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Summary

To clarify the genesis of the aortic thudding sound (AK), phono-, mechano- and pulsed Dop-
pler echocardiography were performed in 16 patients with pure aortic insufficiency (AI), 3 with Al
associated with mild aortic stenosis (Als) and 5 with Al associated with mitral insufficiency (AI+
MI).

The results obtained were as follows:

1) AK was composed of two components, that is, one (AK1) occurred in early systole and the
other (AK2) near the end point of an ejection systolic murmur. Patients studied were divided into
4 groups following the appearance of AK1 and/or AK2: group with only AK1 (4 cases), group with
only AK2 (7 cases), group with both AK1 and AK2 (5 cases) and group without AK (8 cases).

2) AKI1 was a low frequency sound and was well recorded from the cardiac base to the right
supraclavicular region. AK1 was not observed in cases with mild to moderate Al and with AI asso-
ciated with mild AS. In atrial fibrillation, when the preceding R-R intervals were long, AK1 was loud
and appeared in early systole, and when short, small and in mid-systole. Marked augmentation of
AK1 was observed in the first beat after premature ventricular contraction with a compensatory pause.

3) AK2 was also low in frequency and was most intensively recorded near the apex. Although
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the intensity of AK2 tended to increase in the severe cases of AI, AK2 could be observed in mild to
moderate cases. Intensity of AK2 also showed the post-extrasystolic potentiation similar to that of
AK1.

4) 'The carotid pulse showed pulsus bisferiens in all cases with AK2 (group with only AK2 and
group with both AK1 and AK2). On the other hand, in cases without AK2 (group without AK and
group with only AK1), carotid pulse showed a monophasic systolic wave except 3 cases. These results
suggested that there was a close relationship between AK2 and pulsus bisferiens in the carotid pulse.

5) In the apex cardiogram (ACG), systolic notches coincident with AK1land/or AK2 were observed
in 10 of 12 cases with AK2 and in 4 of 9 cases with AK1. In cases without AK, however, no notch
was seen in ACG. Therefore, these notches might be resulted from the shock of the anterior chest
wall produced simultaneously with the occurrence of AK.

6) Flow patterns at the left ventricular outflow tract (aortic flow patterns) were recorded in 13
cases, including 3 with only AK1, 2 with only AK2, 3 with both AK1 and AK2 and 5 without AK.
In 5 of 13 cases the flow patterns were recorded simultaneously with phonocardiograms. Systolic aortic
flow showed biphasic patterns in all cases with AK2, and monophasic patterns in cases without AK2.
AK1 occurred coincidentally with the first peak of the biphasic flow patterns, and AK2 with the sec-
ond peak.

These results suggested that AK1 might be produced by rapid ejection of massive amount of
blood containing a regurgitant flow into the aorta with the ordinarily distensibe aortic wall, and
AK2 by the clash between the second ejected flow and the reflected flow returning from the peripheral
artery against the first ejected flow.
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Table 1. Subjects

&I
Al 16
KEYRAEERE (aortic click: AK) X, KBRS Als
FASHALIE (aortic insufficiency: AI) @5 ¢ Al+MI
EICEEN], HBvix Al 2 E40F L IcERFE Total 24

fiE T L id LZBE N 5 KEIRE IR DU - %)

Al=aortic insufficiency; Als=aortic insufficiency
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with mild aortic stenosis; AI4+MI=aortic insuffi-
ciency with mitral insufficiency.
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Table 2. Genesis of investigated aortic insuf-
ficiency

Rheumatic 16
Subacute bacterial endocarditis
Syphilis

Annulo-aortic ectasia
Arteriosclerosis

Aortitis syndrome
Others

N = N

(ESM) o v — 7 fHiric HE 5 @RIOE 04 %
B+ 5 AKLEE (4 4), UkER M Chftkrt ESM
DT R AN BT 2 BRIOE OAEHF TS
AK2 # (741), AK1, AK2 offiZ 25+ 3
AK1 + AR2 # 5pl) X AK @»in
AK(—) & B #l) o4#THS.

