OueHKa mopdonornm n
oyHKUUM NpaBoro
Xenygodka



JOIN ASE LOGIN

:\
4 \ A S E American Society of
Echocardiography

7 N\
INITIATIVES EDUCATION GUIDELINES NEWS

1 3€m

20 .
55%
C 50
P Low
HRes

CF

66%
2.5MHz
WF High
Med

16th Annual
ASCeXAM/ReASCE

Review Course
4 NEW for 2015 - Bonus Day Added
\ 616
cmis . .
ASEUniversity
Online Learning

Explore and purchase content from
past conferences

www.asecho.org



GUIDELINES AND STANDARDS

Recommendations for Cardiac Chamber
Quantification by Echocardiography in Adults:
An Update from the American Society
of Echocardiography and the European Association
of Cardiovascular Imaging

Roberto M. Lang, MD, FASE, FESC, Luigi P. Badano, MD, PhD, FESC, Victor Mor-Avi, PhD, FASE,
Jonathan Afilalo, MD, MSc, Anderson Armstrong, MD, MSc, Laura Ernande, MD, PhD,
Frank A. Flachskampf, MD, FESC, Elyse Foster, MD, FASE, Steven A. Goldstein, MD,

Tatiana Kuznetsova, MD, PhD, Patrizio Lancellotti, MD, PhD, FESC, Denisa Muraru, MD, PhD,
Michael H. Picard, MD, FASE, Ernst R. Rietzschel, MD,PhD, Lawrence Rudski, MD, FASE, Kirk T. Spencer, MD,
FASE, Wendy Tsang, MD, and Jens- Uwe Voigt, MD, PhD, FESC, Chicago, Ilinois; Padua, Italy; Montreal, Quebec

and Toronto, Ontario, Canada; Baltimore, Maryland; Créteil, France; Uppsala, Sweden; San Francisco, California;
Washington, District of Columbia; Leuven, Liege, and Ghent, Belgium; Boston, Massachusetts

ASE/EACI, 2015



GUIDELINES AND STANDARDS

Guidelines for the Echocardiographic Assessment of
the Right Heart in Adults: A Report from the American

Society of Echocardiography
Endorsed by the European Association of Echocardiography, a registered
branch of the European Society of Cardiology, and the Canadian Society of
Echocardiography

Lawrence G. Rudski, MD, FASE, Chair, Wyman W. Lai, MD, MPH, FASE, Jonathan Afilalo, MD, Msc,
Langi Hua, RDCS, FASE, Mark D. Handschumacher, BSc, Krishnaswamy Chandrasekaran, MD, FASE,
Scott D. Solomon, MD, Eric K. Louie, MD, and Nelson B. Schiller, MD, Montreal, Quebec, Canada; New York,
New York; Boston, Massachusetts; Phoenix, Avizona; London, United Kingdom; San Francisco, California

(J Am Soc Echocardiogr 2010;23:685-713.)
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The Role of Modern Echocardiography Methods in Diagnosis of Pulmonary Hypertension
M.A. SAIDOVA, A.S. LOSKUTOVA, E.A. KOBAL

Institute of Clinical Cardiology named after A.L. Myasnikov, Russian Cardiology Research and Production Complex. Tretya
Cherepkovskaya st., 15a, 121552 Moscow, Russia

B paboTe NPeACTaBACHBI AHATHOCTHHECKME BOIMOKHOCTH COBPEMEHHBIX IXOKAPAHOTPAHUHECKHX METOAOB B MCCACAOBAHWM CTPYKTYPHO-
(hYHKUMOHAALHOTO COCTOSHMA NPABOTO KEAYAOUKA, PA3AMUHBIE CMIOCOGLI PACHETOB AABACHUS B AErOMHOW ApPTEPMM, A TAKKE NPHBEACHS!
HOPMATHBHbIE TOKA3ATEAW COTAACHO MOCAGAHMM DEKOMEHAALMAM EBPONEHCKOro M AMEPUKAHCKOMO ofutects no axoxkapanorpacmm.
IMpeArOKeH AATOPHTM OGCACAOBAHMS GOABHBIX C PA3AMMHON CTENEHBIO ACTOMHOR IMNEPTEHINH, BKAIOMAIOWIMH NPHMEHEHHE HOBbIX
IXOKAPAHOrPathHHECKHX TEXHOAOTMH.

KAIONOBHIE CAOBA: ACFOMHAS TMNEPTEH3NS, NPABLIA KEAYAOHEK, HOBLIE METOAL! IXOKaPAHOrpagmyt.

The review contains presentation of diagnostic possibilities of contemporary echocardiographic techniques for investigation of structural
functional state of the right ventricle and various methods of estimation of pulmonary artery pressure. Normative values of various parameters
are adduced according to last recommendations of European and American Electrocardiography Societies. An algorithm of examination of
patients with various severity of pulmonary hypertension comprising the use of novel echocardiographic technologies is suggested.

Key words: pulmonary hypertension; pulmonary artery pressure; echocardiography.
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Figure 1 Views used to perform comprahensive evaluation of the right heart Eadch view & acocompanind by uses, advantages, and
Emitatons of that padiculsr vew. Ao, 3o ASD, atrid septdl defect, CS, coranary sinus; EF, gection Factor; EV, Eustachian vale;
LA, leftatiur LV, Bt ventsch; MV, mitd valve; PA, pumonary artery; PFO, patent faramen ovale; PM, mpillary muschs; RA, right
ariurm; AV, right vertricle; AVOT, right venticulyr outflow tract, US, ulrasour




* Used for measurement of RV
enlargement, RV wall thickness
and the RVOT dimension by 20,

* View is higaly variable depending |
on transducer angulation and the
rib interspace position from which
it was obtaned. Therefore it
should not be the sole view to
evaluate RYOT slze.

Anteriar

* Shows anterior RVOT in its long-
axls view with infundibular
segment. The pulmonary valve
and main FA are also visible.

* Used to measure pulmonary
annular dimension and to assess
pulmonary valve.




* |mportant siew to assess
anterior/inferior RV wall and
anterior/peosterior tricuspid valve
leaflets.

