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Summary

To assess right ventricular (RV) filling dynamics, RV inflow velocity patterns of pulsed Doppler
echocardiograms and jugular pulse tracings were analyzed in 59 patients with various types of RV
overloads and in 20 normal subjects. The patients were classified as (1) RV volume overload group
(RVVO) consisting of 25 patients with atrial septal defect (ASD) without pulmonary hypertension
(PH), (2) RV pressure overload group consisting of 26 patients including 12 with primary pulmonary
hypertension (PPH), eight with mitral stenosis, three with pulmonary stenosis and three with cor pul-
monale, and (3) RV volume and pressure overload group consisting of eight patients with ASD and PH.
The acceleration time (AT), deceleration time (DT) and the A/D ratio were measured from the RV
inflow velocity patterns, and v-y interval and the y/H ratio were measured from jugular pulse tracings.

The results were as follows:

1. AT was significantly prolonged in groups with pressure overload as well as pressure and
volume overload compared with that of the normal controls.

2. DT was significantly prolonged in all overload groups compared with that of the normal con-
trols except for PPH, and was particularly prolonged in the group with pressure overload.

3. The A/D ratio was significantly increased in all overload groups, particularly in the groups
with pressure overload.
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4. In patients with volume overloads, the v-y interval was longer and the y/H ratio was higher
than in the normal controls. RVVO shifted to the right and superiorly. The reverse was true in
the pressure overload group, and the high ratios were observed in the remainder.

5. In 12 patients with ASD evaluated pre- and postoperatively, AT, DT and the A/D ratio were
restored to normal after surgery.

These findings suggest that RV volume overload was characterized not only by increased inflow ve-
locity during the rapid filling period, but prolongation of this period and compensatory increase of atrial
inflow velocity. However, the pressure overload group had disturbed rapid filling and a decrease in
end-diastolic RV compliance. The group with both pressure and volume overloads was between the two.

In conclusion, the mode of RV filling in patients with RV overload showed various patterns de-
pending on the type of overload. The RV inflow velocity pattern recorded by pulsed Doppler echo-
cardiography is of use in discriminating these varieties.
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Table 1. Subjects

L &Iz
- Subjects No. of  Age
DE OHFRBIE & BRRAIC M T 51, £ D cases  (yrs)
E - ABEREIMT T EBRLBRVWESNT Normals 20  35+11
W3, ELRICBIF3FNIE, vxT7 YA, Rl RV volume overload
7T b WELT o —FEEiC X 2 ERAHEE ASD without PH
J N ot = . S . (mPAP <20 mmHg) 25 36116
RELENEORKERFICL VT TV RV pressure overload 42+15
AL CELRTIRAE KR geometry O Primary PH 12
Y, FORBECOERLFIIEETHY, F Mitral stenosis
E, ARESRICET RIS EVRENT Pulmonary stenosis
WHEWOBEBIRTH 3. Cor pulmonale 3
= N PAP=25 H
ST, FEEIIESIIE & FRELILA ST+ 5 vk o o
2yl 9 s o= & 4, =40 mmHg)
ELT, BEEASAVR - Ry 77—k ThHELILD RV volume and pressure overloads
EERAMTEER 2 4+ 5 2 L 0FRAE»#R ASD with PH
HahTwad. —F, FERALKHEREY 2 A (mPAP2=25 mmHg) 8  44x17
W OBRFEIER SN B L 00, Rk Total 79

eI T

AT OB, RACKT 38BEABATR
BoARRALKEEEE Mr+scLicky,
FRZhOARILESREE OFMELITI Z Lic
»5.

HRELVHE

HBRIOEDREXRIBE (atrial septal defect:
ASD) 33 4], JRZ&ME iR fLELE (primary pulmo-

RV =right ventricle; ASD=atrial septal defect;
PH =pulmonary hypertension; mPAP=mean pul-
monary artery pressure; RVSP=right ventricular
systolic pressure.

nary hypertension: PPH) 12 45|, {¥igFIeziE

(mitral stenosis: MS) 8 45|, PAfiBh AR 53k Z245E
(pulmonary stenosis: PS) 3 {5, it .0» (cor

pulmonale : CP) 3 fsi], 33 XUMEERA 20 HloFt
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NDHITHD. Zh bk AEOMITEHBRARRIC X
9, LT o 4848 L (Table 1).

