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Summary

Evaluation of hepatic venous flow patterns was attempted by pulsed Doppler echocardiography.
Subjects were 80 patients including those with dilated cardiomyopathy, old myocardial infarction,
angina pectoris, pulmonary hypertension, constrictive pericarditis, tricuspid regurgitation (TR), lone
atrial fibrillation, and post-cardiac surgery. Eleven normal subjects served as controls. The mean age
was 53.0+12.4 years. Most of the TR patients had atrial fibrillation. Patients with aortic regurgitation
and significant mitral regurgitation were excluded. Afterload stress by angiotensin II infusion was
performed in 51 subjects, mainly for those with ischemic heart disease, cardiomyopathy and the
normal controls.

Hepatic venous flow patterns included double-peaked flow signals toward the right atrium, and
the relationship between systolic (S) and diastolic flow velocities (D) was expressed as the velocity ratio
[S/(S+D)]. A reversed flow during atrial systole was expressed as an “‘A wave ”’ and that between the
S and D waves, as an ‘‘ O wave . Systolic flow velocity was less than diastolic flow velocity in cases
with atrial fibrillation and the post-surgical cases.

The velocity ratio was greater than 0.5 in nearly all patients with normal sinus rhythm, and less
than 0.5 in cases with atrial fibrillation and the post-surgical cases. In the former, systolic flow velo-
city was less than diastolic flow velocity after defibrillation, in spite of restoration of normal sinus
rhythm. These findings indicate that systolic flow velocity was influenced by atrial relaxation;
diastolic flow velocity, by ventricular diastolic function. The A wave was increased in cases with pul-
monary hypertension and A wave velocity in the hepatic vein correlated with systolic pulmonary
artery pressure. In cases with tricuspid regurgitation, reversed flows were detected during ventricular
systole both in normal sinus rhythm and in atrial fibrillation.

After infusions of angiotensin II the velocity ratio increased in cases with dilated cardiomyo-
pathy and in normal controls (p<0.01). The hepatic venous flow pattern after infusion in the
former was characterized by dominant systolic and diminished diastolic flow velocities with a con-
sequent increase in the velocity ratio toward 1.0, while a change in the ratio was less marked in

WEERKE HF—-H#
KEETiHAE A ERET (T 520-21)
* () BHER : JIINTTAR/NEET 24-2 (T895)

Received for publication January 23, 1989; accepted

The First Department of Internal Medicine, Shiga
University of Medical Science, Seta-Tsukinowa-cho,
Ohtsu 520-21

*(present address) Aikou Clinic, Ohshouji-cho 24-2,
Sendai, Kagoshima 895

May 15, 1989 (Ref. No. 36-103)

— 193 —



iﬂﬂa’ E-‘y(ﬁy *Z-F) (3

normal controls.

In conclusion, analysis of the hepatic venous flow pattern by pulsed Doppler echocardiography
is very useful for evaluating cardiac function. A marked increase in the velocity ratio after angiotensin

IT infusion suggests decreased cardiac function.
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Fig. 1. Subcostal two-dimensional echocardiogram of the inferior vena cava and hepatic

vein.

Sampling volume in the hepatic vein is indicated by an arrow. The Doppler incident angle to

the hepatic vein is nearly 0 degrees.

HV =hepatic vein; IVC=inferior vena cava; RA =right atrium.
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Fig. 2. Blood flow pattern in the hepatic vein.

The pattern of blood flow velocity in the hepatic vein is characterized by a minimal reversed flow
during atrial systole (A wave), and forward flows during ventricular systole (S wave) and ventri-
cular diastole (D wave). The relationship between systolic flow velocity (S) and diastolic flow velocity
(D) is expressed as the velocity ratio [S/(S+D)].

In the subsequent figures: ECG =electrocardiogram; PCG =phonocardiogram.
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Fig. 3. Blood flow velocity in the hepatic vein of a patient with atrial fibrillation.
Systolic flow velocity is less than diastolic flow velocity. The velocity ratio [S/(S+D)] is less
than 0.5.
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Fig. 4. Blood flow velocity in the hepatic vein of a patient with atrial fibrillation before
and after defibrillation.

