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Summary

Noninvasive measurement of right and left ventricular systolic time intervals (STIs) was made
utilizing ultrasonic Doppler method in 35 patients with secundum atrial septal defect (ASD) to evaluate
their hemodynamicstates. Using the Doppler signals relating to the opening and closure of the pulmonary
and aortic valves, both right and left ventricular preejection periods (RPEP, LPEP) and ejection times
(RVET, LVET) were measured. The same studies were carried out in 50 control healthy subjects.

In patients of ASD without pulmonary hypertension (mean pulmonary arterial pressure <20 mmHg),
RPEP did not differ significantly from that of healthy subjects, while RVET was significantly pro-
longed reflecting right ventricular volume overloading. In patients with pulmonary hypertension (mean
pulmonary arterial pressure>20 mmHg), RPEP was prolonged and RPEP/RVET was significantly
higher than those in healthy subjects. These two parameters were correlated well with pulmonary
arterial pressure. In both groups LVET was shorter and LPEP/LVET was larger than those of normal,
suggesting low output state of the left ventricle. In 5 surgical cases, LVET was prolonged and LPEP/
LVET decreased after operation, while the right ventricular STIs did not change significantly. With

the pulmonary to systemic flow ratio (Qp/Qs), only RVET/LVET was correlated significantly, but
with poor correlation coefficient (r=0.47, p<0.01).
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These data may suggest that noninvasive measurement of combined right and left ventricular
STIs is useful to assess the hemodynamic states of ASD, especially for evaluation of associated pul-

monary hypertension.
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F C &I

DEHREXIE (ASD) TRIAREORI, Fic
FHTEE OHRIE D 2 HRRFHNC ML TEHRE & FEE T
BIENLETHBEN, DB TF—FNEERY
RUMEITT % Z L3 £ L < 2. DREESTI
X 2 MATERE DM YV KR LIEITTE B LD
FlEEAE L, FEMEBICR T 3EEDRHEMT
B LT T TIREL ORE R A B h 5 19,
RERDOFETIAEEORHEHEENTT 5 2 L3 EEE
#27c%, ASD o ffTHhEE & LR CRFMl L
EHEFZ LY. AR TRETER 77—
& vy T ASD il o A T2 0 IR HE O REHE
(systolic time intervals: STI) #FH|L, LM
B F—F VREIC X Y R e MITEhREE R & Mtk
F3zkick b, ASD EFICK T BEATOE
» STI okt zoEHRERF LK.

MR EFiE

R OUERXRIBAE 35 1 (3~57 5%, ¥ 26
) rREOMBLELE. WHROBEICYZ->T
i, BEAMT e v 7 flE XU L 2RO
BEoOBH b DEER LI ELEHENS
LERSML, IRFAREH o4 B G L. Eisen-
menger JEFEH X ETHEAFFEL T 2d -
7o. kB e LT, B BT 504 (16~42 8%,
¥ 27 53%) 2 A i

PLE o fliz v T, #83 Doppler cardiogram
(DCG), LE™, LER (7 7 BT MA-250 <
A 7 {E) 2% v #EE 100 mm/sec T [RIRFADER
L7z. DCG Z&%icix7 rn #HBEER F 75 —5
(600 Hz high pass filter) % v, BE#RoFHE T,

KBRS I X OSBRSS o BRI L OBy 7'
nE L (Fig 1), DRHEO JE R OER
QRS o Btk X Y KBIMRFBIK v 7'+ v (Ao)
DB E T# left ventricular pre-ejection period
(LPEP), Ao o BHthX v KEMRFEASH o 7" 5 v
(Ac) & T F <% left ventricular ejection time
(LVET), L& QRS #oBss & v Bk R
e 7+ (Po) Btk E T#% right ventricular
preejection period (RPEP), Po o pf#h X b fitigh
WRFEASE Y 7+ (Pc) o#&k T % T#% right ven-
tricular ejection time (RVET) & Li7-. iz
EWwLTix 0.5mm (Smsec) ¥ TEHEFEL, 5
DHOFHEE & > . DB ORIE X LHEE
LT, W DB LR I OIFRFRICER  MFRR{E
AE X EHET L 72D,

ASD flizn$h b DRFFERIES 2 B LA
fig s 7 — 7 VIREERITV, WBIIRE, &R
ERER 2 L EFHIL 2.