EFHE: BEESIVLERREICBVWTEE
ERDRVERERA 20 ] 34+11 ).

FEARRARE : MSME % b v ASD 25
Bl 36+168%). AT —F MERRT L7 16
#lTix, EHEEARE (mean pulmonary artery
pressure : mPAP) i3 20 mmHg ki ¢ (mPAP
15525 mmHg), % 9 FIBFEL L OLT
HiRE L, Hor2MELERRERS RN L
POEBICED.

AETEARE : mPAP 8 25mmHg DL E, b
VI AEZINKERIE (right ventricular systolic
pressure : RVSP) #8 40mmHg Pl o PPH 6
B, MS 84, PS 3fl&, Fbh7—7 A BRE
FHITL TRV, BEER LIOLERREL

SR e Ry 7°5 —I X 3 AEIESETME

B & 2 R it MLE D FFFEASRIR & hviz PPH 6 41
BIUFEL 3 Bl & it 26 ] (4215 5%,
mPAP 40.6+9.8 mmHg).

REAERTEANE : mPAP »° 25mmHg [L
o ASD 8 {5 (44+17 &, mPAP 323477
mmHg).

P Eo2plic, BEEAVZ - Fy 77 —HkE
AV CAZERAMTHEER & 8L, *RHFR
EHEeEL 7.

BEES VR - Ky 75— %@z, ATL #
500A Eifnfst & EWBE KM EIEE SSH-
A DAY T LE v, AEHRALTE
EF oREskE, HEHREE4H 5T S IfE» 0
TR —FIT, ZRFARY VA EMERE
L, Mty #HE SO0mm/sec TITo7z. AERA
MFREREE & v, EEREHE (D &) oERs»o

Fig. 1. Pulsed Doppler echocardiogram (left) and jugular phlebogram (right) for the analysis

of various parameters.

Left panel: SV=sample volume; ECG =electrocardiogram; RVIF =right ventricular inflow; PCG
=phonocardiogram; D =amplitude of an early diastolic wave; A=amplitude of an atrial contraction
wave; AT =acceleration time from baseline to the peak velocity of an early diastolic wave; DT =
deceleration time from the peak velocity to baseline of an early diastolic wave.

Right panel: Jug=jugular pulse tracing; H=amplitude of a total reflection; y=amplitude from
the peak of v wave to the nadir of y descent; v-y=interval from the peak of v wave to the nadir

of y descent.
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Fig. 2. Right ventricular inflow velocity pattern and jugular pulse tracing in a patient of
atrial septal defect without pulmonary hypertention.

DT is slightly prolonged and the A/D ratio is increased compared with that of the normal subjects.
The v-y interval is prolonged and the y/H ratio is markedly increased compared with that of the
normal subjects.

Abbreviations are the same as shown in Fig. 1.

E— 7 IZET % £ T ORE % IERERE (accelera-
tion time: AT), ©— 7 58 b 2 v d Tl A
T % % T BE % BoErEER] (deceleration
time: DT), & X OLERKER (A %) & D ¥
nE—7EEOK AD &FRILE (Fig. 1 £).
A RHRME X R OR 30D EE L L TR,
AT 88X DT iconTii, DEKORESEE
ELT, YRR CHIELfEZ i

ERREORBER CIRERAE y 7 7 v 7 ik
TY 303 v, &SRz L ~M8FFI v =
FI7ERWE. EHBERER XY, v Eor—
76y A® nadir ¥ TOREE v-y B
(VRR CHIE), v Eot—27 1 y &® nadir
¥ COEREOEEE T 5y, yH L LT
AL (Fig. 1 ).

&bz, ASD o 12 Tk #igik o FEFHA
MFRE B O EREE & o HRE L 7.

R BT 2 REF O ABHRAMITERET B &

UHRRE & Figs. 1~4 1277+

¥ S

1. 7N&R5R (acceleration time: AT) (Fig. 5)

HEARRAMBED AT (130+12 msec) FEH
B (120+18msec) LHEZEERO AL o1, A
FEAWE (133120 msec) BIVAERENE
AR (14534 msec) T, WTFhbEFEIC
HRTHER AT ERER LA (% p<0.05),
FOBREIBRETH .

