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Summary

To evaluate the relationships between regurgitant flow dynamics of tricuspid regurgitation (TR)
and cardiac physical signs, and to clarify the role of atrial function on central venous flow, we investi-
gated physical signs by cardiac auscultation and palpation of the liver. In addition, phonocardio-
graphy, jugular venous and hepatic pulse tracings and Doppler echocardiographic recordings were
performed. The subjects, 109 patients with Doppler-detected TR, were categorized as an SR group
of 42 with sinus rhythm, an Af group of 63 with atrial fibrillation and four with sinus arrest. Thirty-
five patients underwent open heart surgery before six months or more.

Results were as follows:

1. Inthe Af group, the maximum systolic flow velocity data in the superior vena cava (SVC)
and hepatic vein (HV) correlated well with the maximum tricuspid regurgitant signal area on the
color Doppler echocardiogram, and systolic backward flow from the heart was more evident in the
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HV than in the SVC. In the SR group, however, no correlation was observed between the maxi-
mum systolic flow velocity and the TR signal area, and systolic backward flow was not evident
even in cases with severe TR.

2. After open heart surgery, systolic flow velocities in the SVC and HV were significantly
decreased in the SR group compared to the Af group.

3. There was close correlation between the presence of hepatomegaly and systolic back-
ward flow towards the liver. Hepatomegaly was more marked in the Af group than in the SR
group.

4. Jugular venous and hepatic pulse data correlated well with the flow velocity data in
the SVC and HV and with the TR signal area.

5. Intensity of the tricuspid regurgitant murmur as estimated by the Levine’s classification
correlated relatively well with the systolic pressure gradient between the right ventricle and right
atrium as calculated by the modified Bernoulli equation, but did not correlate with the TR signal
area.

From these results, we conclude that the intensity of the tricuspid regurgitant murmur and
the jugular venous or hepatic pulse patterns are useful for evaluating tricuspid regurgitant
dynamics, when they are applied clinically with precise recognition of their significance and limita-

tions, and that sinus rhythm or atrial fibrillation is also an important factor.
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Fig. 1. Methods of measuring the ‘pulsed Doppler flow velocity signals in the superior

vena cava (panel A: SVC) and hepatic vein (panel B: HV).

Flow towards the transducer is defined as positive, and backward flow as negative. When the
systolic flow velocity signal is biphasic as in panel B, the S value is calculated by the sum of a
and b.

S=maximum flow velocity in systole; D=maximum negative flow velocity in diastole; a=maxi-
mum negative flow velocity in systole ; b=maximum positive flow velocity in systole ; ECG =electro-
cardiogram ; PCG =phonocardiogram.
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Fig. 2. Methods of measuring the jugular venous (panel A) and hepatic (panel B) pulse

tracings.

The base line is defined as the upstroke pointof the ¢ wave. The ¢ wave and the v wave after
the pulmonic component of the second heart sound (IIp) are excluded from measurement. Upward
deflection from the baseline is defined as positive and downward deflection as negative.

S=maximum deflection from the baseline in systole; D=maximum negative deflection from
the baseline in diastole; JVP=jugular venous pulse tracing; HP=hepatic pulse tracing; ECG=
electrocardiogram ; PCG =phonocardiogarm ; II, =aortic component of the second heart sound.
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Table 1. Correlation coefficients between the parameters from the pulsed Doppler method
and those from color and continuous wave Doppler methods in the atrial fibril-
lation group (panel A) and in the sinus rhythm group (panel B)

A
SVC (n=65) HV (n=66)
S D s/D S D s/D
TR area (n=67) 0.73* —0.60* 0.68* 0.68* —0.41* 0.66*
TR length (n=67) 0.62* —0.47* 0.61* 0.67* —0.47* 0.66*
PG (n=42) 0.43* O.ll 0.47* 0.63* —0.17 0.60*
B
SVC (n=42) HV (n=41)
S D s/D S D s/D
TR area (n=42) —0.12 0.12 —-0.19 0.08 0.08 0.08
TR length (n=42) —0.08 0.11 —0.13 0.06 0.12 0.00
PG (n=14) —-0.27 0.37 —-0.31 —-0.17 0.44 -0.05
* p<0.01.

SVC=superior vena cava; HV=hepatic vein; TR area=maximum tricuspid regurgitant area from the color
Doppler method; TR length=maximum tricuspid regurgitant length from the color Doppler method ; PG =sys-
tolic pressure gradient between the right ventricle and the right atrium ; n=number of cases. Other abbreviations

are the same as in Fig. 1.
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Fig. 3. Relationship between the S value in the central venous flow velocity signal and
the maximum tricuspid regurgitant area (TR area) in the color Doppler method in the atrial

fibrillation group.