154 #

1. BEHOERINELCEE
BEBFHICRW T, EAIGEHLORAE &M
¥ (HR) o iz i3 3 BREREBDHSH
(Fig. 2), zoEFBREIROZ L Th o7z
LPEP=—-0.61 HR+141 (r=-0.40, p<0.01)
LVET=—1.26 HR+375 (r=—0.67, p<0.01)
RPEP=—0.59 HR+137 (r=—0.48, p<0.01)
RVET = —1.67 HR+443 (r=—0.65, p<0.01)
z R M, LPEP, LVET, RPEP, RVET
FNTFh O OB EFERELAMEES Y, L&D
Btz FREBRNEZAC T, DHEBELZTo
ff (Index: I LB%) /-
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Fig. 1. Right and left ventricular systolic time intervals measured by the ultrasonic Dop-

pler method (29-year-old, healthy male).

Po and Pc=Doppler signals relating to the opening and closure of the pulmonary valve; Ao and
Ac=Doppler signals relating to the opening and closure of the aortic valve; RPEP and RVET =
right ventricular preejection period and ejection time; LPEP and LVET =left ventricular preejection
period and ejection time; PCG=phonocardiogram; ECG=electrocardiogram.

LPEP-I1=0.61 HR+ 3z LPEP
LVET-1=1.67 HR+ 3] LVET
RPEP-1=0.59 HR+4 3] RPEP
RVET-I1=1.67 HR+4i] RVET

2. ASD fioxzRmoEE (Fig. 3)

ASD 35 filrp, O 7 — 7 VRRAE TIIBIR
J£ (mean pulmonary artery pressure: mPAP L
W) 28 20 mmHg LA T - 7o b o & Il i
B (JE PH), mPAP 23 20 mmHg »#hlIET
boleb o fimfER PH) &L, 2 3o

TRt L7z, 3F PH B3 29 4] (13~51 3%, 85
26 5%), PH B3 6 13~57 3%, FH275%) Tdb
> 7z

i) RPEP-I

RPEP-I (3fdesi i 137+7.6 msec (mean+
SD) Thotemizxkt LT, FEPH Bz 133+11.6
msec, PH iz 160+10.9 msec <, 3 PH ¢
LR L OMICITEEEE R b o 728, PH
BEEERE, 9F PH Ml LARICIERT 52
LE@Bw i (p<0.001).
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jasec msec
400 400
RVET=-1.67HR +443
* (r =-065, p<0.01) LVET=-1.26 HR+375
(r=-0.67, p<0.01)
320 320 . .
L °
. % o
L] . ... 5 ) L ]
240 240
160 RPEP=-059HR+137 160 LPEP =-0.61HR+141
(r=-0.48, p<Q01) (r=-040, p:001)
° L]
Rk W vt
% Q (2
80 « T . 80 s .
50 60 70 80 90 50 60 70 80 90
HEART RATE HEART RATE

Fig. 2. Relationships between each parameter of systolic time intervals and heart rate.

RPEP-I RVET-I RPEP/RVET
I I
— le _r P0.0014 I r P<0.001 4 I r P('0,00I T
meec N - P€©.005 o
170 g | so0o s 0
° e 0.40]
160 ——| 480 -
o . o
150 460] o
140] ° | 4o ‘ g 030,
kY PR o
130 4 420
120 400
o 0.20
non non
H PH PH H PH PH PH

H--Healthy, & .meant2¢

Fig. 3. Right ventricular systolic time intervals in patients with atrial septal defect (ASD).
H =healthy subjects; non PH=ASD patients without pulmonary hypertention; PH=ASD patients
with pulmonary hypertention. '
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LPEP-I LVET-I LPEP/LVET
I I ' I y
s
- [-p<ooos‘rN I P05, NS P02, NS
[ J
170 i 400 050 °
8 L]
: s
160 $ 1, |3 045 al 8
. t — $ o
150 . 380| 0.40 g P
| e | © —t o
[ d
140 .;. o 370 035 H 9
130 . 360| 030| l
ia 4 .I '
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HBSIPH| | H[BgIPH| | H|B5|PH
H---Healthy, <8--meant 27

Fig. 4. Left ventricular systolic time intervals in patients with ASD.

ii) RVET-I

RVET-1 j3{g#at 443+14 msec, 3 PH #f
469+19.3 msec G, WEEAIICEEEZ 287 (p<
0.001). ZhiextL PH gETix 428+28.7 msec

, BEH IV PH itk LERT 2 L

wmbb 7z (#hZh p<0.01, p<0.001).

iiiy RPEP/RVET

RPEP & RVET ojtifds gt 0.30+0.03, 3k
PH g 0.26+0.04 <, 3k PH Btz L
{&fE & 72 B A % B 7228 (p<0.005), iz PH
BTk 0.38+0.06 <, EEHB LU PH Bic
LA TH-7 (W Fhi p<0.001).

