Journal of Cardiography 10: 199-211, 1980

fimmEICEH T 5 g8k An experimental study

BHar A O AT on the mechanism of

IZBe3 % KERIY BT I mid-systolic semiclosure
of the pulmonary valve
echogram in pulmonary
hypertension

H R & Minoru TAHARA
Hd 3L Hiromitsu TANAKA

R IE—BR Shoichiro NAKAO
HA F— Hisakazu YOSHIMURA
BH BE Shyugo SAKURAI
& & Chuwa TEI

BE K& Tomoyoshi KASHIMA
&N Hil Takuya KANEHISA

Summary

The purpose of this study is to elucidate the determinants of mid-systolic semiclosure of the pul-
monary valve (PV) echogram in pulmonary hypertension (PH). PH was produced in 7 open-chest
dogs by constriction of the right and left pulmonary arteries (PA), and 2 catheter-tip micromano-
meters were placed in the right ventricle (RV) and pulmonary trunk. In 4 of 7 dogs, a probe of elec-
tromagnetic flowmeter was placed around the pulmonary trunk. Simultaneous recording of PV echo-
gram, PA flow, PA pressure, RV pressure, and PA-to-RV pressure gradient were performed.

When the PA pressure was elevated progressively, mid-systolic semiclosure of various degrees ap-
peared in the PV echogram. At the same time, transient reversal of the PA-to-RV pressure gradient and
the transient decrease in PA flow during ejection were also observed simultaneously. Temporal rela-
tionship between PV echogram and PA-to-RV pressure gradient disclosed that the beginning and end
of the rapid opening of PV echogram coincided with the beginning and end of the period in which RV
pressure was higher than PA pressure during early systole, respectively. The beginning and end of
mid-systolic semiclosure in PV echogram coincided with the beginning and end of the period in which
PA pressure was higher than RV pressure during mid-systole, respectively. Late-systolic reopening
of PV echogram started at the time when RV pressure began to exceed PA pressure.
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The temporal relationship between PV echogram and PA flow wave was also examined. The
beginning and end of the rapid opening of PV echogram preceded the biginning and end of the period
in which PA flow increased in early systole by approximately 15 msec, respectively. The beginning
and end of mid-systolic semiclosure in PV echogram preceded the beginning and end of the period in
which PA flow decreased in mid-systole by approximately 15 msec, respectively. Late-systolic re-
opening of PV echogram started earlier than the beginning of re-increase in PA flow by approximately

15 msec. The reason why PA flow wave followed PV echogram wave can be explained by the dis-
tance of 1 cm from PV orifice to the site to which a probe was attached.

We conclude that, in acute PH, (1) PV echogram during ejection period is determined by PA-
to-RV pressure gradient and by PA flow, and (2) mid-systolic semiclosure of PV echogram seems to
be caused by the transient decrease of PA flow and by the transient reversal of the PA-to-RV pressure

gradient in mid-systole.
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Fig. 1. Simultaneous recording of the pulmonary valve echogram, pulmonary artery blood
flow (PAF), pulmonary artery-to-right ventricle pressure gradient (PG), pulmonary artery
pressure (PAP) and right ventricular pressure (RVP) during progressive constriction of

the pulmonary artery (Dog No. 1).

Lower panel shows traced waves of upper original ones. Note the changes in pattern of each

wave and the relationship among the pulmonary valve echogram, PAF and PG during progressive

pulmonary hypertension.
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Fig. 2. Schematic representation of the first
beat in Fig. 1.

Six points from b (B) to e (E) are designated on
the pulmonary valve echogram (PVE) and the pul-
monary artery blood flow (PAF) curve, respectively.
On the pulmonary artery-to-right ventricle pressure
gradient (PG), crossing points P; to P, are also
designated.
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Fig. 3. Original data and their schematic representations before the constriction of the

pulmonary artery (Dog No. 1).

