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Anatomie cardiaque
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Planche 214 Thorax

Atrium et ventricule droits

Aorte ascendante

Veine cave supérieure

Artère pulmonaire droite

Ligne de réflexion péricardique

Veine pulmonaire
 supérieure droite

Atrium gauche
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 inférieure droite

Septum interatrial

Limbe de la fosse ovale

Fosse ovale

Valvule (d’Eustache) de
 la veine cave inférieure

Veine cave inférieure

Tronc pulmonaire

Auricule droit (appendice atrial)

Cône artériel

Crête terminale

Partie atrio-ventriculaire 
du septum membraneux

Cuspide septale de la
valve atrio-ventriculaire 
droite (tricuspide)

Muscles pectinés

Ostium du 
sinus coronaire

Valvule du sinus
coronaire 
(de Thébésius)

Atrium droit ouvert : vue latérale droite

Ligne de réflexion péricardique

Aorte

Veine cave supérieure

Sinus transverse
du péricarde

Auricule droit (appendice atrial)

Atrium droit

Partie membraneuse
 du septum interventriculaire

Valve atrio-
ventriculaire

 droite (tricuspide)

Cuspide
 antérieure

Cuspide
 postérieure

Cuspide
 septale

Cordages tendineux

Muscle papillaire postérieur

Muscle papillaire antérieur

Trabécules charnues

Tronc pulmonaire

Sinus transverse du péricarde

Cuspide semi-lunaire antérieure

Cuspide semi-lunaire droite

Cuspide semi-lunaire gauche

Cône artériel

Crête supra-ventriculaire

Muscle 
papillaire septal

Septum interventriculaire
(partie musculaire)

Ventricule droit ouvert : vue antérieure

Valve 
du tronc
pulmonaire

Trabécule 
septo-marginale 
(bandelette modératrice)

Ventricule Droit

§ pyramide tronquée 

§ enroulée en croissant autour du VG

§ 2 chambres fonctionnelles 

Ø corps = chambre d’admission

Ø infundibulum = chambre de chasse
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VENTRICULE DROIT VENTRICULE GAUCHE

VTDVD : 75 ± 13 mL/m2 VTDVG : 66 ± 12 mL/m2

Paroi mince : 2 – 5 mm Paroi épaisse : 7 – 11 mm

Fraction éjection : > 45% Fraction éjection > 55%

Système à basse pression Système à haute pression

PAP moyenne = 10 à 18 mmHg P° Aorte moy = 90 à 100 mmHg

Post charge sensible Post charge tolérante

Physiopathologie
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5  | ASSESSMENT OF RV SYSTOLIC 
FUNCTION USING 2D ECHOCARDIOGRAPHY

Given the impediments posed by the complex 3D structure of the RV, 
several nonvolumetric parameters that primarily evaluate longitudinal 
motion are commonly used to assess global or longitudinal RV func-
tion (Table 5). This is supported by the observation that the longitudinal 
vector of RV contraction is the most important given the orientation 
of the muscle fibers. The right ventricular index of myocardial perfor-
mance (RIMP) and fractional area change (FAC) estimate global func-
tion (Table 5) and have established prognostic value in several clinical 
conditions as described subsequently. However, RIMP is not reliable in 
the setting of elevated RA pressure, and FAC neglects about 25%– 30% 
of the RV volume in the outflow tract. RIMP values >0.43 by pulsed-
wave Doppler or >0.54 by tissue Doppler imaging (TDI) suggest RV 
dysfunction. Using FAC, <35% area change indicates RV systolic dys-
function (Table 6). Tricuspid annular plane systolic excursion (TAPSE) 
by M- mode and peak systolic velocity (S-wave) of tricuspid annulus by 
pulsed-wave TDI have been validated against radionuclide ventriculog-
raphy and may also provide prognostic information.3 RV dysfunction is 
suggested by TAPSE values of <17 mm or S-wave velocity of <9.5 cm/s 
(Table 6). The main limitation is the partial representation of global RV 
function. The adaptation of LV 2D speckle tracking- derived global lon-
gitudinal strain (GLS) to assess for RV systolic function is relatively new, 
with reference values that are vendor- specific (Figure 4). To obtain RV 
GLS, the RV- focused apical view is chosen, and the peak value of three 

RV free wall segments is averaged. Alternatively, the average of three 
free wall and three septal segments could be used (Table 5). While 
TAPSE and pulsed-wave TDI are angle- dependent, speckle tracking is 
not. This is an important advantage especially in patients with dilated 
ventricles. However, the thin RV wall coupled with the not infrequent 
suboptimal image quality poses limitations to using RV GLS routinely.

6  | RV VOLUMETRIC MEASUREMENTS 
USING 3D ECHOCARDIOGRAPHY

The RV is unique from a functional standpoint with the inflow and 
outflow sections contracting perpendicularly to each other. While the 
RV inflow contracts longitudinally, the contraction in the RV outflow 
is circumferential. This function, combined with the complex morphol-
ogy of the RV, limits adequate evaluation of global function using any 
of the 2D echocardiographic or Doppler- based methods described 
earlier. 3D echocardiography is well suited to evaluate RV end- 
diastolic volume, end- systolic volume, and therefore, RV ejection frac-
tion (Figure 5, Movie S1). RV volumes need to be indexed to BSA, and 
the upper limits of normal are gender- specific. End- diastolic volumes 
>87 mL/m2 for men and >74 mL/m2 for women are indicative of RV 
enlargement (Table 4). Importantly, 3D echocardiography is validated 
against cardiac magnetic resonance imaging.6,7 Identification of end- 
diastolic and end- systolic frames by 3D echocardiography must be 
based on maximal and minimal RV volumes, respectively, thus avoiding 

F IGURE  1 The six standardized views for the right ventricle: parasternal long- axis (A), parasternal RV inflow (B), parasternal short- axis 
(C), apical four- chamber (D), right ventricle- focused apical four- chamber (E), and subcostal views (F)

(A) (B) (C)

(D) (E) (F)
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Analyse morphologique : dimensions

Rudski et al. JASE 2010

the left ventricle in the center of the cavity. One must ensure that the
RV is not foreshortened and that the LVoutflow tract is not opened up
(avoid the apical 5-chamber view).

The basal and mid cavity RV diameters, as well as the RV longitu-
dinal dimension, may be obtained (Figure 7).1 The basal diameter is
generally defined as the maximal short-axis dimension in the basal
one third of the right ventricle seen on the 4-chamber view.1,25,27

In the normal right ventricle, the maximal short-axis dimension is usu-
ally located in the basal one third of the ventricular cavity.4,25 The mid
cavity diameter is measured in the middle third of the right ventricle at
the level of the LV papillary muscles. The longitudinal dimension is
drawn from the plane of the tricuspid annulus to the RV apex.
Note that RV dimensions can be distorted and falsely enlarged in
patients with chest and thoracic spine deformities.

Advantages: RV linear dimensions are easily obtained on an
apical 4-chamber view and are markers of RV dilatation.

Disadvantages: RV dimensions are highly dependent on probe
rotation by the user, which can result in an underestimation of RV
width.

Recommendations: Patients with echocardiographic evi-
dence of right-sided heart disease or PH should ideally have
measurements of RV basal, mid cavity, and longitudinal di-
mensions on a 4-chamber view. In all complete echocardio-
graphic studies, the RV basal measurement should be
reported, and the report should state the window from
which the measurement was performed (ideally the right
ventricle–focused view), to permit interstudy comparisons.
The relative size of the right ventricle should be compared
with that of the LV to help the study interpreter determine
if there is RV dilatation, and the interpreter may report the
right ventricle as dilated despite measuring within the nor-
mal range, on the basis of a right ventricle appearing signif-
icantly larger than the left ventricle. The upper reference
limit for the RV basal dimension is 4.2 cm(Table 2).

C. RVOT

The RVOT is generally considered to include the subpulmonary in-
fundibulum, or conus, and the pulmonary valve. The subpulmonary
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Figure 7 Diagram (left) and corresponding echocardiographic apical 4-chamber image (right) showing the right ventricular (RV) basal
(RVD1) and mid cavity (RVD2) RV minor dimensions and the RV longitudinal dimension (RVD3). The transducer is adjusted to focus on
the RV chamber, with the goal of maximizing RV chamber size. The RV free wall is better seen in this view, also facilitating measure-
ments for fractional area change. Reproduced from J Am Soc Echocardiogr.1
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Figure 8 Measurement of right ventricular outflow tract (RVOT) dimensions at the proximal or subvalvular level (RVOT-Prox) and at
the distal or pulmonic valve (RVOT-Distal) in the (A) parasternal long-axis RVOT anterior portion view, (B) basal parasternal short-axis
view, and (C) parasternal short-axis of pulmonary bifurcation view. PA, Pulmonary artery dimension between valve and the bifurcation
point.
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drawn from the plane of the tricuspid annulus to the RV apex.
Note that RV dimensions can be distorted and falsely enlarged in
patients with chest and thoracic spine deformities.

Advantages: RV linear dimensions are easily obtained on an
apical 4-chamber view and are markers of RV dilatation.

Disadvantages: RV dimensions are highly dependent on probe
rotation by the user, which can result in an underestimation of RV
width.

Recommendations: Patients with echocardiographic evi-
dence of right-sided heart disease or PH should ideally have
measurements of RV basal, mid cavity, and longitudinal di-
mensions on a 4-chamber view. In all complete echocardio-
graphic studies, the RV basal measurement should be
reported, and the report should state the window from
which the measurement was performed (ideally the right
ventricle–focused view), to permit interstudy comparisons.
The relative size of the right ventricle should be compared
with that of the LV to help the study interpreter determine
if there is RV dilatation, and the interpreter may report the
right ventricle as dilated despite measuring within the nor-
mal range, on the basis of a right ventricle appearing signif-
icantly larger than the left ventricle. The upper reference
limit for the RV basal dimension is 4.2 cm(Table 2).

C. RVOT

The RVOT is generally considered to include the subpulmonary in-
fundibulum, or conus, and the pulmonary valve. The subpulmonary

p
ri
n
t
&

w
e
b
4
C
=F

P
O

Figure 7 Diagram (left) and corresponding echocardiographic apical 4-chamber image (right) showing the right ventricular (RV) basal
(RVD1) and mid cavity (RVD2) RV minor dimensions and the RV longitudinal dimension (RVD3). The transducer is adjusted to focus on
the RV chamber, with the goal of maximizing RV chamber size. The RV free wall is better seen in this view, also facilitating measure-
ments for fractional area change. Reproduced from J Am Soc Echocardiogr.1
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Figure 8 Measurement of right ventricular outflow tract (RVOT) dimensions at the proximal or subvalvular level (RVOT-Prox) and at
the distal or pulmonic valve (RVOT-Distal) in the (A) parasternal long-axis RVOT anterior portion view, (B) basal parasternal short-axis
view, and (C) parasternal short-axis of pulmonary bifurcation view. PA, Pulmonary artery dimension between valve and the bifurcation
point.
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Paramètres Moyenne ± sd Rang normal

Diam basal VD (mm) 33 ± 4 25 – 41

Diam médial VD (mm) 27 ± 4 19 – 35

Diam longitudinal VD (mm) 71 ± 6 59 – 83

Épaisseur paroi VD (mm) 3 ± 1 1 - 5



Analyse morphologique

VD / VG < 0,6

§ Fin de diastole

§ VD < ou = 2/3 VG

§ Apex cœur = VG



   Normal                     Dilatation modérée           Dilatation majeure                 

   STDVD/STDVG < 0,6          0,6 < STDVD/STDVG < 1          STDVD/STDVG  > 1   

Jardin et al  Chest 1997 

 
Dilatation du VD : quantification 
 

D’après L. Muller

Diastolic overload : dilatation ventriculaire

Jardin et al. Chest 1997



Prada et al. NEJM 2022
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Detection of reduced RVF (CMR-RVEF < 50%)

Correct detection of reduced RVF (CMR-derived 
RVEF < 50%) was analyzed for each of the four study 
groups. Sensitivity was 95.8%, 96.5%, 96,8%, and 97.1% 
for the beginner, intermediate, advanced, and expert 
groups, respectively. Specificity in these four groups was 
42.5%, 54.6%, 52.8%, and 55.7%, respectively. Better 
concordance was found for the intermediate, advanced, 
and expert groups than for beginners (Table 3). When 
beginners were compared with the combined advanced, 
moderately advanced, and expert groups, the area under 
the curve (AUC) was 0.69 for beginners vs. 0.75 in the 
combined non-beginners group.