3. ASD plox=imiomsm (Fig. 4

i) LPEP-I

LPEP-I 3448t 142+9.9 msec, 3k PH #,
PH #gcizzh+h 150+12.6 msec, 154+10.4
msec & fEERICH LIER XEDLI (<
0.005, p<0.001). LA L3 PH g+ PH #o
BICREEEERD edh o7z,

iiy LVET-I

gt LVET-I 13 375410.0 msec, 3 PH
#, PH #ixzh*h 371+13.9 msec, 368+15
msec T, ASD FlidEHEICLL EFEERD
(#hzh p<0.05, p<0.01).

iiiy LPEP/LVET

LPEP/LVET iz, ¥ cix 0.35£0.04 T
57223, 3 PH 23 0.38+0.06, PH iz 0.39
+005 <, EEHICELBETH-Z (FhZh
p<0.02, p<0.01). LA L3 PH B L oficix
BEEZE*Bd ol

4. WER-KEROFRELE (Qp/Qs) &A% STI(C
20T

Fick oF#ic #£-5< Mk» 204 & b ko iz
iR AEIR Mt R (Qp/Qs) L&A STI #%
BraRst L~z 5, RVET ¢ LVET ¢
ot (RVET/LVET) & Qp/Qs M IEAERE & 3%
»ic (Fig. 5, r=0.47, p<0.01). ZofoisE
& Qp/Qs DRI EERHEEERD ed o 7.
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Fig. 5. Relationship between RVET/LVET and Qp/Qs

RPEP-1 RVET-1 RPEP/RVET
170 a0 0.350
_.
150 N 460 0.300
7 P
130 7—’: 440 0.250 /
.’— <
me— 420 0.200 /
Pre Post Pre Post Pre Post
LPEP-1 LVET-1 LPEP/LVET
170 "0
0.400
1501 3704
0.350
130 350
mt—— ¥l 0.300
Pre Post Pre Post Pre Post
Fig. 6. Changes in systolic time intervals after the closure of ASD.
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5. ASD floFifigjsa STI &t

ASD miRIEFMH & MEIT L2 5 HloBFiz>n
T, Figig s STI BBk Lz %
WEt L. Zhoofiliz, itk 1~2 E£xR#EL
ZbDTHY, WEIOLYTF—FARET, 14)
DBIEHFEIRE 25 mmHg Tdb - 7223, fhon ¥
b 20mmHg FThork. Fififaio Qp/
Qs 13 23~35 oHETH - 7z Mg nA=E STI
OEE AL OEFITRARY, —EOFHMERE
irhotz (Fig. 6). —JF, k£= STI o%{kizg
BIBRI—FEICELT 5 Z LB D bl T4
bb, figiciz LPEP-1 3445, LVET-I i3k
L, LPEP/LVET i3{&ff & 7 - /= (Fig. 6, F
BY).

% ES

ASD wZE-FE#KEE L, EAWHLOMmMITEE
B EY 52 5H, *ORECEITICRELRR
DEOLFHEMTELE L T35, AEDLRMEIC
L TRACEREZM3 BB LFESIPLN L
bdhY, RIS h T,

BEES K77 —BfoRBRHE2 K75 —
YIFNE LTREBh Z2<HX 30T, B
foIFEBMAGTE CREEMD Z L BRELWAE
DRECELTLEREB S LB TE 359,

ASD o DEEEANT OFER, A EIFEOR
HCEMBMLEL o T a8 (PH ) Lo
TWieWit(GE PH B) THL e 2R ERw 1.
RPEP % X tvf RPEP/RVET 3 [fighfiRIE & IEAEES
PAETAZ LT TREBELRY. AHEICBY
Tb, 3 PH Hi@EEs: AEELED b -
7=, PH BCTImiEEL b&fEEZRL, 2hbd
» ASD flo PH &ftoBFEQHEIZHNS 3
LbOTHBZ LPREShi.

RVET 33k PH B CRREHICH LEERIER
FRLY, PH #ordicGETsEREZED
7z. &% STI iz, LVET pgE=o—[EH
HEOWMKIZIVIEREL, KBRESCLFAIZLY
Tz PO TRY, LedoTIE PH

K77 —thic X 2.LEFRKRIAD STIs

#ickir 3 RVET olEE i E-AEHKICEs 5
ERBAR (FE—EHHHE M) o & Bb
9. PH # <3 RVET 30 EE &R LTz
Zhicid idiEIZ X 5 AEED EHIZ FES<
E-AEHROBY LEX bR B, Qp/Qs AFEE
E o large shunt T4 iz 3BdTW3BZ &
o, HEMEZFDLOOEE N E 2 b hi-.
Shaver 5194, A{lAHEOHEKH il E R D
FEBIUVEHMICIVERESNBZ LEFRELT
Wwa.