Al oEEER, DTk YV IELE
gk (LVDd) & X O KRBHIREZHT R
» Cohn L ONFICE D WHE 2 HREL T,

RBYIRAEEEE ORI B3 % R

Table 3. Group, age and severity of Al

Age (yrs) Severity of Al
Group No.
Range (mean) Mild Moderate Severe

AK1 4 40-65 (55.3) 0 0 4
AK2 7  15-59 (34.7) 1 2 4
AK1+ 5 29-52 (42.4) 0 0 5
AK2

AK (=) 8 25-70 (47.6) 3 3 2
Total 24 5 15

15-70 (44.0) 4

Al=aortic insufficiency; AK=aortic thudding
sound.

mild, moderate 33X U0 severe @ 3FICHFHL
7z. F7bb, LVDd 28 5.5cm PLIF Ttk
I~II e b % mild, LVDd 7% 5.5~6.5cm
g II~1I1 EEo % o % moderate, % L T
LVDd 28 6.5cm PJ_EcwiimeE I EPLEnd
D% severe & L7c.
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Fig. 1. AKl1 in a patient with severe Al associated with moderate MI (40-year-old male).

High-pitched holosystolic murmur, blowing diastolic murmur and low-pitched early systolic sound
(AK1) are demonstrated in the phonocardiogram recorded at the 5th left intercostal space lateral to the
sternal border. The intensity and the timing of AK1 are markedly altered according to the preced-
ing R-R intervals. When they are long, AK1 is loud and appears in early systole (2nd and 3rd beats),
and when short, small and in late systole (4th beat).

I=first heart sound; IIA=aortic component of the second heart sound; IIP=pulmonic com-
ponent of the second heart sound; Al=aortic insufficiency; MI=mitral insufficiency.
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FTHEINE -7, AK2 #4325 12 f5th 10 )
Tix, Fig. 2 2R3 2L < AKR2 opS T hlRk
P ESM 25fiak 73 #6 T Lic. AREIRD &
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#wxh, 17 R-R HEAEWOACTEERO
72 K 238w 7o (Fig. 3).

Fig. 4 13 AK o HBIMHH & F & & EFEEIC X
VOB LIeboThs. AK oHERHqEE, 35
2 AK % comri# I-11 B o L2l J-
AKJI-IT) #HwWCEfmy ic £ 8 L 2. AKl,
AK2 ot#EEHE #hzh 026 ~ 046 (i

Fig.2. AK2 in a patient with severe AI (29-year-old male).

Apical phonocardiogram shows the normal first and second heart sounds, loud late systolic sound
(AK2), ejection systolic murmur (ESM) with short duration, blowing diastolic murmur and faint
Austin-Flint murmur. AK2 with both low and high in frequencies appears near the end point of ESM.

Al=aortic insufficiency; I=first heart sound; II=second heart sound.
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Fig. 3. Behavior of AK2 after premature ventricular contraction (PVC) in a patient with
severe Al (52-year-old male).
Conspicuous AK2 can be observed near the end point of the ejection systolic murmur (ESM).

At the first beat after PVC, AK2 shows a marked increase of intensity with concomitant augmenta-
tion of ESM.

AK2=aortic thudding sound in late systole; Al=aortic insufficiency.
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Fig. 4. Timing and intensity of AK.

The ratio of the period from the first heart sound to AK and that from the first heart sound to the
aortic component of the second heart sound (I—AK/I—II) is measured in order to quantitate the
timing of AK. It is observed that AK1 appears in early systole and AK2 in late systole. AK2 of the
group more than 40 years has a tendency to occur earlier than that of the group less than 40 years.
However, such relationship can’t be seen in AK1. Although AKI1 is seen only in severe AI, AK2 is
observed in 2 cases with moderate Al and one with mild Al

I=first heart sound; II=second heart sound; AK=aortic thudding sound; Al=aortic insuffi-

ciency.
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Fig. 5. Relationship between the appearance of AK and the contour of the carotid pulse.
Contour of the carotid pulse is classified into 4 types according to the patterns in the lower panel.
Carotid pulse shows pulsus bisferiens in all cases with AK2 (group with only AK2 and group with both
AK1 and AK2) and in only 3 cases without AK2 (group with only AK1 and group without AK).
AK1=aortic thudding sound in early systole; AK2=aortic thudding sound in late systole; Car.=

carotid pulse.

otz

B 36 5%, Hik. AK2 2H ¥ 3 EIE Al 4
<d»5. ACG | AK2 iciziF—E L THET3
PR (RFD) &R 7.

