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RIFMFIEIT 5 @EK  after corrective surgery
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defect : Evaluation using
pulsed Doppler echo-
cardiography
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Summary

Using two-dimensional (2DE) and pulsed Doppler echocardiography (PDE), the prevalence, cause,
and 2DE findings of tricuspid regurgitation (TR) occurring after corrective surgery for ventricular
septal defect (VSD) were investigated. Fifty-one postoperative patients (25 boys and 26 girls) ranging
in age from 2 months to 11 years and 9 months were studied. There were 23 preoperative patients with
VSD and 26 children without cardiac disorders who served as controls. TR was diagnosed when pan-
systolic abnormal Doppler signals were obtained in the right atrial cavity by PDE.

Twenty-three (45.19,) of the 51 postoperative patients, two (8.79%,) of 23 preoperative patients,
and none of 26 normal subjects were found to have TR. The prevalence of TR in postoperative patients
was significantly (p<0.01) greater than those of the two control groups, but there was no significant
difference between the control groups. The prevalence of TR was not relevant to sex or type of VSD,
but TR was detected more frequently in patients with residual shunts (p<0.01), in those with post-
operative pulmonary hyertension (p<0.01), and in those with morphological abnormalities of the
tricuspid valve (p <0.01). In postoperative patients, the mean age at surgery of those with TR (mean+
SD=18.3+17.4 months) was younger than that of those without TR (29.9+21.4), and the cardio-
thoracic ratio (0.59+0.07 and 0.55+0.07, respectively), tricuspid annulus size (122+19 and 104109, of
normal), and right atrial size (143 +34 and 1064129, of normal) were greater in patients with TR. The
maximal extent of the TR signal correlated positively with right atrial size and tricuspid annulus size,
and seemed to be a useful index for evaluating the severity of TR. Abnormal morphological findings of
the tricuspid valve detected by 2DE were (1) no coaptation of the anterior and septal leaflets in
systole (=discoaptation), (2) no coaptation of both leaflets throughout the cardiac cycle (=valve
defect), and (3) apical displacement of the valve in systole (=bulging). (1) and (2) appeared to be as-
sociated with TR produced by operative injury; and (3), with functional TR.

It was concluded that TR occurs frequently after corrective surgery for VSD, and 2DE and
PDE were useful for evaluating the cause and severity of TR.
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Table 1. Materials

VSD after corrective surgery............ 51 cases
Sex boys=25, girls=26
Type type 1=15, type 2=36
Age at PDE  2m—11y9m (mean 5y6m)

Age at OP 2m— 6y4m (mean 3y2m)

Follow-up Om— 6yllm

Associated anomalies
1) Pulmonary hypertension 39
2) Patent ductus arteriosus 8

3) Pulmonary stenosis
4) Aortic regurgitation 6

VSD =ventricular septal defect; PDE =pulsed Dop-
pler echocardiography; OP =operation.

Table 2. Controls

1) VSD before surgery .......... 23 cases
Sex boys=7, girls=16
Age 2m—7y10m (mean 1y5m)
Type type 1=8, type 2=15

2) No heart disease ............ 26 cases
Sex boys=16, girls=10
Age 4m—13yllm (mean 3y9m)

VSD =ventricular septal defect.
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Fig. 1. Schematic drawing of recording and
measuring tricuspid regurgitation.

RV =right ventricle; LV=left ventricle; TR=ex-
tent of tricuspid regurgitation; RAD =right atrial di-
mension; LA =left atrium; PS-FC =parasternal four-
chamber view.
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Fig. 2. Two-dimensional echocardiograms demonstrating the methods of measurement

of the tricuspid annulus size.

Sagittal (A) and horizontal diameters (B) are measured as the maximum dimension of the tricuspid

annulus in sagittal and horizontal echograms.

RV =right ventricle; RA=right atrium; LV=left ventricle; LA=left atrium; PS-L-TV =para-
sternal long-axis view of the tricuspid valve; PS-FC =parasternal four-chamber view.
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Fig. 3. Representative echogram of tricuspid valve prolapse.
RV =right ventricle; RA=right atrium; LV =left ventricle; T'VP =tricuspid valve prolapse ; PS-FC
= parasternal four-chamber view.

Fig. 4. Representative echogram of bulging of the tricuspid valve (arrow).
RV =right ventricle; RA=right atrium; LV =left ventricle ; PS-FC = parasternal four-chamber view.
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PS-S -TV (Systole)

Fig. 5. Cross-sectional views of the tricuspid valve.
A: The echogram showing normal coaptation. B: The echogram showing discoaptation (white arrows).
RV =right ventricle; LV=left ventricle; AL=anterior leaflet; PL =posterior leaflet; SL =septal
leaflet; Patch=patch for closing a ventricular septal defect; PS-S-T'V =parasternal short-axis view of

the tricuspid valve.
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PS-S -TV(Diastole)

Fig. 6. Echograms of tricuspid valve defect.
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The parasternal short-axis views of the tricuspid valve in systole (A) and diastole (B) are shown.
Discoaptation of the anterior and posterior leaflets (white arrow) are recorded in both phases.
RV =right ventricle; LV =left ventricle; AL =anterior leaflet; SL =septal leaflet; patch=patch for
closing a ventricular septal defect; PS-S-TV =parasternal short-axis view of the tricuspid valve.
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ERBTLEARINEE LoBES ¢ BEK L Table 4. Comparison of clinical pictures of