= Anterior and posterior papillary
muscies, chordal attachment, and |
ostium of inferior vena cava
including the Eustachian valve are |
visible, The coronary sinus {not |
shown) may also be seen in this |
view. |

* IR jet parameters can be
measured in this view provided
the TR jet s parallel to the U/S
Deam,

Parasternal long-axis view of RV inflow

Antarior

= Shows the basal anterior RV wall,
RVOT, tricuspid valve, pulmonary
valve and RA.

* Normally used to measure RVOT |
dimension in diastole. ’

* TR jet parameters can be
measured in this view provided
the TR Jet is parallel to the U/S |
beam,

* Used to assess the interatrial
septum for shunts (particularly

patent foramen avale flow just
Parasternal shart-axis of basal RV peosterior to the aortic root




Used to assess the pulmonary
valve, pulmonary artery and its |
branches.

Used for measuring pulmonary
annulus dimension, pulmonary |
artery size and for Dappler
measuremant of the

infundibulum, pulmonary valve
and pulmonary artery.

Proximal and distal RVOTY
segments are alio visible

Parasternal RV short-axis at MV level

Basal level of anterior, inferior and |
lateral RV walls.

A crescent shape of RV is well
appreciated in this view.
Septal flattening in systole or
diastole from RV volume or
pressure overioad Is often best |
appreciated in this view.

Valuable for initial assessment of
RV size, but cannot be used for
assessment of RV systolic function r
due to the asymmetric nature of
RV contraction.



Apical 4-chamber

» Mid-level of anterior, Inferior and
latoral AV walls are shown in this
view.

* A crescent shape of RV 15 well
appreciated in this view,

* Septal flattening in systole or
diastole from RY volume or
pressure overload is also cearly
seen in this view.

* Valuable for Initial assessment of
RV size, but cannot be used for
assessment of RV systofic fanction |
due 10 the asymmetric nature of
RV contraction.

» Useful view for demonstrazing
RV/RA size, shape and function.

* Used to measure RV maximal long-
axls distance, minor distances at
base and mid-level, RV area and
RV fractional area change, RA
mapor and minor axis dimensians,
RA area and volume are
commaonly measured here

= RV inflow, TR jet by Doppler,
tricuspid annulus excursion by M-
mode and RV strain by tissue
Doppler are also commonty
assessad inthis view.

e TRjet parameters can be
measured in this view provided
the TR jet is paraliel to the U/S
beam. ,




uedn, |

Recommended alternative 1o Apical
d-chamber to measure RY minor
dimension in basal segment of the
RV

» Useful view for demonstrating
RV/RA size, shape and function,
with enhanced visualization of the
RV free wall.

* TR |et parameters can be
measuréed in this view provided
the TR et is paraliel to the L/S
beam.

RV focused apical 4-chamber

i — o - =

& This modified 4-chamber view
provides information abou: a
portion of the lateral RV wall and
obligue plane of the RA

* |t should not be used
quantitatively to assess RA due 1o
its foreshortened and oblicue
image angle and should not be
used for measurement of RV
dimensions

® |t can be used 10 measure RV
Inflow parameters and TR
parameaters provided the TR jet is
paraliel to the ultrasound beam

= ASD and PFO flow can be assessed |
with 20 and color Doppler

RV modified apical 4-chamber




* Modified view to visualize the
anterolateral RY wall,

* The moderator band is best
visualized in this view.

* TH jet parameters can be
measured in this view provided
the TR jet is parallel to the /S
beam,

RV apical 5-chamber view

* Modified view to visuzhize
posterolateral RV wall

* The coronary sinus is best
visualized in this view

* TR jet parameters can be
measured in this view provided
the TR jet is parallel to the U/S
beam.

Apical coronary sinus view
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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 angularchange (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.
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4* RV

RVD1 =59 mm RVD1 =57 mm RVD1=55mm

Apical 4-chamber

Figure 7 (A) Three apical images demonstrating different views of the right ventricle (RV). The middle image shows the right ventric-
ular-focused view. (B) The rationale for maximizing the right ventricular basal dimension in the right ventricular—focused view. Below
the cartoon, by manipulating offline the same 3D right ventricular data set, it is apparent that minor variations in the four-chamber
plane position (dashed line) with respect to the right ventricular crescent shape may result in variability of right ventricular size
when performed by linear measurements.
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Figure 8 Measurement of right ventricular outflow tract (RVOT) dimensions at the proximal or subvalvular level (RVOT-Prox) and a'
the distal or pulmonic valve (RVOT-Distal) in the (A) parastemal long-axis RVOT anterior portion view, (B) basal parastemal short-axis
view, and (C) parastemal short-axis of pulmonary bifurcation view. PA, Pulmonary artery dimension between valve and the bifurcatior
point.



End diastole

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 arows
in (B). (D) Zoom of region outlined in (C) with arows indicating wall thickness at end-diastole.
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Figure 7 Diagram (left) and comresponding echocardiographic apical 4-chamber image (right) showing the right ventricular (RV) basa
(RVD1) and mid cavity (RVD2) RV minor dimensions and the RV longitudinal dimension (RVD3). The transducer is adjusted to focusor
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.’

B Hopme B annkanbHoOW
nosmummn
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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).



Puc. 1. 3mepenue JuHeiinbix nokasarenei [12K B anukaabHOM
yeThIpEXKaMepPHOH NMO3UIMHM N0 JaHHBIM ABYMepHO# DX0KI.

[TK — nipasbiit xenynouek; DxoKIm — axokapauorpadusi.