Correct identification of reduced RVF was compared 
between “eyeballing” and echocardiographic parameters. 
While the study participants differentiated correctly in 74% 
of cases by “eyeballing”, correct differentiation was found 
for TAPSE in all 10 patients, GLS-RV in nine patients, FAC 
in eight patients, and S’ in seven patients (Fig. 3).

Determination of the degree of RV systolic dysfunction

Two different systems of systolic function gradation were 
compared. For the four-grade system, 8% of the participants 

scored ≤ 2 points, indicating very good concordance with 
CMR, and 54% of the participants scored ≥ 6 points, indicat-
ing poor concordance with CMR. In the three-grade system, 
23% of the participants scored ≤ 2 points, and 14% of the 
participants scored ≥ 6 points (Fig. 4).

Accuracy in determining the degree of RV systolic 
dysfunction

Further analysis was then performed for the three-grade sys-
tem. Participants from the expert, advanced, and intermedi-
ate groups assigned a diagnosis that was concordant with 
CMR in 56%, 56%, and 57% of cases, respectively. Partici-
pants from these groups assigned a level that was one grade 
different to CMR in 43%, 43%, and 42% of cases, respec-
tively, and two grades different to CMR in 0.2%, 1%, and 1% 
of cases, respectively. Participants from the beginners group 
were concordant with CMR in 48% of cases, and assigned a 
level that was one grade different to CMR in 48% of cases, 
and two grades different to CMR in 4% of cases (Fig. 5). 
Less than 10% of the 868 participants assigned the correct 
diagnosis in 100% of cases. A total of 80% or more correct 
diagnoses were assigned by the following percentages of 

Table 3  Diagnostic accuracy for detection of reduced right ventricular function (mild, moderate, or severe) using CMR-RVEF > 50% as the gold 
standard for normal RVF

CMR cardiac magnetic resonance imaging, RVF right ventricular function, PPV positive predictive value, NPV negative predictive value

Sensitivity (95% CI) Specificity (95% CI) PPV NPV Accuracy

Beginner 95.8 (94.1–97) 42.5 (39.1–46) 62.5 (61–63.9) 90.9 (87.7–93.4) 69.1 (66.8–71.4)
Intermediate 96.5 (95.6–97.3) 54.6 (52.4–56.7) 68 (66.9–69) 94 (92.6–95.2) 75.5 (74.2–76.8)
Advanced 96.8 (95.7–97.7) 52.8 (50–55.5) 67.2 (65.9–68.5) 94.3 (92.5–95.8) 74.8 (73.1–76.5)
Experts 97.1 (94.5–98.6) 55.7 (50–61.4) 68.7 (65.9–71.4) 95 (90.8–97.3) 76.4 (72.8–79.7)

Fig. 3  Correct identification of reduced right ventricular function 
(RVF, defined as cardiac magnetic resonance imaging derived right 
ventricular ejection fraction <50%) of the different methods of RVF 
gradation. GLS global longitudinal strain, FAC fractional area change, 
S’ tissue Doppler imaging basal free lateral wall of the right ventricle, 
TAPSE tricuspid annular plane systolic excursion

Fig. 4  Comparison of 3-grade system (normal, reduced, severely 
reduced) against 4-grade system (normal, mildly reduced, moderately 
reduced, severely reduced). ≤ 2 points indicate excellent concord-
ance with CMR, ≥ 6 points indicate poor concordance with CMR. 
CMR cardiac magnetic resonance imaging
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individuals from each study group: 33%, beginners; 51%, 
intermediate; 47%, advanced; and 55%, expert. Compared 
with the other three groups, significantly fewer correct diag-
noses, and more incorrect diagnoses, were observed in the 
beginners group (p < 0.001).

Discussion

The present investigation of “eyeballing” alone for the evalu-
ation of RVF showed that, while sensitivity for the detection 
of reduced RVF was excellent in all expertise levels, includ-
ing beginners, specificity was poor. In addition, determina-
tion of the degree of RV systolic dysfunction was imprecise.

To our knowledge, the present study is the first to utilize 
the potential of the internet in order to investigate this issue 
in an international context. A major strength of the analyses 
was the large study cohort, which represented a broad range 
of echocardiography expertise and clinical settings.

Detection of reduced RVF (CMR-RVEF < 50%)

Evaluation of the ability to detect reduced RVF revealed 
excellent sensitivity and negative predictive value in all four 
study groups. The more experienced the examiner, the bet-
ter were sensitivity, specificity, and accuracy. Differences 
between the groups were marginal, though. Even beginners 
identified reduced RVF in most cases. This is reassuring, 
since reduced RVF is a crucial finding that must prompt fur-
ther diagnostic workup. For instance, reduced RVF impacts 
the management of pulmonary embolism. In these patients, 
echocardiography is frequently performed by inexperienced 
non-cardiologists, and occasionally with the use of wireless 
handheld devices, for example, in the emergency medicine 
setting. In these cases, measurement of more sophisticated 
RVF parameters is precluded. The present data indicate 
that echocardiography is a very useful tool, also for non-
cardiologists in non-tertiary settings. Thus, in view of the 
ever decreasing cost and increased availability of ultrasound 
machines, this suggests that basic medical education should 
involve expanded training in basic echocardiography.

Specificity was very poor in all four study groups, with 
the highest specificity being found among experts and the 
lowest among beginners. The low specificity observed in 
the present analyses may have been attributable to the fear 
of overlooking patients with reduced RVF.

Analyses were also performed to determine the degree to 
which reduced RVF could be detected using more sophisti-
cated echocardiography parameters. TAPSE reliably distin-
guished between normal and reduced RVF in all 10 patients, 
while both FAC and GLS-RV were more accurate than “eye-
balling” alone. Therefore, comprehensive evaluation of RVF 
should include a range of parameters to correct for potential 
visual errors. In cases of diagnostic doubt, the present data 
suggest that an experienced examiner should re-evaluate the 
acquired images, and that other imaging modalities, such as 
CMR, should be considered.

Accuracy of the determination of the degree of RV 
systolic dysfunction

Across all four study groups, significant disagreement was 
apparent, in particular with respect to mildly and moderately 
reduced RVF. For this reason, accuracy with the three-grade 
scale was superior. If diagnosis is based solely on visual assess-
ment and 2D echo parameters such as TAPSE, S’, FAC, and 
GLS-RV, the present authors propose the use of a three-grade 
system for determination of the degree of RV systolic dysfunc-
tion. With 3D echocardiography, an additional parameter has 
become available in recent years. If a reliable 3D echocardiogra-
phy dataset is available, RVEF can be calculated, thus allowing 
further classification into mildly and moderately reduced RVF.

When applying the three-grade system, even in the expert 
group, only half of the examiners classified 80% or more 
of the patients in accordance with gold standard CMR val-
ues. While beginners had slightly lower rates of concord-
ant diagnoses, similar results were found across the expert, 
advanced, and intermediate groups. These findings suggest 
that this skill can be learned quickly and is performed on a 
similar, albeit unsatisfactory, level across all levels of exper-
tise beyond novice status.

Limitations

The present study had limitations. First, participants were 
recruited from the users of an online teaching platform, 
which may have introduced a selection bias. This selection 
bias may have led to the inclusion of professionals with an 
interest in continued medical education and an open atti-
tude towards new technologies. Level of expertise was self-
reported, allowing for false classification both to more and 

Fig. 5  Concordance with cardiac magnet resonance imaging derived 
right ventricular ejection fraction of the different levels of expertiseSchneider et al. Int J Cardiovasc Imaging 2019



Evaluation de la fonction VD – Fraction de raccourcissement

Fraction de raccourcissement de surface

§ évaluation de la fonction VD « globale »

§ dysfonction VD si FR < 35%

§ évaluation subjective

§ néglige 25 à 30% du volume VD (CC)

pulmonary annulus, is the most reproducible and should
be generally used. For select cases such as suspected ar-
rhythmogenic RV cardiomyopathy, the PLAX measure
may be added. The upper reference limit for the PSAX
distal RVOT diameter is 27 mm and for PLAX is 33
mm (Table 2).

FRACTIONAL AREA CHANGE AND VOLUMETRIC
ASSESSMENT OF THE RIGHT VENTRICLE

A. RV Area and FAC

The percentage RV FAC, defined as (end-diastolic area! end-systolic
area)/end-diastolic area " 100, is a measure of RV systolic function
that has been shown to correlate with RV EF by magnetic resonance
imaging (MRI).25,35 RV FAC was found to be an independent
predictor of heart failure, sudden death, stroke, and/or mortality in
studies of patients after pulmonary embolism36 and myocardial in-
farction.37,38 FAC is obtained by tracing the RV endocardium both
in systole and diastole from the annulus, along the free wall to the
apex, and then back to the annulus, along the interventricular
septum. Care must be taken to trace the free wall beneath the
trabeculations (Figure 9).

Recommendations: Two-dimensional Fractional Area
Change is one of the recommended methods of quantita-
tively estimating RV function, with a lower reference value
for normal RV systolic function of 35%.

B. Two-Dimensional Volume and EF Estimation

The complexity of estimating RV volume and function with 2D echo-
cardiography has been well documented, and interested readers are
referred to reviews for a more complete discussion.29,39,40 In brief,
the 2D echocardiographic methods of calculating RV volume can
be divided into area-length methods, disk summation methods, and
other methods.

The area-length methods, initially adopted for biplane angiogra-
phy, require an approximation of RV geometry, most commonly
based on modified pyramidal or ellipsoidal models.39,41,42 It
underestimates MRI-derived RV volume and is inferior in comparison
with 3D echocardiographic methods of RV volume estimation.43

The disk summation method has also been applied to determine
a RV ‘‘body’’ volume, using predominantly the apical 4-chamber
view.44 RV volumes are therefore underestimated because of the ex-
clusion of the RVOT and technical limitations of the echocardio-
graphic images.

RV EF from 2D methods is calculated as (end-diastolic volume !
end-systolic volume)/end-diastolic volume. The lower reference limit
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Figure 9 Examples of right ventricular fractional area change (FAC). Percentage FAC = 100 " end-diastolic area (AreaED) ! end-
systolic area (Area ES)/end-diastolic area. The endocardial border is traced in apical 4-chamber (A4C) views from the tricuspid an-
nulus along the free wall to the apex, then back to the annulus, along the interventricular septum at end-diastole (ED) and end-systole
(ES). Trabeculation, tricuspid leaflets, and chords are included in the chamber. (Left) Normal subject, FAC 60%. (Middle) Moderately
dilated right ventricle (RV), FAC 40%, and a markedly dilated left ventricle (LV). (Right) Dilated RV, FAC 20%, and the LV is foreshort-
ened as a result of optimizing the view for the right ventricular chamber.

Table 4 Systolic function

Variable Studies n LRV (95% CI) Mean (95% CI) URV (95% CI)

TAPSE (mm) (Figure 17) 46 2320 16 (15-18) 23 (22-24) 30 (29-31)
Pulsed Doppler velocity at the annulus (cm/s) 43 2139 10 (9-11) 15 (14-15) 19 (18-20)

Color Doppler velocities at the annulus (cm/s) 5 281 6 (5-7) 10 (9-10) 14 (12-15)
Pulsed Doppler MPI (Figures 16 and 18) 17 686 0.15 (0.10-0.20) 0.28 (0.24-0.32) 0.40 (0.35-0.45)

Tissue Doppler MPI (Figure 18) 8 590 0.24 (0.16-0.32) 0.39 (0.34-0.45) 0.55 (0.47-0.63)
FAC (%) (Figure 8) 36 1276 35 (32-38) 49 (47-51) 63 (60-65)

RV EF (%) (Figure 8) 12 596 44 (38-50) 58 (53-63) 71 (66-77)
3D RV EF (%) 9 524 44 (39-49) 57 (53-61) 69 (65-74)

IVA (m/s2) 12 389 2.2 (1.4-3.0) 3.7 (3.0-4.4) 5.2 (4.4-5.9)

CI, Confidence interval; EF, ejection fraction; FAC, fractional area change; IVA, isovolumic acceleration; LRV, lower reference value; MPI, myocar-
dial performance index; RV, right ventricular; TAPSE, tricuspid annular plane systolic excursion; 3D, three-dimensional; URV, upper reference value.