Left: The systolic flow velocity is markedly reduced. Right: Even after defibrillation, the systolic
flow velocity is still less than diastolic flow velocity.
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Fig. 5. Blood flow velocity in the hepatic vein of a patient after cardiac surgery.
Systolic flow velocity is more decreased than the diastolic flow velocity in spite of sinus rhythm.
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Fig. 6. Blood flow velocity in the hepatic vein of a patient in sinus rhythm with severe
tricuspid regurgitation.

A reversed flow velocity is detected in the ventricular systolic phase.
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Fig. 7. Blood flow velocity in the hepatic vein of a patient with severe tricuspid regurgita-
tion in atrial fibrillation.
A reversed flow velocity is detected in the ventricular systolic phase.
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Fig. 8. Blood flow velocity in the hepatic vein of a patient with pulmonary hypertension.
A reversed flow is prominent during atrial systole.
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Fig. 9. Blood flow velocity in the hepatic vein of a patient with constrictive pericarditis.
A reversed flow is prominent during atrial systole.
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Fig. 10. Comparison of blood flow velocities in the hepatic veins among normal controls,
patients with atrial fibrillation, and patients after cardiac surgery.

The velocity ratio [S/(S+D)] is greater than 0.5 in normal controls and less than 0.5 in patients
with atrial fibrillation and those after cardiac surgery.
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Fig. 11. Comparison of blood flow velocities
in the hepatic veins of normal controls and
patients with pulmonary hypertension.

A reversed flow during atrial systole is greater in
patients with pulmonary hypertension than in normal
controls.

mmHg

PA
100

r=0.89
75F

50

25}

JFE R R L 532 B B T D iR

Angiotensin IT &1 © o FFez R .55 88 EE 1
BoEkE, EEOHE, HEH D BERAL0/h
o TwB b 00, FELERIA LN
- 7 (Fig. 13). #EREELLME5EC o angiotensin 11
AFTRIE O FF AR M E 12, EF L KREL
Ry, AMRICIRY D B A EHEEL
TLl%(-7 (Fig. 14). L3>, velocity K
S/(S+D) ix 1.0 izcgESv iz,

Angiotensin IT £7%Hi# OiEEHIRELHEE,
TRELHHHEE, WERBELUFEE, iNE, E¥To
#HAER % Table 1, Table 2 iz557+. Lz
BIL it angiotensin I H#iE TRk ELEL
B2 oTeH, JERELLFETHO T Th 5 254
ML7z. Velocity eooZ{k % Fig. 15 i3 3.
Velocity Hii, angiotensin II &%z X v 88in+
25, DEEETHTRIIVREAELEED
7z.

MUFEHBE BT DB % BT % B 0 RE 43,
ejection time %> acceleration time 7 ¥ % EF|
THROBMELEARS LS WY, HAOKERE
DITAERFHREEICI T 5RREN/NESL, EHH
ERFWEEZX LN,

0.1 0.2 0.3

0.5 0.6 0.7 A ‘m/sec

Fig. 12. Relationship between systolic pulmonary artery pressure and reversed flow ve-

locity during atrial systole (A).

The A wave velocity in the hepatic vein correlates with the systolic pulmonary artery pressure.

PA =pulmonary artery pressure.
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Table 1. Changes of blood pressure, heart rate and left ventricular dimensions measured

Systolic blood pressure

Diastolic blood pressure

(mmHg) (mmHg)
Number Age A C A
Normal 11 45. 9+18 9 105 4+19 6 142.1+20.3** 55.8+10.9 68.2+14.3*
Dilated cardiomyopathy 7 56.0+ 9.4 99.3+15.7 129.7421.3** 51.7+ 4.5 69.9+ 5.9%*
Anterior myocardial infarction 12 53.8+ 7.7 110 +22.4 139.3+30.4** 62.6+11.8 71.8+12.4
Inferior myocardial infarction 7 57.2+ 5.7 112.1+11.7 145.14+14.7%* 65.0+ 7.3 79.7+12.7*
Angina pectoris 14 53.1+ 8.5 114.0+13.8 155.6 £17.7%* 62.3+12.6

77.5+13.0*

Values are the means-+SD, *p<0.05, **p<0.01.
A=angiotensin II infusion; C=control; EF (LVG)=ejection fraction determined by left ventriculography ; *
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Control Angiotensin II infusion

Fig. 13. Changes of blood flow velocity in the hepatic vein of a normal control after angio-
tensin II infusion.

