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Measurement

Age group (y)

16-20

21-40

41-60

=60

IVRT (ms)

E/A ratio

DT (ms)

A duration (ms)
PV 5/D ratio

PV Ar (cm/s)

PV Ar duration (ms)
Septal € (cm/s)
Septal €/a ratio
Lateral e (cm/s)
Lateral e/a ratio

50 + 9(32-68)
1,88 + 0.45(0.98-2.78)
142 + 19(104-180)
113+ 17(79-147)
0.82 +0.18(0.46-1.18)

16+ 10(1-36)

66 + 39(1-144)
14,9+ 2.4(10.1-19.7)
2.4
20.6+3.8(13-28.2)
L1

67 + 8(51-83)
1,53 + 0.40(0.73-2.33)
166 + 14(138-194)
127 + 13(101-153)
0.98 +0.32(0.34-1.62)

21+ 8(5-37)

96 + 33(30-162)
15.5+2.7(10.1-20.9)
1.6+ 0.5(0.6-2.6)
9.8 + 2.9(14-25.6)
1.9+ 0.6(0.7-3.1)

74+ 7(60-88)
1,28 +0.25(0.78-1.78)
181 + 19(143-219)
133 + 13(107-159)
1.21+0.2(0.81-1.61)
23 +3(17-29)
112 + 15(82-142)
12.2+2.3(7.6-16.8)
1.1+0.3(0.5-1.7)
6.1+ 2.3(11.5-20.7)
1.5+ 0.5(0.5-2.5)

87+ 7(73-101)
0,96+ 0.18(0.6-1.32)
200 + 29(142-258)
138+ 19(100-176)
1,39 + 0.47(0.45-2.33)

25+ 9(11-39)
113+ 30(53-173)
0.4+ 2.1(6.2-14.6)
0,85+ 0.2(0.45-1.25)
2.9+ 3.5(5.9-19.9)
0.9+ 0.4(0.1-1.7)




JIFONEBLIE MOMEHTDI

ne TMK BelnmonnseTcs us
1a B 4-X KaMEPHOM IIO3UIAHN

— 3 MM YCTAHaABJIUBAECTCS
y KOHYMKOB CTBOPOK MK B nuacrony st
€HUS YETKOTO MPOMUIIs KpOBOTOKA

BHBIC M3MEPEHHMS BKIFOUAIOT CKOPOCTH ITMKOB
orHomenne E/A, DT u BUP (IVRT)

4. Paznnuarot HopMaiabHBIN TMK, yinmnaenue
b

~ pellaKcalyu, ICEBAOHOPMAIBHBIN U

PECTPUKTUBHBIM THUIBI 3an0JiHEHEHU JIJK



HIHOSEEBIE MOMEHTI

C IWJIaTallMOHHOM

THUII JUACTOJINYECCKOIO

€ KOppenupyeT C JaBJICHUEM
bHBIM KJIACCOM U

MEHTOB C MOPaKEHUEM KOPOHAPHBIX
1 1 runeprpopuueckon KMII ¢ ®B JIK >
50% IoKa3areny moKa3areiad MUTPAIbHOIO
KPOBOTOKA IJIOX0 KOPPEIUPYIOT C ITOKA3aTEISIMHU
r€MOJIMHAMUKHU
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[Pp00a BanbcanbBbl

JIbBbI BBITIOJHAECTCSA KaK CUJIbHBIN
BbIJIOX IIPU 3aKPBITHIX PTE U HOCE,
€KC F€MOJIMHAMUYECKUX

HUH U cHIKaeT aasienve B JII1

BajibcaJibBbI UCIIOJIB3YETCS Y MAIIMEHTOB, Y
DJK ocTaercss HESICHOM MOCIE

BaHus TMK u ckopoctu aBrxeHus kojibiia MK
ue E/A 0oisee 50% mpu BBIITOJIHEHUH IIPOOEI
BBICOCHEITUMUIHO JJISI ITIOBBIIIEHHOTO JIaBJICHUS
3aI0JTHEHMS JDK, omHako MeHblllee CHUKCHHUE HE
BCETJIa YKA3bIBAET HA HOpMaJIbHYIO JIDJK




ONMADIA BCHdAA




JORIBYJICTOYMHbBIX BEHaAX

mxeasou ®B cHuxeHue
uu 3anoaHenus JII (menee 40%)
yeHuHu xectroctu JIDK n

B IPOIOJDKATEIIFHOCTH NUKOB Al M A TIOMOraeT
MAFEHTOB C YAJNHEHUEM pElaKcaluyd 1

BIM JaBiicHueM 3anoyiHeHus JIK or manmueHTon
HHBIM JaBJICHHUEM B KOHIIE JTUACTOJIBI, HO
OpMaJIbHBIM CpeaHuM naBieHuem B JIII.



