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Summary

Echocardiographic analysis of right ventricular ejection time (RVET), pre-ejection time (RVPEP),
RVPEP/ET and isovolumic relaxation time (RVIRT) was performed in patients with acute or chronic
right ventricular pressure overloading.

Fifty-five patients undergoing right ventricular cardiac catheterization, were categorized into seven
groups; 11 patients with atrial septal defect (ASD) without pulmonary hypertension (PH) (group 1),
12 with ASD with PH (group 2), six with mitral stenosis (MS) without PH (group 3), nine with MS
with PH (group 4), seven with primary pulmonary hypertension (PPH) (group 5), seven with acute
pulmonary embolism (PE) (group 6), and three patients with convalescence of PE (group 7).

Corrected RVIRT (RVIRTc) and RVET (RVETc) were calculated by regression analysis correla-
ting with heart rate in normal subjects.

RVIRTc, RVETc, RVPEP and RVPEP/ET in seven groups were significantly correlated with
systolic pulmonary artery pressure (SPAP) (r=0.62, p<0.001; r=—0.41, p<0.01; r=0.61, p<0.001;
r=0.65, p<0.001, respectively), but RVDd did not correlate with SPAP (r=0.370, p<0.05).

Comparing acute right ventricular pressure overloading group (group 6) with each of chronic
right ventricular pressure overloading groups (groups 2, 4, 5, and 7), RVIRTc and RVDd were signifi-
cantly increased in the former than the latter, but RVETc, RVPEP and RVPEP/ET were not signifi-
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cantly different in both groups. There was a significant correlation between RVIRTc and RVPEP/ET
in chronic pressure overloading, but not in acute pressure overloading.

We concluded that early diastolic RV relaxation and systolic performance were both impaired by
increased afterload in chronic pressure overloading. In acute pressure overloading, however, early diasto-
lic RV relaxation was more significantly impaired possibly because of acute changes of muscle
architectures due to acute right ventricular expansion and anoxia.
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PCG

Fig. 1. Method of measurements using a dual phonoechocardiogram (normal adult).

IRT =isovolumic relaxation time; PEP =pre-ejection period; ET =ejection time; Pc=pulmonary
closure point; Po=pulmonary opening point; To=tricuspid opening point; P2=pulmonary com-
ponent of the second heart sound; Q=Q wave of the electrocardiogram; PV =pulmonary valve echo;
TV =tricuspid valve echo; ECG =electrocardiogram; PCG = phonocardiogram.
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Fig. 2. Correlation between RVIRT and heart rate during exercise in nine normal subjects.
RVIRT significantly decreases with an increase of heart rate (HR).
RVIRT =right ventricular isovolumic relaxation time.
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Fig. 3. Correlation between RVPEP and heart rate during exercise in nine normal subjects.
RVPEP decreases with an increase of heart rate (HR).
RVPEP =right ventricular pre-ejection period.
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Fig. 4. Correlation between RVET and heart rate during exercise in nine normal subjects.
RVET significantly decreases with an increase of heart rate (HR).
RVET =right ventricular ejection time.
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Table 1. Summary of echocardiographic and hemodynamic data

HR(/m) IRT(msec)  IRTC  PEP(msec) ET(msec) ETC PEP/ET RVDd(mm)  PAP(mHy)
ASD V:‘":"lﬂlm 72£11 37£9 10623 76+11 345+29 113+11 0.22+0.03 30% 7 25+ 3
ASD::';;H 72+ 9 75t14 217143 102+16 322+28 104+10 0.31+0.06 30+ 4 66+ 16
MS V:‘lio;s" PH 63+ 6 52+13 141%36 105+17 284+46 8712 0.37£0.04 22+ 3 43+ 7
MS “:2 l;H 83+t17 77+15 230+49 113+17 247+51 87+13 0.45+0.10 29+ 5 62+13
PPH"=7 88+t18 103+24 338*+112 112+11 262+11 89+ 3 0.42+0.04 34% 5 7621
PE a:n:7phsse 99+21 130112 462+81 100+18 236140 92+16 0.43£0.08 34* 4 6315
PE c:":!:;esce 74t16 841+23 250+92 116+28 266+35 8911 0.44£0.18 31+ 9 30+ 1
normn’:= . 83+22 32*6 109:1:.9 95+12 305+41 99+ 5 0.3120.04

ASD =atrial septal defect; MS =mitral stenosis; PPH=primary pulmonary hypertension; PE =pulmonary em-
bolism; PH=pulmonary hypertension; HR=heart rate; IRT =isovolumic relaxation time; IRTc=corrected
isovolumic relaxation time; PEP = pre-ejection period; ET =ejection time; ETc=corrected ejection time; PEP/ET
=per-ejection period/ejection time; RVDd =right ventricular diastolic dimension; PAP =pulmonary artery pressure ;
convalesce = convalescence.

