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Non-invasive estimation
of transmitral pressure
gradient and mitral valve
area in mitral stenosis
by an ultrasonic pulsed
Doppler technique
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We attempted to estimate transmitral pressure gradient and mitral valve area (MVA) noninvasively
in mitral stenosis (MS) by a bi-directional pulsed Doppler flowmeter combined with an electronic

two-dimensional echocardiograph.

Eleven patients with MS in sinus rhythm were studied by cardiac catheterization. Fifteen healthy
subjects (H) served as normal control. The pulsed Doppler flowmeter operated with a carrier frequency
of 2.5 MHz, a pulse repetition rate of either 5 KHz or 10 KHz and a sample volume of 1Xx3x3 mm.
The velocity of transmitral central flow was measured by this system, monitoring audible Doppler
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sounds and cardiac images which depict the anatomic location of the sampling site. The Doppler signal
was analyzed by a sound spectrograph.

In estimating the transmitral pressure gradient and MVA, we employed a Doppler parameter
(half time) defined as the time for instantaneous maximal blood flow velocity to reduce to one-half from
its rapid inflow peak, which is independent of the angle between the ultrasonic beam and blood flow.
Transmitral pressure gradient (JP,o) was measured as the pressure gradient between either left atrial
or pulmonary capillary pressure and left ventricular pressure at the point after 100 msec from the
nadir of left ventricular early diastolic pressure (([LA or PC—LVDP];o). MVA was obtained using
a Gorlin’s formula.

The transmitral blood flow velocity in both MS and healthy groups revealed a narrow frequency
band pattern with two peaks, R and A, in diastole. The former peak occurred during rapid inflow
phase and the latter following atrial contraction. In the healthy group, the descent rate of R wave
was increased than that in the MS group. The square root of the pressure gradient also reduced
linearly with transmitral flow velocity in the MS group. Thus in the MS group, the transmitral
velocity was directly proportional to the square root of the pressure gradient as described by a Bernoulli
theorem, and the half time was proportional to the transmitral velocity.

The square of the half time (Jt%) was highly correlated with JP;g (r=0.97), and the inverse of the
half time (dt7!) was correlated with MVA (r=0.76). There was no significant correlation between
4Py and diastolic descent rate of anterior mitral leaflet (DDR).

The present study indicates that the half time is useful in estimating transmitral pressure gradient
and MVA in mitral stenosis.

Key words
Mitral stenosis
technique

Transmitral pressure gradient Mitral valve arca Ultrasonic pulsed Doppler

RE Ll o) LHRMIEARAE (MS) 1 8

B B, WS AR BOR & B O (MSD) 1, s

{EE FPRRAE (LA MS) (S35 % R0 1
MBI, EIE O ORAI &5 L0 A
MESEEZBRMLTWS EE2 RS, Lk
BoT, TOMBRHEEMIT+sZLicky, &K
E O HAE I O FEAE T & 5 BBE M #E 2 o O
B OmEEHEEL 9 5 LW s 5.

AT, DY 7 —F LS X Y BEEEE
BRZEMBE S NIEH 2RI, BEE L AL
FART7—HIC L Y REEFMERE 7 — &3
WL T, WF ORI, OEEBITEE, Lo
TSR O R & SRR IEMICHEE L D 25 LW o
i & A 7.

fERI & ik

L 3%
IAFAH % 45+ 2 MS 11 5] (GFl 23~45 4%) % %

KIARFPEASHA 2 APEG (MS+Ar) 2 4T b %
(Table 1).

MS o#ix, L= = -, LR, LER-A
LSS 7 —F VB, B X OSSR
Xotes il E LTRGBS B % v,

2. k&

MUFEFH O 7o b i L7358 i3, JnigRE
B AV 2R 75 MFEHY (ASA T4 =
1 EUB-5: {283k 2.5 MHz, 2L 240 3K
Utk 5KHz #7213 10 KHz (- Gk 2 WgE,
/v ZE 1.3 psec) &+ 7 # —FRBEBFER
RS BT R S E (Ff8 EUB-10) & o#ifd
EYchs (Fig. 1). MHHIESHRHD 2 Ol
Fid, EE 1Smm, PZT 1 MR o K48 v £ fil
FIEAW. KEBICER 1T 5 KA BRmEERET,
Mo LEEEk SkHz ko 10kHz josgis L
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Tabl 1. Data of the patients with mitral stenosis
oo o] e [ 208, [Pt 5| o o] o
1 145| Msr | 0.85 | 0.309 | 26 5.0 +20| 30| B2 2.30
2|34| Ms | 090 | 0.369 13 12.5 +50| 75| 48 1.07
3(32| Ms | 0860343 | 27 8.0 (o) 80| 35 1.44
4|38| Ms |09l | 0.403 15 18.0 +70|110| 16 | 0.45
5|41 MS | 0880420 | 24 21.0 +80 (| 130| 39 1.02
6|35 Ms |0.84| 0587 14 10.0 —30|130| 33 | 084
7|37|Ms,Ar| |.O0| 0579 | 33 17.0 +30| 140 | 38 | 0.63
8 45| Ms,Ar | 0.76 | 0.592 7 19.0 +30| 160 42 | 0.60
9123| MS | 0960617 IS 16.0 —20)|180| 26 | 0.89
10|34 Ms | 064 | 0575 15 1#5 —15]|190| 35 | 0.69
1134 Ms | 0.96 | 0.909 13 36.0 —1.0]|370| 34 | 0.57
DDR : Diastolic Discent Rate
LVDPioco . Left ventricular diastolic pressure after 100 msec from the nadir of left ventricular early diastolic pressure.