Systolic backward flow from the heart is more evident in the hepatic vein (HV) than in the super-

ior vena cava (SVC). Arrows indicate 3 cases

that markedly deviate from the regression line.

PG =systolic pressure gradient between the right ventricle and the right atrium; HR=heart

rate ; n=number of cases.
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Fig. 4. Central venous flow velocity patterns and color Doppler echocardiograms in pa-
tients having severe tricuspid regurgitation with atrial fibrillation (panel A) or sinus rhy-
thm (panel B).
Systolic backward flow is more apparent in atrial fibrillation than in sinus rhythm and further-
more this flow is more predominant in the hepatic vein (HV) than in the superior vena cava (SVC).
TR area=maximum tricuspid regurgitant area from the color Doppler method.
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Dig. 5. Comparison of the distributions S/D from the flow velocity signals in the hepatic
vein between the postoperative and non-operative patients in the atrial fibrillation group
(panel A) and in the sinus rhythm group (panel B).

Influence of open heart surgery on S/D is greater in the sinus rhythm group than in the atrial
fibrillation group. Solid, large dotted and small dotted lines are the regression lines in the total,
non-operative and post-operative patients, respectively.

POST-OP.=post operative patients; NON-OP.=non-ope£ative patients; HR=heart rate. Other
abbreviations are the same as in Fig. 1.

Table 2. Correlation coefficients between the parameters of mechanocardiograms and
those from pulsed, color and continuous wave Doppler methods

‘SVC (n=65) HV (n=66) TR TR PG
— — area length
S S/D S S/D (n=67) (n=67) (n=42)
JVP S/D (n=67) 0.74%* 0.74%* 0.79** 0.79*%* 0.79%* 0.70** 0.34*
HP S/D (n=45) 0.78%* 0.76** 0.70** 0.67** 0.70%* 0.63** 0.50%*

* p<0.05 ** p<0.01

SVC=superior vena cava; HV=hepatic vein; TR area=maximum tricuspid regurgitant area from the
color Doppler method; TR length=maximum tricuspid regurgitant length from the color Doppler method;
PG =systolic pressure gradient between the right ventricle and the right atrium; JVP=jugular venous pulse;
HP=hepatic pulse; n=number of cases. Other abbreviations are the same as in Fig. 1.
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Fig. 6. Relationship between the S/f) from mechanocardiograms and the maximum
tricuspid regurgitant area (TR area) from the color Doppler method.
The S/D is higher in the hepatic pulse (HP) than in the jugular venous pulse (JVP) in cases with

equivalent TR areas.

HR=heart rate; n=number of cases. Other abbreviations are the same as in Fig. 1.
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f hepatomegaly and the maximum tricuspid
Doppler method (panel A) and relationship

between the degree of hepatomegaly and the S value from the flow velocity signals of
the hepatic vein (HV) in atrial fibrillation (panel B).

In panel A, hepatomegaly is more marked in the atrial fibrillation (Af) group than in the sinus
rhythm (SR) group. A case with the largest area is systemic amyloidosis. In panel B, there is close
correlation between the presence of hepatomegaly and systolic backward flow towards the liver.
The vertical line indicates 10 cm/sec of the S value.
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Fig. 8. Relationship between the intensity of the tricuspid regurgitant murmur (TR mur.)
and the maximum tricuspid regurgitant area (TR area) from the color Doppler method
(left panel), and the transtricuspid systolic pressure gradient (PG) (right panel).

Intensity of the TR murmur shows a relatively good correlation with PG, but shows no correla-

tion with the TR area.
n=number of cases; ns=not significant.
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Fig. 9. Color Doppler, continuous wave Doppler (CWD) echocardiograms and phonome-
chanocardiograms in patients with loud tricuspid regurgitant murmurs (upper panel) and
in those with silent severe tricupid regurgitation (lower panel).

In the upper panel, a case with a loud tricuspid regurgitant murmur (TR mur.) has a large
systolic pressure gradient (PG) between the right ventricle and the right atrium. On the contrary, a
case with silent severe tricuspid regurgitation has a small PG (lower panel).

TR area=maximum tricuspid regurgitant area from the color Doppler method ; PV =peak velocity
of the tricuspid regurgitation signal; JVP=jugular venous pulse; 5L, 4L, 2L =fifth, fourth and
second left intercostal spaces at the sternal border, respectively.
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