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The right ventricle. Complex physiology

Non simultaneous (simil-
peristaltic) contraction of RV
corpus and conus (20-40ms).

ejection of blood from RV not

ue to contraction toward
center of gravity (as for LV)
but due to:

1) bellow movement (RV free
wall toward septum) e

2) base to apex excursion of the
tricuspid annular plane




Imaging Facts
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Common opinions about echo
assessment of RV geometry and function

1. Echo evaluation of RV geometry and function 1s
difficult.




How to study the RV with echo?
Change approach!

Rather than calculation of volumes and EF use simple
linear, planar or Doppler parameters
(if there is a physiologic basis)

» Area Ejection Fraction

» Tricuspid Annular Plane Systolic Excursion
» Tei index
» Flow velocity pattern in systemic vein




Simplified approach to study the RV with echo

Linear, planar or Doppler parameters are “technically
simplified parameters”

but

have strong pathophysiological basis and (some of
them) carry important clinical information.
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Figure 1. Measurement of the antero-posterior dimension of the RV in the PSLax

ViEW.



Right Ventricular Wall Thickness

Coefficient of Variation: 20%; Interobs. Var.: 18%
Nommal: 0.3(0.07)cm [0.2-0.5]

Br Heart J 1986; 56: 3344

Figure 2. Measurement of the RV wall thickness in the PSLax view.



Right Ventricular Wall Thickness

Coefficient of Variation: 20%; Interobs. Var.: 18%
Normal: 0.3(0.07)cm [0.2-0.5]

Br Heart J 1986; 56: 3344

Figure 2. Measurement of the RV wall thickness in the PSLax view.



Coefficient of Variation: 10.6%
Interobs. Var.: 1.5%

Normal: 4.5(0.5)cm [3.7-54]
Indexed to BSA: 2.6(0.3)cm [2.0-3.3]

Figure 3. Measurement of the transverse dimension (arrow) of the inflow tract (PSLax

view of the inflow tract). The dotted line denotes the tricuspid annular diameter.



Coefficient of Variation: 15%; Interobs. Var.: 7.1%
Normal: 2.0(0.3)cm [1.4-2.6]
Indexed to BSA: 1.1cm [0.9-1.4]
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Figure 5. Anteroposterior dimension of the RVOT in the long axis dimension.



Coefficient of Variation: 10.1% Intercbs. Var

Normal: 2.7(0.2)cm [2.0-3.2]
Indexed to BSA: 1.6cm[1.2-2.0]
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Br Heart J 1986; 56: 3344
Figure 4. Anteroposterior dimension of the outflow tract in the short axis.
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Figure 7. Subcostal view of the RV.



Complex anatomy = difficult 3-D reconstruction
Simpson rule?

The asymmetrical chamber 1s divided m shices having the
same thickness; the volume of each slice = as area x
height. The sum of slices gives the chamber volume.

¢ RONTAL (AP LATERAL (LAT  Ths 1s not feasible with
echo: to calculate the
volumes of slices, the
chamber must be
visualized in two
ortogonal projection
having a common long
axis (do not exist for

RV).

Gentzler et al, Circulation 1974
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espir Crit Care Med 2002; 166: 13109

Figure 8. Transverse diameters and diastolic areas of the RV and L'V and their ratio.



Coefficient of Vaniation: 16.1% Intercdbs. Var.: 5.7%
Normal: 2.4(0.4)cm [1.5-3.0]; Fxed to BSA: 1.4(0.2)cm [1.0-1.8]

Br Heart J 1986; 56: 33-44

Figure 6. Transverse (yellow arrow) and longitudinal (white arrow) RV dimensions in
a modified A4C view. Note the scanning plan is slightly tilted anteriorly (compared to
a standard A4C view). which brings the LVOT into view and foreshortens the L'V, as

suggested by the excessively thickened appearance of the LV apex.



Tei index.

Combines systolic
and diastolic
intervals.

Independent on
RV geometry

Tei et al, J Cardiol 1995




The Tei (Myocardial Performance) Index

Figure 10. How to calculate the Tei (MP) index. using either pulsed wave blood pool

Doppler (upper panel) or MVT of the lateral RV wall.






20/5/05 1:20:18 pm

HF pt with normal RV
function

area change = 40 %

TAPSE =23 mm

AN/5405 1:20:23 pm




25/5/05 1:12:00 pm

25/5/051:12:13 pm

HF pt with reduced RV
function

area change =20 %

TAPSE =9 mm

25/5/05 1 11254 pm




Quantification of regional motion

: peak systolic
velocity

: early diastolic
velocity

: velocity during
atrial filling

* isovolumetric
acceleration

: time to peak
systolic velocity

: isovolumetric
relaxation




Systolic Bccursion and Velocity of the Tricuspid Annulus
Valid Indices of Global RV Function?
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Figure 9. TAPSE by M-mode and peak systolic velocity of the lateral tricuspid

annulus by MVT and their correlation.



IVA

A Acceleration of the myocardium during
ISsovolumic contraction

A IVA represents a robust measurement of
RV contractile function with a sensitivity
approaching or exceeding those indices
tradionally measured during invasive
techniques.



Isovolumic Acceleration, IVA (Aic)
A new tissue Doppler index of systolic contractile function

Dobutamine
# 046

Emax
mm Hgimil

amnssaid

pre
Dabutamine
.36

w  volume

Vogel M et al, Circulation 2002; 105: 1693-1699
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Influence of Frame Rate

— 6-
S 2
z o
8 2.
>
M

140 FPS

70 FPS

35 FPS 20 FPS

Y I e !