PCioo or LAioo : Pulmonary capillary or left atrial pressure after 100 msec from the nadir of LV pressure.
2 (PC or LA-LVDP) 00

AOPwwo

TWO-DIMENSIONAL |
ECHOCARDIOGRAPH

PULSED

Al

DOPPLER e
FLOWMETER SOUNDSPECTROGRAPHIC DISPLAY
AHAY
P SR . SR
R > ®
v - g
Y TONRD ?
Fig. 1. Block diagram of a ultrasonic system.
A bi-directional pulsed Doppler flowmeter combined with an electronic two-dimensional echo-

cardiograph and the tracings are shown.

The pulsed Doppler flowmeter is designed as follows: carrier frequency=2.5 MHz, pulse re-

petition rate=either 5 KHz or 10 KHz and sample volume=1x3 %3 mm.
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<ZzhZh 15cm L 75em ThHY, $v A8
LD REERD & O BB IS U TR 5 2 L 23FJHE
ThD. X 6cm BT B HMERER 3 mm,
BRHESMEREE 1 mm T, L7z > TREEALTOM
Y 7ARY Azl mmx3mmx3mm &7
5. ki AAEMOBENILEEBE L L.

K75 —EB0RFCEIY YL FRRY bu )
57 (VA SG-0) v Hohley + 7
T LA S AT, A % R B A (L
(CHHI L 7o fB) 2R L, R & Y RICERihT X 0 E
BN, TIEMFIGESKRhERTRLIC
(Fig. 1). Y57 500 Pz, ZEEFEFOY
—, ThRbb¥ AR Y 7 ANOMBREE I
B+ Bz, $r7AEY Y ARNOMBEA, HWE
LR —CBReRhThE, YT T
L O RIS L B A BB AR IR L 7Bk
8% (narrow frequency band) 27 h X% —
LB, —F, VR Y T AN M EE
LB ARE—RENERAOBRICE, YT
5 AOJE I K 4 3 IR # 8 (wide frequency

band) 27 hRF— LigBY.

3. st

1. ERHARPOMLAE 2 — > 0F3
WBRE % HHIMEALD 2 VITAERBARLE L, ¥
fiiFrza—¥y—% ALTEERELICZHT,
YT E A LD & R £ — 23 X ONiL
A v I L ORIBFEGZE T o7 HI~F
4R e ER L Y BEFRE -2 2 A LT HL
Ni-EllFrOETERIIC & - TEEFR O 2R L
2o, DRIV AH LZmMFRHE — A2 -
TH Y AL EIBFOETOMBE IC R E L
7o ZOWpEhLELTY U IANMNEBEEERIC
Wbic BB & €T, KLAKRENE L, ol
ARy bR E— BT B IRES & PO
&L TR LT (Fig. D).
MFEHRANE, 2BV CREERERZENE B
REBRICHEITL, fho dflicknwTiErs—5 0
RESHT 1 AR HEST L 7.

2. BERESEO G

DS 7 —F VREBCTHERLEENS v 257

80m£ec__,w.§___.“ —
™o :

P U

100 msec— -

Fig. 2. Measurement of the transmitral pressure gradient in mitral stenosis.

4P,y is the pressure gradient between either left atrial or pulmonary capillary pressures and left
ventricular pressure at the point after 100 msec from the nadir of left ventricular early diastolic pressure
(ILA or PC—LVDP],q). [PC—LVDP],q, is measured as the difference between PC pressure ad-

vanced 80 msec and left ventricular pressure.
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M.0, a 27-year-old male
MITRAL STENOSIS

AWAY

Lo s X
. RS B e L
i
G 5 4
e
i >

5 TOWARD

A

Y.H. a 50-year-old female

Fig. 3. Transmitral flow patterns in a healthy subject and a case of mitral stenosis.
The patterns of transmitral central flow in both MS and healthy groups reveal a narrow frequency
band pattern consisting of two peaks (R and A) in diastole. In the healthy group, the descent rate

of a R wave is increased more that in MS group.