TENE 52 85, B wiE IV EiEWEE
Al T, DERIC AKL, AK2 ofi# 2B ol
ACG i3, AKl ¢t AK2 ciziF—%Liz2-
YR () b, DEMEHE (PVO) %
OO E4 D) kBwTix, AKL, AK2 o
B lAL LbIC2o0ERb L Y AL RITR -
Tz,

4. KEIfF flow pattern & AK » DRS:EH

Fig. 8 3 k& flow pattern (LAF flow pat-
tern) %58k LB 13 fflicovwT flow pattern

¢ AK rofEttE RLcbDoTHSB. Flow
pattern ORNEKIE, EHBR» o EmMEOENLL
TRLEbDRLER?2S toward flow %, F
FEDERE LTGRLES O LRI S away
flow #ZEHFELILDTH 5.

AK(—) gt AK1 BTz, 242 Bilgto
flow pattern SRl L, AK2 2535
) (AK2 ¢+ AK1+AK2 #) o flow pattern
B 21 ETRL, 08— REBIIRETY
LIEEICHEIL T,

wiz zhs 135055054 (AKL &1 4,
AR2#: 24, AKI+AK2 #2441 BT, O
FE L flow pattern #[FERFEEE L, AKL B8 U
AK2 b flow pattern & ORHERIBEREREIL

— 753 —



w|HE, Ak, BHF, @

Fig. 6. Carotid pulse tracings in various groups with Al

Panel A (a case without AK, annulo-aortic ectasia with severe Al, 47-year-old male): Carotid pulse
shows an anacrotic shoulder, an increased tidal wave and a distinct dicrotic notch.

Panel B (a case with only AK1, severe Al with moderate MI, 40-year-old male): Carotid pulse
shows a sharp upstroke except the first beat of premature ventricular contraction, an increased tidal
wave and an obscure dicrotic notch. However, its contour is not bisferiens.

Panel C (a case with only AK2, moderate AI, 30-year-old male): Carotid pulse shows pulsus bis-
feriens with a relatively slow upstroke compared with that in panel B and D.

Panel D (a case with both AK1 and AK2, severe Al, 29-year-old male): Carotid pulse shows a
sharp upstroke and a typical pulsus bisferiens with a prominent mid-systolic cleft.

Al=aortic insufficiency; MI=mitral insufficiency; AK1=aortic thudding sound in early systole;
AK?2=aortic thudding sound in late systole; I=first heart sound; II=second heart sound; Ej.=

aortic ejection sound; Car.=carotid pulse tracing.
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Table 4. Relation between the timing of AK
and the notch of apex cardiogram

Systolic negative notch in ACG

Group No. of No.of AKI1-N1 AK2-N2
cases notches interval interval
(msec) (msec)
AK1 1 1 20 —
AK2 6 1 — —10, 0,
0,0,0,5
1 20 0, 20
AK1+AK2 ) 0, 20 0,20
AK (—) 0 — — —

AKl—aortlc thuddmg sound in early systole;
AK2=aortic thudding sound in late systole; ACG=
apex cardiogram; N1=first negative notch; N2=
second negative notch.

s, &l si B B Y R LTV 5. Flow pattern
%iﬂl‘é’rﬁ'ﬁbém HiglL v LAkt b ERD
Lk e—s &L, AKl @zor—2sii—
BLTHRALTWS.

Fig. 11 ;3 47 &%, Bt AK1l, AK2 om#

¢H T 5EE Al HlOBEBIR B & KB Ik flow
pattern THh 3. AK1 FHHMICHL FERE N

Fig. 7. Apexcardiograms in various groups
with Al (—)

Upper panel (a case without AK, the same patient
as in Fig. 6A): There is no apparent notch during
systole in the apexcardiogram.

