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Summary

Using pulsed Doppler echocardiography and cineangiography, the significance of pulmonic valve
ring dimensions in the genesis of pulmonic regurgitation (PR) was studied in 40 patients, including
12 with valvular disease, 19 with coronary artery disease and nine with the normal heart. In nine of
the 40 subjects, pulmonary hypertension (mean pulmonary artery pressure =20 mmHg) was observed.
The criterion for diagnosing PR was disturbed flow patterns recorded just below the pulmonic valve
which spanned more than 409, of diastole, exceeding 1.5 KHz in peak frequency (corresponding to a flow
velocity of about 50 cm/sec). Sagittal and transverse diameters of the pulmonic valve ring (PRDs, PRDt)
at theu pper edge of the pulmonary sinus, and the sagittal diameter of the pulmonary sinus (PSD)
at the level of its maximal bulging were measured using pulmonary angiography.

PR was detected in 15 subjects (37.5%,). The prevalence of PR among three groups regardless
of the absence or presence of pulmonary hypertension was not significantly different. The peak fre-
quency of the regurgitant flow signals as well as the farthest point of the signals detected did not
differ among the three groups irrespective of pulmonary hypertension. The ratio of the PRDs
to the PRDt (PRDs/PRDt) was greater in patients with PR than in those without PR (p<0.001), but
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no correlation was established between PRDs/PRDt and mean pulmonary artery pressure. The PRDt
index and PRDs index (normalized by body surface area) correlated well with the mean pulmonary
artery pressure (r=0.70, p<0.001 and r=0.62, p<0.001, respectively). PSD also correlated with the
mean pulmonary artery pressure (r=0.49, p<0.01), whereas, PSD/PRDs correlated inversely with
the mean pulmonary artery pressure (r=—0.40, p<0.01), indicating a relatively more prominent
dilatation of the PRDs than the PSD in cases with pulmonary hypertension.

These results suggest that the etiology of PR in our series of patients was primarily attributable
to the distortion of the pulmonic valve ring. The wide-spread concept that pulmonary hypertension

dilates the pulmonic valve ring, leading to the development of PR, should be criticized.
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Fig. 1. Representative pulsed Doppler recording in a normal subject with a wide band
signal in diastole reflecting pulmonic regurgitation.
Sample volume is positioned in the right ventricular outflow tract just below the pulmonic valve.
RV =right ventricle; PA=pulmonary artery; SV =sample volume.

Anterior view Lateral view

Fig. 2. Measurements of diameters of the pulmonic valve ring and pulmonary sinus in
pulmonary angiograms.

The diameter of the pulmonic valve ring is measured at the upper edge of the pulmonary sinus
and the sagittal diameter of the pulmonary sinus at the level of its maximal bulging. All these diameters
are measured in end-diastole.

PRDt=transverse diameter of the pulmonic valve ring; PRDs=sagittal diameter of the pulmonic

valve ring; PSD =maximal sagittal diameter of the pulmonary sinus.
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Table 1. Hemodynamic, angiographic and pulsed Doppler data of 40 subjects