D0 02 04 DB
10 Time [zec]

0.0 02 04 06 D8

10 Time [zec]

00 02 04 D6 OB 00 0.2 D4 D6 OB
10 Time [zec] 1.0 Time [sec]

JU Voigt, 1999




DLM 10 - Assessment of the Right Heart — Questions

1. Select one true statement from the list below:

a) RV shape 1s sinular to L'V shape;

b) RV trabeculations are usually not visible by echo;

c) RV wall thickness 15 best assessed in the A4Ch view:
d) The EVOT may be visible from the subcostal view;
e) An ASD is best visualised in the A4C view.

2. In which of the following clinical situations would vou expect to see paradoxical
systolic motion of the ventricular septum (select one answer only):

a) Severe acute TR in a pyrexial intravenous drug user;
b) An acutely ill patient with massive PE;

c) A patient with a PFO;

d) All of the above;

e) None of the above

3. Which one of the following statements is correct in a patient with cardiac tamponade:

a) The E wave velocity across the mitral valve will increase by =350% during
mspiration;

b) The E wave velocity across the tricuspid valve will decrease by =50% during
nspiration;

¢) The E/A ratio will always be <1;

d) All of the above;

e) None of the above.



4. Which of the following statements best identifies the truth?

a)

b)
c)

d)

e)

The rate of rise of RV systolic pressure can be estimated from the PR Doppler
signal;

TAPSE 1s a simple and relatively accurate index of global RV systolic function:
There 15 a reasonable correlation between TAPSE and peak systolic velocity of the
lateral TV annulus;

All of the above are true;

None of the above 15 true.

5. Which single one of the following statements is true?

a)

b)
c)
d)

e)

In A4Ch the transverse dimension of the BV 1s normally approximately equal to that
of the LV:

TAPSE 1s best assessed in the short axis parasternal view;

The Te1 index assesses global RV performance;

Echo estimates of RV volume usually yield identical results to MRI estimates;

The RA 15 normally approximately 20% bigger than the LA

A thin 19-yvear-old woman with a history of migraine is referred for an
echocardiogram because the GP heard a systolic murmur over the pulmonary valve
area. The heart is structurally normal on echo, but the Cardiac Physiologist noted in
the report that in the right atrium “there was a very mobile, thin, linear structure in
the vicinity of the IVC ostium” and that *“TOE to rule out tumour is suggested’. Which
one of the following statements is correct? :

a) Urgent TOE 1s indicated to rule out malignant tumonr, which 1s very likely:

b) Review of the TTE by an experienced operator 1s needed before any further
investigations;

¢) There is a strong association of this appearance with the patient’s migraine;

d) These findings are consistent with a significant congenital leizon;

e} None of the above 15 true.



7. Which one of the following statements is correct regarding right heart assessment?

a)
b)
c)

d)
e)

There is a close correlation between TAPSE and RV ejection fraction as measured by
radionuclide angiography.

Using Doppler tissue imaging. the tricuspid annular systolic wave (Sp) does not
reduce with age, unlike mitral annular S,

The ageing effect on right ventricular diastolic function measured by Doppler tissue
imaging (Eq/Ag ratio) is similar to that of the left ventricle.

All of the above.

None of the above.

8. Which one of the following statements about arrhythmogenic ventricular
cardiomyopathy (dysplasia) are correct?:

a)
b)
c)
d)
e)

The ‘gold standard’ for non-invasive diagnosis is transthoracic echocardiography:
The pathognomonic feature is localised thickening of the RV free wall;

RV function is invariably severely impaired:

All are true;

None is true.

9. Which one of the following statements about the RV is correct?

a)
b)
c)
d)
e)

The Teicholz formula is accurate for calculating RV ejection fraction;

The EF range for the RV is on average 10 points higher than that for the LVEF:
The shape of the RV is best approximated by the ‘bullet’ formula;

Because of its intense trabeculation, RV volume is usually underestimated by echo:
None is true.



10. Which one of the following statements is true?:

a) 3-D echo RV volumes correlate better with MRI volumes than volumes estimated by
2-D echo:

b) Agitated saline injection may improve the endocardial border definition of the RV

¢) Localised haematoma casing tamponade after surgery can be completely
undetectable by transthoracic echo;

d) All are true;

e) None is true.






Parasternal Long Axis Parasternal Short Axis RV Wall Motion Score

Mid Base

Mitral Valve

Apical 4-Chamber Mid

1 = Normal
2 = Mild-Mod Hypokinesis
3 = Severe Hypokinesis

4 = Akinesis
5 = Dyskinesis

APx

Subcostal
Mid APx




Cumulative Survival

No. at Risk

RV Normal

RV Abnormal

RV Normal
0.80+
0.601 RV Abnormal
0.40+
L k Chi*=1
0.201 og Rank C 23
P <0.0001
0.00+ } — 1 { —
0.0 1.0 2.0 3.0 4.0 5.0
Follow-up (Years)
2591 2538 1872 869 286 50
112 100 74 35 18 2
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Significant RV involvement

ARV outflow obstruction and/or reduced
RV diastolic filling.

A

AWith potentially increased incidence of
severe dyspnea, supraventricular
arrnythmias, and pulmonary
thromboembolism



Abstract 5783: Abnormal Regional Right
Ventricular Diastolic Mechanics in Hypertrophic

Cardiomyopathy Despite Preserved Systolic

Mechanics
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FIGURE: Systolic (sSR), early (eSR) and late diastolic (aSR) strain rate curves in

rentral and HCOM natiante



Arrhythmogenic Right Ventricular

Cardmmynpathy
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huch of the right ventricle iz
replaced by a chaadtic mix of heart
muzcle, fibrous tizsue, and fat.

"Epzilon wave" -- slow BY
1
Flipped T's in V2-%3

Dion't miss thiz common killer .

i

by jock brother just’

died in his sleep.
Could | be next? )

The key iz lozs
of movermnent,
and mayhbe fat,
SEEn On Imaging.