696 Rudski et al Journal of the American Society of Echocardiography
July 2010

Rudski et al. JASE 2010

STDVD - STSVD

STDVD
FRVD = x 100



Evaluation de la fonction VD - TAPSE

Prada et al. NEJM 2022



Evaluation de la fonction VD - TAPSE

TAPSE

§ indice de contraction longitudinale 

§ dysfonction VD si TAPSE < 16 mm

§ avantages : simple et reproductible

§ limite : angle-dépendant

§ intérêt pronostic ++

Kaul et al. Am Heart J 1984

Excursion systolique du plan de l’anneau tricuspide



Evaluation de la fonction VD – onde S’

DTI de l’anneau tricuspidien : onde S

§ indice de contraction longitudinale

§ dysfonction VD si onde S < 10 cm/s

§ avantages : simple et reproductible

§ limites : angle-dépendant et personnes âgées

Lindqvist et al. Echocardiography 2005



Evaluation de la fonction VD – Strain VD



Evaluation de la fonction VD – Strain VD

Lang et al. JASE 2015



Evaluation de la fonction VD – Strain VD

Focardi et al. European Heart Journal 2015

Even right ventricular FAC, that in a study was demonstrated to
have the best correlation with magnetic resonance imaging-derived
RVEF between traditional echocardiographic methods,14 has limita-
tions due to the difficulty in tracing endocardial border.

STE is a technique that allows strain imaging to assess myocardial
function, with the advantage of being independent from the angle

of incidence and permits an objective and quantitative evaluation of
global and regional myocardial function. Unlike traditional echocar-
diographic techniques for RV evaluation, which highlights only the
basal segments, it allows also the analysis of all RV free wall and inter-
ventricular septal segments. STE was mainly designed to assess LV
function, but recently it has been applied to the assessment of
RV.7,15 –17 It has been demonstrated that free-wall RVLS was sig-
nificantly lower in patients with PH than in normal controls and,
furthermore, it was an independent echocardiographic predictor of
haemodynamic RV performance, including mean pulmonary artery
pressure and pulmonary vascular resistance, and it was correlated
with RVEF measured by CMR.18 A recent study showed that RVLS
has a good correlation with RV stroke work index in patients referred
to cardiac transplantation and it is an important tool for the evalu-
ation of prognosis and mortality in patients with severe HF undergo-
ing implant of left ventricular assist device.19,20

Even if traditional echocardiographic parameters have a
correlation with the RVEF obtained by CMR, RV function, assessed
by speckle tracking, resulted the best predictor of RVEF and
could be used to estimate not only RVEF but also myocardial
function.

Limitations
Our results show a correlation between RV function assessed by
speckle tracking and CMR, but our population is heterogeneous
and the size is limited. Moreover, the RVEF by echo parameters
excludes the RV outflow tract and this may impact the correlation
with RVEF by CMR in conditions with segmental disease. In addition,
with the aim of comparing RVLS with the gold standard for the RV
function assessment, we have compared a myocardial deformation
index (RVLS) with a function index (RVEF), even if they are not
interchangeable.

Speckle-tracking-derived measurements require more capability
in image acquisition and, to obtain a correct endocardial border
delineation, with the necessity to obtain adequate echocardio-
graphic views.

Figure 3: ROC curves regarding diagnostic accuracy in predicting a depressed RVEF.

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

Table 1 Echo and CMR characteristics of the
population subdivided in patients with RVEF >45% and
those with RVEF ≤45%

Parameters Patients with
RVEF >45%

Patients with
RVEF ≤45%

Age 43.3+17 46.3+17

Male (%) 48 49

Heart rate (bpm) 70+17 73+12

LVEF 53+14 50+12

End-diastolic diameter (mm) 52+10 50.1+8

End-systolic diameter (mm) 35+9 33.1+9

End-diastolic volume (mL) 132+48 124+52

End-systolic volume (mL) 51+40 61+38

Right ventricular diameter (mm) 32.6+4 35.0+4

RV TDI S′ 0.15+0.03 0.12+0.02*

RV TDI E′ 0.33+1.7 0.34+1.5

RV TDI A′ 0.31+1.5 0.34+1.5

TAPSE (mm) 23.2+4.6 18.2+4.4*

Free-wall RVLS (%) 226.9+5.8 217.9+5.0

Free-wall RVLS time-to-peak (ms) 340+71 366+67

Global RVLS (%) 220.6+6.6 214.5+6.9*

Global RVLS time-to-peak (ms) 335+56 375+59

RVFAC 55.4+11 42.2+11*

CMR

RV end-diastolic volume (mL) 68.5+18 75+16

RVEF 58.8+8.2 40.1+4.8*

*P , 0.05.

RV performance using echcardiography 51
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STRAIN de la paroi libre du VD

§ dysfonction VD si pic 2D strain paroi libre > - 20 %

§ avantages : simple avec nouveaux outils d’intelligence artificielle

§ limites : post-charge dépendant ; seuil fonction âge et machine



Evaluation de la fonction VD

Haddad et al. Circulation 2008

v Problématique : outils d’évaluation de la fonction VD dépendant des conditions de charge 

v Post charge VD 

Ø PRVG 

Ø Résistances Pulmonaires (pressions pulmonaires)

 
v Approche multiparamétrique indispensable 

Ø Au moins 2 paramètres 

Ø Si post-charge normale = dysfonction VD intrinsèque probable 

Ø Si post-charge élevée = fonction VD intrinsèque probablement normale

RV preload represents the load present before contraction.
Within physiological limits, an increase in RV preload
improves myocardial contraction on the basis of the Frank-
Starling mechanism. Beyond the physiological range, exces-
sive RV volume loading can compress the LV and impair
global ventricular function through the mechanism of ven-
tricular interdependence.23 Compared with LV filling, RV
filling normally starts before and finishes after. RV isovolu-
mic relaxation time is shorter, and RV filling velocities (E
and A) and the E/A ratio are lower. The respiratory variations
in RV filling velocities are, however, more pronounced.6,24

Many factors influence RV filling, including intravascular
volume status, ventricular relaxation, ventricular chamber
compliance, heart rate, passive and active atrial characteris-
tics, LV filling, and pericardial constraint.25 The filling period
is also an important determinant of ventricular preload and
function. As demonstrated by Dell’Italia,13 the RV follows a
force-interval relationship in which stroke volume increases
above baseline after longer filling periods, as seen in postex-
trasystolic beats. On the basis of the sarcomere length-
pressure curve relationship, RV compliance is believed to be
greater than LV compliance.26,27 Also, in general, the peri-
cardium imposes greater constraint on the thinner, more
compliant, low-pressure RV.9

Heart Rhythm and Dyssynchrony
Maintenance of sinus rhythm and AV synchrony is especially
important in the presence of RV dysfunction. For example,
atrial fibrillation or complete AV block are poorly tolerated in
acute RV myocardial infarction, acute pulmonary emboli, or
chronic RV failure.14

RV dyssynchrony refers to the concept of suboptimal
coordination of RV mechanical function. RV dyssynchrony
could potentially lead to reduced cardiac output or increased
filling pressures. The effects of “resynchronization therapy”
in patients with RV failure and congenital heart disease have
been assessed recently in a multicenter international study
(n!103).28 Dubin and colleagues28 demonstrated that resyn-
chronization therapy was associated with improvement in RV

ejection fraction (RVEF) in patients with congenital heart
disease with either systemic or pulmonic RV.

Ventricular Interdependence
Ventricular interdependence refers to the concept that the
size, shape, and compliance of 1 ventricle may affect the size,
shape, and pressure-volume relationship of the other ventricle
through direct mechanical interactions.16 Although always
present, ventricular interdependence is most apparent with
changes in loading conditions such as those seen with
respiration or sudden postural changes.16 Ventricular interde-
pendence plays an essential part in the pathophysiology of
RV dysfunction.

Systolic ventricular interdependence is mediated mainly
through the interventricular septum. The pericardium may not
be as important for systolic ventricular interdependence as it
is for diastolic ventricular interdependence.15,16 Experimental
animal studies showed that approximately 20% to 40% of RV
systolic pressure and volume outflow results from LV con-
traction.16 Moreover, in the presence of scarring of the RV or
replacement with a noncontractile patch, the septum is able to
maintain circulatory stability as long as the RV is not
dilated.29

The evidence for diastolic ventricular interdependence is
well established and based on many experimental and clinical
studies.16,30 In acute RV pressure- or volume-overload states,
dilatation of the RV shifts the interventricular septum toward
the left, alters LV geometry, and increases pericardial con-
straint. As a consequence, the LV diastolic pressure-volume
curve shifts upward (decreased distensibility), which poten-
tially leads to a decreased LV preload, an increased LV
end-diastolic pressure (usually a mild increase), or low
cardiac output states. Acute RV dilatation has also been
shown to lead to a decrease in LV elastance.9,16 Conversely,
LV volume or pressure overload has also been shown to shift
upward the RV diastolic pressure-volume relationship and to
redistribute RV filling into late diastole.30,31

Perfusion of the RV
The blood supply of the RV varies according to the domi-
nance of the coronary system. In a right-dominant system,
which is found in "80% of the population, the right coronary
artery supplies most of the RV.9,32 The lateral wall of the RV
is supplied by the marginal branches of the RV, whereas the
posterior wall and the inferoseptal region are supplied by the
posterior descending artery. The anterior wall of the RV and
the anteroseptal region are supplied by branches of the left
anterior descending artery. The infundibulum derives its
supply from the conal artery, which has a separate ostial
origin in 30% of cases. The separate ostium explains the
preservation of infundibular contraction in the presence of
proximal right coronary occlusion.9,32

In the absence of severe RV hypertrophy or pressure
overload, proximal right coronary artery flow occurs during
both systole and diastole.33 However, beyond the RV mar-
ginal branches, diastolic coronary blood flow predominates.7

The relative resistance of the RV to irreversible ischemic
injury may be explained by (1) its lower oxygen consump-
tion, (2) its more extensive collateral system, especially from
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Figure 4. The response of the RV and LV to experimental
increase in afterload. Reproduced from MacNee22 with permis-
sion from the publisher. Copyright © 1994, the American Tho-
racic Society.
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Evaluation de la fonction VD - IRM

Peacock et al. Eur Respir Rev 2013

IRM Cardiaque = Gold Standard



Fonction systolique VD
q   Evaluation visuelle ++

q   Fraction de raccourcissement 

q   TAPSE ++ (pronostic)

q   Strain VD



Hémodynamique VD et CPA

Embolie Pulmonaire



AUGMENTATION POST CHARGE = HYPERTENSION PULMOAIRE 

Ø DILATATION ventriculaire droite

Ø Dilatation rapide et réversible

Ø Déplacement vers la gauche du SIV

Ø Chute du volume d’éjection systolique

Ø Tendance à l’ HYPERTROPHIE

Ø Phénomène lent et irréversible

Ø Maintien du volume d’éjection 

Hémodynamique VD

Lang et al. J Am Soc Echocardiogr 2005

VENTRICULE DROIT VENTRICULE GAUCHE



1. Effet Franck-Starling

Adaptation hétérométrique : Relation longueur – force 

Ø Etirement des myocytes + prolongation du temps de contraction VD 

2. Activation neuro-hormonale et effet Anrep 

Système sympathique et rénine-angiotensine-aldostérone

Ø Stimulation inotrope et chronotrope 

3. Vasoconstriction systémique

Haddad et al. Circulation 2008



§ Augmentation des pressions artérielles pulmonaires 

§ Amélioration du débit dans le lit vasculaire pulmonaire obstrué 

§ Stabilisation temporaire de la pression artérielle

MacNee et al. Am J Respir Crit Care Med 1994

RV preload represents the load present before contraction.
Within physiological limits, an increase in RV preload
improves myocardial contraction on the basis of the Frank-
Starling mechanism. Beyond the physiological range, exces-
sive RV volume loading can compress the LV and impair
global ventricular function through the mechanism of ven-
tricular interdependence.23 Compared with LV filling, RV
filling normally starts before and finishes after. RV isovolu-
mic relaxation time is shorter, and RV filling velocities (E
and A) and the E/A ratio are lower. The respiratory variations
in RV filling velocities are, however, more pronounced.6,24

Many factors influence RV filling, including intravascular
volume status, ventricular relaxation, ventricular chamber
compliance, heart rate, passive and active atrial characteris-
tics, LV filling, and pericardial constraint.25 The filling period
is also an important determinant of ventricular preload and
function. As demonstrated by Dell’Italia,13 the RV follows a
force-interval relationship in which stroke volume increases
above baseline after longer filling periods, as seen in postex-
trasystolic beats. On the basis of the sarcomere length-
pressure curve relationship, RV compliance is believed to be
greater than LV compliance.26,27 Also, in general, the peri-
cardium imposes greater constraint on the thinner, more
compliant, low-pressure RV.9

Heart Rhythm and Dyssynchrony
Maintenance of sinus rhythm and AV synchrony is especially
important in the presence of RV dysfunction. For example,
atrial fibrillation or complete AV block are poorly tolerated in
acute RV myocardial infarction, acute pulmonary emboli, or
chronic RV failure.14

RV dyssynchrony refers to the concept of suboptimal
coordination of RV mechanical function. RV dyssynchrony
could potentially lead to reduced cardiac output or increased
filling pressures. The effects of “resynchronization therapy”
in patients with RV failure and congenital heart disease have
been assessed recently in a multicenter international study
(n!103).28 Dubin and colleagues28 demonstrated that resyn-
chronization therapy was associated with improvement in RV

ejection fraction (RVEF) in patients with congenital heart
disease with either systemic or pulmonic RV.