Fig. 5.
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ASD without PH
ASD with PH
MS without PH
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PPH
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PE convalescence
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SEE=0.926
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Correlation between RVIRTc and SPAP in 7 groups.

RVIRTEc in acute phase of PE groups is more significantly prolonged than that of other groups of
pulmonary hypertension.

RVIRTc=corrected right ventricular isovolumic relaxation time; SPAP=systolic pulmonary
artery pressure; ASD =atrial septal defect; MS=mitral stenosis; PPH =primary pulmonary hyper-
tension; PE =pulmonary embolism; PH=pulmonary hypertension.
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RV IRTC
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MS without PH
MS with PH
PPH
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Fig. 6. Correlation between RVIRTc and SPAP in seven groups except a group of acute

phase of PE.

RVIRTCc is significantly increased with an inctease of SPAP, and the correlation coefficient is incre-

ased from 0.62 to 0.77.
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MS without PH
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———

50 100 SPAP (mmHg)

Fig. 7. Correlation between RVETc and SPAP in seven groups.
RVETc does not decrease significantly with an increae of SPAP.
RVETc=corrected right ventricular ejection time; SPAP =systolic pulmonary artery pressure.

— 408 —



ik r=-092(p<0.001) & RIFRAMBEEED
7z (Fig. ). DB L RBREFLMHBEALE
RVIRT & RVET o 2 #gi8icxt L Tilagko
REL fTo7z. Thbb, @BEHECBIT? HE
OEMZEEY, HABOLHEELI VR LR S
RVIRT, RVET o T il {& & 100 & L7=p§0
RVIRT, RVET f& %, % h #h RVIRTE,
RVETc & LTk iz,

Table 1 i £#ficds 1) 20408, FHBIIRILHE
E (SPAP), M = — Fihza—R X VAL A
FEHFERYE RVDd), BXU Edo 5 HERic->
W, ThZhoEHfEL SD xRl

EHAEEAR L BEAEEATIC BT 2 A
BORGEDOEWE BT 5 2, RVIRT,
RVPEP, RVETc¢, RVPEP/ET, RVDd »£45
L, SPAS L oAfRERE L.

R U7 7HoEEH BT 5 RVIRTe &
SPAP r ofizix r=0.62 (p<0.001) 72 3 HED
FEAEZ Ry (Fig. 5), SHEEARHO PE
acute phase | RVIRTc i, WHOEBRI Y
FRIEHZEIY EFLVEMEERLE. Lk
- PE acute phase #f|%#pg< &, RVIRTc &
SPAP L oEAEMIE, r=0.77 (p<0.001) &, &
I BWEAIR & 2 o 7z (Fig. 6).

FiEic£ 7 #icpir 3 RVETc & SPAP r o
Mtk r=—0.41 (p<0.01) L AtERI &~ L (Fig.
7), SPAP o kHic kv RVETc 3iEkEHEmM %
RLIEH, ZOEBIRETH-. £, 2
BIOBHEAMERICEEIA O M o1,
%7z, ASD without PH #:mn4£ <X, normal
HIVLVEERTSHEMERLE.

£ 7§27 5 RVPEP L SPAP L oBifRiz
r=0.61 (p<0.001) &, HFEROEMHB LR L It
(Fig. 8). SPAP o LH.iz kv RVPEP ZiEE%
kL7228, ASD without PH £ < i3fEH A
normal B X VEREERL. £, 2B IV
BEEAFBEORICEIA N R 0T,

£ 785135 RVPEP/ET L SPAP » o
izix, r=0.65 (p<0.001) DEFERIEMPI DY

REEARICIT BHEHE

(Fig. 9), SPAP o ERizk v, RVPEP/ET i1
EEZR L. Rk, Akl X OBHAR
HoOMICEZA LR » 2Tz,

£78icBiF5 RVDd ¢ SPAP omofflicizs
FEOHBE» b o e hs (Fig. 10), AHESR
Ti#» PE acute phase #fj<ix, SPAP RFEL
BEoMmo@MEATRICHK L, RVDd i3t K&
mERL, BEHCEEN L. Thbb, S
EATIC XV AEPRHBILK T 5 2 & H3HER
Ihi-.

