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Summary

The echocardiographic and clinical study was performed in six patients (three acute pulmonary
embolism, one for each hypertensive cardiomyopathy, ischemic heart disease and primary pulmonary
hypertension) who had a diastolic monophasic triangular pattern of the tricuspid valve echogram.

Left-sided and right-sided IRT /4R-R, ICT /| y/R-R, PEP, Q-Mc and Q-T¢, and PEP | ET
(IRT; isovolumic relaxation time, ICT; isovolumic contraction time, PEP; preejection time, Q-Mc
or Q-Tc; interval of the Q wave of the ECG to the closing point of the mitral or tricuspid valve, and
ET; ejection time) were measured from echocardiograms, and the comparisons of these parameters
were made between two kinds of echogram with or without triangular pattern of the tricuspid valve.

There were no significant differences in the left-sided parameters between the two kinds of echo-
cardiograms. The mitral valve echogram showed a persistent M-shaped pattern irrespective of the
pattern of the tricuspid valve.

Right-sided IRT / vR-Rand ICT | ¥R-R were significantly prolonged and Q-Tc was significantly
shortened in the echogram with a triangular pattern of the tricuspid valve.

Right ventricular (RV) catheterization was performed using a Swan-Ganz catheter in four patients
with the triangular pattern of the tricuspid valve echogram. The mean pulmonary artery pressure
ranged from 24 to 96 mmHg (40 mmHg on an average) and RV end-diastolic pressure from 8 to
17 mmHg (12 mmHg on An average).
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The possible explanation for the production of the triangular tricuspid valve echogram was an
impaired early diastolic relaxation and increased stiffness of the RV due to the acute pressure overload-
ing, resulting in a delayed opening and an early closing of the tricuspid valve.

We conclude that a diastolic monophasic triangular pattern of the tricuspid valve echogram is a
reflection of an impaired early diastolic relaxation and an increased end-diastolic stiffness of the RV.

Key words

Monophasic triangular wave of the tricuspid valve echogram
ing Isovolumic relaxation time (IRT) and contraction time (ICT)

Right ventricular stiffness

Acute right ventricular pressure overload-
Right ventricular relaxation

EL®ic

Dxa—REIFEMMREETHY, BHEIC
AHEENLFTRIVELETTES. L, Oz
—FTR & D DmITEIRERE MR T E i, DR
SRFOMITERERE OIEE L 2 0 REBENT
&, BICHERARRELRVES.

Fe i, WERESMH O=LFH = =
=X BMELHEEOBEEH /Mg T 2
P—HEUE=ZAKEETIZL8H Y, COEER
=AK T a—onHIEIC IRT (isovolumic relaxa-
tion time) DERALZER PR BEE L, Z0ER
DELRFRL LT, ERWKRE LY, E neg-
ative dP/dt DIET, ¥ 7b biELERSHE
REREEL R L.

SE, BxR=ZRA—HE=AK a2 -4
M BBt B EBETE 26 fle s
L, TORBBIZEB=ZRFBIVHIES-=—
DEALY, ZRA=ZAKRTa—DERFICTHONWT
RitemzBr-oc, Zzikfg+s.

MR EFE

FEFIZ=RF—FAE=AE = a2 — 2B 726 f
T, SUEMERE 3 F, BmtoKAR L fl, Hif
FEMEDHRE L B, JRBEMEMELERE 1 #lch 3.
Flmid 28~67 5%, ¥ 45 ®mThB.

{Ef L73kE iz Aloka #1 SSD 90, 110, #%
¢ SSH 11A EFWiEEE T, kY #ES0 ¢
7ztx 100 mm/sec T, EHELER LAV TLHT 2
—H &L 7.

6 flicisnT Fig. 1 (TR U7z S8R ED -
ADICTREL, 2 0fRBIC X 32 LR L.
Ac FRBIIRFFASAR, Pc 135 81 AR 5 B 84 5,
Mc 8 HA%A, Tc 3=LFHAMKS, Mo
FEEREKA, To 3=LFEMA Q BLE
B Q #BthATH 5.