N3mepsatoT 6azanbHbI U cpeaHnn nonepeYnbin pasmepsb MK,
YBenu4yeHnue 6asansHoro pasmepa MK bonee 4.2 cm ykasbliBaeT Ha €ro
aunartauymio



Table 7 Recommendations for the echocardiographic assessment of RV size

Echocardiographic imaging

Recommendad methods

Advantages

Limitations

RV linear dimensions (inflow)’

RV linear dimensions
(outflow)”

o Basal RV linear dimension
(RVD1) = maximal transversal
dimension in the basal ona
third of RV inflow at end-
diastole in the RV-focusad
view

o Mid-cavity RV linear dimen-
sion (RVD2) = transvarsal RV
diameter in the middle third of
RV inflow, appraximately
halfway between the maximal
basal diameter and the apex,
at the level of papillary mus-
cles at end-diastole.

e Proximal RV cutflow diameter
(RVOT prox) = linear dimen-
sion measurad from the
anterior RV wall to the inter-
vantricular saptal-aortic
junction {in parastarnal long-
axis view) or to the aorntic
valve in parastemal short-
axis) at end-diastole

o Distal RV outflow diameter
(RVOT distal) = linear trans-
varsal dimension measured
just proximal to the pulmo-
nary valve at end-diastole

Easily obtainable

Simple

Fast

Wealth of published data

o Easily obtainable
e Simple
e Fast

« RV size may be underesti-
mated due to the crescant RV
shape

e RV linear dimansions ara
depandant on probe ratation
and different RV views; in or-
der to pamit inter-study
comparson, the
echocardiography report
should state the window from
which the measurament was
parformed.

e RVOT prax is depandent on
imagng plane position and
lass reproducible than RVOT
distal

o Risk of underastimation or
overastimation if the RV view
is obliqualy oriented with
raspeact to RV outflow tract

« RV outflow dimensions can
be inaccuratein case of chest
and spine deformities

o Endocardial definition of tha
RV anterior wall is often sub-
optimal

e Limitad normative data is
available

 Regonal measure; may not
reflect gobal RV size {under-
estimation or ovarestimation)



RV areas (inflow)

End-diastolic area (EDA)

e Manual tracing of RV endo-

cardial border from the lateral
tricuspid annulus along the
free wall to the apex and back
to medial tricuspid annulus,
along the interventricular
septum at end-diastole and at
end-systole

Trabeculations, papillary
muscles and moderator band
are included in the cavity area

» Relatively easy to measure

Challenging in case of sub-
optimal image quality of RV
free wall

Challenging in the presence
of trabeculation

RV size underestimation if RV
cavity is foreshortened

Due to the LV twisting motion
and the crescent RV shape,
the end-diastolic RV image
may not be in the same
tomographic plane as the
end-systolic one

May not accurately reflect
global RV size (underestima-
tion or overestimation)

(Continued)




Table 7 (Continued)

Echocardiographic imaging

Recommended methods

Advantages

Limitations

3DE RV volumes

Pulmonary valve

-

Tricuspid valve
Interventricular
septum

e Dedicated mutftibeat 3D

acquisition, with minimal
depth and sector angle (for a
temporal resolution > 20-25
volumes/sec) that encom-
passes entire RV cavity
Automatically identified
timing of end-diastole and
end-systole should be verified
Myocardial trabeculae and
moderator band should be
included in the cavity

¢ Unique measures of RV
global size that includes
inflow, outflow and apical re-
gions

¢ Independent of geometric
assumptions

¢ Validated against cardiac
magnetic resonance

e Dependent on image quality,
regular rhythm, patient coop-
eration

o Needs specific 3D echocar-
diographic equipment and
training

¢ Reference values established
in few publications



RV wall thickness

RVEDWT =4 mm

Linear measurement of RV
free wall thickness (either by
M-mode or 2DE) performed at
end-diastole, below the
tricuspid annulus at a
distance approximating the
length of anterior tricuspid
leaflet, when it is fully open
and parallel to the RV free
wall.

Trabeculae, papillary muscles
and epicardial fat should be
excluded

Zoomed imaging with focus
on the RV mid-wall and
respiratory maneuvers may
improve endocardial border
definition

e Easy to perform

Single-site measurement

e Harmonic imaging and obli-

que M-mode sampling may
overestimate RV wall thick-
ness

Challenging in case of thick-
ening of visceral pericardium
There is no criterion for
defining an abnomally thin
RV wall

*All linear dimensions should be obtained using inner-edge-to-inner-edge method.



Table 8 Normal values for RV chamber size

Parameter Mean = SD Normal range

RV basal diamster (mm) 33x4 25-41
RV mid diametar (mm) 27 x4 19-35
RV longitudinal diameter (mm) 71x6 59-83
RVOT PLAX diameter (mm) 25x25 20-30
RVOT praoximal diametar {mm) 28+ 35 21-35
RVOT distal diameter (mm) 22+25 17-27
RV wall thicknass (mm) 3x1 1-5
RVOT EDA (cnv)

Men 17+ 35 10-24

Women 14=x3 8-20
RV EDA indexad to BSA fcn/m?)

Men 88x19 5126

Women 80x175 45-115
RV ESA cnr)

Man 9x3 3-15

Women 7x2 31
RV ESA indexed to BSA (cm/m’)

Men 47 135 2.0-7.4

Women 40x12 1.6-6.4
RV EDV indexed to BSA {mL/nv)

Men 61x13 35-87

Women 53105 32-74
RV ESVindexed to BSA (mL/m’)

Mean 27 £ 85 10-44

Women 22x7 8-36

EDA, end-diastolic area; ESA, end-systolic area; PLAX, parastemal
long-axis view; RVOT, RV outfiow tract.
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8. RV Systolic Function

RV systolic function has been evaluated using multiple parameters
(Table 9), including RIMP, TAPSE, 2D FAC, 3DE EF, §’, and lon-
gitudinal strain and strain rate by DTI and 2D STE.”> Multiple
studies have demonstrated the clinical utility and value of RIMP,
TAPSE, 2D FAC, and S’ of the tricuspid annulus, as well as longi-
tudinal speckle-tracking echocardiographic strain. RV EF by 3DE
seems to be more reliable and have better reproducibility when
properly performed, and a growing body of data are currently
available to provide normal reference values (lable 10 and
Supplemental Table 8).