2 ==, EFER O ORI E o JilE
I AEAE - T > A F 2 —F — (Statham 4 P-
23 Db) # vy, ZE=8FEINE (2 i _FRE o AU -
FURATF a—Y—FiFh T —F VERIE 5
v AT 2 —H4— (Millar # PC-350 A) # v 7-.

FEMEEAEFT O I, &5 L DE—
EAREFM > 27 4% JHOT Tiide a7,
JEBIE & BRI 2 MR L, chZzho
a Jor—r orMFRE JELL. 2 ok,
ARy 25 L TOREGHE L NTTBHIINAE T & OB
[f751x 60 msec Tdb - 7z, FlMEHARTE T2 =
Fa—Hh—LhF—F VEERITE N T v AT 2 —
¥ — L OFE O ERZE T 20msec Th 7. =
D72 FEEE R O FHIICEE LT, iliE i
JE & FEEE Z sk L oA, e A Rl
b T VAT a—H—Tiohk Lz 60 msee, »

FRIEN T VAT 2 —HF — Tl sk L - B i
80 msec OIEEIHEIE 21T - 7= (Fig. 2).

3. G

MFH S 2 — o b oo ZH I, Mg
FHR S 38 1 % R 2 S8 A ML < & — o
DGR T Tz

i) A/R: RPN IS T 2 LR A2 SR AL
TN 2 — ok, s, MS flE g, ek
ML i A & piGiEdlic e — 2 2454 % 2
Wbtz v & B LT (Fig. 3). 20l Al ©— 2~
JER A R, piliE e — 2 ke A 2L, A
# R CrU7f AR BH L7

1) s (half time;  4t) (sec):
FRAEE P 1 i 20 ABlic e —2 R (o
L7cdb, Wolc W+ 5. Z OREER ORI
O FEMERE L HE S 570w, MiEE (8

— 153 —



‘(%{‘Es :‘tév 'fF_tv [E3

Half Time (at)

Fig. 4. Schematic drawing of the transmitral flow pattern in mitral stenosis.

A half time (4t) is the time for instantaneous maximal flow velocity to reduce to one-half of its rapid
inflow peak. A half time and A/R are independent of the Doppler incident angle.

R=peak frequency of rapid inflow phase; A=peak frequency of atrial contraction phase.

B)MREe—27 Rpnz0 12 2BE T 5 ETIRE
T B ERE, Jt #FHL 7 (Fig. 4).

RI—EFIC BN T, BFHEE— L0 ARG HO
BWCk-TE—La Lo+ AE® EBL,
Bohsd K77 -k BEERRZ->TH, AR
BIO 4t ZEbIc—EDfEE LY, BEEAH
E— A AEICREBI R WEE L D,

i) FBEMERZE (4p ) (mmHg): ko
T e, FHAERGI A HONSEHAIY 2 7 A OFEEIC
Lo THAL 3 EGENFOMIELIT-70b, ik
ERHOEEBTERIKA (nadir) kv 100 msec 4%
o [EEE—-k£ZE] (LA—-LVDPl), %&b
i [ E —£=E] (PC—LVDPlg) %
L, EEBEEE dpio & LTHW (Fig. 2).

iv) {EiERAEK MVA)(em?): s 7 —
FARET BOALE, WEMHELY Gorlin o
KIERHNWT
mva<_F  F : i FfLpit i (cc/sec)
380dp dp: iEfEiE S A FHERE
LLTHEHLE.

v) fEiESRREILR % & & E (DDR) (mm/sec):

e AT L. M £— Kbz a—
Bz X b {8 FrRi s B & Bl L 7<.

5% #

1. geEplE MS flIcH 1 3REEFOMFKE/ S
— VD%t

s plis T or MS il 37 2 RERH 2 R (E1E
oM <z — % Fig. 3 TR+ @Eslc
B TIILREHIC BV TRBERAR & piliEIc
E—s A3 5 208 (=2 R BXUA) Ok
W2~y bty —v &L, 2o E—27 R
LA 0 MR IE 7272 & i g E iV TRGE L
ILEPHICITIE 0 ITEL 12

TRFHE MS i3 Tid, Efl L Rk 20g
PEDOPHIR R R MARF—VERLEED, TO
EEARRIEESICH L TEL, & ICHE
Hr—r A OEENERTH . EAHM
A —7 R P#gomyiREkis, gEplc
BT B B DI LT, MS T2l
EFEBRICHEEL, b7 ORERITEFHIC
LT/ Th -7 (Fig. 3).
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PNV A e KT — T XD ENE S A2 g o TROE EE ST

rapid filling phase
------ presystolic phase

({ Y.H. a 67-year-old female )

Fig. 5. Flow distribution at the left ventricular inflow tract in a case of mitral stenosis.
The transmitral central flow pattern with a narrow frequency band width is only detectable at the

point b.