WIOYEBBIe MOMEeHTI

HUE KPOBOTOKA B JIETOYHBIX BEHAX
aMEPHOH TTO3UIIUH.

S1 ONITUMAJIBHOM 3aIIHCH.

CHUS BKIIFOYAIOT U3MEPEHUSI CKOPOCTH MUKOB S
THOIICHMS S/D, cucTonnueckoit ppakmun

HUsI M CKOPOCTH ImuKa Al.

IlomrMO 3TOro paccuuThIBarOTCS pa3HUIlA
IPOJOKATEIFHOCTH Ar 1 MUTpaabHOM BOIHEL A (Ar -

A).



K 1 pasHuna Ar - A.
10l OB ymeHbIIICHNE
pHuecKor (ppakiyu 3anoaHeHus JII1 Huke
33aHO C YBEJIMUYEHUEM )XecTKocTr JII1 u
HUEM CcpeaHero nasiaeHud B JI1L
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BYPacnpocTpaHeHus
SOJTHBI3anofTHeHns

or.M-Mode Vp)

OJIHAETCS U3 allMKaJIbHOTO
BETOBOU M-PEKUM

) M-PEKMMa OPUECHTUPYETCS YEPE3 LIEHTP
JILHOT'O KJIalaHa K BEPXYIIKE Cep/la,

asl KAy TAKUM 00pa3oM, 4TOOBI
[EHTPAJIBHBIN BEICOKOCKOPOCTHOM MTOTOK OBLI
CUHHM.



GoIor.-M-Mode - Vp

A KaK HAKJIOH CKOPOCTH,
an3uHTy OT I1ockocT MK Ha 4 cm

>50 cm/s paccm BAaCTCsI KaKk HOpMa
BIIIMHCTBA MNAIUEHTOB CO CHI>keHHOU DB VP
Ha ¥ TPeOyIOTCS APyTrUe HONIICPOBCKHC

1. E/\Vp oTHOMmICHHE >2.5 yKa3bIBaeT Ha
3akauHuBaHus JIA Beie 15 mm Hg c
OCTAaTOYHOU TOYHOCThIO

6) V mamnueHToB ¢ HOpMaIbHEIM 00beMoM U @B JDK Ho
MOBBINICHHBLIM HaBjieHUueM 3arnojaHerausd JIDK Moxert
OIpeACIAThCS HOpMaiabHas V).
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HIONEBHIC MOMECHTDHLY

aMKB PW DTl nmonyyaror u3

€CKOE €ro JIBMKCHUE

OJIKHA OBITh ITpoM3BeeHa Ha ckopocTh S50 —
1 3aJICP)KKE NbIXaHWS B KOHIIE BbIgoxa. s
)EAHAETCA 3 TOCIEA0BATEIIBHBIX KapIUOLUKIIA.
' OCHOBHBIE U3MEPEHHUS BKJIIOYAIOT CUCTOJINYECKYIO,
paHHIOI0 (€°) 1 mo3aHI0I (@) IMACTOIMYECKHE CKOPOCTH..



K¢TroYeBbie MOMEeHTbI

TCS OJYYUTh U U3SMEPUTH €  C CENTAIBHOU
POH MUTPAJIILHOIO KOJIbIIA U
BEJIUYMHY.

yu JIOK sa muTpanbHyio ckopocts E. E/e’

€ MOYKET OBITh IPUMEHEHO B KaUECTBE

a JasyicHus 3anoaHeHus JDK

() Ele” oTHOImMEHne HE MOKET MCIOIL30BaThCS KaK
HaJACKHbBIM ITOKa3aTesib AaBjicHUsA 3anoiaHeHus JIK y
3JI0POBBIX JIFOJICH, WJIH Y TTAIIMEHTOB C BEIPAXKEHHBIM
KajabluHo3oM MK, nmpu mopokax MK u nipu
KOHCTPUKTHBHOM IEpUKAPJINTE.




PHEARapenakcauum J1XK
JIfoYeBbie MOMEHTh

€0e UMEEeT OTrPaHUYCHUS B TOUHOCTHU
peJlaKcaliiy, IOABEPrasiCh BIUSHUIO

BIIMHCTBO MAIMEHTOB ¢ €  (60KkoBOiT) 8.5 ¢cM/S mwin

TOPOJOYHOI), 8 CM/S UMEIOT 3aMeIJICHHYIO

MOYKOBYIO pEIaKCaIlUIo.