£ 7823513 3 RVIRTc ¢ RVPEP/ET iz
X, r=0.57 (p<0.001) LFEDOIEFEIRH -7
(Fig. 11). L» L, SHEATED PE acute
phase #|<ix, RVIRTc @3 FRMEL Y bZLL
KChotz. =Dk 7% PE acute phase fi|% [
Wi iiE OR%cIx r=0.63 (p<0.001) L £ 51
BWEOHBE»ED bhie (Fig. 12). 1@H:EAS
#HickswT RVIRTc ¢ RVPEP/ET 3HEWIiC
HELTEL T s EHA 2R L, SHEATE
1IRVPEP/ET oZfboBEICHKL, EFL W
RVIRTc o#k&ERL%.

% -3

Bx ZAMMERECEWT, ZRFoO—FEMH
EZAET a2 BRICAD, TOIWEERER
BHAERICEELTERY, ZhiZLH—fatE
ZAkEza—oHBRIECEEL TS LREL
7L, L L RICARCHT 2 FEAFIZBWT
b, SHEERO XS L SHATRIRE & B0 E
AL T, AEAGRSERR -THINETHZ &
BTHlENS. LichoT4HE, REPERSA
R L BEOEREAFTRBICOVWT, Z0E
DODRHE R L TH 7.

R, BEOLRAENTIC B TBHKD 2
BERMBREBRY 2 2 FHA LB EL D 3
2B, Th oI AR ORHEREN & 5 8K
BHole. LhL, Dxa—RoFELY, H
BICZR MRS OB & & FEERHKS & 512
2y, LDER, LEREORBEEICIY, IERE

— 409 —



BA, B, LK, @

RVPEP
(msec)
150

ASD without PH
ASD with PH
MS without PH
MS with PH
PPH

PE acute PH
PE convalescence

AA [ ]

EExhrpeo

[ XO0AX A x

100 0&5,{_‘0 A normal range

/a( e o8 Y=0.555X+70. 466
a0 . n=52
/ (.4 a r=0.608
° SEE=15.492
oo P<0.001

50

0 . .
0 50 100 SPAP (mmHg)

Fig. 8. Correlation between RVPEP and SPAP in 7 groups.

RVPEP significantly increases with an increase of SPAP. The significant difference is not shown
between acute phase of PE groups and other pulmonary hypertension groups.

RVPEP =right ventricular pre-ejection time; SPAP =systolic pulmonary artery pressure.

RV PEP/ET
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Fig. 9. Correlation between RVPEP/ET and SPAP in 7 groups.

RVPEP/ET significantly increases with an increase of SPAP. The significant difference is not shown
between acute phase of PE group and other pulmonary hypertension groups.

RVPEP/ET =right ventricular pre-ejection period [ ejection time; SPAP=systolic pulmonary
artery pressure.
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RVDd 0 ASD without PH
(mm) ® ASD with PH
| A MS without PH
50 A MS with PH
x PPH
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30 | ! —

20
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Fig. 10. Relationship between RVDd and SPAP in 7 groups.

RVDd has no significant correlation with SPAP in 7 groups, but more significantly increases in
acute phase of PE group than in other groups of pulmonary hypertension.

RVDd =right ventricular diastolic dimension; SPAP =systolic pulmonary artery pressure.

© normal
o ASD without PH
® ASD with PH
a MS without PH
RV IRTC A MS with PH
x PPH
m PE acute phase
500 @ PE convalescence
400 - Y=641.95X—24.89
n=72
r=0.571
SEE=0.937
300 P<0.001
200
100
1

9 1 RV PEP/ET
Fig. 11. Relationship between RVIRTc and RVPEP/ET in 7 groups.
RVIRTCc has a significant correlation with RVPEP/ET in 7 groups, but RVIRTc in acute phase of
PE group is more significantly prolonged than that of other pulmonary hypertension groups.
RVIRTc=corrected right ventricular isovolumic relaxation time; RVPEP/ET =right ventricular
pre-ejection period / ejection time.
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Fig. 12. Relationship between RVIRTc and RVPEP/ET in 7 groups except for acute phase

of PE group.

The correlation coefficient increases from 0.57 to 0.63.
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