6 fith 1 Gl BEBFHBEBEZFERAL, =hHL
EiES, MBRA? & KBRS 2 RS L. [
RERCE L 22 o 72 5 fleid, BN R-R BifEo
ZELWDHOBESR LLAFOTHELEY, 1a-
Mo & IlIp-To RfE# IRT &L, (Q-Ao)—(Q-
Mc) & (Q-Po)—(Q-Tc) BiE% ICT & LTl
E L7z

6 Bl 4 BlicHLHTF—F N & HfFLE. 7F
Swan-Ganz # 57— A E2FEHL, =3%fKy 5
7 7T #E% Y HE 100 mm/sec <, FHBIIRIEZA
E, W#IRE, ALE, FEEZT&HLE.

= £

LT 2 —ROESEOREE LD H T —F LE
HEfE% Table 1 (Z5RL 7. Case 1 I 54 %5
oMLK ES], Case 2 1349 HBEM OB M
EteL R B, Case 3 i3 34 ss&tE o R R i
MmEFERH, Case 4, 5, 6 ZzhEh 34 ZBH,
28 B, 2B RO BMEMERENTH 5.

Fig. 2 i3 Case 1 i\ C EFHBEB TR
WLk LIc = RFp LB =2 —Th 3.

A 31981410 A 26 g, NYHA IV R
RBIETARLEBHORET, SRR — 13—
H=AFEEL T @iEFRza—3 M Bc

— 826 —



AV. (P.V.)
Ao (Po) _A_c(l—
Tvy)/ X4 ®
AW
{7 \IMe (To) Mo (To)
9. o
ECG — ™~ /\~—
PCG | |
' S,
®
w@«
@ Ac(Pc) or Ia(P)—Mo (To)=IRT
@ Ao (Po)— Ac (Pc)=ET
® Mc (Tc)— Ao (Po) =ICT
@ Q- Ao (Po)=PEP
® Q— Mc (Tc)
Fig. 1. Diagram and measurement technique

of the echocardiogram of the four valves.
MV =mitral valve; TV=tricuspid valve; AV=
aortic valve; PV=pulmonary valve.
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Table 1. Echocardiographic measurements and hemodynamic data

LV | RV
lIRT/ R—RMc-A/[R-R|PEP/ET| Q-Mc_|[IRT//R-R Te.Po/R—R |PEP/ET| Q-Tc | T.V.Triangular
Casel (S.A.)
1981.10.26 0.09 | 0.00 | 065 | 0.07 | 0.2 | 0.16 | 0.37 |—0.02 + pov ) PasssG2
1981.10.27 0.08 0.08 0.66 0.08 0.12 0.15 0.36 |—0.02 + S ) pazr/z0za)
1981.10.28 0.09 0.12 0.5 0.02 0.16 0.09 0.40 0.03 - PA26/13(19) RA (10)
1981.11. 2 0.08 0.1 0.54 0.03 0.10 0.05 0.35 0.04 -
1981.11.19 0.06 0.15 0.53 |—0.01 0.08 0.05 0.35 0.04 —
Case2 (H.M.)
1977.3.9 0.10 0.70 0.06 0.08 0.02 0.4 0.08 -
1978.12.14 0.09 0.75 0.07 0.13 0.13 0.66 |—0.02 +
Case3 (K.K.)
1978.1.9 0.04 | 0.5 | 0.04 | 0.44 0.44 | 0.02 + SH 7 Rrarsevyt
1978. 2.18 0.05 0.41 0.04 0.50 0.57 0.08 +
Cased4 (H.F.)
1976.12. 3 0.08 0.08 0.50 0.04 0.19 0.07 0.38 0.04 +
1977.1.11 0.08 0.08 0.45 0.04 0.18 0.08 0.38 0.04 +
1977.9.20 0.08 0.10 0.54 0.04 0.14 0.05 0.42 0.04 -
1978. 3.1 0.08 o.n 0.55 0.02 0.15 0.02 0.45 0.06 -
1978.5.12 0.08 0.10 0.50 0.02 0.10 0.08 —
Case5 (H.M.)
1978.12.28 0.08 0.03 0.42 0.06 0.18 0.06 0.35 0.04 + PAG0/35(45) RVE0/B RA (14)
1979. 1. 6 0.08 0.03 0.35 0.06 0.1 0.03 0.30 0.06 - PA34/18(20) RV 34/13 RA (13)
1979. 3.13 0.07 0.06 0.09 0.02 0.35 0.08 -
Case6 (S.K.)
1978. 5. 8 0.06 0.04 0.50 0.07 0.17 0.09 0.03 + RV 40/14 RA (11)
1978.5.12 0.06 0.04 0.47 0.05 0.11 0.07 —