Dpakuma N3aMeHeHus nnowiaau
*RIMP (MHOeKC Ten Nno TKaHeBOMY
aonnnepy)

*TAPSE

@B B TpexmMmepHOM pexume

*CKOpPOCTb COKpaLleHNA s B TKAHEBOM
nonnnena



OueHka cokpatumocTu DK
(dononHeHue)

TAPSE — cuctonunyeckas akckypcus konbua TK

Pasmep I oTpaxaeT guacTtonnyeckyto
anchyHkuuio MXK (Hambonee npn3HaHO U3MEPATb
nnowaab Ml

Ppakuua nameHeHus nnowagu MK
(cuctona/pgunacrona)

CKOpOCTb COKpaLleHnUAa s Npu TKaHeBOu
aonnneporpadgum konbua TK

UHpekc Teun

Pa3mepsbl JIXK: npu Bbicokoun JIIN nponcxoaunt
komnpeccusa JIXXK n HapyLwleHue ero
ANACTONINYECKOro HanosniHeHus E<A

CKOpPOCTb NOBbILLEHUE BHYTPUKENYAOYKOBOIO
AaBrieHNsA B CUCTONY

dedopmauma mmokapaa u CKOpocTb AedopmMmauumu



dpakuna nameHeHna nnowaaun MK s

cuctony u gnactony (aHanor ¢B anga J1XK)
Hopma — 6ornee 35% (no Ap. AaHHbIM boree 45%)

Yeae®

S T = W

— e > FAC 40% e =0 5 = SFAC 20%:. .o
Figure 9 Examples of right ventricular fractional area change (FAC). Percentage FAC = 100 x 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.



Nupekc Tewn

(MMOKapamanbHbIA MHAOEKC, MHAEKC DYHKLUMN MUOKapaa)

8.1. RIMP. RIMP is an index of global RV performance. The isovo-
lumic contraction time, the isovolumic relaxation time, and ejection
time intervals should be measured from the same heartbeat using
either PW spectral Doppler or DTI velocity of the lateral tricuspid
annulus (lable 9). When using PW spectral Doppler to calculate
RIMP, it important to ensure that the nonconsecutive beats have
similar RR intervals. This limitation does not apply to the DTl-based
RIMP measurements. RIMP can be falsely low in conditions



A

Tricuspid Inflow
Pulsed Doppler

i 1COo!

RVOT
Pulsed Doppler

Figure 16 Calculation of right ventricular myocardial perfor-
mance index (MPI) by pulsed Doppler (A) and pulsed tissue
Doppler (B). The tricuspid (valve) closure opening time (TCO) en-
compasses isovolumic contraction time, ejection time (ET), and
isovolumic relaxation time. In the pulsed Doppler method, TCO
can also be measured by the duration of the tricuspid regurgita-
tion continuous-wave Doppler signal. MPI = (TCO — ET)/ET.
Note that S', E', and A’ are also measured from the same pulsed
Doppler tissue image.

MHOekKc

Tewn

(MMoKapamanbHbIn

NHOEKC,

NHOEKC PYHKLNU
MUokapaa)

Tabnuua 5.6. OueHka cUCTONMYECKOW hYHKUMKM Xenyaouka
W CTENEHW ee HapylueHus No A0NMIepoBCKOMY MHOEKCY (MH-

aekcy Tei) (Anderson B., 2000)

PyHKUNA JonnnepoBckuii MHOEKC
Kenyaouka (nHaekc Tei)
HopmansbHan <0,4
He3Ha4YMTeNnbHO CHIKEHA 0,4-0,5
YMEpPEeHHO CHUXEHa 0,5-0,9
3HAYUTENLHO CHIXKEHA >1,0

TCO - BpeMs OTKpPbITOro

TK



Table 9 Recommendations for the echocardiographic assessment of RV function

Echocardiographic imaging Recommended methods Advantages

Limitations

RV global function
Pulsed Doppler RIMP RIMP (Teiindex) by pulsed e Prognostic value
Doppler: o Less affected by heart rate

RIMP = (TCO -~ ETVET

o

4

-

..IQ..;‘- M-..““'
"TV ] 1\/9
A TCO = 420 s ln." =333

i

RIMP = (TCO-ET)/ET » (420-333]/333 » 026

RIMP by tissue Doppler: o Less affected by heart rate
RIMP = (IVRT + IVCT)ET = ¢ Single-beat recording with
(TCO ~ ETVET no need for R-R interval

matching

o Requires matching for R-R
intervals when measure-
ments are performed on
separate recordings

e Unreliable when RA pres-
sure is elevated

e Unreliable when RA pres-
sure is elevated



RV global systolic function
FAC

End-dastslc arsa (IDA)
Ay

FAC» (LOA-ESAVEDA = (23.7-33.90/20.7 » 42%

Cnd-wywiolc area JESA)

RV FAC in RV-focused

apical four-chamber view:

RV FAC (%) =100 x (EDA
ESAVEDA

Fractional RV volume
change by 3D TTE:

RV EF (%) = 100 x (EDV
ESVVEDV

e Established prognostic
value

o Reflects both longitudinal
and radial components of
RV contraction

o Correlates with RV EF by
CMR

e Includes RV outflow tract

contribution to overall func-

tion
o Correlates with RV EF by
CMR

e Neglects the contribution of

RV outflow tract to overall
systolic function

Only fair inter-observer
reproducibility

Dependent on adequate
image quality

o Load dependency

Requires offline analysis and
experience

Prognostic value not estab-
lished



Table 9 (Continued)

Echocardiographic imaging Recommended methods Advantages Limitations

RV longitudinal systolic function

TAPSE e Tricuspid annular longitudi- e Established prognostic e Angle dependency
nal excursion by M-mode value o Partially representative of
(mm), measured between o Validated against radionu- RV global function*
end-diastole and peak sys- clide EF

: tole
[1apse =20mm | (8 Proper alignment of M-

mode cursor with the direc-
tion of RV longitudinal
excursion should be
achieved from the apical
approach.




1L 2472 mm

Figure 17 Measurement of tricuspid annular plane systolic excursion (TAPSE).