Patient Age S PASP PADP MPAP PRDt PRDs PRDs PSD PR

No. (yr) Sex  Diagnosis (mmHg) (mmHg) (mmHg) (mm) (mm) /PRDt /PRDs
Normal Group
1 48 M 21 6 13 22 26 1.18 1.33 +
2 64 M 22 10 15 22 22 1.0 1.36 -
3 52 M 28 10 17 27 25 0.93 1.22 -
4 41 M 26 9 15 22 22 1.0 1.17 -
5 54 M 21 6 10 23 24 1.04 1.48 -
6 54 F 29 10 16 24 30 1.25 1.19 +
7 33 M 17 8 12 23 26 1.13 1.23 +
8 60 M 20 7 14 22 22 1.0 1.17 -
9 47 F 22 8 13 25 26 1.04 1.08 +
VHD Group
10 50 M MS 28 16 19 23 27 1.17 1.19 +
11 46 M MS 85 46 59 32 28 0.88 1.10 -
12 46 F MS,MR,AR 54 24 36 32 31 0.97 1.16 -
13 47 F AS, AR 45 23 33 22 23 1.05 1.17 -
14 56 F AR 23 11 15 25 27 1.08 1.19 -
15 62 F MS 37 20 26 24 23 0.96 1.17 -
16 56 M AS, AR 40 17 26 27 30 1.11 1.17 +
17 31 M AR 23 12 16 27 27 1.0 1.15 +
18 34 M MR 24 12 16 22 23 1.05 1.43 +
19 64 M MS 50 24 33 24 27 1.13 1.11 +
20 67 F MR 37 15 22 21 24 1.14 1.17 +
21 49 M MS 80 40 60 33 35 1.06 1.09 -
IHD Group
22 52 M OMI 19 8 11 27 27 1.0 1.25 -
23 54 M OMI 22 9 13 26 24 0.92 1.21 -
24 46 M AP 19 8 12 23 25 1.09 1.24 -
25 55 M AP 24 11 17 18 18 1.0 1.22 -
26 55 M OMI 22 9 13 23 25 1.09 1.21 +
27 55 F OMI 23 8 14 21 24 1.14 1.38 +
28 56 M AP 27 12 17 22 24 1.09 1.17 +
29 50 M OMI 20 9 14 23 23 1.0 1.25 -
30 55 M AP 22 8 13 22 19 0.86 1.3 -
31 43 M OMI 14 8 11 23 23 1.0 1.32 -
32 51 M AP 33 15 23 22 23 1.05 1.3 -
33 57 F OMI 28 6 10 27 28 1.04 1.14 -
34 51 M OMI 18 10 14 17 18 1.06 1.33 +
35 72 M AP 20 5 13 24 26 1.08 1.22 -
36 57 F AP 26 7 12 24 25 1.04 1.15 -
37 38 M AP 24 10 14 23 25 1.09 1.15 -
38 60 M OMI 13 5 8 22 23 1.05 1.17 -
39 56 M OMI 20 8 13 26 25 0.96 1.12 +
40 64 F OMI 23 7 14 23 23 1.0 1.17 -

VHD =valvular heart disease; IHD =ischemic heart disease; PASP =systolic pulmonary artery pressure; PADP
=diastolic pulmonary artery pressure; MPAP=mean pulmonary artery pressure; PR =pulmonic regurgitation;
MS =mitral stenosis; MR =mitral regurgitation; AS =aortic stenosis; AR =aortic regurgitation; OMI=o0ld myo-
cardial infarction; AP =angina pectoris.

Other abbreviations are the same as shown in Fig. 2.
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Fig. 3. Locations of the sample volume detec-
ting a pulmonic regurgitant signal.

A pulmonic regurgitant signal is detected only
immediately below the pulmonic valve except two
cases, in which the signal is observed 1 cm below the

pulmonic valve.

*=a normal healthy case with mean pulmonary
artery pressure of 13 mmHg; **=a case of aortic
regurgitation with mean pulmonary artery pressure
of 16 mmHg.
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Table 2. Incidence and peak Doppler frequency of the PR signal among three groups

Normal VHD IHD p value
No. of cases 9 12 19
MPAP (mmHg) 13.9+2.1 30.1+15.5 13.5+3.1 * p<0.01
1 . T . i
No. of cases with PR 4 5 NS
Peak frequency of PR signal (KHz) 2.2+0.2 2.3+04 2.2+0.3 NS

VHD =valvular heart disease; IHD =ischemic heart disease; MPAP =mean pulmonary artery pressure.

Values are mean=+SD. NS =not significant.

Table 3. Incidence and peak Doppler fre-
quency of the PR signal in patients
with and without pulmonary hyper-
tension

PH (+) PH (-) pvalue
No. of cases 9 31
No. of cases with PR 3 12 NS
Peak frequency of
PR signal (KHz) 2.2+0.4 2.2+0.3 NS

PH (+)=mean pulmonary artery pressure =20
mmHg; PH (—)=mean pulmonary artery pressure
<20 mmHg.

Values are mean+S.D.

- 7z (Table 4).

2) SEHRHBHAIRE

PR(+)8 & PR(—) BT, FHMBHIRE I
FEEZRRD b2k (Table 4).

3) EEHEE

DR X O ESRERIT, MHECEREER
Ew e ho 7o (Table 4).

4) EELLEBRLIRBTS PR

Table 3 ZEHMBARE 20 mmHg LA Eo#
(PH(+)%) & 20 mmHg Koo (PH(—)#)
LtizonwtT, PR 0FEE2AZLDTHSB. PH
(+)BE<ix 9 #ich 3 A% PR(4), PH(-)#ETiX
31 il 12 a3 PR(+) <, Wit PR ofF &
ZOWTHEEZRIRDOh b ol

Table 2 i3 £EERICBITS PR 0FEZ A
724 DT 5. Normal iz 9 i 4 4, VHD
BT 12406 41, THD BT 1949 5 filic