Fig. 2. Dual echocardiograms of the tricuspid and mitral valves from a patient with
ischemic heart disease (Case 1).

Panel A is the echocardiogram recorded at the stage of congestive heart failure of NYHA IV.
The tricuspid valve echogram shows a triangular pattern, and the mitral valve echogram shows a M-
shaped pattern, respectively. The significantly delayed opening and significantly early closure of the
tricuspid valve are shown. Panel B is the echocardiogram recorded one day after Panel A and still
shows the triangular pattern of the tricuspid valve echogram. However, Panel C recorded 7 days
after Panel A demonstrates the M-shaped pattern of tricuspid valve echogram with earlier opening
and more delayed closure.

MV =mitral valve; TV=tricuspid valve; ECG=electrocardiogram; PCG = phonocardiogram.
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Fig. 3. Echocardiograms of the tricuspid and mitral valves from a patient with hyper-
tensive heart disease (Case 2).

Panel A is the echocardiogram recorded at the stage of cogestive heart failure of NYHA II. Both
tricuspid and mitral valve echograms show a M-shaped pattern. But in Panel B taken at the stage of

congestive heart failure of NYHA IV, 3 months after Panel A, the tricuspid valve echogram reveals
a triangular pattern with a significantly delayed opening and definitely early closure.
TV=tricuspid valve; MV =mitral valve; ECG=electrocardiogram; PCG =phonocardiogram.
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Fig. 4. Echocardiograms of the tricuspid and mitral valves from a patient with pulmona-

ly embolism (Case 4).

Panel A is the echocardiogram recorded 10 days after the attack. The tricuspid valve echogram
shows a triangular pattern. In Panel B recorded 40 days after the attack, the tricuspid valve echogram
again shows the triangular pattern. Panel C recorded 18 months after the attack demonstrates the
tricuspid valve echogram with a M-shaped pattern and a B-B’ step.

TV =tricuspid valve; MV =mitral valve.
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Fig. 5. The changes of IRT/ /R-R of the left and right ventricles during the follow-up

period.

A value of IRT/ VR-R at a triangular pattern of tricuspid valve echogram; @ : value of IRT/vR-R
at a non-triangular pattern of the tricuspid valve echogram; LV =Ieft ventricle; RV =right ventricle.
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Fig. 7. The changes of left-sided (LV) and right-sided (RV) PEPs in the follow-up period.
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Fig. 9. The changes of left-sided (LV) and right-sided (RV) PEP/ETs during the follow-up

period.
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Fig. 10. Comparison of IRT/,/R-R in the LV and RV between the periods showing either
a triangular and non-triangular patterns of the tricuspid valve echogram.
IRT/+/R-R of the RV is significantly prolonged in the period showing a triangular pattern.
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Fig. 11. Comparison of Mc-Ao/ +/R-R in the LV and Tc-Po/ +/R-R in the RV between the
periods showing triangular and non-triangular patterns of the tricuspid valve echogram.
Tc-Po/ YR-R in the RV is significantly prolonged in the period showing a triangular pattern.
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Fig. 12. Comparison of PEP in the LV and RV between the periods showing triangular and

non-triangular patterns of the tricuspid valve echogram.
There are no significant differences of PEP during the follow-up period.
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Fig. 13. Comparison of Q-Mc in the LV and Q-Tc in the RV between the periods showing
triangular and non-triangular patterns of the tricuspid valve echogram.
Q-Tc in the RV is significantly shortened in the period showing a triangular pattern.
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Fig. 14. Comparison of PEP | ET in the LV and RV between the periods showing triangu-
lar and non-triangular patterns of the tricuspid valve echogram.
There are no significant differences both in LV and RV.