TAPSE meHee 16 MM OoTpa)kaeT CHMXeHne COKpaTtuMoCTH




Pulsed tissue Doppler S wave e Peak systolic velocity of
tricuspid annulus by pulsed-
wave DTl (cm/sec), obtained
from the apical approach, in
the view that achieves par-
allel alignment of Doppler

3
/\ \W
“‘ H N/ V' beam with RV free wall lon-

A gitudinal excursion

vCeTr - ver
%

Color tissue Doppler S wave

e Peak systolic velocity of
tricuspid annulus by color
DTl (cm/sec)

e Peak value of 2D longitudi-
nal speckle tracking derived

Easy to perform

¢ Reproducible

Validated against radionu-
clide EF

Established prognostic
value

Sampling is performed after
image acquisition

Allows multisite sampling on
the same beat

e Angle independent
¢ Established prognostic

e Angle dependent

Not fully representative of
RV global function, particu-
larly after thoracotomy,
pulmonary thromboendar-
terectomy or heart
transplantation

Angle dependent

Not fully representative of
RV global function, particu-
larly after thoracotomy,
pulmonary thrombendarter-
ectomy or heart
transplantation

Lower absolute values and
reference ranges than
pulsed DTI S" wave
Requires offline analysis

Vendor dependent



Pulsed tissue Doppler S wave

Peak systolic velocity of
tricuspid annulus by pulsad-
vave DTl (cm/sec), obtained
from the apical approach, in
the view that achieves par-
allal alignment of Dopplar
baam with RV frae wall lon-
agtudinal excursion

Peak systolic velocity of
tricuspid annulus by color
DTl {cmvsac)

Peak value of 2D longitudi-

strain, avaraged over the
three sagments of tha RV
free wall in RV-focused api-
cal four-chamber view (%)

Easy to parform
Reproducible

Validated against radionu-
clide EF

Establishad prognostic
value

Sampling is performed after
image acquisition

Allows multisite sampling on
the same beat

o Angle indepandent
nal spackle tracking derived e Established prognostic

value

o Angle dependent
o Not fully representative of

RV global function, particu-
larly after thoracotomy,
pumonary thromboendar-
teraectomy or heart
transplantation

Angle depandent

Not fully representative of
RV global function, particu-
larly after thoracotomy,
pumonary thrombendarter-
actomy or heart
transplantation

Lower absolute values and
reference ranges than
pulsed DTI S’ wave
Requires offline analysis

Vendor depandent

EDA, End-diastolic area; ESA, end-systolic area; ET, ejectiontime; GLS, gold longitudinal strain; IVCT, isovolumic contractiontime; TCO, tricuspid

valve closure-to-opening time.



TkaHeBoun gonnnep konbua TK.
OLueHKa CKOpOCTU COKpaLLLEHUS s

Figure 18 Tissue Doppler of the tricuspid annulus in a patient with normal right ventricular systolic function: (left) pulsed and (right)
color-coded offline analysis.

[Mpwn s <10 CM/CK — CHUXKEHUE COKPaTUMOCTH
MK



Table 10 Normal values for parameters of RV function

Parameter Mean = SD Abnormality threshold
TAPSE (mm) 24 + 3.5 <17
Pulsed Doppler S wave (cm/sec) 14:1+2:3 <9.5
Color Doppler S wave (cm/sec) 9.7 + 1.85 <6.0
RV fractional area change (%) 49 = 7 <35
RV free wall 2D strain® (%) —29 * 45 >—20 (<20 in magnitude with the
negative sign)
RV 3D EF (%) 58 + 6.5 <45
Pulsed Doppler MPI 0.26 = 0.085 >0.43
Tissue Doppler MPI 0.38 = 0.08 >0.54
E wave deceleration time (msec) 180 = 31 <119 or >242
E/A 1.4 = 0.3 <0.8 or >2.0
e'/a’ 1.18 = 0.33 <0.52
e 14.0 = 3.1 <7.8
E/e’ 40=1.0 >6.0

MPI, Myocardial performance index.
*Limited data; values may vary depending on vendor and software version.
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Figure 9 Measurement of RV systolic strain by 2D STE. The upper panel demonstrates RV “global” free wall strain whereby the three
segments ofthe free wall are averaged, and the lower panel demonstrates “global” longitudinal strain of the six segments of the apical
four-chamber view: three free wall and three septal segments. Note that RV longitudinal strain is significantly higher (as an absolute
value) than the strain averaged from both septal and free wall segments. Until a universal standard is established, the interpretation of
RV longitudinal strain values should take into account the methodology and vendor- and method-specific reference values.



Figure 3 Tracing of the right atrium (RA) is performed from the
plane of the tricuspid annulus (TA), along the interatrial septum
(IAS), superior and anterolateral walls of the RA. The right atrial
major dimension is represented by the green line from the TA
center to the superior right atrial wall, and the right atrial minor
dimension is represented by the blue line from the anterolateral
wall to the IAS.

B Hopme B anukanbHoOU
no3numnm

pa3mep MK meHbLe JHK
COCTaBIAET NPUMEPHO 2/3 oT
oK

Pasmep Il oTpaxaet
[Anactonmyeckyo PyHKLUMIO
MK

(H. 00 18 cMm2)



VIHOEKC 3KCLLEHTPUYHOCTH

End Systole Mid Systole End Diastole End Systole Mid Systole End Diastole

Figure 10 Serial stop-frame short-axis two-dimensional echocardiographic images of the left ventricle at the mitral chordal level with
diagrams from a patient with isolated right ventricular (RV) pressure overload due to primary pulmonary hypertension (left) and from
a patient with isolated RV volume overload due to tricuspid valve resection (right). Whereas the left ventricular (LV) cavity maintains
a circular profile throughout the cardiac cycle in normal subjects, in RV pressure overload there is leftward ventricular septal (VS) shift
and reversal of septal curvature present throughout the cardiac cycle with most marked distortion of the left ventricle at end-systole.
In the patient with RV volume overload, the septal shift and flattening of VS curvature occurs predominantly in mid to late diastole with
relative sparing of LV deformation at end-systole. Reproduced with permission from J Am Coll Cardiol.®®

NHaekc akcueHTpuyHocTn JIXK B Home
paBeH 1.



CKopocCTb NoBbILEHUA AaBneHnsa B [DK B
cucrtony
o SR 'k

I ST mMS = 4 mmHg . : ) .“ A dP/AT = (16- 4).03
Fra tesmed MIS =16 mmbg & e dP/dT = 400 mmHg/s

Figure 15 Point 1 represents the point at which the tricuspid re-
gurgitation (TR) signal meets the 1 m/s velocity scale marker,
while point 2 represents the point at which the TR signal meets
the 2 m/s velocity scale marker. Point 3 represents the time re-
quired forthe TR jet to increase from 1 to 2 m/s. In this example,
this time is 30 ms, or 0.03 seconds. The dP/dtis therefore 12 mm
Hg/0.03 seconds, or 400 mm Hg/s.