The blood flow pattern in the hepatic vein shows no marked change after the angiotensin II
infusion.
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by M-mode echocardiography after angiotensin II infusion

Heart rate LVDd LVDs %FS EF (LVG)
(beats/min) (mm) (mm) (%) (%)
C A c A C A C A

62.7+ 8.0 58.0+ 9.8 46.84+3.3 49.3x+4.1** 31.6+ 3.5 34.5+ 4.3** 325454 30.1+5.7* —
65.6+12.4 68.94+12.6 70.6+7.3 72.9+6.9** 61.7+ 7.5 653+ 7.3** 12.6+4.9 10.5+3.6 33.1+ 3.8
65.3+12.1 65.4+12.7 57.6+8.1 58.4+7.9 43.3+10.1 45.0+11.2 25.5+7.7 23.9+9.2 51.0+13.2
594+ 7.1 57.7+ 6.5 53.3+5.7 55.9+5.8 39.64+ 5.8 424+ 5.6* 27.0+4.6 24.2+44 60.2+ 9.1
61.7+14.1 58.0+12.7%* 52.1+4.2 53.8+4.3*% 36.5+ 4.5 38.6+ 5.1** 30.2+3.5 28.4+4.6%* 72.8+ 7.7

LVDd=left ventricular diastolic dimension; LVDs=left ventricular systolic dimension; %FS=percent fractional

shortening.
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Control

Angiotensin II infusion

Fig. 14. Changes of blood flow velocity in the hepatic vein of a patient with dilated cardio-

myopathy after angiotensin II infusion.

The blood flow pattern in the hepatic vein after infusing angiotensin II is characterized by a
dominant systolic flow velocity and a diminished diastolic flow velocity.
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BARZSRPHGEARED B B & TR L EE
oILHEY S FxdilE L, WM (Fig. 6), LFE
Wmh (Fig. 7) o) CULHESIc O 53E 2
ZHMOMAEED D X I Chsb. Z OMFTHE
I DAL h & =R Fp PSR 42 0 G A3 FTHE & 72
5. LaL, ZRFBMHGFRED 5 BBk
FHi OBEITIE, FFRARMIGEEREE BT 2 =R
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Table 2. Changes of blood flow velocities in the hepatic vein measured by pulsed Doppler
echocardiography after angiotensin II infusion

S (m/sec) D (m/sec) S/(S+D)
C A A C A
Normal 0.42+0.17 0.40+0.17 0.32+0.09 0.27+0.10* 0.57+0.05 0.60+-0.06**
Dilated cardiomyopathy 0.48+0.10 0.44+0.09 0.24+0.07 0.07+0.12**  0.67+0.09 0.87+0.18**
Anterior myocardial infarction ~ 0.37+£0.17 0.40+0.16 0.27+0.18 0.244-0.17 0.60+0.10 0.66+4-0.15
Inferior myocardial infarction 0.39+0.06 0.42+0.13 0.29+0.08 0.27+0.12 0.58+0.05 0.62+40.05*
Angina pectoris 0.43+0.11 043+0.12 0.31+0.07 0.28+0.09* 0.5840.04 0.61+0.05**

Values are the means+SD, *p<0.05, **p<0.01.

A=angiotensin II infusion; C=control; D =diastolic flow velocity in the hepatic vein; S=systolic flow velocity

in the hepatic vein.

1.0
[
S+D
09f p<0.01
]-Standard error
0.8 Mean
o Normal
0.7F abcm
p<0.05 A AP
p<0.01_p<0.01 o ANT
0.6 A INF
0.5}
0.4%

Control

Angiotensin I
infusion

Fig. 15. Changes of the velocity ratio following angiotensin II infusion.

The velocity ratio [S/(S+D)] approached 1.0 in DCM.

