (89.5%). Twenty-eight patients
(73.7%) were in atrial fibrillation. The surgical procedure included
the preservation of the mitral subvalvular apparatus.

Baseline characteristics are shown in Table 1. Statistically significant
differences between both groups were obtained for only end-diastolic
volume, end-systolic volume, and LV dP/dt. There were no statistical
significant differences in other variables, including ERO values. The
man LVEF decreased from 62.2 6 8.2% before surgery to 55.3 6
11% after surgery (P < .001).

Preoperative Speckle-Tracking Analysis

Results regarding preoperative speckle-tracking analysis are shown in
Table 2. Table 3 shows the results of the univariate and multivariate

Table 1 Baseline characteristics

Variable
Group 1 (postoperative
LVEF decrease < 10%)

Group 2 (postoperative
LVEF decrease > 10%) P

n 23 (60.5%) 15 (39.4%)
Mean age (y) 62.9 6 10.8 57.0 6 10.4 .1
Men (%) 8 (34.8%) 6 (40%) .74
LA diameter (cm) 5.4 6 0.8 5.7 6 1.8 .41
IVS (cm) 1.1 6 0.18 1.0 6 0.26 .66
Posterior wall (cm) 0.97 6 0.16 0.97 6 0.24 .97
EDV (3D) (mL) 87. 6 6 35.4 122.8 6 55.9 .023
ESV (3D) (mL) 32.5 6 15.2 48.3 6 28.2 .032
LVEF (3D) 62.5 6 7.9 61.7 6 9 .77
ERO (cm2) 0.38 6 0.15 0.53 6 0.33 .06
Etiology

Degenerative 7 (30.4%) 8 (53.3%)
Rheumatic 15 (65.2%) 6 (40.0%) .31
Endocarditis 1 (4.3%) 1 (6.7%)

LV dP/dt 1626 6 661 1191 6 387 .028
PASP (mm Hg) 50.3 6 14.6 46.8 6 18.0 .51
Atrial fibrillation 18 (78%) 10 (66%) .42
Bioprosthesis 4 (17.4%) 0 (0%) .08

EDV, End-diastolic volume; ESV, end-systolic volume; LA, left atrial;
PASP, pulmonary artery systolic pressure.

Table 2 Results of different preoperative speckle-tracking and
DTI parameters

Group 1
(postoperative LVEF
decrease < 10%)

Group 2
(postoperative LVEF
decrease > 10%)

Variable (n = 23) (n = 15) P

Speckle tracking
Longitudinal S,
basal IVS

!0.17 6 0.04 !0.13 6 0.04 .006

Longitudinal SR,
basal IVS

!1.2 6 0.03 !0.76 6 0.03 <.001

Radial S, basal IVS 0.17 6 0.14 0.10 6 0.11 .12
Radial SR, basal IVS 1.5 6 0.85 1.2 6 0.54 .35
Longitudinal S, mid IVS !0.19 6 0.05 !0.14 6 0.05 .006
Longitudinal SR,
mid IVS

!1.12 6 0.21 !0.81 6 0.20 <.001

Radial S, mid IVS 0.16 6 0.18 0.19 6 0.13 .67
Radial SR, mid IVS 1.5 6 0.94 1.42 6 0.80 .59

DTI
Longitudinal S,
basal IVS

!0.11 6 0.03 !0.08 6 0.03 .037

Longitudinal SR
basal IVS

!0.86 6 0.31 !0.61 6 0.25 .018

Longitudinal S, mid IVS !0.16 6 0.06 !0.11 6 0.04 .033
Longitudinal SR,
mid IVS

!1.02 6 0.27 !0.75 6 0.27 .005

S, Strain; SR, strain rate.