Tabnnya 1. Pexomenayemsie napaMmeTpbl ANs OLeHKH

Qzuxuuu K |8]

[Mokaszarenw Hopma
TonwmHa csoboaHoi credkn K <0,5cMm
bazaashbiit anamerp DK <4,2cMm

Nuctansusiit anametp BTITIK (M3 napactepHaibHOIO

NOCTYNa 1Mo KOPOTKOH OCH) <10
MpoxkcumanbHbiit anamerp BTITK (u3 napacrepHais- AR
HOTO JOCTYINA MO JUIMHHON OCH) ¢
JUtmuunk 11 <5,3cm
[Monepeunnx I111 <44cm
KoneuHast cuctonnyeckas naowans I11 <18 cM?
Cucronmnyeckas axkckypens koasua TK (TAPSE) >16 Mm
Uuaekce dyukuuu muoxkapaa (MPI, Tei-index)

— 110 NYJILCOBOMY J0NIJIepy <0.40
— 10 TKAHEBOMY A0NIIEpY <0,55
®paxkums ykopouenus XK >35%
Ornowenne E/A 0,8-2,1
Ornowenne E/E <6
Bpema 3amemnenns kposotoka (DT) >120 Mc
Mpaxkums mﬁ&a K (3D-9x0KI) >44%

Ipumeuanue. TNK — npassiit xkeaynouek; BTTIK — BbiHOCAIUMH TPaKT
npasoro xenynouka; Il — npasoe npejacepaue.



Table 1 Summary of reference limits for recommended
measures of right heart structure and function

Variable Unit Abnormal lllustration
Chamber dimensions
RV basal diameter cm >4.2 Figure 7
RV subcostal cm >0.5 Figure 5
wall thickness
RVOT PSAX cm >2.7 Figure 8
distal diameter
RVOT PLAX proximal cm >3.3 Figure 8
diameter
RA major dimension cm >5.3 Figure 3
RA minor dimension cm >4.4 Figure 3
RA end-systolic area cm’ >18 Figure 3
Systolic function
TAPSE cm <1.6 Figure 17
Pulsed Doppler peak cnm/s <10 Figure 16
velocity at the annulus
Pulsed Doppler MPI — >0.40 Figure 16
Tissue Doppler MPI — >0.55 Figures 16 and 18
FAC (%) % <35 Figure 9
Diastadlic function
E/A ratio - <0.8 or >2.1
E/E ratio — >6
Deceleration time (ms) ms <120

FAC, Fractional area change; MPI, myocardial performance index;
PLAX, parastemal long-axis; PSAX, parasternal short-axis; RA, right
atium; RV, right ventricle; RVD, right ventricular diameter; RVOT,
right ventricular outflow tract; TAPSE, tricuspid annular plane
systolic excursion.



Table 4 Systolic function

Variable Studies n LRV (95% CI) Mean (95% Cl) 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/s?) 12 389 2.2 (1.4-3.0) 3.7 (3.0-4.9) 5.2 (4.4-5.9)

ClI, Confidence interval; EF, ejection fraction; FAC, fractional area change; /VA, 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.



KopoHapHoe
KpOBOCHabXeHune

[ RCA: Posterior Dessending Artery
B RcA: Acute Marginal Branch
ARSNIOY I rca: conus Brancn

B wo

RVOT

10AY

Parasternal view of RV inflow Parasternal long-axis of RVOT Subcostal short-axls of basal RV

Lateral

RV apical 5-chamber view RV apical 4-chamber RV apical coronary sinus view
Figure2 Segmental nomenclature of the right ventricular walls, along with their coronary supply. Ao, Aorta; CS, coronary sinus; LA,
left atrium; LAD, left anterior descending artery; LV, left ventricle; PA, pulmonary artery; RA, right atrium; RCA, right coronary artery;
RV, right ventricle; RVOT, right ventricular outflow tract.



Figure 3 Tracing of the right atrium (RA) is performed from the
plane of the tricuspid annulus (TA), along the interatrial septum
(IAS), superior and anterolateral walls of the RA. The right atrial
major dimension is represented by the green line from the TA
center to the superior right atrial wall, and the right atrial minor
dimension is represented by the blue line from the anterolateral
wall to the IAS.



Table 2 Chamber dimensions

Dimension Studies n LRV (95% CI) Mean (95% CI) URV (95% ClI)
RV mid cavity diameter (mm) (Figure 7, RVD2) 12 400 20 (15-25) 28 (23-33) 35 (30-41)
RV basal diameter (mm) (Figure 7, RVD1) 10 376 24 (21-27) 33 (31-35) 42 (39-45)
RV longitudinal diameter (mm) (Figure 7, RVD3) 12 359 56 (50-61) 71 (67-75) 86 (80-91)
RV end-diastolic area (cm?) (Figure 9) 20 623 10 (8-12) 18 (16-19) 25 (24-27)
RV end-systolic area (cm?) (Figure 9) 16 508 4 (2-5) 9 (8-10) 14 (13-15)
RV end-diastolic volume indexed (mL/m?) 3 152 44 (32-55) 62 (50-73) 80 (68-91)
RV end-systolic volume indexed (mL/m?) 1 91 19 (17-21) 33 (31-34) 46 (44-49)
3D RV end-diastolic volume indexed (mL/m?) 5 426 40 (28-52) 65 (54-76) 89 (77-101)
3D RV end-systolic volume indexed (mL/m? 4 394 12 (1-23) 28 (18-38) 45 (34-56)
RV subcostal wall thickness (mm) (Figure 5) 4 180 4 (3-4) 5 (4-5) 5 (5-6)
RVOT PLAX wall thickness (mm) (not shown) 9 302 2(1-2) 3 (3-4) 5 (4-6)
RVOT PLAX diameter (mm) (Figure 8) 12 405 18 (15-20) 25 (23-27) 33 (30-35)
RVOT proximal diameter (mm) (Figure 8, RVOT-Prox) 5 193 21 (18-25) 28 (27-30) 35 (31-39)
RVOT distal diameter (mm) (Figure 8, RVOT-Distal) 4 159 17 (12-22) 22 (17-26) 27 (22-32)
RA major dimension (mm) (Figure 3) 8 267 34 (32-36) 44 (43-45) 53 (51-55)
RA minor dimension (mm) (Figure 3) 16 715 26 (24-29) 35 (33-37) 44 (41-46)
RA end-systolic area (cm?) (Figure 3) 8 293 10 (8-12) 14 (14-15) 18 (17-20)

ClI, Confidence interval; LRV, lower reference value; PLAX, parasternal long-axis; RA, right atrial; RV, right ventricular; RVD, right ventricular diam-
eter; RVOT, right ventricular outflow tract; 3D, three-dimensional; URV, upper reference value.