Ventricular Interdependence
Ventricular interdependence refers to the concept that the
size, shape, and compliance of 1 ventricle may affect the size,
shape, and pressure-volume relationship of the other ventricle
through direct mechanical interactions.16 Although always
present, ventricular interdependence is most apparent with
changes in loading conditions such as those seen with
respiration or sudden postural changes.16 Ventricular interde-
pendence plays an essential part in the pathophysiology of
RV dysfunction.

Systolic ventricular interdependence is mediated mainly
through the interventricular septum. The pericardium may not
be as important for systolic ventricular interdependence as it
is for diastolic ventricular interdependence.15,16 Experimental
animal studies showed that approximately 20% to 40% of RV
systolic pressure and volume outflow results from LV con-
traction.16 Moreover, in the presence of scarring of the RV or
replacement with a noncontractile patch, the septum is able to
maintain circulatory stability as long as the RV is not
dilated.29

The evidence for diastolic ventricular interdependence is
well established and based on many experimental and clinical
studies.16,30 In acute RV pressure- or volume-overload states,
dilatation of the RV shifts the interventricular septum toward
the left, alters LV geometry, and increases pericardial con-
straint. As a consequence, the LV diastolic pressure-volume
curve shifts upward (decreased distensibility), which poten-
tially leads to a decreased LV preload, an increased LV
end-diastolic pressure (usually a mild increase), or low
cardiac output states. Acute RV dilatation has also been
shown to lead to a decrease in LV elastance.9,16 Conversely,
LV volume or pressure overload has also been shown to shift
upward the RV diastolic pressure-volume relationship and to
redistribute RV filling into late diastole.30,31

Perfusion of the RV
The blood supply of the RV varies according to the domi-
nance of the coronary system. In a right-dominant system,
which is found in "80% of the population, the right coronary
artery supplies most of the RV.9,32 The lateral wall of the RV
is supplied by the marginal branches of the RV, whereas the
posterior wall and the inferoseptal region are supplied by the
posterior descending artery. The anterior wall of the RV and
the anteroseptal region are supplied by branches of the left
anterior descending artery. The infundibulum derives its
supply from the conal artery, which has a separate ostial
origin in 30% of cases. The separate ostium explains the
preservation of infundibular contraction in the presence of
proximal right coronary occlusion.9,32

In the absence of severe RV hypertrophy or pressure
overload, proximal right coronary artery flow occurs during
both systole and diastole.33 However, beyond the RV mar-
ginal branches, diastolic coronary blood flow predominates.7

The relative resistance of the RV to irreversible ischemic
injury may be explained by (1) its lower oxygen consump-
tion, (2) its more extensive collateral system, especially from
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Figure 4. The response of the RV and LV to experimental
increase in afterload. Reproduced from MacNee22 with permis-
sion from the publisher. Copyright © 1994, the American Tho-
racic Society.
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PAP moyenne > 40 mmHg 



Diagnostics en cas d’hypertension pulmonaire aiguë ?

Ø HTP post-capillaire = cœur gauche +++ (50%) 

Ø Embolie Pulmonaire

Ø Pneumopathie hypoxémiante 

Ø Syndrome de Détresse Respiratoire Aigue

Ø Ventilation mécanique

Hémodynamique VD

Cœur Pulmonaire Aigu



Vieillard-Baron et al. Am J Respir Crit Care Med 2002

Cœur Pulmonaire Aigu 

1. diastolic overload = 
 dilatation ventriculaire droite 

2. systolic overload = 
 dyskinésie septale = septum paradoxal

Conséquence possible 

Ø Insuffisance Circulatoire Aigue 

Augmentation brutale et importante de la post-charge VD

Hémodynamique VD



   Normal                     Dilatation modérée           Dilatation majeure                 

   STDVD/STDVG < 0,6          0,6 < STDVD/STDVG < 1          STDVD/STDVG  > 1   

Jardin et al  Chest 1997 

 
Dilatation du VD : quantification 
 

D’après L. Muller

Diastolic overload : dilatation ventriculaire

Jardin et al. Chest 1997



Diastolic overload : dilatation ventriculaire



Diastolic overload : dilatation ventriculaire



Diastolic overload : dilatation ventriculaire



Systolic overload : septum paradoxal

Vieillard-Baron et al. Am J Respir Crit Care Med 2002



Systolic overload : septum paradoxal



Systolic overload : septum paradoxal



Systolic overload : septum paradoxal



Cœur Pulmonaire Aigu

ESC Acute Pulmonary Embolism 2019

Diagnostics principaux

Ø Embolie Pulmonaire

Ø Pneumopathie hypoxémiante 

Ø Syndrome de Détresse Respiratoire Aigue

Ø Iatrogène = Ventilation mécanique
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..pulmonary arteries, combined with zones of overflow in the capil-
lary bed served by non-obstructed pulmonary vessels, result in
ventilation/perfusion mismatch, which contributes to hypoxaemia.
In about one-third of patients, right-to-left shunting through a pat-
ent foramen ovale can be detected by echocardiography; this is
caused by an inverted pressure gradient between the right atrium
(RA) and left atrium, and may lead to severe hypoxaemia, and an
increased risk of paradoxical embolization and stroke.67 Finally,
even if they do not affect haemodynamics, small distal emboli may
create areas of alveolar haemorrhage resulting in haemoptysis,
pleuritis, and pleural effusion, which is usually mild. This clinical

presentation is known as ‘pulmonary infarction’. Its effect on gas
exchange is normally mild, except in patients with pre-existing
cardiorespiratory disease.

In view of the above pathophysiological considerations, acute RV
failure, defined as a rapidly progressive syndrome with systemic con-
gestion resulting from impaired RV filling and/or reduced RV flow out-
put,68 is a critical determinant of clinical severity and outcome in acute
PE. Accordingly, clinical symptoms, and signs of overt RV failure and
haemodynamic instability, indicate a high risk of early (in-hospital or
30 day) mortality. High-risk PE is defined by haemodynamic instability
and encompasses the forms of clinical presentation shown in Table 4.
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Increased RV afterload

RV O2 delivery

Coronary 
perfusion of RV

Systemic BP

CO

LV preload

RV output
RV contractility

RV ischaemia, hypoxic injury

Intrapulmonary A-V 
shunting

  RV O2 demand

Myocardial 
inflammation

Neurohormonal 
activation

RV wall tension

TV insufficiency

RV dilatation

Obstructive 
shock

Death

a

Figure 2 Key factors contributing to haemodynamic collapse and death in acute pulmonary embolism (modified from Konstantinides et al.65 with permis-
sion). A-V = arterio-venous; BP = blood pressure; CO = cardiac output; LV - left ventricular; O2 = oxygen; RV = right ventricular; TV = tricuspid valve.
aThe exact sequence of events following the increase in RV afterload is not fully understood.

Table 4 Definition of haemodynamic instability, which delineates acute high-risk pulmonary embolism (one of the
following clinical manifestations at presentation)

(1) Cardiac arrest (2) Obstructive shock68!70 (3) Persistent hypotension

Need for cardiopulmonary

resuscitation

Systolic BP < 90 mmHg or vasopressors required

to achieve a BP >_90 mmHg despite adequate

filling status

Systolic BP < 90 mmHg or systolic BP drop >_40

mmHg, lasting longer than 15 min and not caused by

new-onset arrhythmia, hypovolaemia, or sepsis

And

End-organ hypoperfusion (altered mental status; cold,

clammy skin; oliguria/anuria; increased serum lactate)

BP = blood pressure.

ESC Guidelines 553
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Cœur Pulmonaire Aigu

Torbicki et al. Eur Respir J 1999

Diagnostics anecdotiques

Ø Asthme aigu grave

Ø STA du drépanocytaire 

(60% HTP compliquée de 13% CPA)

Ø Acidose lactique primitive 

Associés à la ventilation mécanique (PP)

Ø Cardiomyopathie septique

Ø IDM étendu au VD

Ø Cardiopathies VD secondaires aux assistance coeur

Évènement intercurrent aigu sur HTP chronique



Cœur Pulmonaire Chronique

Mandoli et al. Heart Failure Reviews 2021

role of RA strain in the differential diagnosis of acute and
chronic cor pulmonale. In addition, the same study iden-
tified a possible regional strain pattern specific to APE
with the basal and mid segments of both RA and RV free
wall as the regions most affected [28]. While a reduction
of the initial extent of this impairment has been proposed
over time, its persistence in the long-term could represent
a predictor of worse outcome in these patients [22].

Chronic cor pulmonale

Chronic cor pulmonale refers to the clinical setting in which
the RV has to face a progressively increasing afterload, which
then determines its extensive dilatation and remodelling.
Although the underlying causes may be different, PH is the
common denominator of all the diseases that leads to chronic
cor pulmonale. PH is defined as an increased mean pulmonary
arterial pressure (PAP) ≥ 25 mmHg at rest, assessed by right
heart catheterization [29]. Current guidelines classify idio-
pathic arterial PH in group 1, whereas PH due to pulmonary
diseases and/or hypoxia is listed in group 3 and CTEPH in
group 4 (Fig. 3) [30]. These are the most common conditions
that are responsible for the development of chronic cor
pulmonale, which by definition excludes RV dysfunction
due to left heart diseases (group 2). In particular, the onset of
PH as a complication of chronic lung diseases is a strong
predictor of mortality [31]. Even though the diagnosis is based
on the results of right heart catheterization, echocardiographic
evaluation is a valuable tool, since it assesses the probability
of PH in symptomatic patients, based on different parameters
[30], which are detailed in Table 2.

Several studies have demonstrated the prognostic role of
echocardiography in the setting of PH, through parameters,
such as TAPSE, RA size, the presence of pericardial effusion

or RV longitudinal strain by STE [32, 33]. Specifically,
a reduced STE RV longitudinal strain has been independently
associated with a higher NYHA functional class and elevated
N-terminal pro brain natriuretic peptide (NT-pro-BNP) levels
[34], and, together with RV end-systolic diameters, has been
found to be a strong predictor of outcome in these patients [34,
35]. Over the years, 3DE has become a valid alternative for
RV quantification, since it overcomes some of the drawbacks
of 2DE, such as foreshortening and geometrical assumptions
that characterize the latter method. As a matter of fact, numer-
ous studies have validated this technique against cardiac mag-
netic resonance measurements [36], especially RV volumes
and ejection fraction, attesting also its additional prognostic
value in PH patients [37]. For instance, in chronic PH, 3D,
2D-STE, and 3D-STE parameters are better indicators of
global and regional RV dysfunction compared with traditional
indices of RV [38]. In studies using 3DE in patient with PH,
morphological RV changes (Fig. 4) have been shown to have
a higher clinical utility over functional ones, with one study
showing RV end-systolic volume as a stronger predictor of
outcomes compared with RV longitudinal strain [35].
Similar to this finding, Amsallem et al. proposed a simple
and reproducible 2D echocardiographic parameter called RV
end-systolic remodelling index, defined as the ratio between
end-systolic RV free wall and interventricular septum length,
which was proven to have a strong prognostic value and could
possibly help in the risk stratification of these patients [39].
Furthermore, considering the relationship between RV end-
systolic dimensions and pressure, they defined three zones
of adaptation: the first one is characterized by minimal RV
dilatation with increasing RV pressure, the second one in-
cludes mixed modifications of adaptation and remodelling,
whereas the third zone is defined by a progressively dilated
RV with decreasing pressures as a result of lower cardiac
output [39]. In this regard, we can consider the natural history

Fig. 3. Main causes of chronic
cor pulmonale. This figure shows
the three most common disorders
and their relative mechanisms,
which are responsible for the
development of chronic cor
pulmonale: chronic obstructive
pulmonary disease (COPD),
idiopathic pulmonary fibrosis
(PF), and chronic
thromboembolic disease. PH,
pulmonary hypertension; PE,
pulmonary embolism
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Time to Add a Fifth Pillar to Bedside Physical Examination
Inspection, Palpation, Percussion, Auscultation,
and Insonation
Jagat Narula, MD, PhD; Y. Chandrashekhar, MD; Eugene Braunwald, MD

F or centuries, inspection, palpation, percussion, and auscul-
tation have been the cornerstone of clinical bedside medi-
cine. An ancient scroll from Charaka, written 2500 years

ago, emphasized learning from “one who knows also how to use his
hands, has the requisite instruments and all his senses about him.”1

The hands and senses inspect, palpate, and even percuss to make a
diagnosis, and these practices have been faithfully transmitted over
generations. Hippocrates2 also insisted on using “sight, hearing, and
touch.” Unchanged patterns of examination have continued to be
practiced, with one advance offered by the advent of the stetho-
scope about 200 years ago. These basic methods of physical ex-
amination have served us well, but their efficacy has been held as
self-evident. Robust evaluation of the accuracy and precision of
physical examination is lacking. While the benefit of physical exami-
nation is obvious in many conditions (such as dermatological dis-
eases and some neurological diseases including Bell palsy or Parkin-
son disease), traditional bedside examination shows suboptimal
performance in other conditions. This is especially true in cardiac
diseases3,4 where physical examination, historically, has been highly
valued.