2. MS [ZEIF R EBHFOMTFES T OB

MS (2813 5 IfLFE - > 7 A L BezE s L o
PEERGR & BRET Uc. M HOOW R X & ity
7NV o KRR (Fig. 5) wRrshs &<,
P N OFIBBEIEN B C TEE—ETH
ST, FRAOMBIZIEEOFGEIC L L - T
H~BB L. Fig. 5 E3fpn & v AL &
DEFE Y = — =T TLK%@&% A
AL & SR, HiGHE & 3 U O A
T o (b) ICRET S L, SfLEN 2@ Tk
Wil A =7 M oSz— vt (Fig. 5b).

—F, B TNVEMNLE (a) OMBICERET S &,
SUEFAWIC E IO E T ICALE S 5 2%, HiE
IR TETR X Y b AR /i ~BE+ %
T DL T F G A O MLFEH -~ & — el

AT PATHDH, HiHEIC R =
Ry b E—v B L (Flg. 5a)

Fhfilcy o I ANiBE (0) DMEBICRET S
&, HIGERICE R AETICME L, MmjEHE 4
— VPR T H o 72 2%, A AW IR
WA R bz —v &2 Lk (Fig. 5C).

3. MS [2hl+3 EEMESEN REBHFO/S —
VIZBERBREO®KRE
FHEMEERZE dpioo 2MREE GEF 1), o &
CREM 7), WEEE GEF 1) ZERlIc s WT, #h%
N ORI DT 7 — > oxtl & 1T - &
(Fig. 6). ML ¥ % — > ORE R O kT,
A E—LBEOE N LD, EEENS 14mm
Hg o JEf o feis Bk E o 525 37 mmHg o g
DEREY bELFTREN, KEAEE L FEER
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HEALTHY SUBJECT

TOWARD i ‘ L

_MITRAL STENOSIS

MILD PRESSURE GRADIENT 3 mmHg

.:,f: ® Y

MODERATE
AWAY ’ G

v«u-.v-f >

SEVERE
CAWAY .

Fig. 6. Relationships between flow patterns and pressure gradient in cases of mltral stenosis.

A half time is prolonged with an increase in pressure gradient. The square root of transmitral pres-
sure gradient linearly reduces in time in cases of mitral stenosis and the configuration of a R descent
is also linear.

JEREEE L oI iZ—E ORI b o7 4. MS 2B 2 EEMEEREOERNZRL

— 7, LR R e At 3 mmHg o MS (2350 % R BT (dp) ORERHYZ m
JiEf] 1 ¢k 0.31sec L4 <, 14 mmHg »J5EH] T, PEMERMIO A JE e K & R N &
7 <1 0.58 sec, 37 mmHg o fiEf| 11 <k 0.91 sec 20 msec I & AT EHIIL 72 F OfEUL, FERGE 0)1},
CIERIEEZ R L, BEMERGES KEWwE L, R (Vdp) (RIS IE E EARA IS D
MR R < 7 B A 2558 8 AT, (Fig. 7). = LT HIERGED K& Wil TR ERK
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Fig. 7. Time course of square root of trans-
mitral pressure gradient.

A Bernoulli theorem exists between transmitral
flow velocity and pressure gradient in mitral stenosis.
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C o L ] ! ]
0 0.2 0.4 06 0.8 1.0

(Half Time)? (sec?)

Fig. 8. Relationship between transmitral pres-

sure gradient (4P,,,) and square of a half time.

SANVR - B 7T =R X B EIE IR ERAE O BEE A

5. MS [CHI1T5 MifE/ Ny — VEtAE E DEH 7
—F IV &k ZMITENREISIE & DXL

DS T —F7 V2 fEfT L2 MS 11 o flERE
2% Table 1 (257

MFREE RS 0 —RfE (4t%) L E=EEERRE
4p 100 ([PC or LA-LVDPlio) & 0B8{%IZ, JE
BEOKEWHITIE 42 BREL, BIEEED/N
EWHITIRES, MEOCMICIRF R EDHEE
(r=0.97, p<0.001, y=41.3x+2.26) B » bh
7= (Fig. 8). F 7yt ppkfofigk 1/4t
S O @ & ORICiE, E0HE =076, p<

~ 25 T T T
N
E A
~ « PCroo ri0.76
20} 2 LAioo y=061x-033 .
P<0.001

[
T

MVA (Gorlin)
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T
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Fig. 9. Relationship between mitral valve area
(MVA) and the inverse of the half time.
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Fig. 10. Relationship between transmitral pres-
sure gradient and A/R.
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Fig. 11. Relationship between transmitral pres-
sure gradient and DDR.

0.001, y=0.61x—0.33) 2338 & hi- (Fig. 9).

AR BEZMEREOEIC L EEH DL
4p100 AR L ofic3HEREEIRD LR
e/ - 7= (Fig. 10).
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