ERAEAK T 2 — OHBRE LIHRRFOLE TS
5. ERBXBWTRAERHICEEZRE Do
oo LOLABRBWTRERLIHER, ZRP
Efk T a2 — MBI RIS, EREER
¥RL, AEZE (p<0.02) 2Bz
FhbbiEE Mc-Ao, A= Tc-Po niEEI,
rhEhE= Q-Mc, A% Q-Tc o, —%
D EIER, ZRAVEHMAFHT s LEXDLR
5.
Fig. 14 3£= 8 L A%k 5 PEPET
O, ZRA=ZAFE T 2 — MBI L IHRRFOLERT
b5 EE AELLARHCEEZEIRDLL
e oiz.

5 -3
SEIDOFKA DBREHZBWT, O THA BEE
REAFTI—ITONWTHED Lz b, =
RA=ZAMK = 2 —HER, BT ERICER,
IRT niEE#ED . & bIZSEIORETIE, =
RFBAGA L Y IBIARF B £ T o B Te-

Po (ICT) 2, ==z —HERCEECIES
LT 2RZ0oSWDLER Q Brb=R%H
FgHE Torf Q-TcxARICEHETR LK. —
J5, LER Q s b FEIRABIM AR £ T O
Q-Po (PEP) 3EEALEERERVHD, =R
HEAK T o —HERICE T3 Tc-Po nEER
Q-Tc n&fE, 22V =ZRABHMAHRB b 2R
HThsrz LPBEShiz. Z0X5IT, ZLRF
ZAK T a— WX KO Bh (IRT oiE
£) 2o ciel, RORYBAHEMEESL, &
RSN OEHEIEELFRETHE Z LA
Zxbhb.
ERFAZAE T 2 —HBKFOFLITF—F AT
X, FEEME, AEGEHEEASEDOH, &
D=AF T a—BRAMLEEEARIC X Y BT
B ENHIEBEX DRI
SRFLFERICEIERICR T 2 HIEEOE LR
BitLiclz s, ZRA=ZAF T a—DOWHBIRL
W L iz, £ IRT &y, 7= {HigHE
S8 Mc X v KBIMRFBABAR Ao % T o R

— 836 —



Mc-Ao 2%, AEOEIZTED bhigd ot
LA L, BOWELAEREZLA=AK=a— 0N
BarAhiz2flTid, ZRFORLAHEB DD
RL, EERTIFAHEOBELREDR. ZL
TOARZOHELZAKE DO M BA0ELiz S
L, ZRFORHMAHE, BIEROMAFEEINE
TAHEMERL 2.

Iho 26l floRLIF—F VTR, LR
258, MEIREAE, MBRE, H=EHEY
DEAP=ZRA=ZAE T a2 —, HIBFHASERIEIC
KEhTWabneExbhi. +Hhbb, @
TEFASHRIEY X ELARICE 2 ERE LR 2K
B, ZRA=ZAF T 2 —FEBBELLRRICL S

AMAEEATICI VHRA LI LBEX bR,

—fRiC EEFRAM L Y A R E T o B,
ThbbLLEINEORE» LA FORL ETO
R ERNGEHEERL, Z ORMILLEILE
KYELA, KBR FSIRLEE LR, Btk
dP/dt DIETHEOETFICL VIEET B L ST
5. Bx ORFITBNT, ZLR=AKTa—H
Bk 0 =R FPFASK & Y FBIARS Bfk & < DB
EREZ, ZRARYAHCERLTRY, 2AR
s g Case 1, 2, 3 T2 OER Q HX Y
L RHICEHEBE A DR, Zh b DEFITRERSE
FASH D & BIARS T BASE % © BRI 2 S A UUES &
WNEES, B ARMITEIEERE L T B Z L AN
HEhs.