Can we improve on the usual physical examination tech-
niques? Modern technology, such as imaging, has allowed us to of-
ten see rather than guess what is wrong with the patient and should
be able to supplement bedside physical examination. However, a
number of factors, such as uncertain costs, training issues, time limi-
tations, and possibly nostalgia, seemingly prevent marrying tech-
nology with current physical examination practices. Our premise is

that while physical examination cannot and must not be replaced
by technology, it could be enhanced by incorporating the right tech-
nology at the bedside.

We believe that incorporating imaging will become a much-
needed enhancer of the traditional techniques. This could be at-
tained most efficaciously through selectively using bedside ultra-
sound imaging (or insonation) as the fifth component of the physical
examination, after inspection, palpation, percussion, and ausculta-
tion. Miniaturization of ultrasound into self-sufficient transducers
paired with the ubiquitous cell phones would blur the lines be-
tween physical examination and technology (Figure).

How Good Is the Physical Examination?
Hippocratic writings emphasized clinical perception by the “sight,
touch, hearing, smell, taste, and the understanding.”2 This contin-
ued rather unchanged for 2 millennia, picking up new signs on the
way but only using physicians’ own physical senses until the arrival
of the stethoscope. The antiquity and low direct cost of a physical
examination has allowed it the luxury of being grandfathered into
medical practice without the usual critical review that new diagnos-
tic technologies must face. The stethoscope, the central lynchpin of
physical examination, has also enjoyed a similar privilege. The likes
of Aubrey Leatham, Samuel Levine, Paul Wood, and Proctor Har-
vey kept the art of auscultation alive for generations of medical stu-
dents and clinicians. Everyone still agrees that good physical exami-

Inspection, palpation, percussion, and auscultation have been the 4 pillars of clinical bedside
medicine. Although these basic methods of physical examination have served us well,
traditional bedside examination, for a number of reasons including diminishing interest and
expertise, performs well less than what is required of a modern diagnostic strategy.
Improving the performance of physical examination is vital given that it is crucial to guide
diagnostic possibilities and further testing. Current efforts at improving physical examination
skills during medical training have not been very successful, and incorporating appropriate
technology at the bedside might improve its performance. Selective use of bedside
ultrasound (or insonation) can be one such strategy that could be incorporated as the fifth
component of the physical examination. Seeing pathology through imaging might improve
interest in physical examination among trainees, and permit appropriate downstream testing
and possibly superior decision making. Current ultrasound technology makes this feasible,
and further miniaturization of ultrasound devices and reduced cost will allow for routine use
at the bedside. It is time to have a wider debate and a possible consensus about updates
required to enhance current paradigms of physical examination.
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Hypertension Pulmonaire Aiguë ou Chronique ??

Alerhand et al. AJEM 2023

1). Combination of these physiologically interdependent variables pro-
vides more information than does a single measurement. Emergency
physicians should recognize and appreciate these findings.

2. Methods

The authors searched PubMed andGoogle Scholar for articles using a
combination of keywords and MeSH terms “right ventricular dysfunc-
tion”, “right ventricular strain”, "right ventricle", “"echocardiography",
"point-of-care ultrasound", "POCUS", "cardiac POCUS", pulmonary em-
bolism”, “pulmonary hypertension”, “cor pulmonale”, and each of the
echocardiographic parameters listed in the manuscript subheadings.
Literature search was restricted to English-language studies. By inde-
pendent analysis followed by consensus, authors decided which studies
to include based on inclusion of pathophysiology, reference cut-off
values, or data for a given echocardiographic parameter. When avail-
able, societal guidelines and systematic reviews and meta-analyses
(SRMAs) were preferentially selected. These were followed by random-
ized controlled trials, prospective studies, retrospective studies, and re-
views. Authors also reviewed supporting citations of included articles.
Summative ranges reported in the Evidence subsections were derived
from minimum and maximum values obtained from the literature. Un-
less explicitly stated, values for each echocardiographic parameter did
not trend widely in either direction within the range.

3. Discussion

3.1. RIGHT HEART THROMBUS

Pathognomonic for acute PE

3.1.1. Description and Pathophysiology
A thrombus from the deep venous system passes through the right

atrium (RA) and right ventricle (RV) en route to the pulmonary arterial
system. A right heart thrombus (RHT), also known as a clot in-transit,
refers to when it lingers temporarily or lodges in the right-sided cham-
bers. Using echocardiography, a RHT appears as a long, thin, free-

floating, worm-like mass [4] (Image 2a) (Video 1a). It may intermit-
tently prolapse through the tricuspid valve (TV) or pulmonic valve
(PV) during the cardiac cycle. Whether or not there is pre-existing
chronic right ventricular dysfunction, presence of a RHT suggests an-
other thrombus (i.e. a PE) is already lodged in the pulmonary arterial
system causing acute right ventricular dysfunction. Of the echocardiog-
raphic parameters described in this manuscript, a RHT is the sole clear
indicator for distinguishing acute-on-chronic from chronic right ven-
tricular dysfunction.

3.1.2. Evidence
SRMAs in 2007 and 2022 reported that a RHT was 4.7-5% sensitive

and 99-100% specific for PE [5,6]. Among several large patient registries
and SRMAs, prevalence of RHT in patients with PE has ranged from 1.8-
8.7% [7-12]. Prevalence reaches up to 16-19% in patients who are hemo-
dynamically unstable [10,13] or in the intensive care unit (ICU) [14].
Factors associated with a RHT in PE include congestive heart failure
(CHF), cancer, immobilization, recent major bleeding, and a pre-
existing central venous catheter [7,9,11].

3.1.3. How to Assess
Look for a RHT in echocardiographic views in which the right-sided

chambers are well-visualized: right ventricular inflow (RVI),
parasternal short-axis (PSAX) (at aortic valve [AV] level), apical 4-
chamber (A4C), and subxiphoid (SX) views.

3.1.4. Pearls and Pitfalls
From a clinical perspective, a RHT must be differentiated from a val-

vular vegetation or cardiac tumor. Similar to a RHT, a vegetation has an
irregular, lobulated, or amorphous shape with high-frequency oscillat-
ing movement [15-18] (Image 2b) (Video 1b). However, instead of
floating freely within the right-sided chambers, a vegetation attaches
to the proximal, lower-pressure side of the valve (i.e. in the path of
the associated high-velocity regurgitant jet) or to implanted prosthetic
material—though it oscillates independently of these structures.

Like vegetations, cardiac tumors also have attachment sites,whether
to valvular leaflets or chamber walls [17,19,20]. When adhered to the

Image 1. Summary Infographic for Distinguishing Acute Pulmonary Embolism and Chronic Pulmonary Hypertension
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1 - Thrombus intra-cavitaire droit

• Masse longue, fine, flottante et vermiforme

• Peut se déplacer au travers la valve tricuspide ou pulmonaire 

au cours du cycle cardiaque

• Sensibilité : 4,7 à 5 %

• Spécificité : 99 à 100 %

• HD instables : prévalence de 16 à 19%

Falster et al. Thorax 2022

Kurnicka et al. JASE 2016
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2 - Epaisseur de la paroi libre du VD

Rudski et al. JASE 2010

as in patients with significant LV hypertrophy, even in the absence of
PH.19 RV free wall thickness can be measured at end-diastole by
M-mode or 2D echocardiography from the subcostal window, prefer-
ably at the level of the tip of the anterior tricuspid leaflet or left para-
sternal windows.4,16 From the subcostal view, one can align the
ultrasound beam perpendicular to the RV free wall. Excluding RV
trabeculations and papillary muscle from RV endocardial border is
critical for accurately measuring the RV wall thickness. Moving the
focus to the RV wall region and decreasing the depth will improve
the endocardial border definition. Every effort must be made to
exclude epicardial fat to avoid erroneously increased measurements.
When image quality permits, fundamental imaging should be used
to avoid the increased structure thickness seen with harmonic
imaging. When there is significant thickening of the visceral
pericardium, the measurement of the RV wall may be challenging.

Certain conditions are associated with RV wall thinning, such as Uhl
anomaly or arrhythmogenic RV cardiomyopathy. There are no ac-
cepted echocardiographic criteria to define an abnormally thin RV wall.

Advantages: RV wall thickness can be measured by M-mode or
2D echocardiography from either the subcostal or left parasternal
window.

Disadvantages: There is a lack of established prognostic informa-
tion.

Recommendations: Abnormal RV wall thickness
should be reported, if present, in patients suspected of
having RV and/or LV dysfunction, using the normal cut-
off of 0.5 cm from either PLAX or subcostal windows
(Table 2).

RV Linear Dimensions. The right ventricle dilates in response to
chronic volume and/or pressure overload20 and with RV failure.21

Indexed RVend-diastolic diameter has been identified as a predictor
of survival in patients with chronic pulmonary disease,22 and the RV/
LVend-diastolic diameter ratio was shown to be a predictor of adverse
clinical events and/or hospital survival in patients with acute pulmo-
nary embolism.23,24 Correlation of RV linear dimensions with RV
end-diastolic volumes appears to worsen with increased preload25

or afterload.26

Using 2D echocardiography, RV size can be measured from
a 4-chamber view obtained from the apical window at end-diastole.
Although quantitative validation is lacking, qualitatively, the right ven-
tricle should appear smaller than the left ventricle and usually no
more than two thirds the size of the left ventricle in the standard apical
4-chamber view. If the right ventricle is larger than the left ventricle in
this view, it is likely significantly enlarged. This may be applied to cer-
tain conditions such as severe RV pressure or volume overload, in
which the right ventricle may measure within the normal reference
limits but appears larger than the small, underfilled left ventricle. In
the standard transthoracic apical 4-chamber window, the left ventricle
is considered the ‘‘apex-forming’’ ventricle. As the right ventricle en-
larges, it may displace the left ventricle and occupy the apex. This usu-
ally signifies that the right ventricle is at least moderately dilated,
though this finding has not been validated quantitatively.

One major limitation of RV imaging by transthoracic echocardiog-
raphy is the result of a lack of fixed reference points to ensure optimi-
zation of the right ventricle. As a result, the imager can image the RV
through various cut planes, resulting in a normal, medium, or smaller
dimension (Figure 6). As a result, it is critical to attempt to adjust the
apical 4-chamber to acquire the ‘‘right ventricle–focused view,’’
as detailed below. To optimize imaging of the RV lateral wall, the
4-chamber image may require adjustment from its usual attention
on the left ventricle to a focus on the right ventricle. To avoid under-
estimating the minor distance, the transducer is rotated until the max-
imal plane is obtained. To avoid overestimation, the transducer must
be properly positioned over the cardiac apex with the plane through
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Figure 5 Measurement of end-diastolic right ventricular wall thickness. (A) Subcostal 2-dimensional image of right ventricular wall.
(B) Zoom of region outlined in (A) with right ventricular wall thickness indicated by arrows. (C) M-mode image corresponding to arrows
in (B). (D) Zoom of region outlined in (C) with arrows indicating wall thickness at end-diastole.

Figure 6 Diagram showing the recommended apical 4-chamber
(A4C) view with focus on the right ventricle (RV) (1*) and the sensi-
tivity of right ventricular size with angular change (2,3) despite sim-
ilar size and appearance of the left ventricle (LV). The lines of
intersection of the A4C planes (1*,2,3) with a mid left ventricular
short-axis are shown above and corresponding A4C views below.