VIRET S L (Table 6), RIBERAL, B i s L p(fstOPerat-lve YSD patle.nts- with and
without tricuspid regurgitation
FEDFE, HEUIHO B8 FEERETO &
B LBHE AR S e o T DiTHE L, HF R I IE TR Yes No
RBEEEDE. ELtREIC L ZRHE TR Sex Boys 10 15 NS.
(Table 7), FAHHER, KIALE, WEHZE, Gils 13 13
TR/RAD 7 it kB OREIC L VA BEE P el s o NS
e
RSB, ZRFEHE, AR ERBRT Preoperative PH Y:,sp 19 20 N.S.
FEBICHEICHLKE R L. No 4 8
TR/RAD L EAEEZB L V=R ERIRE L O RV incision Yes 9 11 N.S.
Bi<ix, (Fig.8), TR/RAD L AER L ORI No 14 17
Cardiac murmurs Yes 19 18 N.S.
. . L No 4 10
Table 3. Prevalence of tricuspid regurgitation Postoperative PH Yes 3 1 p<0.05
No 11 15
TR Normal VSD preop  VSD postop Discoaptation Yes 6 0
Y 00 0 I No 14 26 p<0.01
es 0%) 2 (8.7%)# 23 (45.1%) Bulging Yes 7 1
No 26 (100%) 21 (91.3%) 28 (54.9%) No 15 25  p<0.01
Total 26 23 51 Residual shunt Yes 11 1  p<0.01
No 12 27
Student’s t-test is used for statistical analysis. Regurgitation of Yes 7 4 N.S.
#: no significant difference from normal. the other valves No 16 23
*: significantly different from normal and VSD
preop (p<0.01). Chi-square test is used for statistical analysis.
VSD=ventricular septal defect; TR=tricuspid TR =tricuspid regurgitation; N.S. =not significant;
regurgitation. PH =pulmonary hypertension; RV =right ventricle.

Table 5. Comparison of measurements of postoperative VSD patients with and without
tricuspid regurgtation

Yes No
TR - o S - —
Cases Mean S.D. Cases Mean S.D.

Age at examination (months) 23 50.9 36.7 28 71.8 37.7 N.S.
Age at operation (months) 23 18.3 17.4 28 29.9 21.4 p<0.05
Follow-up (months) 23 32.7 27.1 28 41.9 28.1 N.S.
CTR (%) 23 0.59 0.07 28 0.55 0.07 p<0.05
BSA (m?) 23 0.60 0.25 28 0.72 0.19 N.S.
Defect size (cm) 17 9.3 2.8 24 9.7 3.4 N.S.
Postoperative RV pressure (mmHg) 15 47.6 17.0 12 41.1 15.7 N.S.
TVR (% of normal) 23 122 19 28 104 10 p<0.005*

RAD (% of normal) 23 143 34 28 106 12 p<0.005*
Student’s t-test is used except *, for which Wilcoxon text is used.
TR =tricuspid regurgitation; S.D.=standard deviation; CTR = cardio-thoracic ratio; BSA=body surface area;
RV =right ventricle; TVR =tricuspid annulus size; RAD =right atrial dimension; N.S. =not significant.
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Table 6. Comparison of postoperative VSD pa-
tients with and without residual

leakage

Residual leakage Yes No

VSD type Type 1 2 13 N.S.
Type 2 10 26

Preoperative PH Yes 10 29 N.S.
No 2 10

RV incision Yes 3 17 N.S.
No 9 22

Postoperative PH Yes 7 2  p<0.01
No 5 21

Chi-square test is used for statistical analysis.

VSD =ventricular septal defect; PH=pulmonary
hypertension; RV =right ventricle; N.S. =not signifi-
cant.
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ErERZEHP NEETH ez & Bbh s, TR
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Table 7. Comparison of measurements of patients with and without residual leakage

Yes No
Residual leakage
Cases Mean S.D. Cases Mean S.D.
Age at operation (months) 12 18.8 15.2 39 26.5 21.5 N.S.
Defect size (cm) 11 10.6 3.9 30 9.1 2.8 N.S.
Postoperative RV pressure (mmHg) 9 50.8 14.6 18 41.7 16.9 N.S.
TVR (% of normal) 12 121 14 39 110 17 p<0.05
TR/RAD 11 0.52 0.21 12 0.48 0.22 N.S.
RAD (% of normal) 12 143 34 39 117 27 p<0.01

Student’s t-test is used for statistical analysis.

S.D. =standard deviation; TVR=tricuspid annulus size; TR/RAD=maximal extent of the tricuspid regurgi-
tation signal normalized by right atrial dimension; RAD =right atrial dimension; N.S. =not significant.
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Fig. 7. Two-dimensional and pulsed Doppler echograms of tricuspid regurgitation.
Upper panel shows a parasternal short-axis view of the tricuspid valve and the sampling point for

pulsed Doppler echocardiography. ¢

Sampling point is moved from the center of the tricuspid orifice (A)

to the angle between the anterior and posterior leaflets (B=discoaptation). Lower panel shows a Doppler
echogram at A point (left) and at B point (right). Regurgitant flow is recorded at the area of ‘‘ discoapta-
tion”’. White open arrow shows systolic multiple echoes of the tricuspid valve in the M-mode echogram.

RV =right ventricle; LV =left ventricle;

AL =anterior leaflet;

SL =septal leaflet; TR =tricuspid

regurgitation ; PS-S-TV = parasternal shost-axis view of the tricuspid valve.
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RAD, TVR (percent of normal)
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Fig. 8. Comparison of the maximal extent of
the tricuspid regurgitation signal (TR/RAD) with
right atrial size (RAD) and tricuspid annular size
(TVR).

Open square and line (A) are RAD and its regression
line. Closed circle and line (B) are TVR and its regres-

sion line.

RAD=right atrial dimension; TVR=tricuspid
annulus size; TR/RAD =maximal extent or tricuspid
regurgitation signal normalized by right atrial size.

O: (A)=RAD, r=0.60; @ : (B)=TVR, r=0.54
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