The pulmonary valve echogram shows no mid-systolic semiclosure, and pulmonary artery blood
flow (PAF) shows normal pattern. Pulmonary artery-to-right ventricle pressure gradient (PG)

becomes negative in early systole and almost zero in mid to end systole.
PAP=pulmonary artery pressure; RVP=right ventricular pressure.
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Fig. 4. Original data and schematic representations during slight degree of pulmonary
artery constriction (Dog No. 1).

R

The pulmonary valve echogram shows a slight mid-systolic semiclosure between ‘¢’ and ‘n’,

pulmonary artery blood flow (PAF) a slight degree of transient decrease between ‘C’ and ‘N,
and pulmonary artery-to-right ventricle pressure gradient (PG) a slight degree of transient rever-
sal between ‘P, ’ and ‘ Py’ (dotted area). The points ‘b’, ‘c’, “n’ and ‘o’ on the echogram coin-
cide with the points ‘P, ’, ‘P,’, “Py” and ‘ P,’ in the PG, respectively. The points ‘b’ ‘c¢’, ‘n”’
and ‘o’ on the echogram precede the points ‘B’ *C’ ‘N’ and ‘O’ in the PAF about 15 msec,
respectively.

PAP =pulmonary artery pressure; RVP=right ventricular pressure.
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Fig. 5. Original data and schematic representation during moderate degree of pulmonary

artery constriction (Dog No. 1).

The pulmonary valve echogram with severe mid-systolic semiclosure between ‘¢’ and ‘n’, pul-
monary artery blood flow (PAF) with a high degree of transient decrease between ‘C’ and ‘N’ and
pulmonary artery-to-right ventricle pressure gradient (PG) with a severe degree of transient rever-

sal between ‘P, ’ and ‘ Py’ (dotted area) are shown.

coincide with the points ‘P, ’, ‘P,” and ‘ Py’

The points ‘b’, ‘¢’ and ‘n’ on the echogram

in the PG, respectively and they precede to the ‘ B’,

‘C’ and ‘N’ in the PAF about 15 msec, respectively.
PAP=pulmonary artery pressure; RVP=right ventricular pressure.
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Fig. 6. Original data and schematic representations during high degree of pulmonary

artery constriction (Dog No. 1).

The pulmonary valve echogram showing mid-systolic semiclosure without late-systolic reopening,
pulmonary artery blood flow (PAF) with a high degree of mid-systolic decrease without re-increase

in late systole and pulmonary artery-to-right ventricle pressure gradient (PG) without a transient

reversal are shown.

PAP=pulmonary artery pressure; RVP=right ventricular pressure.
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Fig. 7. The temporal correlation between the
points ‘P, ’, ‘P,’, ‘P;’ and ‘P,’ in the pulmo-
nary artery-to-right ventricle pressure gradient
(PG) and points ‘b’ ‘c’, ‘n’ and ‘ o’ in the pul-
monary valve echogram (PVE) or points ‘B’,
‘C’ ‘N’and ‘O’ in the pulmonary artery blood
flow (PAF) (Dog No. 1).

Note the close relationship among them.

Q=Q wave in the electrocardiogram.
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Fig. 8. Simultaneous recording of the pulmonary valve echogram, pulmonary artery blood
flow (PAF), pulmonary artery-to-right ventricle pressure gradient (PG), pulmonary artery
pressure (PAP) and right ventricular pressure (RVP) during progressive pulmonary artery

constriction (Dog No. 7).

Lower panel shows traced waves of upper original ones. In spite of high degree of pulmonary
artery constriction, mid-systolic semiclosure is not shown in the pulmonary valve echogram. The
transient decrease in PAF and transient reversal of PG are not recognized as well.
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Fig. 9. Diagram explaining the relationship between pulmonary valve motion and PA-
to-RV pressure gradient during early systole (upper panel) and mid-systole (lower panel).
Note that, in mid-systole, the pressure gradient between PA and RV becomes positive so that the
shape of the pulmonary valve cusp changes from convex toward the pulmonary trunk (PT) to con-
vex toward the right ventricle (RV).
RVP=right ventricular pressure; PAP=pulmonary artery pressure.
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Fig. 10. Relationship among physiological determinants of PA-to-RV pressure gradient
during systole in experimental pulmonary hypertension.
PA =pulmonary artery; RV =right ventricle; PT=pulmonary trunk.
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Fig. 11. Schematic representations of the pulmo-
nary valve echogram (PVE), pulmonary artery-
to-right ventricle pressure gradient (PG), pul-
monary artery pressure (PAP), right ventricular
pressure (RVP) and pulmonary artery blood flow
(PAF) recorded in six dogs in which W-shaped
pulmonary valve echogram is recognized dur-
ing pulmonary artery constriction.