Journal of the American Society of Echocardiography
Volume 23 Number 7

Rudski et al 693

Epaisseur paroi VD < 6 mm

Loi de Laplace : stress mural = (P° ventriculaire x rayon) / (2 x épaisseur paroi)

Sensibilité : 90 à 93 %
Spécificité : 94 à 95 %
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3 - Régurgitation Tricuspide

• Alignement parallèle de préférence

• Angle de 10° à 20° = sous-estimation de 

2 à 6 %

• Angle de 30° à 45° = sous-estimation de 

13 à 29%

• Coupe apicale 4 cavités centrée sur VD

• Doppler continu 



Delta P = 4 x ( Vmax IT )2

PAPs = Delta P + POD

3 - Régurgitation Tricuspide



Delta P = 4 x ( Vmax IT )2

PAPs = Delta P + POD
Doppler Continu sur IT

2 infos !

GP max 

Vmax
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Delta P = 4 x ( Vmax IT )2

PAPs = Delta P + POD

Diamètre de la VCi (mm) Variations respiratoires de 
la VCi (%) Valeur de POD (mmHg)

Bas < 15 Collapsus inspiratoire de 
100% 5

Normal : 15-25 > 50
< 50

10
15

Elevé > 25 < 50
Absentes

20
> 20

Luthra et al. Echo made easy Anshan eds 2007
Wong et al. Practice of clinical echocardiography 2002 
Brennan et al. JASE 2007
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6 BJÖRKMAN ET AL.

F IGURE 4 Receiver operator characteristics analysis illustrating diagnostic performance of echocardiographic algorithms to identify PAPM ≥
25mmHg

TABLE 3 Sensitivity, specificity, positive predictive value, negative predictive value for recommendation-based cut-off in addition to
echocardiographic algorithms to identify invasive PAPM ≥ 25mmHg

Method Cut off
Sensitivity
(%) Specificity(%)

Positive
predictive
value (%)

Negative
predictive value
(%)

Aduen et al. 25mmHg 85 38 74 55

Chemla et al. 25mmHg 78 67 80 63

Dabestani et al. 25mmHg 83 35 63 61

Abbas et al. 25mmHg 48 84 86 43

TRVmax 2.8 m/sec 83 61 77 69

approaches (AUC range .67–.71; p < 0.05) (Figure S2). At a cut-off of

2.8m/sec, TRVmax demonstrated78%sensitivity and68%specificity to

identify invasive PAPM> 20 mm Hg. Specificity was generally low for

all echocardiographic methods (17%–35%) with the exception of the

algorithm proposed by Abbas et al.9 (64% sensitivity, 67% specificity)

(Table S1)

3.5 Accuracy of echocardiographic right atrial
pressure estimates

Echocardiographic RAP employing IVC size and collapse were incor-

porated to calculate PAPM in all echocardiographic algorithms with

the exception of the approach postulated by Dabestani et al.12 In 107

Björkman et al. Echocardiography 2021
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F IGURE 2 Bland-Altman plots illustrating agreement between echocardiographic algorithms and invasive PAPMmeasurements

F IGURE 3 Receiver operator characteristics analysis illustrating diagnostic performance of TRVmax to identify (A) PAPM ≥ 25mmHg and (B)
PAPM > 20mmHg

demonstrated moderate to strong discrimination (AUC range .70–.80;

p < 0.001 for all) with the Chemla et al. algorithm10 demonstrating

strongest diagnostic performance (AUC = .80, CI .71–.89; p < 0.001)

(Figure 4). Sensitivity, Specificity, PPV, and NPV of TRVmax and algo-

rithms to identify invasive PAPM ≥ 25mmHg are presented in Table 3.

The recommendedTRVmax cut-off of 2.8m/secdemonstrated83%sen-

sitivity and 61% specificity to identify PAPM ≥ 25 mm Hg. At a cut-off

of 25 mm Hg, PAPM derived by Aduen et al.7 and Dabestani et al.14

demonstrated low specificity (38% and 35%, respectively) and Abbas

et al.,9 low sensitivity (48%). The only algorithm to show compara-

ble, strong, balanced sensitivity and specificity was that proposed by

Chemla et al.10 (78% sensitivity and 67% specificity).

3.4 Diagnostic performance of echocardiographic
algorithms to identify PAPM> 20 mm Hg

When a revised, lowered PH cut-off was considered, TRVmax contin-

ued to demonstrate strong diagnostic ability (AUC = .83, CI .74–.91;

p < 0.001) (Figure 3B) when compared with other echocardiographic
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ESC/ERS Guidelines HTP 2022

HTP
GP max > 31 – 33 mmHg
Vmax IT > 2,8 à 2,9 m/s



HTP chronique
GP max > 46 mmHg
Vmax IT > 3,4 m/s
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ESC/ERS Guidelines HTP 2022

HTP
GP max > 31 – 33 mmHg
Vmax IT > 2,8 à 2,9 m/s



§ Femme de 70 ans 

§ ATCD : insuffisance cardiaque

§ MdH : asthénie 

§ Constantes : 

• PA 90/47 ; 

• FC 63 bpm ; 

• FR 17 / min ; 

• spO2 93% AA ; 

• T° = 38 

§ Radio Thorax : pneumonie lobe inférieur droit 

Ø Expansion volémique 

Ø Antibiothérapie probabiliste 

Beckman et al. AJEM 2024



Vmax IT = 1,2 m/s

GP max = 5,8 mmHg 
Beckman et al. AJEM 2024



Vmax IT = 1,2 m/s

GP max = 5,8 mmHg 
Beckman et al. AJEM 2024



department (ED) scenarios guided the physicians in managing these
critically ill patients appropriately.

2. Cases

Case #1 - Recognition of wide-open TR in septic shock led to adminis-
tration of vasopressors instead of intravenous fluids.

A 70 year-old female with past medical history (PMH) of congestive
heart failure (CHF)was brought in by ambulance (BIBA)withweakness.
Vital signs consisted of temperature (T) 38.0 °C, blood pressure (BP) 90/
47 mmHg, heart rate (HR) 63 beats per minute (bpm), respiratory rate
(RR) 17 breaths per minute, and 93% oxygen saturation on room air.
Physical examination was notable for a weak-appearing patient with
rales in the right lower lung field. Chest radiograph showed a right
lower lobe pneumonia. Concern for sepsis warranted early administra-
tion of antibiotics and intravenous fluids (IVF). Cardiac POCUS

demonstrated signs of right ventricular dysfunction such as a severely
dilated RV, septal dyskinesia, tricuspid annular plane systolic excursion
(TAPSE) of 14 mm, and a TR jet occupying the entire RA in early systole
(Image 2) (Video 1).

Surprisingly, the TRVmax was only 1.2 m/s, producing an estimated
TRPG of 5.8 mmHg. Closer examination of the tricuspid valve (TV)
using zoomed-in B-mode revealed extremely poor coaptation between
the anterior and septal leaflets during systole. Recognition ofwide-open
TR suggested that the TRPG underestimated the severity of the patient's
underlying right ventricular dysfunction.

Administration of IVF would have increased right ventricular preload
in this patient with an already dilated RV, leading to exaggerated dis-
placement of the interventricular septum into the left ventricle. De-
creased left ventricular preload would lead to decreased stroke volume
and further hemodynamic compromise. Therefore, the physicians held
IVF and initiated a norepinephrine infusion instead, which improved
the patient's hemodynamics prior to intensive care unit (ICU) admission.

Image 1. Summary infographic for right ventricular dysfunction severity based on TR jet morphology, TRVmax, and TRPG.
A) “Normal” - values derived from ASE guidelines, as reported in the Discussion [3].
B) “Moderate” - values derived from ASE guidelines, as reported in the Discussion [3].
C) “Severe” - values derived from evidence in patients with pulmonary hypertension, as reported in the Discussion [10, 39-50].
D) “Wide-open” - values derived from the three patients described, and the aforementioned study of 21 patients with broad laminar TR flow, as reported in the Discussion [52].

Image 2.Wide-open tricuspid regurgitation in decompensated pulmonary hypertension
A)Apical 4-chamber view in systole using B-mode. The right ventricle ismoderately dilated, with a 1:1–1.5:1 size ratio to the left ventricle. Its freewall is qualitatively thickwithmuscular
trabeculae. The right atrium is enlarged, with > 1:1 size ratio to the left atrium. There is septal bowing of the interatrial septum into the left atrium throughout the cardiac cycle. These
findings altogether suggest the presence of chronic right ventricular dysfunction from pulmonary hypertension.
B) Zoomed-in on the tricuspid valve during systole. There is a wide gap between the anterior and septal leaflets due to extremely poor valvular coaptation.
C) Color Doppler. The regurgitant jet has a vena contracta ≥ 7 mm and occupies the entire right atrium during early-systole only.
D) Continuouswave Doppler. Despite the large regurgitant volume detected using color Doppler, the TRVmax through thewide regurgitant orifice is low. The estimated TRPG obtained via
the simplified Bernoulli equation markedly underestimates the severity of right ventricular dysfunction.

S. Beckman, H. Lu, P. Alsharif et al. American Journal of Emergency Medicine 80 (2024) 227.e7–227.e11
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Embolie Pulmonaire

Sensibilité : 22 à 29 %

Spécificité : 97 à 99 %
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Diagnostics principaux

Ø Embolie Pulmonaire

Ø Pneumopathie hypoxémiante 

Ø Syndrome de Détresse Respiratoire Aigue

Ø Iatrogène = Ventilation mécanique



ESC 2019

thrombus intra-cavitaire

Echo 4 points

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..lar retrieval of the permanent filter, or percutaneous nephrostomy
or ureteral stent placement.306 Further reported complications
include filter fracture and/or embolization, and DVT occasionally
extending up to the vena cava.303,307,308

7 Integrated risk-adapted
diagnosis and management

7.1 Diagnostic strategies
Various combinations of clinical assessments, plasma D-dimer meas-
urements, and imaging tests have been proposed and validated for PE

diagnosis. These strategies have been tested in patients presenting
with suspected PE in the emergency department or during their hos-
pital stay,101,164,171,320 and more recently in the primary care set-
ting.111 Withholding of anticoagulation without adherence to
evidence-based diagnostic strategies was associated with a significant
increase in the number of VTE episodes and sudden cardiac death at
3 month follow-up.12 The most straightforward diagnostic algorithms
for suspected PE—with and without haemodynamic instability—are
presented in Figures 4 and 5, respectively. However, it is recognized
that the diagnostic approach for suspected PE may vary, depending
on the availability of, and expertise in, specific tests in various hospi-
tals and clinical settings.
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Bedside TTEb

CTPA

RV dysfunction?c

Treatment of
high-risk PEa

Search for other causes of 
shock or instability

Search for other causes of
shock or instability

Suspected PE in a patient with haemodynamic instabilitya

Yes

Yes

Negative

No

Nod

Positive

CTPA immediately available 
and feasible?

Figure 4 Diagnostic algorithm for patients with suspected high-risk pulmonary embolism presenting with haemodynamic instability.
CTPA = computed tomography pulmonary angiography; CUS = compression ultrasonography; DVT = deep vein thrombosis; LV = left ventricle;
PE = pulmonary embolism; RV = right ventricle; TOE = transoesophageal echocardiography; TTE = transthoracic echocardiogram.
aSee Table 4 for definition of haemodynamic instability and high-risk PE.
bAncillary bedside imaging tests may include TOE, which may detect emboli in the pulmonary artery and its main branches; and bilateral venous CUS,
which may confirm DVT and thus VTE.
cIn the emergency situation of suspected high-risk PE, this refers mainly to a RV/LV diameter ratio >1.0; the echocardiographic findings of RV dysfunction,
and the corresponding cut-off levels, are graphically presented in Figure 3, and their prognostic value summarized in Supplementary Data Table 3.
dIncludes the cases in which the patient’s condition is so critical that it only allows bedside diagnostic tests. In such cases, echocardiographic findings of RV
dysfunction confirm high-risk PE and emergency reperfusion therapy is recommended
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Time to Add a Fifth Pillar to Bedside Physical Examination
Inspection, Palpation, Percussion, Auscultation,
and Insonation
Jagat Narula, MD, PhD; Y. Chandrashekhar, MD; Eugene Braunwald, MD

F or centuries, inspection, palpation, percussion, and auscul-
tation have been the cornerstone of clinical bedside medi-
cine. An ancient scroll from Charaka, written 2500 years

ago, emphasized learning from “one who knows also how to use his
hands, has the requisite instruments and all his senses about him.”1

The hands and senses inspect, palpate, and even percuss to make a
diagnosis, and these practices have been faithfully transmitted over
generations. Hippocrates2 also insisted on using “sight, hearing, and
touch.” Unchanged patterns of examination have continued to be
practiced, with one advance offered by the advent of the stetho-
scope about 200 years ago. These basic methods of physical ex-
amination have served us well, but their efficacy has been held as
self-evident. Robust evaluation of the accuracy and precision of
physical examination is lacking. While the benefit of physical exami-
nation is obvious in many conditions (such as dermatological dis-
eases and some neurological diseases including Bell palsy or Parkin-
son disease), traditional bedside examination shows suboptimal
performance in other conditions. This is especially true in cardiac
diseases3,4 where physical examination, historically, has been highly
valued.

