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Current situation and prospects of left ventricular diastolic time
constant (Tau) non-invasive measurement
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[Abstract] Left ventricular diastolic time constant. Tau is the most established index to describe left ventricular diastolic
function. The American Society of Echocardiography (ASE) Diastolic Function guideline (2009) recommends two methods
for its non-invasive calculation. However, few clinicians are using them. Those two methods were investigated and the

flaws were analyzed in this review. A new set of formulas was introduced and the new possible problems and solutions were

addressed.

[Key words] Left ventricular diastolic time constant; Echocardiography; Mitral regurgitation.

DOI:10. 13929/j. 1003-3289. 2015. 10. 037

2ol ZE AN A B F E (Tau) TRl EN IR KA =

Gt iRIAme
(1. B KA R =0 MEWE 5T B D AR AR L, B KAE K1Y 4W7;
2. E N R B ERSE — B EREF 2 WAL LT 100048)

[ ZE] O AIREE B (Taw S22 WA I 5220 % 67 5K DD RE M) S F8 45 . 36 R 70 3l 18] 2 22 CASED #Y T 5K
THREFE R A0 (2009) =4 T P TC RIS A 31520 3 (HIR PR AR AT BN H o A SCRRA 3 A7 T DL WA T A0 58y ik e
B I AT — AR AT 3 2T T A ST BE AT AR A TR R AR DT S

(KRR A A0SR H BB O e R R,
[XEHS] 1003-3289(2015)10-1596-05

[HE4ES] R541; R540.45 [XEk#RIEAE] A

K LI, 2 5 %65 3k D RE AR 2 AR B B34
B WA PR O BE Y 4 D RE R T ik e % . BLE
WA 3K D RE B0 Al LA A E A4 D BE LE R I S
FAAE . (RO TE RS B v, &F 5Kk D RE 3 (9 i1 BRAE 1
PP UL DI REB T . O DI RERYIEOY H 52 B0 E AT IS B
A7 RS o 2 2 DA O S5 2 WU SO R 458 235 6 S DR T
O JUE ) B 1Y 35 4 I (8], M I A 52 i 05 0 ar B9 52 ), T
772 RN IR ] B KL Tau SR XA I — 48 b5, L0 B

[E—EE] AW 1965, 5 L TIH A 4 Bl EAEBEI, #5E
Ji 1Al DR . E-mail: xufangbai@ yahoo. com

CEEEE] AT, B RAEK 5.0 WA 58 o BESZ A3 FBH KLY 4W7,
E-mail: xufangbai@yahoo. com

[W# B HI] 2015-03-25 [fEE B H] 2015-05-15

b FEAE IR
1 Tau BB A FIR

Tau J&: 3 1 72 % &7 5K D 8 14 B fr 48 bRt (0 =R
FHABR - 5 b BF 5% 4003880, W R JLF- JE N i 4T Tau 1Y
M, E HFE N, AT BE R Tau M & 7 kR A 2R
i

1976 4F , Weiss 252 75 B &5/ N T/E MY 3L /b I,
TR 20 35 b F 5% 1 B A A0 U 1 A0 2 0 R AR Ak
FULAE, S5 KB, 220 BN R 7R 3 8 kol 6 5
ANAGKE BN S B e KAE (— dp/dtw) » ZJ5 FF
GECE R O ot ViR N N S B R R
A4

P=P, e @D



o E B ARRER 2015 4F5 31 55 10 ] Chin J Med Imaging Technol, 2015, Vol 31.No 10 + 1597 -

PRAELENET P, R t=0 B (K J) PR
KAE AL BT 2D B 220 R T, e i AR X B E CH
2. 71828002 Y, A M B REE,t S H —dp/dts JF
WRHESE] . BEAE BT R R « I REBCN AL W HE XTI
By R AL B I A5 AR B RO PR S s TR R, T
oY Tau Fw ., H .

P=P,e VI8 (2

oA Weiss AL 2 A — R G Tau 4%
& HTXTRARE.OFBINE P, J2 E e E,
M B2 HE A R I, Weiss A0t AT RR K

P=¢ VT'E (3)

Weiss AR 220 F WK T BEWETTEL N E,
Langer % AR DA 58 i 305 2k 1) 52 B A 23 8 A
Wi, T2 Weiss BARBIER .

