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Summary

The severity of isolated pulmonary valvular stenosis (PS) was evaluated noninvasively and quanti-
tatively using two-dimensional pulsed Doppler echocardiography (2D-PDE). The subjects consisted
of 17 patients with PS diagnosed by cardiac catheterization (3 to 15-year-old with a mean age of 7.9
years) and 28 healthy children (3 to 12-year-old with a mean age of 7.2 years). Flow signals by 2D-
PDE were recorded in the right ventricular outflow tract just below the pulmonary valve and in the main
pulmonary artery.

The following three parameters were measured from the flow signals in the right ventricular outflow
tract: the right ventricular pre-ejection period (RPEP) from the onset of the QRS in the electrocardio-
gram to the beginning of RV ejection in 2D-PDE, the acceleration time from the onset of RV ejection
to peak velocity (AcT), and the right ventricular ejection time (RET) from the onset to the end of right
ventricular (RV) ejection.

Acceleration time index (AcT/RET), and systolic time intervals including RPEP/RET, RPEP/
vRR and RET/4/RR in PS were compared with those of the controls. The correlations between
the above-mentioned parameters and pressure gradients and RV systolic pressures in PS were examined.
Data were expressed as mean value+SD.

1. AcT/RET ranged from 0.37 to 0.53 (0.45+0.04) in the controls and from 0.54 t0 0.76 (0.62 +
0.07) in PS. The mean AcT/RET was significantly greater in PS than in the controls (p <0.001). There
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was a highly positive correlation of ACT/RET with pressure gradients (r=0.94) and RV systolic

pressures (r=0.93).

2. RPEP/RET ranged from 0.32 to 0.47 (0.37+0.04) in the controls and from 0.24 t00.35 (0.29+
0.03) in PS, and the mean was significantly lower in PS than in thecontrols (p <0.001), and this was

caused by the short RPEP and prolonged RET.

3. RPEP//RR ranged from 102 to 160 msec (122+16 msec) in the controls and from 86 to
136 msec (107 +16 msec) in PS, and the mean was significantly shorter in PS (p <0.05).

4. RET//RR ranged from 300 to 345 msec (323413 msec) in the controls and from 308 to 417
msec (363427 msec) in PS, and the mean was significantly longer in PS (p<0.001).

5. The pressure gradient and RV systolic pressure in PS did not correlate with RPEP/RET,

RPEP/ /RR and RET/ yRR.

6. Turbulent flow in the main pulmonary artery was detected in all cases of PS.
The above results indicated that AcT/RET is a good indicator for quantitatively evaluating the

severity of PS.
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Two-dimensional pulsed Doppler echocardiography

Accleration

TRHEE & EBIRE R L7, 2 o & v EiBhARk
BRRLEFIYVOT e —Fick ), ERAER
HERRLRLTHLI V07 e —FTHHL, 2h
ZOWALOMFHEHFIC T X 5 120 BT RBER
E—LHFMEREL. Fo 7 h - RY 2a—AaiF
RS ANC 2mm & L, BRAELEIET
THUFY S EfTok. M E—Fxa—E
gy 7o, LER, LFERE S0 mm/Fo
MRt D CRIBERESR L 2. RS L, IREIFICH
HSWHRER I Y kic, EBI»3HWAITTICRR
Lz, ¥R ETAa—F—BIUOKRIT v
FhASIZEY Yy P NEN E TS L 7.

AERHBEATE SN FRERE» S, LT
% 1T -7 (Fig. 1).

1) A=FiEEH MR right ventricular pre-ejec-
tion period (RPEP): .vER® QRS BE#&H o
MRERHERME & TORER], 2) acceleration time
(AcT): EEHBAtAED R KFREICET 5 £ TOR
B, 3) A=BRHERR], right ventricular ejection
time (RET): BRHHBASA X Y #& T £ T OB

PLEDOFRIE X » £Hlic>&, AcT/RET (ac-
celeration time index), RPEP/RET, Rt
RPEP ¢ RET & # Bazett o=ic & Y #§1E L 7-{#
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SAMPLING
POSITION
IN RVOT

Fig. 1. Blood flow patterns in the right ventricular outflow tract in a normal subject (top
left) and in a case of pure PS (top right) and the method of measurements of RPEP, RET and
AcT.

The sampling position is shown in the bottom figures.

The peak velocity in PS is relatively shifted to the late systolic phase.