Table 4. Hemodynamic parameters in patients
with and without pulmonic regurgita-

tion
PR (+) PR (=) pvalue

No. of cases 15 25

AR 0.82+0.21 0.88+0.31 NS
PEP/ET 0.43+0.12 0.414+0.07 NS
MPAP (mmHg) 17.1+5.8 19.4+13.8 NS
C.I. (L/min/m?) 3.1+0.8 2.9+0.6 NS
LVEF (%) 64+14 64+15 NS

PR =pulmonic regurgitation; A/R=ratio of peak
flow velocity in atrial filling to that in rapid filling at
the right ventricular outflow tract; PEP/ET =ratio of
right ventricular pre-ejection period to right ventri-
cular ejection time; MPAP=mean pulmonary artery
pressure; C.I.=cardiac index; LVEF=left ventri-
cular ejection fraction.

Values are mean+SD.
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Fig. 4. PRDt-index (left panel) and PRDs-index (right panel) in patients with and without

pulmonic regurgitation.

PR (—)=patients without pulmonic regurgitation; PR (+)=patients with pulmonic regurgitation.

Other abbreviations are the same as in Fig. 2.

PRD ratio
P<0.001

1.21

0.8
%

PR PR®

Fig. 5. Ratio of PRDs to PRDt in patients with
and without pulmonic regurgitation.

The PRD ratio (PRDs/PRDt) is significantly greater
in patients with pulmonic regurgitation than without
pulmonic regurgitation. Abbreviations are the same as
in Fig. 2.

Thole.

Fig. 6 icf\&Hl & ~¥. K EBE PR(-) 0fl
<, PRDt 22 mm, PRDs 22 mm , PRD ratio
2 1.0 ©dh - 7. KTEE PR(+) DT, PRDt
22 mm, PRDs 26 mm, PRD-ratio {3 1.18 ©&%

-7z,

4. BIE & REIRFER, HEIRTF O

1) MBME & Bk ERE

PRDt index & PRDs index 3 EHhhghiRE
(MPAP) & zh#zh (r=0.70, p<0.001), (r=
0.62, p<0.001) DA & AR IEARR % 71 L 72 »° (Figs.
7, 8), PRD ratio i MPAP L HBHZ RS 2h o
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B KA R L BB AR F¢ 8 A % % o i PSD/
PRDs iz MPAP & £ o> # i (r=—0.40, p<
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Anterior view

PRDt=22 mm

PR (+)

PRDt=22 mm

Lateral view PRD
& ratio

1.00

PRDs=26 mm

Fig. 6. Pulmonary angiograms in illustrative cases.

Upper panel shows a case without pulmonic regurgitation. PRD-ratio is 1.00. Lower panel shows a
case with pulmonic regurgitation. PRD-ratio is 1.18.
Abbreviations are the same as shown in Figs. 2 and 5.
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251

20
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Fig. 7. Correlation between PRDt index and
mean pulmonary artery pressure

Abbreviations are the same as shown in Fig. 2 and
Table 1.

PRDs index (mm/ni )
251 °
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0 y=0.15x+12.6
o © r=0.62
" o P <0.001
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0 20 30 40 50 60 70
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Fig. 8. Correlation between PRDs index and
mean pulmonary artery pressure.

Abbreviations are the same as shown in Fig. 2 and
Table 1.
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PRD ratio

020 30 40 30 60 70
MPAP (mmHg)
Fig. 9. Correlation between the PRD ratio and
mean pulmonary artery pressure.
There is no correlation. Abbreviations are the
same as shown in Table 1 and Fig. 5.
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r=0.49

lot p<0.01
T ) A A . A A .
0 10 20 30 40 50 60 70
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Fig. 10. Correlation between the PSD-index
and mean pulmonary artery pressure.

Abbreviations are the same as shown in Fig. 2 and
Table 1.
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Fig. 11. Correlation between PSD/PRDs and
mean pulmonary artery pressure.

Abbreviations are the same as shown in Fig. 2 and
Table 1.

Sagittal section Cross section

-
- TN - - ——

Fig. 12. Schematic representation of the pul-
monary sinus and the pulmonic valve ring with
and without pulmonary hypertension.

In pulmonary hypertension (PH), the degree of en-
largement of PRD is more prominent than that of
PSD.

PRD =diameter of the pulmonic valve ring; PSD
=maximal diameter of the pulmonary sinus.
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Fig. 13. Pulmonic regurgitation in a healthy man recorded by recently-developed two-

dimensional Doppler echocardiography.

The regurgitant flow from the pulmonic valve is clearly demonstrated (arrow).

Abbreviations are the same as shown in Fig. 1.
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