P=c¢ VT"B4-C (4)

C Ry i 2 8 55, 22 38 2T FR 22 Ry A 23 i Ze A
2,1 Weiss 242 F i L=, P AL 3 il
LU [A] ¢ S JiEsR 5

dP= e VT B(—1/T)dt=P(—1/T)dt (5

T=P/(—dP/dt (6)

T P Al dp/dt ¥R 7E 45 % il 45 L R T {8
A BT T (E0 & A T 5 &5k,
B 3 2l Dk R e A AL T O IR S T {H #8402 3|
Fo U BT E AR R KN IN Tau B AE O =
i QIR 3 SR =R i

SEEM R Tau KA B 7 E BN T 16K .
1992 4, Chen %58 — Yk 2% 38 #8750 3h [/ 20
S ARSI i Tau, JF 4R 15 8 2151993 4F ., Nishimura
SEUUHEAT T OB 4h B BF 585 1995 4F . Yamamoto
S LOVFE 3 B KO B U AR R S T I B Tau IS5 —
AN Tau 09177 5 A R 51997 4E, Scalia 4517 52 56 1
IE T —N 5 Tau 92430 . Yamamoto #il Scalia %
M 3 9k 55 B R S 0 dh K 2= S e K D RE R
(2009, LA FRIFR“F5 M) HERE . SR Tau A9 I
UBR TR, IF R 2 W F IR . X 8 7R

WA Rk . DATT S X IR R I PN D7
AT I Hr

(D IR R HERER S — AT ik

Tau=IVRT/ (InLVESP—InLAP) (7

IVRT W& 754 9K, LVESP k75 .0 35 Wi 45 A 1
K LAP RGBT o 230 Bk O R H 2
ELE WAL P=c VT8 O E F 3h Ik X%
P15 — dp/ dt e i TR — B [E] 4, T2 2 t=0 B

LVESP=¢ "TTE=¢B (8)

WA L B SR %

InLVESP=B (9

M =1VRT B}, 29 TF U IF 3, BL i 220 = N
JRAEF A0 P 7 B

LAP=¢ WKU/T™B 10

A0 L 5 R %

InLAP=—IVRT/T-+B an

w9 =L A .

InLVESP—InLAP=IVRT/T a2

LU

Tau=IVRT/(InLVESP—InLAP) (D

M % LVESP f] LA e 4 0 R AR, @i
LAP=10 mmHg, BT IVRT #] DL 78 0> JJE 88 o)
s AT AT U Tau,

Db R, m AT RN T K2R
WU A R RSO R R R A AR
S A— B IR 22 HF A B R 25 R 2 T B B o ok
F PRI L4527 00 152 22 TROTE — kS 7T 8 5 B0 1Y
. Tau Z Fr LASCH PE4 & 5K T RE i 4 19 46 4% . J2& B
FARZ I E A e s, A7) AT, Tau
BT IVRT #1 LVESP, A B A1, IVRT ™ &
2 3 Fi 67 B 52 A, LVESP J2 B8 4 )5 97 67 L 53X R
AR BT A 22

(TSP HETER S A ik

Vi =Va(1—1/e)"? (13)

FE 1 Bl VKO ST 22 % 22 8 R R, Vo A2 X
BT t=Tau B0 3 3 ke S # L, V., 2 i K F 30
o e B R, G R OR R S Vo, FRARE DL B
A Viwo A FE B OCH BIXE R V., 14 5 ] B
PFEVESE Tau, (EBIIKIESCHF t=0 AFE R — A,
XA S AR B B B KO DG R t=0
=D o XPMAKXMESFWT . RAFHIELY

Weiss >3 .

P=P,e """ (2)
t=tau 0.

P, =P,e " (14)
N T EAg B BT B AR B=0, T

P, =P, X1/e (15)

595 = BB o 3 UK 1 P 3 0 2 3 O IR
P B0 22 00 56 R A1 6 3 /N 22 6 R 5 45 70
B 2 3 PR B /N W % R 1 5 0 ORI 3
IF U R ) 22 5 93 9 0 2 3 BK 43 JE A L F 1A P



e 1598 - o [ BE 2R SR B R 2015 4E5F 31 545 10 ] Chin J Med Imaging Technol, 2015, Vol 31,No 10

AT ESKAERFER A AVL SRR, Pl t
=tau BF A A2 B W R, AT LA AVE 8 — 4V, EoR,
T

4VE D —4Vi, =P, =P, X1/e=4Vi 3 X1/e

(16)

AT .

Vi =Va(1—1/e)"? (13)

FoABTEMAXERIRNARZRiE.
HEEE B=0,HmER., NAXEAHKRE. V. TL
A I F B kA 52 it 1) e R AE V., 2 DL — A [ € R 2L
(1—1/e)"*20.795, Pk V., HHEMAKITHE Tau YT
IEANFEZ, i, Vi, B I 8 Ve iR, B
TSR A Tau {H 8K, Ud W &7 5K 2 58 WA , o Xk LA
LN
2 TauHEAXHNESER

2008 4%, & 1Y Tau HHE AKX B ia
NIRRT E UM . Tau WITHE WA LIFE
T LA P L, HEFIRNT ., 75 R
T .

