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Summary

To determine the usefulness of pulsed Doppler echocardiography (PDE) in diagnosing aortic
regurgitation (AR), the following two studies were performed.

1. PDE and phonocardiography (PCG) were evaluated for the diagnosis of AR in 36 patients for
whom angiography was performed.

In 24 patients with grade 2 to 4 by Sellers’ classification, all PDE studies were positive for AR
(sensitivity of 1009,) and PCG studies were positive in 21 patients (sensitivity of 889,). Among 10
patients of grade 1, PDE studies were positive for eight (sensitivity of 80%) and PCG studies were
positive for seven (sensitivity of 709,). Angiography was negative for AR in two PCG-proven cases,
and PDE also proved AR in one of these.

Thus, in all patients, the sensitivity of PDE and PCG were 94 and 829, respectively.

These results indicate that AR may be missed during auscultation, or even when using the latest
type PCG.

2. The ability of detecting silent AR was studied in 160 consecutive patients with AR.
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PDE was positive for AR in 156 of 160 consecutive patients who were diagnosed as having AR by
PDE or PCG. In the remaining four patients, three were diagnosed by PCG alone and one by phar-
macodynamic phonocardiography using methoxamine (ME-PCG). On the other hand, in 137 of 160,
AR was proven by PCG, and the remaining 23 were so-called ‘ silent AR ”’. ME-PCG was performed
for 11 cases of silent AR, but an unequivocal AR murmur was detected in only five. Therefore, the
sensitivity of PDE in diagnosing silent AR was 96 percent, while that of ME-PCG was only 45 percent.

Thus, compared to PCG and even pharmacodynamic PCG, PDE is a much more sensitive method
of diagnosing AR. However, in mild AR cases, angiography, PDE and PCG, all have some limitations

in diagnosing AR.
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Table 1. Comparison of angiography, pulsed Doppler echocardiography and phonocard-
iography in diagnosing aortic regurgitation
Case Age Sex Diagnosis Genesis Angio Doppler PCG
(Sellers) (Levine)
1. 52 M AR Unknown Ive II° II1°
2. 48 M AR AVP Ive 1I° I11°
3. 24 M AR 1IE 1ve Ive IIT1°
4. 58 M MR, ASR, af Rheumatic Ive II1° 1I1°
5. 24 M MRS, AR Rheumatic, IE Ive Ir° I11°
6. 48 M ASR Degenerative (calcified) TII° I11° II°
7. 49 F MSR, AR, TR Rheumatic I11° 1ve II°
8. 55 F MSR, ASR Rheumatic III° I1° I11°
9. 52 M ASR Bicuspid I11° II1° II1°
10. 41 F ASR, MS Rheumatic III° II° 1I°
11. 55 F MSR, ASR Rheumatic II1° I11° I1°
12. 46 F MVR, AR, TR, af Rheumatic 1I1° Ive I1°
13. 41 M AR Aortitis IIT1° 1ve I°
14, 37 M ASR IE II1° Ive 11°
15. 57 F MSR, ASR Rheumatic 11° II1° II°
16. 31 F MR, AR Rheumatic I1° I° II1°
17. 64 F Mr, AR Unknown II° I° I°
18. 39 F MRS, ARS Rheumatic II° I1° 1I°
19. 32 F ruptured sinus of Unknown 11° I° 0
Valsalva

20. 52 F MS, AR Rheumatic II° I° 0
21. 59 M MVR, AR Rheumatic II° II° 0
22, 33 M MR, AR, af AVP, MVP I1° 1I° II1°
23. 38 F MR, AR AVP, MVP II° 1I° II1°
24. 52 F MS, AR Rheumatic 11° 1I° I11°
25. 57 F MS, AR, af Rheumatic I° 1° II°
26. 26 F AR Aortitis I° IIr° 1I1°
27. 31 F MS, AR Rheumatic I° I° 0
28. 48 M VSD, AR Congenital I° I° I°
29. 61 M MS, AR, af Rheumatic I° 0 I°
30. 44 F MS, AR Rheumatic I° I° 1I°
31. 46 F MRS, AR Rheumatic I° I° II1°
32. 69 M ASR, TR, DM Degenerative (calcified) I° I° 0
33. 31 F Aortitis, AR Aortitis I° 0 0
34. 44 M ASR Congenital I° 0 I°
35. 33 F AR Aortitis 0 1I° 1II°
36. 48 M MRS, AR Unknown 0 0 I°

AR=aortic regurgitation; MR =mitral regurgitation; ASR=aortic stenosis and regurgitation; MS=mitral
stenosis; MSR=mitral stenosis and regurgitation; af=atrial fibrillation; TR =tricuspid regurgitation; MVR=
mitral valve replacement; VSD =ventricular septal defect; AVP=aortic valve prolapse; IE=infective endocarditis;
0=absent.
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Fig. 1. Two-dimensional and pulsed Doppler
echocardiograms in a case of aortic regurgita-
tion.

Apical long-axis view of the two-dimensional echo-
cardiogram (top) indicates ultrasonic beam direction
and the sample volume ( X ) which is shown in the M-
mode echocardiogram recorded by the same ultrasonic
beam (SV). Pulsed Doppler echocardiogram (bottom)
shows turbulent flow signals commencing with the
second heart sound (IIS), indicating aortic regurgita-

tion. 7
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N\.IVS=interventricular septum; LV =left ventricle;
MV =mitral valve; LA=left atrium; SV =sample
volume; IIS=second heart sound; LVOT=left
ventricular outflow tract.
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Fig. 2. Illustration of ultrasonic beam directions and different diastolic turbulent flow
signals in the left ventricular outflow tract in a case of mitral stenosis with aortic re-

gurgitation.