Can we improve on the usual physical examination tech-
niques? Modern technology, such as imaging, has allowed us to of-
ten see rather than guess what is wrong with the patient and should
be able to supplement bedside physical examination. However, a
number of factors, such as uncertain costs, training issues, time limi-
tations, and possibly nostalgia, seemingly prevent marrying tech-
nology with current physical examination practices. Our premise is

that while physical examination cannot and must not be replaced
by technology, it could be enhanced by incorporating the right tech-
nology at the bedside.

We believe that incorporating imaging will become a much-
needed enhancer of the traditional techniques. This could be at-
tained most efficaciously through selectively using bedside ultra-
sound imaging (or insonation) as the fifth component of the physical
examination, after inspection, palpation, percussion, and ausculta-
tion. Miniaturization of ultrasound into self-sufficient transducers
paired with the ubiquitous cell phones would blur the lines be-
tween physical examination and technology (Figure).

How Good Is the Physical Examination?
Hippocratic writings emphasized clinical perception by the “sight,
touch, hearing, smell, taste, and the understanding.”2 This contin-
ued rather unchanged for 2 millennia, picking up new signs on the
way but only using physicians’ own physical senses until the arrival
of the stethoscope. The antiquity and low direct cost of a physical
examination has allowed it the luxury of being grandfathered into
medical practice without the usual critical review that new diagnos-
tic technologies must face. The stethoscope, the central lynchpin of
physical examination, has also enjoyed a similar privilege. The likes
of Aubrey Leatham, Samuel Levine, Paul Wood, and Proctor Har-
vey kept the art of auscultation alive for generations of medical stu-
dents and clinicians. Everyone still agrees that good physical exami-

Inspection, palpation, percussion, and auscultation have been the 4 pillars of clinical bedside
medicine. Although these basic methods of physical examination have served us well,
traditional bedside examination, for a number of reasons including diminishing interest and
expertise, performs well less than what is required of a modern diagnostic strategy.
Improving the performance of physical examination is vital given that it is crucial to guide
diagnostic possibilities and further testing. Current efforts at improving physical examination
skills during medical training have not been very successful, and incorporating appropriate
technology at the bedside might improve its performance. Selective use of bedside
ultrasound (or insonation) can be one such strategy that could be incorporated as the fifth
component of the physical examination. Seeing pathology through imaging might improve
interest in physical examination among trainees, and permit appropriate downstream testing
and possibly superior decision making. Current ultrasound technology makes this feasible,
and further miniaturization of ultrasound devices and reduced cost will allow for routine use
at the bedside. It is time to have a wider debate and a possible consensus about updates
required to enhance current paradigms of physical examination.

JAMA Cardiol. doi:10.1001/jamacardio.2018.0001
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Flux d’éjection pulmonaire

TAP

TAP

TAP

Flux normal

HTAP sévère

HTAP modérée

Flux pulmonaire

• normal = en dôme, pic mésosystolique

• HTP = pic précoce ou dédoublé

TAP = Temps d’Accélération Pulmonaire = Tacc

• normal = 120 à 160 ms

• HTP si £ 100 ms

• HTP sévère si < 60 ms

Intérêt pour VPN +++

Dabestani et al. Am J Cardiol 1987
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Spike-and-dome

Alerhand et al. AJEM 2023
low sensitivity for PE (13-71%) [10,67,68,82,120,121], that lower “cut-
off value”would too often attribute an acute insult to chronic right ven-
tricular function (e.g. when PAAT 61-80 msec). Instead, our “cut-off
value” was determined by combination of the 60/60 sign and available
evidence (see Section 3.4.2).

For chronic right ventricular dysfunction, PAAT is generally shorter
than normal (i.e. < 105 msec) but longer than with an acute process
(i.e. ≤ 60-80msec)—hence 81-104msec (Image 6c). This occurs because
the pulmonary vasculature has had time to develop compliance. The
speed of pressure waves emitted from the RVOT, as well as the size
(and accordingly, the reflection coefficient) and speed of the reflected
retrograde wave, lie in between those values from normal patients (i.e.
slowly-propagating anterograde wave; small, slowly-propagating retro-
grade wave) and those with acute right ventricular dysfunction (i.e.
rapidly-propagating anterograde wave; larger, rapidly-propagating ret-
rograde wave). Consequently, the slope of the PA systolic ejectionwave-
form and time to reach peak velocity (i.e. the PAAT) also lie in between
those associated with normal patients (i.e. gradual slope, longer time
to peak velocity) and those with acute right ventricular dysfunction
(i.e. steeper slope, shorter time to peak velocity). Of note, in a patient
with other echocardiographic findings indicative of chronic PH, an
otherwise-contradictory PAAT ≤ 60-80 msec could suggest acute-on-
chronic dysfunction from an acute PE.

3.4.2. Evidence
For acute right ventricular dysfunction, patients with PE have dem-

onstrated shorter PAAT values than those without PE (48-97 vs. 95-
162 msec) [10,67,68,79,81,82,84,122-126].

For chronic right ventricular dysfunction, patients with PH have
demonstrated shorter PAAT values than those without PH (69-90 vs.
88-143 msec) [85,89,90,93,127-131].

In one study comparing acute to chronic right ventricular dysfunc-
tion, PAATwas shorter in those patientswith PE thanwith chronic prox-
imal PE, chronic parenchymal lung disease, and primary PH (56 vs. 59,
69, and 64 msec, respectively) [68].

3.4.3. How to Assess (Image 6a, b, c)
1. Acquire a PSAX or SXSA [132] view at AV level for simultaneous visu-

alization of RVOT, PV, and PA.
a. For highest frame rate and image resolution, imaging depth should

be decreased to the minimum required for visualization of these
structures. The focal zone should be focused on the PV. This facili-
tates PWD sampling from the most precise location.

2. Place the PWD sampling gate in the RVOT 0.5-1.0 cm proximal to the
PV’s insertion points. Align the beam roughly in the same direction as
blood flow.

3. Press the PWD button again. The PA systolic ejection waveform ap-
pears as a downward deflection on the y-axis.
a. By properly placing the sampling gate (i.e. not too distally), the

waveform depicts a closing click (from PV closure) but not an
opening click (from PV opening).

b. Increase sweep speed to stretch out the waveforms and allow for
better discrimination of time intervals.

c. Adjust the y-axis scale and baseline so that the waveform takes up
asmuchof the screen as possiblewithout aliasing. This provides for
the most precise determination of the waveform’s onset and peak.

4. Freeze the frame. Use calipers to measure the time interval on the x-
axis from onset of PA systolic ejection to peak velocity (i.e. PAAT).

3.4.4. Pearls and Pitfalls
From a technical perspective, very precise angulation of the PWD

beam is not required for obtaining PAAT. Even if the angle between
beam and direction of blood flow lies within reasonable deviation
from 0°, the shape of the PA systolic ejection waveform will remain
the same. Correspondingly, the time interval on the x-axis from
onset of PA ejection to peak velocity (i.e. PAAT) will also remain
the same.

Image 6. Pulmonary artery systolic ejectionwaveforms. A) PAAT>105msec in a normal patient. B) PAAT ≤ 60-80msec in acute right ventricular dysfunction fromaPE. There appears to
be early development of a spike-and-dome pattern. C) PAAT< 105msec in chronic right ventricular dysfunction from PH. D)MSN (i.e. spike-and-domepattern in second half of thewave-
form) in acute right ventricular dysfunction from a peripherally-located, lower-risk PE. This pattern can also appear with PH. E) ESN (i.e. in first half of the waveform) from a proximally-
located, higher-risk PE.

S. Alerhand and R.J. Adrian American Journal of Emergency Medicine 72 (2023) 72–84
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EP à faible risque (périphérique)

HTP chronique

EP à haut risque (proximale)

Embolie Pulmonaire
Sensibilité : 34 à 75 %

Spécificité : 99 à 100 %

EP à haut risque
Sensibilité : 69 à 97 %
Spécificité : 90 à 99 %
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235 patients dyspnéiques

Ø 51 embolies pulmonaires

§ 43 faibles risques 

§ 4 risques intermédiaires

§ 3 risques élevés 

§ 1 thrombolyse

AUC < 0,7

Echo et embolie pulmonaire : Patient stable
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..diagnostic algorithm (Figure 4) and immediate referral for reperfusion
treatment, as explained in section 7, and displayed in Figure 6 and
Supplementary Data Figure 1. Testing for laboratory biomarkers such
as cardiac troponins or natriuretic peptides is not necessary for
immediate therapeutic decisions in patients with high-risk PE.

In the absence of haemodynamic instability at presentation, further
risk stratification of PE is recommended, as it has implications for
early discharge vs. hospitalization or monitoring of the patient
(explained in section 7). Table 8 provides an overview of the clinical,
imaging, and laboratory parameters used to distinguish intermediate-
and low-risk PE. The PESI is—in its original or simplified form—the
most extensively validated and most broadly used clinical score to
date, as it integrates baseline indicators of the severity of the acute PE
episode with aggravating conditions and the comorbidity of the
patient. Overall, a PESI of class I!II or an sPESI of 0 is a reliable pre-
dictor of low-risk PE.

In addition to clinical parameters, patients in the intermediate-risk
group who display evidence of both RV dysfunction (on echocardiog-
raphy or CTPA) and elevated cardiac biomarker levels in the circula-
tion (particularly a positive cardiac troponin test) are classified into
the intermediate-high-risk category. As will be discussed in more
detail in section 7, close monitoring is recommended in these cases to
permit the early detection of haemodynamic decompensation or col-
lapse, and consequently the need for rescue reperfusion therapy.179

Patients in whom the RV appears normal on echocardiography or

CTPA, and/or who have normal cardiac biomarker levels, belong to
the intermediate-low-risk category. As an alternative approach, use
of further prognostic scores combining clinical, imaging, and labora-
tory parameters may be considered to semi-quantitatively assess the
severity of the PE episode, and distinguish intermediate-high-risk and
intermediate-low-risk PE. Supplementary Data Table 4 lists the scores
most frequently investigated for this purpose in observational
(cohort) studies; however, none of them has been used in RCTs to
date.

A recent meta-analysis included 21 cohort studies with a total
of 3295 patients with ‘low-risk’ PE based on a PESI of I!II or an
sPESI of 0.234 Overall, 34% (95% CI 30!39%) of them were
reported to have signs of RV dysfunction on echocardiography or
CTPA. Data on early mortality were provided in seven studies
(1597 patients) and revealed an OR of 4.19 (95% CI 1.39!12.58)
for death from any cause in the presence of RV dysfunction; ele-
vated cardiac troponin levels were associated with a comparable
magnitude of risk elevation.234 Early all-cause mortality rates
(1.8% for RV dysfunction and 3.8% for elevated troponin lev-
els234) were in the lower range of those previously reported for
patients with intermediate-risk PE.235 Until the clinical implica-
tions of such discrepancies are clarified, patients with signs of RV
dysfunction or elevated cardiac biomarkers, despite a low PESI or
an sPESI of 0, should be classified into the intermediate-low-risk
category.