2. iFEesRY (deceleration time: DT) (Fig. 6)

FERRATR (160+22 msec), HAREATE
(160+42 msec) ¥ L N EAEARMFEAREE (189+
61 msec) Tk, WTFRLIEFEE (127414 msec)
i_THER DT BE#R L (% p<0.01).
ARARWEATR TR, ARFRATRICHS
THE”R DT iEEE2/R L (p<0.05). %7, A
EFEAMEN > b, PPH 12 ileo DT (132+
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Fig. 3. Right ventricular inflow velocity pattern and jugular pulse tracing in a patient with
pulmonary stenosis.

Slight prolongation of AT, marked prolongation of DT, marked increase of A/D and marked
decrease of the y/H ratio are noted.

Abbreviations are the same as shown in Fig. 1.

Fig. 4. Right ventricular inflow velocity pattern and jugular pulse tracing in a patient with
atrial septal defect and pulmonary hypertension.

DT is markedly prolonged, the A/D ratio is increased and v-y interval is prolonged. Both patterns
show distinct differences compared with those of Fig. 2.

Abbreviations are the same as shown in Fig. 1.
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Fig. 5. Acceleration time (AT) in the normal
subjects and in various right ventricular over-
load groups.

ATs of RVPO and RVVPO groups are significantly
prolonged compared with those of the normal subjects
(N).

PPH =primary pulmonary hyper.cnsion; N=nor-
mal group; RVVO=right ventricular volume over-
load group; RVPO =right ventricular pressure over-
load group; RVVPO =right ventricular volume and
pressure overload group.

29 msec) 3 HERAOIREZ R L (Fig. 7), EREE L
ORI EBEE RO R ole. ZRFPWFHEEEED
PPH 5 #j DT (110419 msec) i¥, =hFHid
b v PPH 7 5] (147 +£28 msec) i, &
%R LTz (p<0.01).

3. A/D (Fig.8)

FEREARR (080+0.15), F=EEAME
(1.15+£0.29) & X W ARARFEATE (1.01+
0.16) Tix, IEEEE (0.61+0.11) ik, A/D @
AEAEEERL (% p<00l), AEEATEHS
IUOABREREARTHO A/D 3EERRAR
B THEREEE R LI (% p<00]). %
7z, PPH o A/D (1.14+0.33) 1%, thoAEFER
T L E R 5T

oT p<0.01 .
<0.05
msec ,ﬁ I;><0.01 P
3004 —p<0.01—
[ ]
250+ -
° N T
[ ]
[ ] [ ]
[ J
200 ] T
[ ] [ ]
: il
[ ]
s, oo s
K o +
150 o & (5
» &
gi f © 1l
*® o + b
o)
[ [ee]
100 3 ¢
[o]
504, oPPH
by
1 1 L ¥
N RVVO RVPO RVVPO

Fig. 6. Deceleration time (DT) in the normal
subjects and in various right ventricular over-
load groups.

DTs of right ventricular overload groups are sig-
nificantly prolonged compared with those of the
normal subjects.

Abbreviations are the same as shown in Fig. 5.

4. vy BES LUV YH K

EEARBEATR (151+46 msec) BLUAER
BREARR (177+71 msec) » v-y BEfEIE, E
#wEE (116 +23 msec) B LI OABEARE (111+
43 msec) KH~_RTHER EEZ "Lk (£ p<
0.01). AEAEAEH» y/H (0.59+0.17) 1%, IE
wEg (035+0.11), AEFEAME (0.25+0.14)
IVEAEARFEATRE (0.38+0.12) iclb_TH
FEieKkThot (% p<0.01).

KEEO v-y B & y/H e oBfk% Fig. 9
R, AERBRATMHIEERICHK~TALS

—1120 —



SV Z e Ry 7T BT X B A EERBIERT A

e
Hh

/i
1

Fig. 7. Right ventricular inflow velocity pattern and jugular pulse tracing in a patient with

primary pulmonary hypertension.

The A/D ratio is markedly increased, but DT is normal. The y/H ratio is decreased.

Abbreviations are the same as shown in Fig. 1.

I, AEARIFREATRIER BRI THTIC,
FHEEAWE I IERE IS TTHICAE L .

5. 0 A #

HROOMEE, EFEE 61104y, AEFE
BT 64£8/5y, AETEAWE 60+14/5), H=
REIEATE 60£6/5 THY, KHMICHE
ErBoleh o, AEFEAWEH > 5 PPH
12 o 8%k (74+14/4y) 13, PPH %R <EA
i) (S8+11/4) B X UMhod 3 FEICH~, FEIC
KTdh ol (% p<0.05).