Tricuspid flow (TF) recorded in another two dogs
during pulmonary artery constriction is shown for
explanation. Right ventricular blood volume (RVV)
derived from PAF and TF is also added to them for
explanation.
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+yic k&< AR, E—2EFERLTV3. 20D
fe T fBIARE SR MRS K LT PA £
KRBIKEARY, FENMIREOBRBERL
T, RV EiRRz—BcBIT3LExLhH
3. %3 X B v TSR T E A —iEt iz
BFLT3. 207k liBiARESHAMRER
PR LT, PAEE—BECETT3LELDL
h3. f£i, ZOBfEICB - CikBRIMLTEE &
WITLT, ZRAUHEGETLTV2XHTH
D, ThbdOFEIC K Y AEENMIKE DB
EFLT, RV ERKRIFOHEKRT2LELD
ha. E4XEIETRIBIIRMIERH b3 5
KHHRKL TV 3. 207k iBIRESRE P
BEADTMCEHALT, PA EIEEOHEE
KEFTEEZLNS. £hZOBMETIARD
B R T TRIETLTE Y, ZhiciBiiRin
TEDO DT H 2K L ZRAYFHRDOIHKIC X
BABAMKRRDERO FHEALS Mb->T, RV
FERw 3BT LAY 3 LEX bR 5.

IHBIREAE R I X =R FFFAIB T 5 L &h
Tw30TY, INEHICEIT 2 5ENMLKEEOR
DIRBEEREIC 3oz, THBARMTRER
LERFUFHERIE & FFET 2 LEXD 5.
ZFRT2HEDA X AV TEMERZIT, =R
FHRBEIET 2 BB L SEIOEREDOBE L L,
FRTF—FOERBARTATHYSEHESOIHREE
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E)}—;{) an]y I:FE’ [EiR

FEh3LEXDB LEZ TS,
3. HERFTI—-EW 5 - OHBRBFCET
BHERDIRER [CxFT BHLH

PES i B B o fitiBh Ik F mid-systolic semi-
closure FEHEBFEIZ >V TIE, £ <L DRFNHIT
BTV E. ZhbD ) LTRILE A KT —
BEERZITEODIZEFUTO4 2R H 5.

1) BRI P @@ 3 A EAEEHE i
Bk = = —[X mid-systolic semiclosure @ JE &
(A THRTT 57 L LEBRY. = 0B NiE
I E T8RS = = — [Xiz mid-systolic semiclo-
sure R H SR B, Ti#kFx = —HD c
AIZHEE Y n B A3 EEMED flow murmur 3
BOLNICEEERILE L LD TH 5.

2) [hBARA OEIC BT B MEEEE RIS
static pressure DI KREHNFETHZ LT3
BV ZoFEH T — 7 MVEIFRERHT X 3 Bk
F OO MFTEE &, MBIRF T 2 — KO FEREE
iz VT, MFEE QA L gk = = —X
D n SARENI B Lz L RILE LY
DTH5.

3)  FREARERE OfLKIC X Y HBIARSF AT
ELfEas AT, Venturi ZyRAERT 5 2 L 23RK
ThdLTHHBY. Z OIS RENMEIARTLIRE
9 12 0 DM 12 0 fifive MLE & o 72 VWIEH P i
BYTH, MBRFT=2—R i< B 5 A 74 mid-
systolic semiclosure 2FEBH Hh -z & & Rl L
LizbDTH 5.