JsieTcs HanboJjiee HaaeKHBIM IIOKa3aTelIeM,

\OTpaxc MM JICBOXKEITYIOUKOBYIO PEJIaKCAIIUIO Y
namesToB co camkenaon OB JIDK u munarainmei 1eBoro

XKEnynouka. B apyrux rpymnnax npeAarnoyTUTEIIbHEE

MCIIOJIb30BaTh APYTHE IMOKA3aTECIIH.

4) B nmepcrekTuBe IS OLCHKH PeIaKCallud MOTYT OBITh

NCTTOTTHERORAHEI TTOKARATETTV KTATIAHHOW DervhTUuTaAITum .






Variable

Restriction

Constriction

Septal motion

Mitral E/A ratio

Mitral DT (ms)

Mitral inflow
respiratory
variation

Hepatic vein Doppler

Mitral septal annular e
Mitral lateral annular &

Ventricular septal
strain

Normal
=1.5
<160
Absent

Inspiratory
diastolic flow
reversal

Usually <7 cm/s

Higher than
septal e

Reduced

Respiratory shift
=>1.5
<160

Usually present

Expiratory diastolic
flow reversal

Usually =7 cm/s
Lower than septal &

Usually normal




PERKOMEeHOauvm anga
SRORapANorpacduvyecKkux
jjabopaTopnmn

f JalleHUe JJabopaToprum
UHO 1 BLIBOJb] OBEPHBI, OTYET
3KITFOYATH 3aKITIOYE he O JaBJICHUU
it JDK v crenenn 1HacToIM4eCcKon
TH1.




IdBJIEHNA 3aMOJIHEHUS
HXeHHou OB J1X

/ e
E/A <1 and E £50 cm/s E/A21-<2 or r EIA 22,-0-;'_ <‘150 = |
» EIA<1 andE>50 cm/s - : i
Ele’ (average ') <8  Ele’ (average €) > 15
ENp <1.4 ENp2 25
S/D >1 SID<1
Ar-A<0ms Ar-A>30ms
Valsalva A E/A < 0.5 Valsalva AE/A > 0.5
PAS <30 mmHg PAS >35 mmHg
IVRT/Tg, >2 IVRT/Te., <2 T
. e 1 TLAP
Normal LAP Normal LAP TLAP



JIEHUSA 3anoJIHeHUA
opmMarnibHon @B J1XK

Ele’
/ \ gep. EI;’.>_15 3
Ele'<8 [
e'< r , 2
= ' Lat. Ele’ > 12
(Sep, Lat, or Av.) - ElSsa1e - ot >
/\ | Av.Ee'>13 |
LA volume < 34 ml/m? LA volume 2 34 mi/m?
Ar-A<0ms Ar-A230ms
Valsalva AE/A < 0.5 Valsalva A E/A > 0.5
PAS <30 mmHg PAS >35 mmHg
IVRT/Tg, >2 IVRTrlig-_,_. <2

B =

Normal LAP Normal LAP TLAP T LAP




Septal e’
Lateral e’

/ LA volume

Septale’28
Laterale’'210
LA <‘34 mi/m2 |

Normal.
function

Septale’2 8
Laterale’ 210
| LA 2 34 mi/m2

Normal function,
Athlete’s heart, or
constriction

74

EIA <08

DT > 200 ms
Av.E/e’'<8
Ar-A<0ms

Val AE/A < 0.5

Grade |

eHaauvu ons
NpoBaHusa OAJ1XK

Septal e'<8
Laterale’ <10
LA2 34 mllmz

EIA 0.8-1 .5
DT 160-200 ms
Av. E/e' 9-12
Ar-A 2 30 ms
Val AE/A 2 0.5

Grade ll

s,

E/A22

DT <160 ms
Av.Ele’2 13
Ar-A 230 ms
Val AE/A 2 0.5

Grade lll



In patients with normal LV EF

1-Average Ele’ > 14

2-Septal e’ velocity < 7 cm/s or
Lateral e’ velocity <10 cm/s
3-TR velocity > 2.8 m/s

4-LA volume index >34ml/m?