Table 3 Estimation of RA pressure on the basis of IVC diameter and collapse

Variable Normal (0-5 [3] mm Hg) Intermediate (5-10 [8] mm Hg) High (15 mm Hg)
IVC diameter =2.1cm =2.1cm >2.1cm >2.1 cm
Collapse with sniff >50% <50% >50% <50%
Secondary indices of elevated RA pressure ¢ Restrictive filling

e Tricuspid E/E’ > 6
e Diastolic flow predominance in hepatic
veins (systolic filling fraction < 55%)

Ranges are provided for low and intermediate categories, but for simplicity, midrange values of 3 mm Hg for normal and 8 mm Hg for intermediate
are suggested. Intermediate (8 mm Hg) RA pressures may be downgraded to normal (3 mm Hg) if no secondary indices of elevated RA pressure are
present, upgraded to high if minimal collapse with sniff (<35%) and secondary indices of elevated RA pressure are present, or left at 8 mm Hg if
uncertain.

IVC, Inferior vena cava; RA, right atrial.



OueHKa CUCTOSTMYECKOro U
nunactonundeckoro AJ1A, JICC

* Cuctonunyeckoe JIA-no TP
» [lnactonnyeckaa AJ1A - no J1P
* JleroyHOEe cocyaomncToe conpoTuBeHne



Tabnuuya 2. Axokappnorpapuieckme KpuTepum,
COOTBETCTBYIOLME PA3/IMYHON CTENEHU BEPOATHOCTH nr
[31]

[TukoBasi CKOPOCTSL TPH- CIUTA, Tpyrue CrencHb BEposT-

KYCIHUAATBHOW perypru- HOCTH HAUIMYUSA
MM PT.CT.  KPUTEPHH

Tauum, M/c AT

<28 <36 Her ManoBeposiTHa
<2,8 <36 Ha Bo3moxHa
29-34 37—50 Her BoamoxHa
>34 >50 Ha/ner BeposiTHa

[Tpumeuariue. CIUTA — CHCTONIMYECKOE AABJICHHE B JIErOYHONU apTepum,
JIT — nerouHasi runepreH3UA.
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Figure 11 Doppler echocardiographic determination of systolic
pulmonary artery pressure (SPAP). Spectral continuous-wave
Doppler signal of tricuspid regurgitation corresponding to the
right ventricular (RV)-right atrial (RA) pressure gradient. SPAP
was calculated as the sum of the estimated RA pressure (RAP)
and the peak pressure gradient between the peak right ventricle
and the right atrium, as estimated by application of the modified
Bernoulli equation to peak velocity represented by the tricuspid
regurgitation Doppler signal. In this example, SPAP is estimated
at 31 + central venous pressure, or 34 mm Hg, if RAP is assumed
to be 3 mm Hg. Adapted with permission from J Am Soc Echo-
cardiogr.>?
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Figure 12 (A) Tricuspid regurgitation signal that is not contrast enhanced and correctly measured at the peak velocity. (B) After con-
trast enhancement, the clear envelope has been obscured by noise, and the reader erroneously estimated a gradient several points
higher. As this example shows, it is critical that only well-defined borders be used for velocity measurement, as slight errors are mag-
nified by the second-order relationship between velocity and derived pressure.



PV maxPG 37.13 mmHg
2 PRend ¥max 2.29 m/s

PRend PG 20.97 mmHg

Figure 13 Doppler echocardiographic determination of pulmo-
nary artery (PA) diastolic pressure (PADP) and mean PA
pressure by continuous-wave Doppler signal of pulmonic
regurgitation. Point 1 denotes the maximal Pl velocity at the be-
ginning of diastole. Mean PA pressure correlates with 4 x (early
Pl velocity)® + estimated RAP, in this example 37 mm Hg + RAP.
Point 2 marks the Pl velocitzy at end-diastole. PADP is comrelated
with 4 x (end Pl velocity)” + estimated RAP. In this example,
PADP is 21 mm Ha + RAP.



Figure 4 Inferior vena cava (IVC) view. Measurement of the IVC.
The diameter (solid line) is measured perpendicular to the long
axis of the IVC at end-expiration, just proximal to the junction
of the hepatic veins that lie approximately 0.5 to 3.0 cm proximal
to the ostium of the right atrium (RA).
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[Onactonnyeckada pyHkuma ['N>K

B Hopme E

bornbLie A
Huacromnueckas auchyukums 1K, tak xe, kak n JIXK.

MOJApa3ae/IAeTCs Ha HECKOJIBLKO THIIOB!

|) sameennasn penakcauus (E/A<0,8);

2) ncesnoHopmanusaums (E/A ot 0,8 no 2,1; E/E' >6):

3) pecrpukuus (E/A >2,1; DT <120 mc).

3HaueHMsI NMUKOB TPAHCTPUKYCITHAAIBLHOIO KPOBOTOKA W
TJAM nokasanu BBICOKYIO COMOCTABMMOCTD C NMOKa3aTe/IsIMK
reMoaMHaMukH. Tak, nossitienue E/E' >8 accoummpyercs c
ysennueHueM anasiaeHus B [111 6onee 10 mm pr.crT. [41].