6. FHFFEIRE (mPAP) & AT, DT kU A/D

L DR

DH T —F VRE B 4T L 7ER o 9 5, PS3
Wl#ER< 30 iz 5 mPAP & A/D L off
iz r=0.63 (p<0.01) DIEAHE %A (Fig.
10), AT X0t DT & oA 3 2ok 23 2
Loz,

7. ASD [z} B1ifETH 0 AT A MR Ot

I=d

Mimite OAER A MK E R 25 L 2 &

ASD 12 flickswvc, AT i 135+18 msec
o B Afit% 115416 msec (2, DT & 16346 msec
N 175+16nmecl:, A/D 13 0.84+0.16 75
0.64+0.16 \cxhZhHEARERED 5V IIRE 2
ﬂ<u»:(é.p<o.01,p<o.os,p<o.01)(F1g.11).
£, WROBMIERHLAEEZLRDh-
T

z %=

AT AL 2 - Ry 7T —heHnTEoh3
FHEMRAMFBHILIZ L, EEoFh L FEiE 75
AL C AR BRI & O BEIGEE o 2
Wb S — v &R LA LAES, I
EFHICB T 5 JnfefAﬁﬂfL{&ﬁfﬂ)#ﬁE?i@i&’
OPRGEKEH] (DT) BEE O ZRICHXTH L I
TR L, DGR & TEEREIE O ©— 7 3 o
e (AD) 3ARICEWTE VRV L2
TW3. Z0OX 9 ICHLE ORI IR
b T EMED D D, AWFZE TREARMAEATIE
BiCB 1T 2 GERBREBRT 25, 20K L FEKED
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Fig. 8. A/D ratio in the normal subjects and
various right ventricular overload groups.

The A/D ratio of right ventricular overload
groups, particulary of RVPO and RVVPO groups, is
significantly increased compared with those of the nor-
mal subjects.

Abbreviations are the same as shown in Fig. 5.

BRETRTILEL LI AL EX, BAREIC
BT B AEFHAMFHET O3 & Rl

EZ0REATRET T, HREEHCRT 3
EERHOWMKTs Vo T3y, AE
REAMKREZ VW, FHLIB 5 —F0
SR RIERL TR 2 v TR =R F DMk & FHR
L, /NE# ASD TRIEFFICHS, FLRRHIRK
DE— I HEDEL WKL -7 ICETDIET
DEEEOEE A ONBZ XY, FERCKTD
S A LT O3 X UHEXT RO R 4RI L
TW5. Ei, KMLIL LR Fy 77—

FRCTREOBREBREL TV 2.

—ic, MiEME% b 2y ASD s
i3, AROEBELRICIFEHOLEAY v~ ML
Fasmb 5 ey, HREHOR=RAFOMIMIIE
BIERTHEARTIZEBELZONS. SEOKR
HoR, AERFEANHO AT QEERLER
Hrrotzdd, DT @B »RER%Z, A/D 33
KexrLz. DT ZER () HoOLERME
I X B ZEIRNTER L Rk b s LELA DR
TW3. EEFRAMFEEREFIcRT2 DT oiE
B, ERLS BIEOER O X 5 R IGEHA
EaL 7547 AETHICED bh 55339100,
4E o ASD 2B 5 AERAMFEEE » DT
ER, 550V AERARBOERIC 2T,
DR ZDEFERERB EBEbh 5.

ASD B B LEVRAOELRERZ, L=
DILFETRE D S IERBIC I TAL, 20—
7 FUNKERY, FL9E (R) ), ERARHIo 3 kv
L4gis Ry shTnaiz®,. LexsT,
b OBFRIC BT S EKMTEE D, AERAL
HEEICEEY B2 TV ARSI+ ELD
n5. &Rk L, ASD Tz y/H ok e v-y
BEOEREZ R, MHIAERERRARDOHEAXR
PR L, BEIAEREAWHRMOERLEL
BhTwa®. PEoSrRAd+sL, ASD T
3, AERASOERLEELREY, RWARE
OWRDOHZRTRL, REBAKMROESR, T4b
H DT oiERRIIVAETSZ Lo LEDR, Z
OFRFAEIC Ui LSRR & h 3 H5=RF
Pesest s (Carey Coombs %) LA TS
DTHH.