P=LAP-+AP amn

PHRHAEOCENE.LAP B K, 7 P AHAELE
S5kE0HZEEZE, A Weiss 2220 514 IE /) Ber-
noulli TS .

P=e¢ "T"BE=1LAP+AP =LAP+4V? (18)
VR TR S B B SR R 5K
—t/T+B=In (LAP+4V?) 19

TE M S AT B 32 (B 1) B ER 3 45 (ely 1m/
$)s (2, 2m/s), (13, 3m/s) FRAAK (19, B H
FEE LT FE ORI & SR IETE S 2 87 5k .
IR IER Bernoulli A2, ML EE A 3 m/s B, /2
DEEEODRBEZE N 4X3° =236 mmHg; 8 & I i
LAP & 10 mmHg, A0 FE KK 36 +10=46 mmHg.,
KT FEsh Bk N HE 7, A 8 Sl RO £ 48 5 1 — 200
W AR AT I b T 45 25 57 5k 01 s Q WU B 3 T LU 115

OXFME S RO mEZY . TREEH.
—t1/T+B=In (LAP+4X1%) (20)
—12/T+B=1In (LAP+4X2%) (21)
—13/T+B=In (LAP+4X3%) (22)

w2 —AKCD .

—(t1—12)/T=In (LAP+4)-In (LAP+16) (23)
T= (t1—t2)/In [(LAP+16)/ (LAP+4)] (24
[] 2 .

T= (t1—13)/In [(LAP+36)/ (LAP+4)](25)

1 (t1-12)
(t1-3)
(tl, 1 m/s)
L_¥(12.2 m/s)
(13.3 m/s)
(1)
B 1 7E RIS AR B9 R SIS R B R

PLEA R (24) T 3 (25) 4R P It — IR A B0 1R
., ((1—12) (1 —13) BIASAF ] BE AT DL7E Rk
AT R B S s PSSR AT D T M LAP, 4
N7 AR ZE T A U S Tau BB A WS 3.
T= (t1—t2)/in [(LAP—C+16)/ (LAP—C-+4)]
(26)
T= (1—t3)/In [(LAP—C+36)/ (LAP—C+4)]
@0
C MMrin 4w 8, M RATAT LA T F(LAP
— Oy N ARA R, L AR W C— R By R AL, A
Fb o 33 R AR S 0 e (01— 12) 5 (1 —3) BB ] BEok 3
B Langer BAEZ Wi LA Tau (H Y5 Weiss %
Wi BT A Tau HAHSE, LAP—CENH P
B —AN oK H R A R, B g LAP 3% C 4% A Ffe
LM L = Bl O BT ) Tau M EARX B E
e O i LA A A
Tau= (12—1t1)/In [(ADP—4)/ (ADP—16)] (28)
Tau= (t3—1t1)/In [(ADP—4)/ (ADP—36)] (29)
t2—t1 Al t3—t1 J& F sl Pk S s 2 B iy
PIAB (] BE s ADP J2 = 8l ik 9 &F 5K 3 9 e 94> oK 0
w4 T fl ADP,

@A % i &R

Tau= (t2—t1)/In[(ADP—C—4)/(ADP—C—16)]
(30)

Tau= (t3—t1)/In[(ADP—C—4)/(ADP—C—36)]
3D



o B2 AR R 2015 4E58 31 5245 10 ] Chin J] Med Imaging Technol, 2015, Vol 31,No 10 e 1599 -

BERFFRATT AT LKA Tau il ADP—C SRR A&, L
AR IE — R A EO R A KRR I A 2 —
53— t1 MAEFEIBOR IR Langer 19 3E 28T 46
i Tau (HE Weiss i & 511534 Tau H
% . ADP—C fE N Hp iy — A R AW A it HA
eIt Al ADP 8L C, DA 7 #E4H ] F Office Ex-
cel Jr B SR A 5 53 Hb SR DL F W I0 — RO $h FR 20 1Y
Tf‘%:$kﬁ:aﬂ:7iﬂja 1Y ﬁ FER http://source—
forge. net/projects/tauformula/

3 EBRA A G AT B & K IR R

FIT 9 M S it i 22 % 22 3% B A3 il & Tau /Y
N LL Weiss 18978 8 245 X0 1

T= (t1—t2)/In [(LAP+16)/ (LAP+4)] (24)

T= (t1—1t3)/In [(LAP+36)/ (LAP+4)](25)