Tabnuya 3. HopmaTuBHbIE NOKAa3aTeN M CKOPOCTHBIX MUKOB
TPaHCTPUKyCNMAansHoro kposoroka u TAM [8]

HuxHas rpannua  Cpeaxee 3Ha- Bepxuss rpasu-

lMokasarens
HOPMbI YEHHC LA HOPM bl
E', cm/c 8 14 20
A', em/c 7 13 20
E'/A’ 0,5 1,2 1,9
E/E' 2 4 6
E, cm/c 35 54 73
A, cMm/c 21 40 58
E/A 0,8 1,4 2,1
lpumewanue. Tluk E — MakcMManbHas CKOPOCTH PaHHEro

anacronunyeckoro HanonHenus I1K, onpeneneHHass ¢ nomouibio
MMIYJILCHO-BONHOBOH Jonmueporpadmu  TpaHCTPHKYCNHAANBHOTO
KPOBOTOKA; MNHK A ~— MakCMMaIbHAs CKOPOCTb [O3AHEro
anacroamuecckoro HanonueHus [1K, onpenenenHas ¢ nmoMousio
HMITY/IbCHO-BOMHOBOK jonnaeporpaMu  TPaHCTPUKYCIHAAABHOIO
KpoBoToKa; mnuk E' — MmakcumanbHas CcKOpOCTb paHHEro
anactoaunyeckoro Hanoanenun 'K, onpeaenennas ¢ nomowsio T/IM
OT KOJIbLIA TPHKYCMUAAIBHONO KiaanaHa, nuk A' — mMakcHMaibHas
CKOpOCTH MO3HEro Anacronanyeckoro HanonHeHus XK, onpenenennas
¢ nomoubio T/IM ot Kosnbua TpHKYCIIHAANBLHOTO KlanaHa.



3D pexum

* lamepeHne obremos XK B cuctony un
aunacrony

e Pacuet PB 'K

* HopmaTtuBbl:

* NN'nuoekc KOO — oo 90 mn/m?2
* "npekc KCJ1 - go 45 mn/m?2
« OB - bonee 45%



TkaHeBou gonnnep. Strain , Strain

rate

Table 5 Longitudinal strain and strain rate

Variable Studies

n

LRV (95% ClI)

Mean (95% CI)

URV (95% CI)

2D peak strain rate at the base (s )

2D peak strain rate at the mid cavity (s ')

2D peak strain rate at the apex (s )

2D peak strain at the base (%)

2D peak strain at the mid cavity (%)

2D peak strain at the apex (%)

Doppler peak strain rate at the base (s 7)
Doppler peak strain rate at the mid cavity (s )
Doppler peak strain rate at the apex (s ')
Doppler peak strain at the apex (%)

Doppler peak strain at the base (%)
Doppler peak strain at the mid cavity (%)

-
N NN BSROONNNN—-

61

80

80
183
1256
145
261
187
204
290
385
269

0.70 (0.50-0.90)
0.85 (0.66-1.04)
0.86 (0.46-1.25)

18 (14-22)

20 (15-24)

19 (15-22)
1.00 (0.63-1.38)
0.98 (0.68-1.28)
1.14 (0.60-1.69)

17 (12-21)

13(9-17)

13(9-18)

1.62 (1.50-1.74)
1.54 (1.46-1.62)
1.62 (1.46-1.79)

28 (25-32)

29 (25-33)

29 (26-32)
1.83 (1.50-2.15)
1.88 (1.73-2.03)
2.04 (1.57-2.51)

30 (27-34)

29 (27-31)

31 (29-32)

2.54 (2.34-2.74)
2.23 (2.04-2.42)
2.39 (1.99-2.78)

39 (35-43)

38 (34-43)

39 (36-43)
2.66 (2.28-3.03)
2.79 (2.49-3.09)
2.93 (2.39-3.48)

44 (39-48)

45 (41-49)

48 (44-52)

ClI, Confidence interval; LRV, lower reference value; 2D, two-dimensional; URV, upper reference value.
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- Speckle Tracking Imaging
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Figure 14 The two elements needed to calculate the noninvasive index of pulmonary vascular resistance (PVR) are found in this ex-
ample. The ratio of peak tricuspid regurgitant velocity (TRV) (2.78 m/s) to the time-velocity integral (TVI) (11 cm) in the right ventricular

outflow tract (RVOT) is abnormal at 0.25 (normal, =0.15). The estimated PVR is 2.68 using the formula (TRVmax/RVOT TVI) x 10 +
0.16.%* Adapted with pemission from J Am Soc Echocardiogr.>?



Table 6 Diastolic function

Variable Studies n LRV (95% CI) Mean (95% Cl) URV (95% ClI)
E (cm/s) 55 2866 35 (33-37) 54 (52-56) 73 (71-75)
A (cm/s) 55 3096 21 (19-24) 40 (38-41) 58 (55-60)
E/A ratio* 56 2994 0.8(0.7-0.9) 1.4 (1.4-1.5) 2.1(2.0-2.2)
Deceleration time (ms) 25 1284 120 (105-134) 174 (163-186) 229 (214-243)
IVRT (ms) 23 1241 23 (16-30) 48 (43-53) 73 (66-80)
E (cm/s) 40 1688 8(7-9) 14 (13-14) 20 (19-21)
A’ (cm/s) 37 1575 7 (6-8) 13 (12-14) 20 (19-21)
E//A' ratio 29 1053 0.5 (0.4-0.6) 1.2(1.1-1.3) 1.9(1.7-2.0)
E/E ratio 3 359 2(1-2) 4 (4-4) 6 (5-7)

ClI, Confidence interval; IVRT, Isovolumic relaxation time; LRV, lower reference value; URV, upper reference value.
*Age-dependent: average E/A ratio = 1.6 in the third decade of life, decreasing by 0.1 for every subsequent decade.



Table7 Conditions associated with right ventricular diastolic
dysfunction

Condition

¢ Pulmonary embolism

e Pulmonary arterial hypertension

e Smoking

e Chronic obstructive pulmonary disease

o Cystic fibrosis

e Acute hypoxia

* Myocardial infarction or ischemia due to (proximal) right
coronary artery lesion

» Repaired tetralogy of Fallot

¢ Repaired transposition of the great arteries

e Chronic heart failure

e Cardiac transplantation

o Arrhythmogenic right ventricular cardiomyopathy

¢ Hypertrophic cardiomyopathy

e Chagas disease

» Essential hypertension

¢ Aortic stenosis

o Aortic regurgitation

o Mitral regurgitation

o Myocardial infarction due to left anterior descending
coronary artery lesion

¢ Diabetes mellitus

e Hypothyroidism

o Amyloidosis

¢ Rheumatoid arthritis

o Systemic sclerosis

¢ Antiphospholipid antibody syndrome

¢ Bechet’s vasculitis

e 3-thalassemia

* Renal transplantation

* Hepatopulmonary syndrome

o Normal neonates

e Aging