—7%, ASD CTRLUENGHOEERAR, B
IOWMAEE O A LIEHEh TV 559, LR
BHIRAMLEHRE O (A/D) izonwTid, 8
BMFNRTI ERE ExRVERELTRY,
bhbhomiEL 3R 55E %R L. Parikh
SO RAFEICK T AOEEREEO v KL a Kk
I OERD L OB EEERFTL, A TR/ARIK
RTEBEED v Eix a X VHESRIC/AEL,
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Fig. 9. Relationship between v-y interval and the y/H ratio in the normal subjects and

various right ventricular overload groups.

The relationship of the RVVO group shifts to the right and superiorly, and that of the RVPO, to
the left and inferiorly compared with that of the normal subjects.

Abbreviations are the same as shown in Fig. 5.

AD
.
1.59 .
1,04
L]
. Y=0.66+0.01X
r=0.63
0.5 p<0.01
P, y
T T r T T mPAP
10 20 30 40 50 mmHg

Fig. 10. Relationship between mean pulmo-
onary artery pressure and the A/D ratio in
various right ventricular overloads.

There is a significant positive correlation between
mPAP and the A/D ratio.

mPAP =mean pulmonary artery pressure.

EEED aBERERBICREN 0 b, IERKL
TPHEEO LTI T VRO BRENTILIZE Y,
EAE# o systolic phase flow AP LT3
ZEEEHLTWA.

4Bl ASD i) 2 FHis ORE T, i
gl ~THigicix AT, DT 88X AD %2
NENERERB LBV ERL, EEHLELRD
fehrote. LihoT, BRA ASD o—ffof
TRBENELIC X 5 AR OIREE L TR
Thah, BEAEOFRTRIGEMICRIT 2AE
FIMF OB AERAMBEER < ELEE
TWwabnrLBbhs. by, DT OERX
Bk oEcHIATE, AD OFREFERLR
EERAMRRICH T 2HEAMLEEEDOI LTSS
4 T7VvRET, »5VILGERHICAETE RN
FEALKEL, LERECL VRETIREL
ExTEIwv.

EEEAMHE I, AT 33X DT oiEEH®
5, JER (P)HICB T 5 AEBA OREE»RE
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AT DT A/D
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T | 1
before after N

T T J
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Fig. 11.

Changes in acceleration time, deceleration time and the A/D ratio before and

after cardiac surgery in patients with atrial septal defect.
AT =acceleration time; DT =deceleration time; before =before surgery; after=after surgery; ns=

not significant; N =normal subject.

&hsd, AT xvb DT omEREM» L VEHT
Hole. THEEARICE 2HER () B AR
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R L, FEECTRIGEREH O FERAROBD,
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DELWEEN S, LENGED I T 3 AERA
MEE O ANEZ b S, ZhIFELIC
BT BEARFH O LEEFRAMIFEEIY L Rk OHKS
BchHv?, A/D » mPAP L EEHEZTRT L
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FATUVADETVFET S LB LI,

L2 L, REEAREO S H PPH fiTi, f
DEARFIE~RT DT @3E<, EEHLEAE
EPEDRhol. FOEEL LT, AETIIM
DEBRL VOEESEVC L, ZRFPEHER
BE+ a0, shEAMLAVWEIXY b, DT o
EHERRDLLNEXLND. LK oT, K

REHOAET R & UL o8, PPH 3
DEAFFI LT TEXBZIRETHY, BHEHIT
DEBORI VI B.
FERBFEAMETE, DT X0 A/D i
AEATHIVARCER, »>HKRKEZRLE.
Z OfERE, ASD T EMmED Afkic kY,
JRRMAZERHOEE, BIUOLEREHICE
F AERFRA MR OEAPHE T2 2 L 2R
LTwW3. —f%ic, ASD TREiLE %45 ic
PV, BEa v 54 T7vyARRBIL, DnTik
DEVRLO ERAERIEED BV E2BKT 5.
@0 yH PERAMBEI VNIV LD, T
oDz LERMLTWS L ZExbh3. —F,
O v-y REIEAMRIVIERLTRY, &
BWRAH O ©— 7 WERIER X YV EKERICS S
EVWOHEY LS EX T, WLEHHALKEZ
FEAMRBICHERTEVWE Bbh3d. LT,
AEtickiy 5 DT oiERR XU A/D ok,
BAWOREY RMLizbn L Exbh, ASD
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