SV =sample volume; RVOT =right ventricular outflow tract; PV =pulmonary valve; MPA =main
pulmonary artery; RPEP=right ventricular pre-ejection period; AcT =acceleration time; RET =
right ventricular ejection time.
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Table 1. Cardiac catheterization and 2D-pulsed Doppler data of 17 cases of pure pulmonary
valvular stenosis
Catheterization Data 2D-PDE Data
Patient MPA pressure { RV pressure g:::asel‘:(e ACT/RET RVSTI RPEP//RR | RET/VRR

No. sex age (mmHg) (mmHg) (mmHg) (msec.) (msec.)
1 F 5Y.|20/2 (8| 55/11 35 0.59 0.27 102 313
2 ™M 5Y.(20/7 (12) | 50/5 30 0.57 0.27 102 382
3 F 9v.[18/12014) | 35/7 17 0.54 0.25 92 362
4 F 9v.[24/10013) | 34/6 10 0.55 0.28 109 361
5 ™ 13Y.|26/8 (15) | 54/8 28 0.60 0.24 103 339
6 M 12Y.[20/12(14) | 74/4 55 0.72 0.30 107 366
7 mo12v. | 20/14016) | 45/1 25 0.54 0.35 130 368
8 F 4Y.|24/13018) | 70/10 46 0.68 0.33 135 417
9 M 3v.[19/11016) [ 80/7 61 0.67 0.25 89 366
10 F 4Y.|25/1317) | 65/4 40 0.59 0.27 107 387
1 F 8v.|22/11(15) | 46/3 24 0.61 0.30 100 335
12m 3v.122/10013) | 100/5 78 0.76 0.28 102 362
13 M 15Y. | 30/14(19) |  90/7 60 0.68 0.25 88 308
14 F 4Y.|28/10(16) | 67/6 39 0.61 0.31 112 363
15 F 14Y.|23/8 (13) | 33/6 10 0.54 0.30 107 327
16 F 5Y.[19/2 (15) | 79/10 60 0.70 0.34 136 396
17 F 4Y.120/7 (12) | 39/10 19 0.54 0.25 86 340

MPA =main pulmonary artery; RV =right ventricle; AcT =acceleration time; RPEP=right ventricular pre-
cjection period; RET =right ventricular ejection time; RVSTI=RPEP/RET (right ventricular systolic time index;

M=male; F=female.

RPEP/vRR, RET/VRR # ¥ right ventri-
cular systolic time intervals (RVSTI) #&H{ L,
EHXTREE L R L7z, £72 PS o k45 3
Bk - AEERER I OEBIEHE & ko~
7 A =8 — L FHEBRE L. AR O Mk
BeA o FHRN G ML O BRI B AR 6 & UHE T D B 42
LFEDOHBIZOWTIT, SILHOFGEE & o7

53 *

1. DAF—FIRRBELUVNIZR - FTS5—FR

PS iz A=EEF 34~100 mmHg, Bk - &
SEES#EF 10~78mmHg THh o7 Sz - K
75 —FiRix Table 1 {ISRLZ@Y Th 5.

2. BRERUEMLF/ Y-

ERAERHBEMIE & — i, BEEE S
P, WEPHRICE—2 2B+ 5 F—aBT
bot. ZhizstL, PS cixiiEsHiice—2
HMRAL L - WiE A T &b - 7= (Fig. 1).

3. ACT/RET

EHEEETE 037~0.53, ¥ 0.45+0.04
(E#R3E SD), PS wix 0.54~0.76, g 0.62+
0.07 (SD) <, #EZFiIZBWTHEOHINNRED L
- (p<0.001) (Fig. 2). PS Tolfighii - A3
JE#3E & AcT/RET & oo bbige< i3, #HRE%%K 0.94
EVWIFEFICIVWHEELE LR (Fig. 3). A=
INFERHIE & ORIC b, U < FEEHREK 0.93 o
Eadehiz (Fig. 4. 72& 213 AcT/RET 3
0.65 YL ETix, £, FE&ZEix 40mmHg LLE
THY, 7z 070 PlkTix, ABEELH 70
mmHg YU ETh - 7.

4. RVSTI

EEaBEcix 032~047, EH 0.34+0.04
(SD), PS iz 0.24~0.35, 35 0.29+0.03 (SD)
T, BETRABOEMEMSED b (p<0.001)
(Fig. 5).
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Fig. 2. Acceleration time index (AcT/RET) in
normal subjects and in patients with PS.