4)  ZIHBARPIC 31T B T A o Wil 23 R R
ThsdETHrHRY. ZoRENELEDERICE
W, @gkERHOoa s FF 2 b a—KEFE
FLicswviz, ERH» % < » 0 T M-
mode F—R¥HEEbEsgr1Hohicz
BILE LbDTHB.

ko 1)~4) ORHIc>EEFS ORH»S
HEMx 5 &hiE, 1) oSSR MR D
BLEHTF TR RTCEELOBLIL@EEZET
5. iz, ZOBT A THE S iz WiEED
flow murmur izl <it, PA E2 RVE%#—

WIS T 5 o124 U e —1B T o B RERifiEh
IRFrpezeikng (Fig. 9 TB) Fic4A Ui ejection
murmur LERT B2 LA TE 3.

2) BRSO 38 1 5 MLFTEE DK %,
B RS mid-systolic semiclosure o JFE & LT
R LIcl-dic#ErnzbDTHB. Zhicsl
T, BEELRBR>BRET-o-T3. T42b
b, PA E» RV Ex—fitkic EEL, Mgk
MHEE»—BEICIE TS % 72 » ic mid-systolic
semiclosure 252 0, FAEES /NS o
R, WBRMAREOIETIZK L THAHTHE
ShicMEHEESERERLIZLO LBRLTY
5.

3) OB MBEMESFE L2 VHEIT S, s
RFe — = —[X]iz mid-systolic semiclosure 733§
LY)BPHEELRLIEATEIKREREREDS. L
L, FOHEERTCHMENRSS mid-systolic se-
miclosure DFEFEFE % KD FAick 5 Ven-
turi ZhERICIFT B ICIIFEERH Y, SR ZDE S
BEFIKE VTS, BARMLKERDO—EMHEOKT
2 PA EL RV Fo—BHSERE0FEY R
T aMERDL B LBDIRS.

4 DFix M-mode =3 b5 2 b a—Hiz
Xy s h HhmmEo KR E, PA ER
RV E&2 BT 2BHR RO B Lick-T, #F
FooEF L@t Toz bicbie s Ly
L, M-mode 2> 35 2 bbbz =a—FnD, —R,
Wik & Bb¥ 3% & B lks mid-systolic semi-
closure I L 1f late systolic reopening & D
ML MTAFHHEEARTHTS Y, &bic
BEPLETH B EEBbh 3.

¥ Eo
HBHAR =S ES I BRETEREH 2 3555 L, AZERH
B L IFBIAREMEIC h T~ A —F — &AL
T, AR LEERERD Mgk = = —X,
BRI R # T, RV EEE, PA EE®,
PA-RV RjJEikzshit 2 RIRECHR LT L. =
DERSEORE LB .
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1) @ MEERC X b RSBk = = —
K2 W B aR+ i, PA EfwmE RV E
B IEHIic 4 M ORR &R L, SR LT R
B AEF O THRAFE® b hre.

2) ffi#hkfe==—e rapid opening 2
WTiE, RV ER PA E2%EEL, iR
K 2 K2R L z. Mid-systolic semi-
closure iz Tix, PA E» RV EZ@EL,
Fiti B AR ML 3 B I 13— @ DK T & 7R L 7z Late-
systolic reopening 2\ T, *DHIEHAT
i RV E2EE PA E2%E L, BRI TR
EErbT»rIC BEF %2R Lk Rapid closure
BTt PA Ea RV ExsmEL, Mshiki
MRS BBIE T 2R/ L .

3) EBW MisMER < B b hic gk
mid-systolic semiclosure DJEF L, INFEHHIIC
PA E»¢ RV Ex—itkic BT 50ic, Jif
BRSO i EIARE B A TR D oMbt H M & i
W o (FSHAREERE M S FER~m D 5 ) MK
BHHAEL, ZhETRRBABMICS > B AR
W~BETBZLICLBbDTHB.
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