BOTRAVD, WERESHS O ZLRHF =
a—R—EE=AKTa—% 2+ 3 EH % R
L, %7 2E0HEEEY o 24 BELIAN o 18
Fra—ilb BRICAME=ZAKE T2 —% B,
COBER=ZAK T 2—2FT 56 TIIFREKH
EHIERTHWBZ LR L. ZORBKROE
h, ¥7#bb IRT ERLEER=AKTa—
OB & ORFE#IC S\ T, ERADFEEER X
UM EEEARICTER L EiER—HE=A
Frxa—iznT, IRT 0EEMN{LE negative
dp/dt DEHLRIKT, +7hbbLEiEEMmE
EEErSLARERL L TWEZ L2 @ELE.

S AT o —

SEIOBRFIEB T B ZRFZAFE T a— BT
3 IRT oFEOEED, HLAPHRULIT LK,
BEARAEEATIC X 5 AR RHhiEERE
ZEELTWBR LEXZDRS. &biL, SE0HK
FHZ X VB b ==L FHBEHASFS ™I, 2,
FEEARMIC X Y S AEIEYE LR % 5
L, HZED stiffness WMz L7z HE L
EHERIL 7=

ThbLAMAREEARICB Y T, AR
B HRREREE 12 T /e < IEER LR AE & FIRE
KEESh3 LIS h, ZRF=ZAK=
—i, MEOBNEELTTEEARATRLEL 5.

B L)

ERFra-PiE=EAKREE L 6 ER %
BERL, ZOBREKEERICOVWTREEM .
SEG) X SERTEEARIE 3 B, MEfutECRE 1 4,
EEMECEE L 6, RIS mERE 1 #log
6flTHs.

RENR (HEHAR) FrBASR Ac(Pe), RIER (=%
#r) B Mc(Tc), KBIR (FHBHAR) F B A Ao
(Po), fEIEFA(=RF) B Mo(To), LHER Q
FEQ LT,

® IRT=Ac(IIa)-Mo ¥ k¢ Pc(Ilp)-To

® ET=Ao-Ac Xk Po-Pc

® ICT=Mc-Ao L Tc-Po

@ PEP=Q-Ao X1 Q-Po

® Q-Mc 8xv Q-Tc
DSEEFHAIL, ERLARICHNT, =L
ZAKRT 2 —HBERLIEHBR L & BRF L
Te. 6 b 4 Pl = RFp =Mk = 2 — HBEREA L
HF—F VERT L.

EZCBT2FER0=AK T o —HBR, Ik
HER: o i © i, IRT/ /R-R0.1+0.04, 0.08 +
0.018 (n.s.); ICT/yR-R 0.063+0.012, 0.095+
0.036 (n.s.); PEP 0.11+0.02 (sec), 0.1140.02
(sec) (n.s.); Q-Mc 0.058+0.02 (sec), 0.031+
0.019 (sec) (n.s.); PEP/ET 0.52+0.1, 0.51+0.1
(ns) ¢, FEBCITAHHCEREZERD 20
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o, ZLTHEEFILSFBLBELCCMEE M
BThHote.

AETE, ARHOFEE R 2 Zh IRT/

+R-R 0.26+0.07, 0.12+0.07 (p<0.05); ICT/
+/R-R 0.1+0.03, 0.04+0.02 (p<0.001); PEP
0.1+0.023 (sec), 0.140.012 (sec) (n.s.); Q-Tc
0.033+0.02 (sec), 0.058+0.018 (sec) (p<0.02);
PEP/ET 0.42+0.1, 0.36+0.05 (n.s.) ©, =k
F=AFca—HEBEREEEIC IRT sxv ICT
niERE Q-Tc DEMREBY, EEDRHE LR
3E{bE AL,

4 FloALER R, FHMEIRE 24~96
mmHg (745 40 mmHg), AEHERME 8~
17 mmHg (3¢# 12 mmHg) & LR %R L1

ZRFAZAK T = -HERICE, ZRFOFREKD
Bh L REHASIC X 3 FpBREIRRE 0 %EHE 2358 <
BELTWBsLEEXDR, ZThbOBRRIZTLE
hBMEZEEATIC & 2 AEIEREHGbIRRE OB
E B IO EEMIREKH O stiffness DI B3k
L, ZRA=ZAFRza—ZFZh b OMITEENE
fbERIFIALEL bR
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