Middle panel (a case with AK2, severe Al, 39-
year-old male): Apexcardiogram shows a conspicu-
ous late systolic notch coincident with AK2 (arrow).

Lower panel (a case with both AK1 and AK2,
severe Al, 52-year-old male): Apexcardiogram shows
two definite systolic notches coincident with AK
(arrows). In the first beat after the paired premature
ventricular contraction, both AK1 and AK2 are
markedly increased in intensity, and apexcardio-
gram indicates the concomitant augmentation of
systolic notches.

Al=aortic insufficiency; ACG =apexcardiogram;
I=first heart sound; II=second heart sound; Ej.=
aortic ejection sound; AK1=aortic thudding sound
in early systole; AK2=aortic thudding sound in late
systole.

KRGS DR FICEE+ B HRE

vz, ZoLERICEEHZRSLTWR Y. HE)
Rz 13 IEBEIA T db B 25 bisferiens BIZ 2 L TW
5. Flow pattern {3&5& 22 b Easy, Flor
— 7 B Lich L —HR#EEZRL, Z0%, B
CE20E—7 2R LTWS. Thbb, flow
pattern (3£fk L L T2t Thy, AK2 13552
DEEHE O — 7 I—H L THELTW 5.

\ A

247 .

e L
L 8

e ik g

'\"t" \\IM\MMM '\,«.{WWM-';' i M ’li"m

. D e

i 5
R
&mem—-q i

— 755 —



BH, R, ®HF, Er

Group| Case Aortic flow | [Group| Case Aortic flow | [Group| Case Aortic flow
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Al severe| i\ Al,mild |\

Fig. 8. Relationship between the appearance of AK and the aortic flow pattern.

All cases with AK2 show biphasic flow patterns with reduced mid-systolic flow. In the cases with-
out AK2, however, aortic flows show monophasic patterns.

Al=aortic insufficiency; Als=aortic insufficiency with mild aortic stenosis; MI=mitral insuf-
ficiency; AK1=aortic thudding sound in early systole; AK2=aortic thudding sound in late systole.
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Fig.9. Carotid pulse tracing (Car.) and aortic flow pattern from the same patient as in

Fig. 6A and 7A.

Upper panel: There is no AK and anacrotic carotid pulse.
Lower panel: Systolic aortic flow shows a monophasic pattern. It quite resembles the contour of

carotid pulse.

I=first heart sound; II=second heart sound; Ej=aortic ejection sound; SV=sampling volume;

AK =aortic thudding sound.
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Fig. 10. Carotid pulse tracing (Car.) and aortic flow pattern from the same patient as in

Fig. 1 and 6B.

Upper panel: Carotid pulse shows a sharp upstroke with a concomitant loud AK1 except the first

beat of premature ventricular contraction.

Lower panel: Systolic aortic flow shows a pattern with rapid upstroke and prominent peak veloc-
ity. AK1 occurs coincidently with the peak velocity of the aortic flow pattern.
I=first heart sound; II=second heart sound; AK1=aortic thudding sound in early systole;

SV =sampling volume.
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Fig. 11. Carotid pulse tracing (Car.) and aortic flow pattern in a patient with severe Al

(47-year-old male).

Upper panel: There is seen a loud AK2 and a bifid carotid pulse.
Lower panel: Systolic aortic flow indicates a two-peaked flow velocity pattern with reduced
mid-systolic flow velocity. AK2 occurs coincidently with the peak velocity of the second forward

flow.

Al =aortic insufficiency; II=second heart sound; AK2=aortic thudding sound in late systole;

SV =sampling volume.
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Fig. 12. Apexcardiogram (ACG) and left ventricular pressure curve in a patient with se-

vere Al (32-year-old male).
Left panel: At late systole, ACG shows a small notch coincident with AK2.
Right panel: There is no notch in the left ventricular pressure curve.
Al=aortic insufficiency; AK2=aortic thudding sound in late systole.
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