SUELI A B ] BE -2 A el-t3L AR A R A
FCRIA]  AE S R 10 P 3000 0K B2 R R 2 11530 Tau 1)
SCHE ., DALTE E U T b0 R P AL SR 4 A 3% 2 D
AR AN LA 3h BUbR 19 T sh I AR, SR AS /Y I 1) B
T 50 X T 8 AL I AR B 3k gl SRR A R U
FAN S AR I 1 R A e 3X A ] L

T S 22 0% W DN e £ A i S R I, — B R 3% R
R FEUE S Ty — PR A AR S 1 52 R S O S R
RS b I ORS A L JE BRR . KRRk,
Il PR R P 0 2 4 3 T 30 O IR A s IRl SR T R AE
5 Ah BT G RN AE AL B O R B R R R 4.
PR J7 58 N O J5UG B 1Y R 46 5 O35 st 4G BORE %L
i3 QT M SEi 228 Wy 1 b 0 2 Hh RE 0% 5 BRACER B
A TA] 5 e A 32 ) B ARL (L DT U2 32 0 Il A3 R ik
Shy s} ) - BE MR BT LA B A Sk i, JEK Sie-
mens i H 198 PACHS o 2 SO 45 R R
22 T I 2 [ S Ak, 4 A I EL oA R R R
Peim . SO b OREAR N S AAT RIS Tau, B 40
A5 | FRAT S BT R 1) S
4 BIF@mEEIEN ORI
401 AR DL A B A il Tau (IE %

LA Ny -
T= (t1—2)/In [(LAP—C+16)/ (LAP—C+4)]
(26)
T= (t1—t3)/In [(LAP—C+36)/ (LAP—C+4)]
27

MR T A E AR A R S
BT 3 M. (11,1 m/s), (12,2 m/s) Fl
(t3,3 m/s) . W T FE4H ny sk ] LA e ok 8 4 1 sk

i e s 3k T e AR BRI AN S AFAE . BRIR boa] DLk PR TR
G EF IR N — dp/ ity B H2 3 22 ¢ I 0 AT o]
Moty v s (tys vi) AT, ve) o BEBTAITTE AN

Tau= (t.—1t,)/In [(LAP—C+4vi %)/ (LAP—

CH+4vid)] (32)
Tau= (t.—t,)/In [(LAP—C+4v:8)/ (LAP—
CH+4vid)] (33)

FI R 326 A0 1) B A o A P S 50 R 0 S AT L TE
S it ik /b ) AT BE AN SR B B 9 0 B A 3 L b I AR 4R LA
AR LL#EAT Tau tH5, AT R K $2 i w2
Tau 1B W LA,
4.2 Feol b g BRI LR RO 3 BT PR 52 B,
PR LAP B Dy ik (9], A S (24) A
(25)1%;

(t1—t2)/ (t1—1t3) =In ([LAP+16)/ (LAP+
4)]/In [(LAP+36)/ (LAP+4)] (34)

e 28 AT AE 4 M S i N RE vh e D A0 B
&1,
4.3 OIRETEM X FR P Weiss B #H 4T Tau 1Y
WEFEIS 52 3 1 Ze 0 FE & sk Eahid R TR AT 5K
LR A A5 T s L A AN 3 Sl RO 22 A O TR
R - DMEEANESN, BN EDHFRKSETE
VAT 1) TGS R 5 A L A 7 S A WA B AR R 32
Bl DKL A G PR 2 L 0 28 BE (R W 4 B 2 > 3
. G0 1989 4R B LL dp/dt R R A0 = W AE D)
AV .10 AR R T s dp/de B AL AT 0 RGN
IR T TR 45 S KA g T IRATIXS O D BE I 4
T PEA
4.4 Tau THEME 5 A BT H AT 3 00 08 S 5
AT RE B2 14 A 00 R RS JBE L AT A — > B S T ]
S0y, M Nishimura 25570 (0 08 1k 52 5 25 31 F
LAP=20 mmHg fHf Az (25)

T=1.2(t1—1t3) (35)

i bRk, 5 PR A XA, 28 A Tau 19
2N PR HE- S AN T AT AT B, AEL R AY IR) AT I RS
JEXET IR B EER . Bl TS HOAR i A & i 1) e
1 fiff UL ds H AT AF

[ 5% 3Tk ]

(1] EJRTY, PMCAR . 45 25 &7 K 391 5 88 75 00 55 70 = b it o 1) 5 500 F
FLHEJE . AR B R 2 2k R, 1995(1) : 53-56.
[2] Weiss JL, Frederiksen JW, Weisfeldt ML.. Hemodynamic deter-