Table 8 Classification of pulmonary embolism severity and the risk of early (in-hospital or 30 day) death

Early mortality risk Indicators of risk

Haemodynamic 
instabilitya

Clinical parameters 
of PE severity and/

or comorbidity:
PESI class III–V or 

sPESI ≥1

RV dysfunction on 
TTE or CTPAb

Elevated cardiac 
troponin levelsc

High + (+)d + (+)

Intermediate
Intermediate–high - +e + +

Intermediate–low - +e One (or none) positive

Low - - - Assesment optional; 
if assessed, negative
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BP = blood pressure; CTPA = computed tomography pulmonary angiography; H-FABP = heart-type fatty acid-binding protein; NT-proBNP = N-terminal pro B-type natriuretic
peptide; PE = pulmonary embolism; PESI = Pulmonary Embolism Severity Index; RV = right ventricular; sPESI = simplified Pulmonary Embolism Severity Index; TTE = trans-
thoracic echocardiogram.
aOne of the following clinical presentations (Table 4): cardiac arrest, obstructive shock (systolic BP <90 mmHg or vasopressors required to achieve a BP >_90 mmHg despite an
adequate filling status, in combination with end-organ hypoperfusion), or persistent hypotension (systolic BP <90 mmHg or a systolic BP drop >_40 mmHg for >15 min, not
caused by new-onset arrhythmia, hypovolaemia, or sepsis).
bPrognostically relevant imaging (TTE or CTPA) findings in patients with acute PE, and the corresponding cut-off levels, are graphically presented in Figure 3, and their prognostic
value is summarized in Supplementary Data Table 3.
cElevation of further laboratory biomarkers, such as NT-proBNP >_600 ng/L, H-FABP >_6 ng/mL, or copeptin >_24 pmol/L, may provide additional prognostic information. These
markers have been validated in cohort studies but they have not yet been used to guide treatment decisions in randomized controlled trials.
dHaemodynamic instability, combined with PE confirmation on CTPA and/or evidence of RV dysfunction on TTE, is sufficient to classify a patient into the high-risk PE category.
In these cases, neither calculation of the PESI nor measurement of troponins or other cardiac biomarkers is necessary.
eSigns of RV dysfunction on TTE (or CTPA) or elevated cardiac biomarker levels may be present, despite a calculated PESI of I!II or an sPESI of 0.234 Until the implications of
such discrepancies for the management of PE are fully understood, these patients should be classified into the intermediate-risk category.
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Prognostic value of right ventricular
dysfunction or elevated cardiac biomarkers
in patients with low-risk pulmonary embolism:
a systematic review and meta-analysis
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Aims Patients with acute pulmonary embolism (PE) classified as low risk by the Pulmonary Embolism Severity Index
(PESI), its simplified version (sPESI), or the Hestia criteria may be considered for early discharge. We investigated
whether the presence of right ventricular (RV) dysfunction may aggravate the early prognosis of these patients.

...................................................................................................................................................................................................
Methods
and results

We did a systematic review and meta-analysis of studies including low-risk patients with acute PE to investigate the
prognostic value of RV dysfunction. Diagnosis of RV dysfunction was based on echocardiography or computed
tomography pulmonary angiography. In addition, we investigated the prognostic value of elevated troponin or natri-
uretic peptide levels. The primary outcome was all-cause mortality at 30 days or during hospitalization. We
included 22 studies (N = 3295 low-risk patients) in the systematic review: 21 were selected for quantitative analysis.
Early all-cause mortality rates in patients with vs. without RV dysfunction on imaging were 1.8% [95% confidence
interval (CI) 0.9–3.5%] vs. 0.2% (95% CI 0.03–1.7%), respectively, [odds ratio (OR) 4.19, 95% CI 1.39–12.58]. For
troponins, rates were 3.8% (95% CI 2.1–6.8%) vs. 0.5% (95% CI 0.2–1.3%), (OR 6.25, 95% CI 1.95–20.05). For
natriuretic peptides, only data on early PE-related mortality were available: rates were 1.7% (95% CI 0.4–6.9%) vs.
0.4% (95% CI 0.1–1.1%), (OR 3.71, 95% CI 0.81–17.02).

...................................................................................................................................................................................................
Conclusions In low-risk patients with acute PE, the presence of RV dysfunction on admission was associated with early mortal-

ity. Our results may have implications for the management of patients who appear at low risk based on clinical cri-
teria alone, but present with RV dysfunction as indicated by imaging findings or laboratory markers.

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

Keywords Pulmonary embolism • Home treatment • Risk stratification • Right ventricular dysfunction •
Mortality • Anticoagulation
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corresponding to an OR of 6.25 (95% CI 1.95–20.05; I2 0%). The cor-
responding proportions of low-risk patients testing positive for BNP
and NT-proBNP were 30% (95% CI 26–33%) and 23% (95% CI 12–
40%) of tested (n = 7 studies, n = 1663 patients). No data on all-cause
mortality were reported in these latter studies.

Early pulmonary embolism-related
outcome
As shown in Table 2 and Figure 2, the rates of an early adverse out-
come (PE-related mortality, haemodynamic collapse, or recurrent
VTE) were 3.7% (95% CI 0.9–14.4%) and 0.7% (95% CI 0.06–6.4%) in

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

Table 2 Rates of short-term adverse events in low-risk patients with or without imaging and laboratory indicators of
right ventricular dysfunction or myocardial injury

RV dysfunction
(exposure)

Study population
(n studies)

With RV dysfunction,
% (95% CI)

Without RV dysfunction,
% (95% CI)

Early all-cause

mortality

RV pressure overload (echo/

CTPA)

1597 (7) 1.8 (0.9–3.5) 0.2 (0.03–1.7)

Troponin 1176 (11) 3.8 (2.1–6.8) 0.5 (0.2–1.3)

BNP/NT-proBNP — — —

Early PE-related

adverse outcome

RV pressure overload (echo/

CTPA)

1488 (6) 3.7 (0.9–14.4) 0.7 (0.06–6.4)

Troponin 1137 (8) 10.2 (7.2–14.3) 0.6 (0.1–5.6)

BNP/NT-proBNP 1405 (6) 5.4 (1.8–14.6) 1.3 (0.6–2.6)

The PE-related adverse outcome includes PE-related mortality, haemodynamic collapse, and/or recurrent venous thromboembolism.
BNP, B-type natriuretic peptide; CTPA, computed tomography pulmonary angiography; NT-proBNP, N-terminal pro-B-type natriuretic peptide; PE, pulmonary embolism; RV,
right ventricular.
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Figure 2 (A) Early mortality and early pulmonary embolism-related adverse outcome rates in patients with vs. without right ventricular dysfunc-
tion. An early pulmonary embolism-related adverse outcome (B) was defined as early death, haemodynamic collapse, and/or recurrent venous
thromboembolism. Red dots (with corresponding confidence intervals) represent estimates in the presence of right ventricular dysfunction; blue
dots, in its absence. BNP, B-type natriuretic peptide; CTPA, computed tomography pulmonary angiography; NT-proBNP, N-terminal pro-B-type
natriuretic peptide; PE, pulmonary embolism; 95% CI, 95% confidence interval.
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..Echocardiographic examination is not mandatory as part of the
routine diagnostic workup in haemodynamically stable patients with
suspected PE,124 although it may be useful in the differential diagnosis
of acute dyspnoea. This is in contrast to suspected high-risk PE, in
which the absence of echocardiographic signs of RV overload or dys-
function practically excludes PE as the cause of haemodynamic insta-
bility. In the latter case, echocardiography may be of further help in
the differential diagnosis of the cause of shock, by detecting pericar-
dial tamponade, acute valvular dysfunction, severe global or regional
LV dysfunction, aortic dissection, or hypovolaemia.152 Conversely, in
a haemodynamically compromised patient with suspected PE,
unequivocal signs of RV pressure overload, especially with more spe-
cific echocardiographic findings (60/60 sign, McConnell sign, or right-
heart thrombi), justify emergency reperfusion treatment for PE if
immediate CT angiography is not feasible in a patient with high clinical
probability and no other obvious causes for RV pressure
overload.152

Mobile right-heart thrombi are detected by TTE or transoesopha-
geal echocardiography (TOE), or by CT angiography, in <4% of unse-
lected patients with PE.153!155 Their prevalence may reach 18% among
PE patients in the intensive care setting.156 Mobile right-heart thrombi
essentially confirm the diagnosis of PE and are associated with high early
mortality, especially in patients with RV dysfunction.155,157!159

In some patients with suspected acute PE, echocardiography may
detect increased RV wall thickness or tricuspid insufficiency jet veloc-
ity beyond values compatible with acute RV pressure overload (>3.8
m/s or a tricuspid valve peak systolic gradient >60 mmHg).160 In these

cases, chronic thromboembolic (or other) pulmonary hypertension
(PH) should be included in the differential diagnosis.

4.10 Compression ultrasonography
In the majority of cases, PE originates from DVT in a lower limb, and only
rarely from upper-limb DVT (mostly following venous catheterization).
In a study using venography, DVT was found in 70% of patients with pro-
ven PE.161 Nowadays, lower-limb CUS has largely replaced venography
for diagnosing DVT. CUS has a sensitivity >90% and a specificity of
"95% for proximal symptomatic DVT.162,163 CUS shows a DVT in
30!50% of patients with PE,162!164 and finding a proximal DVT in
patients suspected of having PE is considered sufficient to warrant antico-
agulant treatment without further testing.165 However, patients in whom
PE is indirectly confirmed by the presence of a proximal DVT should
undergo risk assessment for PE severity and the risk of early death.

In the setting of suspected PE, CUS can be limited to a simple four-
point examination (bilateral groin and popliteal fossa). The only vali-
dated diagnostic criterion for DVT is incomplete compressibility of the
vein, which indicates the presence of a clot, whereas flow measure-
ments are unreliable. A positive proximal CUS result has a high positive
predictive value for PE. The high diagnostic specificity (96%) along with
a low sensitivity (41%) of CUS in this setting was shown by a recent
meta-analysis.165,166 CUS is a useful procedure in the diagnostic strat-
egy of patients with CT contraindications. The probability of a positive
proximal CUS in suspected PE is higher in patients with signs and symp-
toms related to the leg veins than in asymptomatic patients.162,163
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A. Enlarged right ventricle, 
parasternal long axis view

C. Flattened intraventricle
septum (arrows) parasternal
short axis view

B. Dilated RV with basal RV/LV
ratio >1.0, and McConnell sign
(arrow), four chamber view

D. Distended inferior vena cava
with diminished inspiratory
collapsibility, subcostal view

E. 60/60 sign: coexistence of
acceleration time of pulmonary ejection
<60 ms and midsystolic “notch” with
mildy elevated (<60 mmHg) peak systolic
gradient at the tricuspic valve

F. Right heart mobile thrombus
detected in right heart cavities
(arrow)

G. Decreased tricuspid annular
plane systolic excursion (TAPSE)
measured with M-Mode
(<16 mm)

H. Decreased peak systolic (S’)
velocity of tricuspid annulus
(<9.5 cm/s)

S’

E’ A’

RV RV LV

RA

RV

LV RA

IVC

RV

RA

RV
RiHTh

M-Mode

TAPSE
<16 mm

LV
Ao

LA

AcT <60 ms TRPG 
<60 mmHg

Tissue Doppler Imaging

S’ <9.5/s”notch”

Figure 3 Graphic representation of transthoracic echocardiographic parameters in the assessment of right ventricular pressure overload. A0 = peak late
diastolic (during atrial contraction) velocity of tricuspid annulus by tissue Doppler imaging; AcT = right ventricular outflow Doppler acceleration time;
Ao = aorta; E0 = peak early diastolic velocity of tricuspid annulus by tissue Doppler imaging; IVC = inferior vena cava; LA = left atrium; LV = left ventricle;
RA = right atrium; RiHTh = right heart thrombus (or thrombi); RV = right ventricle/ventricular; S0 = peak systolic velocity of tricuspid annulus by tissue
Doppler imaging; TAPSE = tricuspid annular plane systolic excursion; TRPG = tricuspid valve peak systolic gradient.
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Etat de Choc
Dilatation VD

Septum Paradoxal

Thrombus 
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ETT
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Thrombolyse
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Ventilation mécanique
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ETT
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§ Dysfonction VD aux urgences peu fréquente mais grave 

§ Etat de choc et Cœur Pulmonaire Aigu

§ Dyspnée et TACC 

§ Intérêt pronostic majeur dans l’embolie pulmonaire

§ Remplissage vasculaire prudent 

§ Ventilation mécanique à risque 

The Forgotten Ventricle 



08h45 – 09h00 : Accueil des participants 

09h00 – 09h30 : Concept des pressions de remplissage du ventricule gauche

09h30 – 10h30 : Le Ventricule Droit 

10h30 – 11h00 : Pause 

11h00 – 12h00 : Ateliers pratiques 

12h00 – 13h00 : Pause repas 

13h00 – 14h00 : Détresse respiratoire 

14h00 – 15h00 : Etat de choc 

15h00 – 16h00 : Ateliers pratiques 

16h00 – 17h00 : Quizz interactif 