WIAW 2 HEIT Lic 5 Bl CHEARAFMMBRKRES
izt b sF, fiigitgosa= STI B—E
D E RE&hrole b, ASD flo A%
STI PHEICEZED FRAFMOAICEL Y RESH
TVWBDTIRRL, &5 IHlLERDERSPE,
FEIEER Y, 2 OEFOEELRZITTVS
TLEERIRLTWS.

—7%, ASD filicg iy 5k£= STI ¢z, 2=~
OFAMAEER DWW I 5 EERAROIET & X
we L, LPEP i33Ef, LVET i358/E L 7. Weis-
sler 50 3.0 & ¥HRE+ 5 & L LPEP/
LVET g@EfEL Y, EOHAHED ETHRS
iz, £% STl CEMELENCER L HER
EFFED ol BIEHHICIELS )< LPEP
n4E4E, LVET o, LPEP/LVET oET#%
B, E-REHO HRICL 3 ELIKEOHEK
PRI E iz

ASD n@EfEE, FHNESERET S ET, Hif
BILECEE L Ly BEEAKETHS Qp/Qs
R EAUDRHEOE?OCHEL 5 20BN EFHS
e, —EEHE L EREEZAET S L Eh T
B EAFLEOEHIERM oK, RVET/LVET &,
Qp/Qs DI E TR, FWFEICIZ FE 2 IEMHE
BRI, ZOHEBOBRERLEVEL 2o
7z (1=0.47). Z W BRI A —EOEHE L X
HBT 5—7, RIAR, %RARN, DIUEHER L
oOEFOEEBLZ T TWBERDTHSH LEX
bhs. Qp/Qs Lo Lz STI 54 & o
IR EE LB i ol

— 519 —



?$Bil, *g%’ f#» EJ:N

g ¥

ZRALERREXIEE (ASD) BF 35 flExf
HLL, BEEFFT 7 —HBRIVEEMLED
IR LRR (STI) 23k w, DY 7 — 7 VIRE
Ik YR mfTEE#ER L kL. ASD i
EHAEHARIE 23 20 mmHg LUF o (JE PH & 29
#) & 20 mmHg Ll Eo#t (PH #6 fl) <o
THRHIL, HBL L TRFERAST 50 plzHv
Tz, ZURPEERBERA TROBERNICL D
DHEWIEL LfE (L: index 2ffL7%) 2HW
7=.

1) 3k PH @it right ventricular ejection
time index (RVET-I) % 469+19.3 msec (mean
+SD) , @it (443+14 msec) ICHLEER
ERE#3EH (p<0.001), zhiZEEFEAMEK
Belizb %X bhiz. Right ventricular pre-
ejection period index (RPEP-I) 3 133+11.6
msec G, fEEHD 137+7.6 msec L FEELR
HRMroT.

2) PH #-<ix RPEP-I ;3 160+10.9 msec T
HY, BEHCHELAERZER ¥ Bk (p<
0.001). RPEP-I 3E-#fhBhiRE & 4 & 7 IEARRS
ERDI, Z OfRRIMEILEOFEE Kk
Lizb o tBbhi-. RPEP L[FEE, FiEiLE &
FAEE A 8By b5 RPEP/RVET ¢ PH gt
BiE% ;R L7 RVET-1 fgsBick LEZIC
H<, FERAMIC X3 RVET-1 niEE % fifig
BT X 3E8MPER LA TR LB

3) E=URMETIEIE PH B, PH #RicH
BZE#» ¥, wFhbEEictkkL, LPEP-I
BEEE (p<0.005), LVET-1 134 (p<0.05),
LPEP/LVET iImfE (p<0.02) &/RL, EiLF%
D MLFRERILT A 7RHe & i,

4) FpIcRBHREIE O STI 0L iR~
A= STI it T—E oM E RS 222 »
722, Z= STI <ixefl, #itkic LPEP-I o
s%E, LVET-1 oitf, LPEP/LVET ol %
B, AEEMFEEOHEMIRER S iz

5) Jifi 8 BR- A 18 B I ¥ & it (Qp/Qs) &,
RVET/LVET officiz r=047 o, H& (p<
0.05) Tizd 3 HALHEEERD .

P EofERi, ASD ok oic, EARmLIMmT
BEBIC B B 2 2IREOREMICIE, EAMmLE
o ST O BLETHBZ LERT L L LI,
ASD #ilizis i 3 iiEIEDH EORFE I, A
=54, & < iz RPEP-I, RPEP/PVET #&
AthrztERLTWS. LaL, A4 STI
it o Qp/Qs DHEICITMBANR DS Z & bR
mEhTHh3.
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