« 1600 - o [ BE 2R SR B R 2015 4E5F 31 545 10 ] Chin J Med Imaging Technol, 2015, Vol 31,No 10

minants of the time-course of fall in canine left ventricular pres- tion time varies predictably with its time constant and aortic and

sure. ] Clin Invest, 1976,58(3):751-760. left atrial pressures: implications for the noninvasive evaluation of
[3] Langer SJ, Habazettl H, Kuebler WM, et al. Estimation of the ventricular relaxation. Am Heart J, 1992,124(5):1305-1313.

left ventricular relaxation time constant tau requires consideration [9] Nagueh SF, Appleton CP, Gillebert TC, et al. Recommendations

of the pressure asymptote. Physiol Res, 2005,54(6):601-610. for the evaluation of left ventricular diastolic function by echocar-
[4] Chen C, Rodriguez L., Levine RA, et al. Noninvasive measure- diography. Eur J Echocardiogr, 2009,22(2):107-133.

ment of the time constant of left ventricular relaxation using the [10] Bai X. Are we on the right way to calculate tau? J] Am Soc Echo-

continuous-wave Doppler velocity profile of mitral regurgitation. cardiogr, 2009,22(7):859; author reply 860.

Circulation, 1992,86(1):272-278. [11] Bai X. Calculation of left ventricular relaxation time constant-
[5] Nishimura RA, Schwartz RS, Tajik AJ, et al. Noninvasive meas- Tau in patients with mitral regurgitation by continuous-wave

urement of rate of left ventricular relaxation by Doppler echocar- Doppler. Open Cardiovasc Med J. 2008;2:9 - 11.

diography. Validation with simultaneous cardiac catheterization. [12] Bai X. Calculation of left ventricular relaxation time constant-

Circulation, 1993,88(1):146-155. Tau in patients with aortic regurgitation by continuous-wave
[6] Yamamoto K, Masuyama T, Doi Y, et al. Noninvasive assess- Doppler. Open Cardiovasc Med J, 2008, 2:28-30.

ment of left ventricular relaxation using continuous-wave Doppler [13] Bargiggia GS, Bertucci C, Recusani F, et al. A new method for

aortic regurgitant velocity curve. Its comparative value to the mi- estimating left ventricular dP/dt by continuous wave Doppler-

tral regurgitation method. Circulation, 1995,91(1):192-200. echocardiography. Validation studies at cardiac catheterization.
[7]  Scalia GM, Greenberg NL, Mccarthy PM, et al. Noninvasive as- Circulation, 1989, 80(5):1287-1292.

sessment of the ventricular relaxation time constant (tau) in hu- [14] Oh JK, Seward JB, Tajik AJ, et al. The echo manual, 1999.

mans by Doppler echocardiography. Circulation, 1997, 95 (1): [15] Bai X, Wang Q. Time constants of cardiac function and their

151-155. calculations. Open Cardiovasc Med J, 2010,4:168-172.

[8] Thomas JD, Flachskampf FA, Chen C, et al. Isovolumic relaxa-

BN N N N N N N NN N N S NN N SN N N SN N N SN NN N NN N SN N N NN SN NN NN N PN NN NN NN NN NN SN NSNS

MOWIT B 2016 4RO S22 92 i)

(RO 27 52 B ) o [ R R A 248 AR b R R 2 R o B2 2 B 00, SR & I iy 4 R AR 2 22 R )
1 N 25 48 518 R R IN B AL 29 . 1986 4R T . A R R KR e 55 7 R BB 27 AR B2 55 N 5L g 90 T 07 1w o G
TEE N AMEAR R 22 B B sl A A X R CT VRS IR A AU BOBUIR T B 2 B W R 2 AR
PR 27 85 B 27 52 AR T TR BT R BT R L 52 B T R 5 B il 11 5 3k 3%

ATy B SR A b RS SCEE TR T R A g | SO P S IR T AR b R T OB
FBO #2855 WO B0 B ) PAT I OL T 3 b, B A CCAT — CD BYE ) PAT 1 55 391 Tl 35%1‘49 WE S H R
Hb FSE A R PR SCUFIE A TRRRR SR BRI IY R R 2 A PR 2R R A IS W e B N4 7
AN SN

AT A T AR 15 J6, 44 E M 180 G,

N4 — T . ISSN 1000-0313/CN 42-1208/R AR5 . 38-122 HL % . (027)83662875
15 H..(027)83662887 BRI Mk www. [sxsj. net

E-mail: fsxsjzz@163. com; fsxsjzz@vip. 126. com
Y 4E S bk YT R CKRIE 1095 5 [R) B BE E O B S 5 R ) 4 B HEE 4 : 430030