50%
<b0% tﬂ :’Eq".:l"n
positive positive positive

Diastolic

Normal D?astnlic Indeterminate Dysfunction
function




/

Mitral Inflow \
|

E/A=08+E=50cm/s

or
E/A=08+E=50cm/s E/A>0D8- <2 ElAz2
I 3 criteria to be evaluated® I
20f3or3of3 || 1Average Ere =14 20f30r30f 3
Negative Z-TR velocity > 2.8 m/s Positive
d 3-LA Vol. index>34ml/m2
When only 2 criteria are available
2 negative 1 p05|twe_and 2 positive
1 negative
Normal LAP Cannot determine T LAP 1 LAP
Grade | Diastolic LAP and Diastolic Grade |l Diastolic Grade Il Diastolic
Dysfunction Dysfunction Dysfunction Dysfunction
| Grade”
If Symptomatic

|
Consider CAD, or
proceed to diastolic
stress test




Table 4 LV relaxation, filling pressures and 2D and Doppler
findings according to LV diastolic function

Mormal Grade |

Grade |l Grade Il

LV relaxation
LAP
Mitral E/A ratio

Average E/e’' ratio <10

Peak TR velocity
(m/sec)

LA volume index

Normal Impaired

Normal Low or normal
=0.8

Normal Normal or
increased

Impaired Impaired
Elevated Elevated
>0.8 to <2 >2
1014 =14
>2.8 >2.8

Increased Increased




PAIPODNYECKAA

MARPIINOMUOINATUA

1. Variables recommended for evaluation of diastolic function in patients with HCM are
average E/e ratio (>14), LA volume index (>34 mL/ m-), pulmonary vein atrial reversal
velocity (Ar-A duration = 30 msec), and peak velocity of TR jet by CW Doppler
(>2.8 m/sec). The parameters can be applied irrespective of the presence or absence
of dynamic obstruction and MR, except for patients with more than moderate MR,
in whom only Ar-A duration and peak velocity of TR jet are still valid.

2. If more than half of the variables (total available variables three or four) meet the cut-
off values, then LAP is elevated and grade Il diastolic dysfunction is present. If <50%
of the variables (total available variables three or four) meet the cutoff values, then

LAP is normal and grade [ diastolic dysfunction is present. In case of 50% discordance
with two or four available variables, findings are inconclusive to estimate LAP. Estima-

tion of LAP is not recommended if there is only parameter with a satisfactory signal.
3. Grade Il diastolic dysfunction is present in the presence of a restrictive filling pattern

and abnormally reduced mitral annular ¢ velocity (septal <7 cm/sec, lateral <10 cm/
SeC).




GIPVNKTBHASA KM

. Patients with early disease usually have grade I diastolic dysfunction that progresses
to grade II as the severity of the disease advances.

2. In patients with advanced disease, grade 11l diastolic dysfunction is present and is

characterized by mitral inflow E/A ratio > 2.5, DT of E velocity < 150 msec, IVRT <
50 msec, and decreased septal and lateral ¢’ velocities (3-4 cm/sec).

3. Patients with constrictive pericarditis usually have septal ¢ wvelocity higher than

lateral e velocity, or annulus reversus, and E/e’ ratio should not be used to estimate
LV filling pressures in patients with constrictive pericarditis.




MAC

panies hypertensive heart disease,

rtery disease and chronic kidney disease
tients. In patients with moderate to severe
itral orifice area is ased, leading to increased diastolic

al velocities, while lateral or posterior e0 may be

due to restriction of the posterior mitral leaflet excursion.

an increase in E/e0 ratio occurs due to the mechanical

may als use diastolic dysfunction, separation of the effect

~ of mitral calcification from that of LV diastolic dysfunction on E/e0

" ratio may not be possible in the individual patient. It is not known if
septal e0 velocity or myocardial velocities distal to annular calcification
can be of value in these patients.




AF

sec Is suggestive of elevated LAP.
EFs, mitral DT (#160 msec) has reasonable

of increased LV di Ic pressures and adverse clinical

vith incomplete TR jet other Doppler measurements can be

acceleration rate of mitral E velocity $ 1,900 cm/sec2, IVRT #
pulmonary venous diastolic velocity # 220 msec, E/Vp ratio $

E/e0 ratio $ 11.

. The variability of mitral inflow velocity with the RR cycle length is of value in
patients
with AF, as patients with increased filling pressures have less beat to beat
variation



I,
Table 6 Assessment of LV filling pressures in special populations

Discase Echocardiographic measurements and cutofl values

AR Peak acceleration rate of mitral E velocity (=1,900 cm/sec?)
VAT (=65 msec)
DT of pulmonary venous diastolic velocity (=220 msec)
ENp ratio (=1.4)
Septal Efe’ ratio (=11)
Sinus tachycardia®’** Mitral inflow pattern with predominant early LV filling in patients with EFs <50%
IWRT =70 msec is specific (79%)
Pulmonary vein systolic filing fraction =40% is specific (88%)
Average Efe’ >14 (this cutoff has highest specificity but low sensitivity)
When E and A velocities are partially or completely fused, the presence of a compensatory period after premature
beats often leads to separation of E and A velocities which can be used for assessment of diastolic function