ACT/RET is significantly greater in PS than in
the controls.

5. RPEP/,/RR, RET/,/RR

RPEP/yRR i33t5EE<ix 102~153 msec, ¥
9 122+16 msec (SD), PS <34 & ICHEHEL, 92~
136 msec, ¥ 107 +16 msec (SD) T&H > 7= (p>
0.05) (Fig. 6). RET/yRR HIEFEMFHTE
300~ 345 msec, ¥ 323+13 msec (SD) TH -
7-oicxt L, PS iz 308~417 msec, Y 363+
27 msec (SD) L HFEOEELZZEH = (p<0.001)
(Fig. 7).

6. PS (=115 RPEP/RET, RPEP/,/RR, RET/
JRR EEEE, BEEHELE ORBE

WFRIZH TWHEEEED bhie o

7. EFFEHRMFE/ XY — ¥

EHEIRAMILIE S 7 F L ERISREE, PS T
EHHEHTIRET b - 7. EFSREE C R

FZ I TR o e A I oD B RN

80

704 N=17
Y=267X-128

60| R=0.94
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40,

MPA-RV Pressure Gradient ( mmHg )

0.8 ATker

Fig. 3. Relationship between AcT/RET and

MPA-RV pressure gradient in patients with PS.
AcT/RET correlates well with pressure gradient.
MPA =main pulmonary artery ; RV =right ventricle.
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Fig. 4. Relationship between AcT/RET and
right ventricular systolic pressure in patients
with PS.

AcT/RET correlates well with RV systolic pressure.

05 06 07

BoEWEiAgEsh, PS Ttreflicisn
ELEEE s hie (Fig. 8).
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Fig. 5. RPEP/RET (RVSTI) in normal subjects
and in patients with PS.

RPEP/RET is significantly lower in PS than in the
controls.
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Fig. 6. Corrected RPEP (RPEP/,/RR) in normal
subjects and in patients with PS.

RPEP/,/RR is significantly shorter in PS than in
the controls.
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ROBORE?, INKERIBEHMEST R o
B L HEF 0 ©— 7 OIUEEH~ DRI ORRE (Q-
peak amplitude interval), Xyt Q-X in-
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B, BETRHLTa—IC X 3ENRDB.
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Fig. 7. Corrected RET (RET/,/RR) in normal
subjects and in patients with PS.

RET/,/RR is significantly longer in PS than in
the controls.
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FICB T IR T OMEE HHICBRT hid, B
HMLFE DB R AL #E T MO AR e #H A TTRET
Y, L7»->7T RPEP, AcT, RET o3 7]
BETH5.
RABITIE, PS 1233 5 A3 5 H Py f i
D E— 7 BDEBLICH~ABUEEICRML T 2 &
PEESh TR, NETHRBED & R 2 5
bhie. oMo BELY Kby fEELLTO
AcT/RET (acceleration time index) (%, EkZE,
AEINFEHIE L EHIC I WEBERL, PS &
REE* EEMICFTMLES TWiEELEbhik.
WHD £ — 7 BUIEEH~BE T 3R L LTk
HE - BRESZE © JKRMEH? IEEHICH Y,
e AREEOTEAGIREERIICH VY, Zh
HWICREBEh3Z LY, £ BELE D TE,
Laplace o#ERlic & v, INFMEHHICHEWIEET
5L ENREILRS. L ULNNETIRES
FEICKERIFNRD Y, FUEEESHEIHE
ExHTH/METEL, BERBEOAEIIVE
WREARICIR S, TRETOFHRE LETL,
FRIREBE—7OBRLEELARTRE R b
AN

RVSTI 3, M®— Kbz a—Ficky, £
EkEFT5/NRORERELRBICIWT, il
FIRE O RIE (Wi MERE, MiEER) & 88
FTHEELLTHVLRATWSY, FHx DREL
7o SR K75 —TO EFLTOMMH (0.34+
0.04), X RRAE (0.31£0.02)!3 13, M = — K
DT a—FTofE 0.2440.036! S K75 —k
TOfE (0.269+0.027)19 x h L BV R 7. Z
RISz - 75 —kic & 2B 7'+
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SAMPLING
POSITION
IN MPA

Fig. 8. Blood flow patterns in the main pulmonary artery in a normal subject (top left)
and in a patient with PS (top right) and the sampling position in the MPA (lower panel).
Turbulent flow is detected in all cases of PS.
RVOT =right ventricular outflow tract; MPA=main pulmonary artery; PV=pulmonary valve;