ANT=old anteroseptal myocardial infarction; AP=angina pectoris; DCM=dilated cardiomyo-
pathy; INF=old inferior myocardial infarction; S/(S+D)=velocity ratio.
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F5. EFEOBE, BRI EE BRI 3 I
B S ¥, HEH D KL LRTHEIEATS. E
SEBR RO EEOSE, WA ICINER S &
FEART 52, WEEH D BREALAY. Zh
BLEOHBEEESRELEZEX A TVBY.
D L bEES D BiRLEOHREEE KL
TwsbotExbh3.

FFE AR ML BT s o W CURAER) S IR &k
B D RoBGermaigiEL LT, velocity I,
+74bbHS/(S+D)3EFEMTH S L Bbh . Fig
10 CRLE S REEFRE TRz 0k 05 2L
iy, LDEMBIRLEENERE T 0.5LL
FChot. BICBRMIEOIHER S ¥ LR
# D oz RIEL LT, B 5D %
D/S L3RI TRABROCRZZLYEDS.
LichioT, BIRBRLEEZ RN 2581, S/
S+D) nXoic, HEB0ICRZDOEHTH X
HCFRETHB. Fie, ZRFEETRLDD
IR I AT O fLFE L 22 3R bR WiER,
BROFEE LD S Fiz0THB0 5, velocity
Hi3 0 &y, = olTFHIRERRLELRL
FERBOBZ LERBToEELRS.

R EE R O 5 b, LEPLES,S
FEomiE A Kix, LDERECX3EEEDNL
Hizk o T AT 3 #FHMFEH, HLHRTHHI
dump LEhinWkdicHET LD LEESH
%. Fig. 11 GR+ X5, MESMERIC A &
BTG AEAIC D o . IRFIHET O S ILERE
BB, FaRRFHRTETHRVR, I
HIBIIRE : A FOFEIECHBEERF-TWw
7z. Fig. 12 123\ CHRYs 22 i ME o 1 4 3548
BERLLLTWER, ZoOEFERALTYL, 44
BfR%k r=0.64 DIEDOHEERH -7z FHBIIRE ©
LRI X sEATEMOREE, AEIREHEH
RT3z A FHEEOERLEX DN S.
%7, WEHEDER AL, DFirHESH
pHEOME A EoME LB (Fig. 9). &
DHEEL, AEIEKHEDS LR A BEEO

FFF R R LG58 BE B2 T D R

FERLEZX LN S.

DR 0 BT IR L7558 B T 3 TR © &b
ZICb b, HEH D EEN o mitHE
BB (Fig. 5). Z oT{LRIFEHRIcX 50
JEYER nEER—FREVWLEZLNS. EED
LT, OBROELLEBAOEZE (trans-
mural pressure) RLE|IFERICHEKL, AE~
DEICEREZBITTVwB EX LN B2, Fific
X BDEGE Db s OB EBRR Ry, i
ROFEEERE 2T szt Bbhs. ZoZ
LRDERIBERICB VYT LR TH 2P,

