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Summary

To clarify the characteristics of the jugular venous pulse and its genesis in Ebstein’s anomaly, 6
patients with Ebstein’s anomaly whose mean age was 45+9 years, and 10 normal subjects with a mean
age of 27 +6 years were studied by phono-mechanocardiography and echocardiography. The parameters
included the relative height of the jugular ‘““c’’ wave, the relative timing of the upstroke (Q-Cu in-
terval) and the peak of the jugular “‘ ¢’ wave (Q-Cpeak interval), the relative timing of the upstroke
of the carotid artery pulse, the relative timing of tricuspid valve closure (Q-Tc interval), the excursion
of the closing motion of the anterior tricuspid leaflet (T'V excursion), the distance between the anterior
mitral annulus and the septal tricuspid annulus (M-T distance), the area of atrialized right ventricle
(ARYV area) and the maximum area of the tricuspid regurgitant signal.

Among 6 patients with Ebstein’s anomaly, tricuspid regurgitation was predominant in 4 and mild
in the remaining 2.

The results were as follows:

1. A large jugular ““ ¢’ wave was observed in 4 of the 6 patients. Two patients with large ARV
area had giant ““ ¢’ wave.

2. The interval of the upstroke of the carotid artery pulse and that of the jugular ‘¢’ wave
was about 39.2 msec.

3. The Q-Tc interval was significantly longer and the TV excursion was significantly greater
in the patients than in the normal controls.

4. There was only a weak positive correlation between the Q-Cpeak interval and the Q-T¢ in-
terval. No significant correlation was observed between the relative height of the jugular ‘“c¢” wave
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and the TV excursion.

5. There was a positive correlation between the relative height of the jugular ‘¢’ wave, the

ARV area and M-T distance.

6. No obvious correlation was observed between the grade of tricuspid regurgitation and the

relative height of the jugular ““ ¢ ”’ wave.

These results suggest that augmentation of the *‘ ¢’ wave of the jugular venous pulse is charac-
teristic of Ebstein’s anomaly and that it correlates closely with the severity of displacement of the tri-
cuspid valve and the size of the atrialized right ventricle.
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Fig. 1. Methods of measuring parameters obtained from jugular venous pulse (left) and
carotid artery pulse (right).

PCG =phonocardiogram; ECG =electrocardiogram; JVP=jugular venous pulse; Q-Cpeak=time
interval between the Q wave of ECG and the peak of the jugular ‘‘c” wave; Q-Cu=time interval
between the Q wave of ECG and the upstroke of the jugular ‘‘ ¢ >’ wave; c=amplitude of the jugular
‘“c” wave; a-x=amplitude between the top of the ‘‘a’’ wave and the bottom of the ‘‘x” trough;
CAP =carotid artery pulse; Q-CAPu=time interval between the Q wave of ECG and the upstroke of
carotid artery pulse.

» ‘¢

Fig. 2. Methods of measuring parameters obtained from tricuspid valve echocardiogram
(left) and two-dimensional echocardiogram (right).

ATL=anterior tricuspid leaflet; TEX =excursion from the onset to the end of closing motion of
the tricuspid valve; Q-Tc=time interval between the Q wave of ECG and the tricuspid valve closure;
STL =septal tricuspid leaflet; AMV =anterior mitral leaflet; RA =right atrium; M-T =distance be-
tween the anterior mitral annulus and the septal tricuspid annulus; ARV area=area of the atrialized
right ventricle bounded by the true atrioventricular annulus (dashed line) and the tricuspid leaflets.
Other abbreviations are the same as those in Fig. 1.
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Table 1. Measurement data of 6 cases of Ebstein’s anomaly

Age Jvp CAP TV ARV o TR
Case (yrs) ja-x QCu Q-Cpoue Q-CAPu  Q-Tc TEX (‘gf;) (cm) Area PV poo
(msec) (msec) (msec) (msec) (mm) (cm?) (m/s)
1 51 0.46 120 200 150 130 18 7.9 1.9 15.5 2.0 laminar
2 51 0.17 120 165 130 135 19 5.6 1.6 8.2 3.2 turbulent
3 47 1.64 180 280 240 150 20 20.3 4.8 19.2 1.8 laminar
4 27 0.03 135 145 190 100 14 4.3 1.2 8.3 2.2 turbulent
5 53 1.14 160 270 200 150 27 13.2 4.0
6 39 0.48 130 230 170 160 33 9.4 2.0

”»

TV=tricuspid valve; TR=tricuspid regurgitation; &/a-x=relative height of jugular “c” wave; PV =peak

velocity. Other abbreviations are the same as those in Figs. 1 and 2.

Table 2. Comparisons of age and data from jugular venous pulse between the 2 groups

of I\i:é s Age (yrs) ¢ja-x Q-Cu (msec) Q-Cpeax (msec)
Ebstein 6 45+9 0.65+0.56 141+22 215450
(0.93+0.49)*
Control 10 27+6 0.09+0.04 111433 146131
p value p<0.01 NS NS p<0.01
Values are mean=+SD. * mean+SD of 4 cases with large jugular “c” wave.
Abbreviations are the same as those in Fig. 1 and Table 1.
Table 3. Comparisons of echocardiographic data between the 2 groups
oo Q-Te¢ (msec) TEX (mm) ARV area (cm?) M-T (cm)
Ebstein 6 138420 22+6 10.1+5.4 2.6%+1.3
Control 10 75+20 1442 — —_
p value p<0.01 p<0.05

Values are mean+SD.
Abbreviations are the same as those in Fig. 2.
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Fig. 3. Correlations between data on jugular
‘c” wave and those of tricuspid valve closure
in Ebstein’s anomaly.

Q-Tc tended to be long when Q-Cpeak is pro-
longed (upper panel). However, there is no significant
relation between TEX and ¢/a-x (lower panel).

n=number of cases. Other abbreviations are the
same as those in Figs. 1 and 2.
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Fig. 4. Correlations between relative height of
jugular “c”’ wave and data of two-dimensional
echocardiogram in Ebstein’s anomaly.

There are good correlations between these 2 data.

Abbreviations are the same as those in Figs. 1, 2
and 3.
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Fig. 5. Jugular venous pulse (JVP) and right atrial (RA) pressure tracings in a case of Eb-
stein’s anomaly (Case 5).

Both JVP and RA pressure tracings show similar contours with giant ‘“ ¢ >’ waves.

4L =the fourth left intercostal space; H=high frequency phonocardiogram. Other abbreviations
are the same as those in Fig. 1.
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Fig. 6. Jugular venous pulse (JVP), systolic frame of apical four-chamber echocardiogram
(2-DE) and pulsed Doppler echocardiogram of tricuspid regurgitation (TR) in 2 cases of
Ebstein’s anomaly (left: Case 3, right: Case 1).

Case 3 (left panels) has a large ‘“ ¢ >> wave on JVP (top), a long M-T distance and a large ARV area
on 2-DE (middle) as compared with Case 1 (right panels). Both cases have severe TR with laminar
flow patterns (bottom).

3L =the third left intercostal space; RV =right ventricle; ARV =atrialized right ventricle. Other ab-
breviations are the same as those in Figs. 1, 2 and 5.
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