SV =sample volume.
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1%, MFEERHBALA AR L O T RO RIE L otaE
BFREND. BAIORIEO D 5 MFREHLE - &
Ty rrrofibieflE L. PS itk 3
RPEP/RET oz, AfEiciksits RPEP o
g RET oiERICk 34D Th 5. RPEP %
FfE S5 EF L LTid, Gamboa 58 0.0 F K%
Hnkaticb b s Loz, PS TRl
CEHICAEEVHBREEZ Lxb Y, Zokn
MBI RN R E S & &, HEDIE - REAR
WFIC1Z A% peak dp/dt 2EhN+ 5 2 & 1774 & hs
bsLBbhs —JF, RET 2@EEs# 5K+
i, I & Y B MRERH A E 5 2 &
EEbic, REREMRFERHIOE C £ CHBIRE
ETEDLLRWICH, BHETH B Z L, %12
PR B RIC X 2 IEHTHEMY 22 E R LTS L
Exohd. FREOFER LR v, RPEP/RET
FEBE L OMICHBEE AT LW IRERD B
KB ZDIERBREDO AR - K75 B
NETBRA»HEL, HELOMEAICL S
Lo LEbh3.

B Lima o83 Sz« F5°5 — 3L ik
BrEF7—he v, PS ORE#HT = v M fiHE
#MEL, Bernoulli »EH#*HWCTIEHENE
BRI EBEL, BEESh TV, -k
DFHEE F i EERkE 0 EEMRFN OBEY
bhs —F, SR P75 -8k, BE O
BABO BW LOBERED EMM & 5 VT EERM
FHlio L LTIESEBRKRICE A s h o2 b
500, L%, BICEBOKRICLY, EEML
WHEFHMEE L LTREBT  Z L aligah 3.

E #
BEE A AVvz - 75— 2D-PDE) # v,
HMZURHBIAR et B 2E (PS) D EER 0 IEEMBH 7

MBI EHR A1k ke A HIEE 0 B3I

ERAFHIE 2 Rl HRBL V7 — 7 N TRHYT
OREEL PS 17 (3~15%%, FH79), E
WX 28 HIG~12 5%, FH T2 %) TH 5.
2D-PDE iz THiBIRAE T 0 AEFRHE & L
ERHBIIRNEETE & B8k L, AERHERER LY,
AENBEHRE (RPEP), ERHBALE X v BokHitaH
IZES 5 £ TORR (acceleration time: AcT),
B LOAEEHRH (RET) 23RILE. Zhic
5%, AcCT/RET (acceleration time index),
RPEP/RET, RPEP/vRR, RET/¥RR # ¥
@ systolic time intervals #BH L, %I%REfL
et Lz, £72 PS offi#hik - AREEE,
AENEPE L EROK T 2 — & — L HERE
L.

1. ACT/RET: setsp#t 0.37~0.53, 45 0.45+
0.04 (SD), PS gt 0.54~0.76, £¥5 0.62+0.07 <
PS BicBWTHEOHEM AR D b h iz (p<
0.001). 7= PS ok 2 MBI - 4 = JE B 2%
(r=094) B XOABIEHIE (r=0.93) L offic
FEFIZ L VB D b

2. RPEP/RET: x%f % g 0.32~0.47, £
0.37+0.04, PS £ 0.24~0.35, 315 0.29+0.03 <,
PS BickWT HEO K2R L (p<0.001).
Z o RPEP/RET o /&f#tiix RPEP o4Ef5 &« RET
DIERIZED LD TH 7.

3. RPEP/JRR : %% &t 102~ 160 msec,
122+16 msec, PS #f 86~136 msec, E¥y 107+
16 msec T, PS BicB W THEOEHENED &
hiz (p<0.05).

4. RET/JRR : st 300~ 345 msec, Iy
323 +13 msec, PS #t 308 ~417 msec, ¥y 363+
27msec T, PS BIcEWTHEBEDEENED
hiz (p<0.001).

5. RPEP/RET, RPEP//RR, RET/+vRR
LEBZE, ABIFEHE & oM X WHEEIZER
Hohieh ol

6. PS 2ficEMHBIIRNICELRSBE S he.

PULEoiERX v, AcT/RET i1 PS o&EEE
ERIICHMIIT 5 I WiRE L Bbhi.
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