BERETILS® B Z Lic X » TR % 3
T5®ER, DEIR»LTbh TV, %A
#i% i 53K L LT angiotensin I v/
»B, ZOEAGEL O BEO FEHE ES €
5. z0 5 bMEFRGICHT HIEAREOEER
RLDTHBP. EFEOHETLAFICL>TE
SEIIREKHE (LVEDP) R fiBiREAE (PCWP)
X ER+ 320, 4SEIOKRF TR, angiotensin II
AFCE Y, EEOIMEHERIERETH, HTFET
+BEMICH o 7. HEEBLLAFAE T3 angioten-
sin Il A#fic X v .OBERbTFhic LR LTV
5B, ZOBLZLTHIT, LEKOECX 3E
Wi T 5 LEDbh 5. Angiotensin II iZ.{>
Mo UTEEER R R WS, BRI o
REERREICX Y, DEEKEEMSESERRN
b5, LhrLERCIREFOMEERICEY, E
TR B RGHEDREMREHERIEE 3
e, DIKEETT 52 L BRSNS, IR,
FETR EZORFEMETFT LTS 9, angio-
tensin II BHICX o COHEERHL T ML
rbotEZOLhS. BHBARE PITESR,
DEEMET LTV S & LEO INFEEFIETL,
DR AES~B8T+5. %k, —FTH,
RS 72 & DI OURER IRE ORI X 578
BRIMER O A L T HIRERMLIERS ML,
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z2bh 512, Angiotensin 1T # v C s
JE% control X v 30% L& L7cREETIZ, FF
PR ML 28 e T D BRI S B Xk v LR
H D EokEhror., BOLBEERTRLLT
HRIC U TIERBLOGAE 3 HEER) D 4%, angi-
otensin IT BRI S DIIET+ 25, 12 &
AMEHEELTLES (Fig. 14). L= 5T,
velocity Hiix 1.0 IZiES5< & Lizhk 3. HIERD
fHEE T3 control JREET Y velocity Hyidfth ot
LHRTRKEWEAICH Y, angiotensin 1T A7F
BTIMOR L _TRERE(LEFR LI (Fig
15). zhiz BN BE O IHEREORE &
Exbohd. BLEBEREPELEETREIT] X
MNTERE o 72h, EFEALLELERLL
primary 22 &7z D DM REETH 5 23,
velocity OB 25z & T, b 3EEFMT
LAY D D. BELHGEEDCEE, IR
MPEHE BT E D X 5 2B E T 5 O hEEKE
v L L AZELHEEOEHS EbhifT,
angiotenisn Il B#fic X 2ZHATLIZ A LR
ol AT DFEERER B ICAR OA
ik fTotcicw, REBEIHVTWzEExL
3. L2 L control JREEizB T velocity H
206 XTI YREP oI LMD, AE
DIEEERRELTWELEEZORS.
PlEdrG, FFREARMGTHEEBE SGRBREE, =
KRFHEFE, MBIARE, DEOGIBRBEERE, O
xR EOHBEZIELTHLELZLN
fe. Eic, FFERIRILFTEE KE OERILOF L
LT velocity H [S/S+D] #fivaz L, &
FRSE B ML 5EEN B D AR TR0 O BE 0 FEM IS BRER B
HAThy, AFAEOR velocity Has 1.0 125ES
{BEE, DBEBMETLTWS Z LR &R
Tz

2 #

BEES VR - Ky 75— v, 8THE
R FRIRILFERE R ICOW TR L. ST
B 43 6, &bk 37 4, &80 4, FEHLERD 53.0
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TR CRBRAETR 2 BT, AERMIER
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BOE 1445, OMEFHTE 9B, IO Z 2
B, EFE 1. FER2ZRFUEHEEBO =L
FRPAGIR A 4 4] GRFARE 1 4, LEMBh 3 6), B
ML 6 6 (RFAE). ABA=SRPUEFR LD
B EERESh 8 4.

FF R ILIEEE BT L, R OES, DI~
2O MPHERER L LT, WHESH S &, IEH
D ¥, ®IVCLERMEHCLE»ESHSE
MOMmFE A #, S & D Eofic O Eai:
Gahiz. 205 b, A o MmEEE I
BHARIE & IEOFEEI B - T2

UCHES S B EHRH D BoBRsms e
iz, velocity I [S/(S+D)] # L L%z EER
FHRTIE oz 05 Pk, LEES RTE
THLEERBARLETIX 05 UFCh o7, %
7z, angiotensin II % FW-CUSERIMES 30%
ERs®ZL, EE T3 zoliz 0.57+0.05—
0.60+0.06 (p<0.01) &ZMLL, LHEEEIET 2
£S5 IEERLDE i 0.67+0.09 — 0.874-0.18
(p<0.01) L& L7z, RFHECIIOMEENET
LiziA, velocity toix 1.0 i2iFE-3 < HB DS 4 &
hiz.

Ubdt, RFRARMFTEE KT, MR,
ZRFPUER, FBIRE, CEOUBESEEIEE,
DIERER E OB ZITE T2 EL LN
. ¥, ZOREOERILDOFEL LT veloc-
ity WiV Z Lz, BHIREMRLTEEIE Rt
ROBEOFHECERTH Y, RFEER, veloc-
ity 2t 1.0 IGES < BAE, DBEDET SR
®Ehiz.
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