HCM ™7 Average Efe’ (>14)
Ar-A (=30 msec)
TR peak velocity (>2.8 m/sec)
LA volume (>34 mL/m®).
Restrictive DT (<140 msec)

cardiomyopathy' "% "™ Mitral E/A (>2.5)
IVRT (<50 msec has high specificity)
Average Efe’ (>14)
MNoncardiac pulmonary Lateral E/e’ can be applied to determine whether a cardiac etiology is the underlying reason for the increased
hypertension™ pulmonary artery pressures
When cardiac etiology is present, lateral Efe’ is »13, whereas in patients with pulmonary hypertension due to a
noncardiac etiology, lateral Efe’ is <8

Mitral stenosis’™” IVRT (<60 msec has high specificity)
WBRT/ Te g (=4.2)
Mitral A velocity (>1.5 m/sec)

MR 0= Ar-A (=30 msec)

IWVRT (<60 msec has high specificity)
IWRT/Te. o (<5.6) may be applied for the prediction of LV filling pressures in patients with MR and normal EFs
Average E'e’ (>14) may be considered only in patients with depressed EFs

A comprehensive approach is recommended in all of the above settings, which includes estimation of PASP using peak velocity of TR jet (2.8 m/



Table 5 Examples of conclusions on LV diastolic function
from clinical laboratories

Example 1 (conclusion would 1. LV relaxation impaired or

contain an tem from each of normal

1, 2, and 3) 2. LV filling pressures normal,
elevated or borderline
elevated

3. Grade | diastolic dysfunction
or grade |l diastolic

dysfunction or grade |l
diastolic dysfunction




Example 2 (conclusion would
contain one of the six options
shown to the right)

. Mormal diastolic function
b. Impaired LV relaxation,

narmal LAP

c. Impaired LV relaxation, mildly
elevated LAP

d. Impaired LV relaxation,
elevated LAP

e. Restrictive LV filling pattern,
indicating markedly
elevated LAP

f. Indeterminate




Example 3 (conclusion would . Normal diastolic function
contain one of the six options b, Impaired LV relaxation,
shown to the right) normal LAP

c. Impaired LV relaxation,
increased LVEDP
d. Impaired LV relaxation,
elevated LAP
e. Restrictive LV filling pattern,
indicating markedly
elevated LAP

f. Indeterminate




Example 4 (conclusion would . Normal diastolic function and

contain one of the five options filling pressure

shown to the right) 2. Grade 1 (impaired relaxation
with low to normal filling
pressure)

3. Grade 2 (moderate increase
in filling pressure)

4. Grade 3 (marked elevation in
filing pressure)

Example 5 (conclusion would 1. Increased filling pressure
contain one of the three 2. Normal filling pressure
options shown to the right) 3. Constrictive pericarditis




CER . WV BYWWwW Wy e, e

Mitral inflow E/A> 0.8 NO Constriction / Restriction
+ Unlikely
Dilated inferior vena cava
YE‘E
Further imaging or
Ventricular septal motion NO cardiac catheterization if
abnormality with respiration » constrictive pericarditis
still suspected
YES
[ Mitral medial e’ ]
/
>8 cm/s 6-8 cmls <6 cm/s
¢ Ancillary Findings
\1|\cd s
Constrictiv . IVRT <50 ms
,on.s ric .n. e Coastriction Restrictive | g PV Systolic Fruction <40%

Pericarditis Rcstru'non Cardiomyopathy Ele'> 15

LAVI = 48 ml/m*
Also possible in obstructive
airway disease especially
young patients (increase A Mnral lateral e'< medial e h!\lusl likely |
inspiratory SVC flow seen) L (Annulus Reversus) . ) constriction e
\.

\ i Hepatic vein expiratory i

p
end-diastolic reversal > Definite
velocity / forward flow § constriction A

\ velocity = 0.8 B¢

Figure 19 Algorithm comparing constrictive pericarditis and restrictive cardiomyopathy. Note restriction is associated with elevated
E/A ratio, short DT and decreased mitral annular velocity (<6 cm/sec). The figure is based on data from Welch TD, Ling LH, Espinosa
RE, et al. Echocardiographic diagnosis of constrictive pericarditis: Mayo Clinic criteria. Circ Cardiovasc Imaging 2014;7:526-34.







Variable
Septal motion
Mitral E/A ratio
Mitral DT (ms)
Mitral inflow
respiratory
variation

Hepatic vein Doppler
f

Mitral septal annular e’
Mitral lateral annular e’

Ventricular septal