Pulsed Doppler echocardiograms (bottom) recorded at each sampling site during a two-dimensional
echocardiogram (top) (1, 2, 3) demonstrate that the diastolic turbulent flow signals of sites 1 and 2 are
due to mitral stenosis and the signal of site 3 is due to aortic regurgitation.

Arrows indicate the beginning of the second heart sounds.
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Fig. 3. Grading of aotric regurgitation by pulsed 5 Ao TR -
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Control After methoxamine
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Fig. 4. Graphic recording of the aortic regurgitant murmur of threshold level using com-
pressor phonocardiography.

Aortic regurgitant murmur in H1 PCG over the 3rd left intercostal space (3L) is clearly inscribed
by compressor phonocardiography (comp) compared with conventional phonocardiogram (left).

— 500 —



KBRS ARED 2L - F7°5 -z a—[

After methoxamine
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Fig. 5. Positive pharmacodynamic PCG using methoxamine.
Aortic regurgitant murmur (arrowhead) is provoked after methoxamine infusion (right panel). The
second heart sound is now paradoxically split. Mid-systolic click is intensified.
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Fig. 6. Negative pharmacodynamic PCG using methoxamine.
Despite an increase in a mitral regurgitant murmur, no aortic regurgitant murmur is provoked after
methoxamine infusion.

Table 2. Sensitivity of angiography, pulsed Doppler echocardiography and phonocardio-
graphy in the diagnosis of aortic regurgitation

AR diagnosed by angiography* AR diagnosed by PDE AR diagnosed by PCG
Grade (Sellers) N Sensitivity N Sensitivity N Sensitivity
1ve 5 100% 5 1009, 5 1009
II1° 9 100% 9 100% 9 1009,
I1° 10 1009, 10 1009% 7 70%
I° 10 100% 8 80% 7 70%,
0 2 1 2
Sensitivity 34/34 1009%* 32/34 949, 28/34 829%

*  Assumed as gold standard.
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Fig. 7. Comparison of the grade of aortic re-
gurgitation assessed by angiography and pulsed
Doppler echocardiography.
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Table 3. Details of the cases of silent aortic regurgitation

Case Age Sex Diagnosis Genesis of AR ME-PCG Doppler
1. 39 M MS, af Rheumatic - +
2. 48 M MS Rheumatic + +
3. 42 M MS Rheumatic - +
4. 58 M MSR, af Rheumatic - -+
5. 59 M MVR Rheumatic - +
6. 59 F MSR, af Rheumatic + 0
7. 79 M MVP, MR Calcified 0 +
8. 85 M AMI, MVP Calcified — +
9. 66 F OMI, AS Calcified - +

10. 51 M AS Calcified - +
11. 69 M AS, DM, IHD Calcified + +
12. 72 F HT Calcified — +
13. 55 M DCM Calcified + +
14. 55 M VSD Congenital 0 +
15. 25 F VSD Congenital - +
16. 30 M DCM Unknown - +
17. 47 F DCM Unknown 0 +
18. 82 M DCM Unknown 0 +
19. 15 M MVP Bicuspid + +
20. 57 F multiple myeloma Unknown 0 +
21. 72 M MVP, MR, af Unknown 0 +
22. 32 F ruptured sinus of Valsalva Unknown - +
23. 59 M MVR Unknown — +

ME-PCG =phonocardiography using methoxamine; Doppler=pulsed Doppler echocardiography; MS=mitral
stenosis; MSR =mitral stenosis and regurgitation; MVR=mitral valve replacement; af =atrial fibrillation; MVP=
mitral valve prolapse; AS=aortic stenosis; DM =diabetes mellitus; AMI and OMI=acute and old myocardial
infarction; IHD =ischemic heart disease; VSD =ventricular septal defect; DCM =dilated cardiomyopathy; MR=
mitral regurgitation; HT =hypertension; — =not examined; 0 =absent.
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Table 4. The relationship between PDE and
ME-PCG in the diagnosis of silent
aortic regurgitation

160 cases
| |
PCG AR PDE AR
o I B
I I | [
Yes No Yes No
137 23 156 4

S S R
I I I I
ME-PCG ME-PCG PCG AR ME-PCG

11 not examined Yes AR Yes
| 3 1
I |
AR AR
Yes No
5 6

PDE AR =aortic regurgitation diagnosed by pulsed
Doppler echocardiography; PCG AR =aortic regurgi-
tation diagnosed by phonocardiography; ME-PCG
AR=AR diagnosed by phonocardiography using
methoxamine.
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Table 5. False negatives of pulsed Doppler echocardiography in the diagnosis of aortic

regurgitation
Case Age Sex Diagnosis Genesis PCG ME-PCG PDE Angiography
1. 61 M MS, AR, af Rheumatic + - 0 +
2. 48 M MRS, AR Unknown + - 0 0
3. 36 M AR Unknown + - 0 -
4, 59 F MSR, af Rheumatic 0 + 0 -
5. 31 F AR Aortitis 0 - 0 +
6. 44 M ASR Bicuspid 0 - 0 +

Abbreviations are same as Tables 1 and 3.
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Fig. 8. Aortic regurgitation diagnosed by
of aortic valve replacement.
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