Table 3 Predictors of development of postoperative LVEF
decrease > 10% on univariate and multivariate logistic
regression analysis

Variable OR 95% CI P

Univariate
EDV (3D) (mL) 1.01 1.001-1.035 .036
ESV (3D) (mL) 1.03 1.001-1.07 .045
LVEF 0.98 0.91-1.07 .76
ERO (mm2) 0.14 0.007-0.27 .085
Longitudinal S, basal IVS (ST)* 3.4 1.4-8.29 .007
Longitudinal SR, basal IVS (ST)* 8.03 2.17-29.7 .002
Longitudinal S, mid IVS (ST)* 4.32 1.5-12.5 .007
Longitudinal SR, mid IVS (ST)* 8.82 2.33-33.3 .001
LV dP/dt 0.99 0.9-0.99 .042
Longitudinal S, basal IVS (DTI)* 2.5 1.1-5.6 .27
Longitudinal SR, basal IVS
(DTI)*

3.6 1.26-10.31 .017

Longitudinal S, mid IVS (DTI)* 1.7 0.86-3.5 .12
Longitudinal SR, mid IVS (DTI)* 3.7 1.5-8.9 .004
Age 0.93 0.87-0.99 .033
Atrial fibrillation 1.31 0.31-4.5 .7
Gender (male) 1.22 0.34-4.3 .8

Multivariate
LVEF 1.1 0.96 – 1.25 .17
LV ESV (3D) (mL) 1.2 0.7 – 2.1 .32
ERO (mm2) 5.4 0.13 – 217.22 .37
dP/Dt 0.99 0.99 – 1.01 .075
Longitudinal SR, mid IVS (ST)* 4.4 1.2 – 16.4 .027
Age (years) 0.9 0.84-1.01 .06
Gender (male) 0.85 0.025-28.9 .9

CI, Confidence interval; EDV, end-diastolic volume; ESV, end-systolic
volume; OR, odds ratio; S, strain; SR, strain rate; ST, speckle tracking.
*Values reported per unit change of 1 standard deviation.
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• 	  Strain	  longitudinal	  plus	  bas	  chez	  les	  paDents	  	  
	  	  qui	  baissent	  son	  FEVG	  >	  10%	  
	  
• 	  Valeur	  prédicDve	  sur	  la	  dysfoncDon	  VG	  	  
	  	  postopératoire	  	  







Conclusions	  

•  Paramètres	  de	  la	  déformaDon	  peuvent	  être	  diminues	  
chez	  les	  paDents	  avec	  cardiomyopathies	  ischémique	  et	  
valvulaires	  même	  si	  FEVG	  est	  normale	  	  

•  Paramètres	  du	  strain	  sont	  plus	  sensibles	  et	  pourraient	  
être	  les	  précurseurs	  de	  la	  chute	  de	  FEVG	  

•  SLG	  a	  une	  valeur	  supplémentaire	  en	  prédicDon	  du	  
pronosDc	  moins	  favorable	  chez	  les	  paDents	  avec	  une	  
cardiomyopathie	  ischémique	  comme	  chez	  les	  paDents	  
avec	  une	  insuffisance	  aorDque	  ou	  mitrale	  



Take	  home	  message	  

R	  Lang,	  J	  Am	  Soc	  Echocardiogr	  2012;25;3-‐46	  

ASE/EAE Consensus Statement on Methodology 
and Indications: Current and Evolving 
Echocardiographic Techniques for the 

Quantitative Evaluation of Cardiac Mechanics 
	  
3D STE promises to allow accurate assessment of 
regional ventricular dynamics. Nevertheless, it still 
requires rigorous validation and testing. 

V	  Mor-‐Avi,	  J	  Am	  Soc	  Echocardiogr	  2011;24:277-‐313	  	  

Les	  volumes	  et	  FEVG	  en	  3D	  si	  
possible	  

Pour	  instant	  le	  strain	  
longitudinal	  en	  2D	  est	  plus	  
validé	  et	  disponible	  
	  
Mais	  il	  n’est	  pas	  encore	  inclus	  
dans	  les	  recommandaDons	  	  	  
	  	  






