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Summary

Indirect pulmonary artery pulse tracing (IPAPT) simultaneously recorded with pho-
nocardiogram, electrocardiogram and other pulse tracing (mechanocardiogram) was
studied in 103 patients with various conditions including 11 normal subjects (Table 1),
and the methodology, the hemodynamic correlates and some of the clinical applications
were reported.

IPAPT was obtained by either Sanborn dynamic microphne with air-coupled pres-
sure transducer, or, in most instances, crystal microphone, TY-302 (Fukuda-Denshi
Co.). More recently, the phono-mechanocardiographic microphone which permits the
simultaneous recording of the sound and pulse from the same recording site was used.
IPAPT was obtained from the second left intercostal space (2L) and lateral to the
sternal margin in the supine position and during expiratory apnea with a glottis open.
The microphone was firmly placed by hand over the site of probable pulsation. The
phono-mechanocardiographic microphone, however, was attached to the skin by sticky
tape without pressure loading. The recording site was almost always very localized
and exceptionally inscribed even from the 3rd intercostal space (3L). The pattern of
IPAPT was similar to that of the pulmonary artery pressure pulse directly obtained,
and had sharp upstroke and dicrotic notch, which often followed by large dicrotic
wave.

Clinical and hemodynamic correlative study disclosed that the presence of pulmonary
hypertension or pulmonary artery dilatation favors the well-tolerated recording (Figure
2~5), but IPAPT was also obtainable in young persons either with no cardiac abnor-
mality (Figure 1) or PS. The facility of recording was neither directly related to the
pulmonary artery pressure level nor the magnitude of the left-to-right shunt.
However, the recording site dislocated far from the sternal margin as the pulmonary
artery was progressively enlarged on the roentgenogram.

Simultaneous recording of phonocardiogram and IPAPT revealed that the pulmonic
ejection sound coincided in time with the upstroke of IPAPT with few exceptions, and
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the pulmonic component of the second heart sound (II P) did exactly with the dicrotic
notch of IPAPT. This time coincidence enable us to identify both heart sounds, par-
ticularly the II P in a loud single second heart sound in Eisenmenger syndrome or the
burried II P in the continuous murmur of PDA.

Finally, it was preliminarily reported that the right-sided systolic time intervals
could be measured by the use of IPAPT (Figure 9), though the implications remains

obscure at the present time.

simultaneous recording of the right ventricular parasternal impulse (Figure 4).

Isovolumic relaxation period was also obtained by the

The

right-sided pulsus alternans evidenced by IPAPT and parasternal impulse was demon -
strated in a case of endocardial cushion defect (Figure 5).
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Table 1. Classification of 103 cases*

Atrial septal defect
Ventricular septal defect «-eeevereereeennins

Patent ductus ArterioSuUs treereeererrereeeeremiinineeeees
Fulmonic stenosis (infundibular)

Pulmonic stenosis (valvular) ...........................
ibid. with ventricular septal defect -.---. 1
Peripheral pulmonary artery stenosis «eoeeeeeeeeeess 1
Idiopathic dilatation of pulmonary artery:-------- 3
Primary pulmonary hypertension::c-occoeeeureennenn 1
Rupture of aneurysm of the sinus of
Valsalva «cceceee 1
Valvular disease (predominantly cases
with mitral stenosis) «oeeeeeeeereeniiniiiinis 25
Pulmonic valve insufficiency (acquired) --------: 3
Primary myocardial disease 1
Collagen AIGEHEE  wommeonmimvssms e s e O Seaa 3
Essential hypertension
Chronic nephritis «-eeeeeeeeeenns
Acromegaly .....................

First degree AV block

Hyperkinetic state

Innocent systolic murmur
*Sex : male vs female=43: 60
Age : 2~66 (average : 27. 7) yrs.
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Figure 1. Indirect pulmonary artery pulse tracing (IPAPT) from a
9-year-old girl with innocent systolic murmur (477439)

IPAPT was recorded from the second left interspace (2L) with phono-
mechanocardiographic microphone. IPAPT showed early systolic inward
movement followed by a large sharp uprise with a peak during late systole.
The sharp dicrotic notch coincided in time with the pulmonic component of
the second heart sound (II P) without demonstrable delay. The dicrotic
wave was somewhat large and there were a few diastolic undulations
which probably due to the undue amplification of the tracing. LI, Ml and
HIl indicate the filter characteristics of the phonocardiogram (Ll = low
frequency, Ml = medium frequency, Hl = high frequency PCG). Paper
speed : 100mm/sec. Time lines : 0.1 and 0.01 sec.

Table 2. Time relationship between IPAPT
and phonocardiographic variables

1. Upstroke of IPAPT-pulmonic ejection

sound interval*

Interval none <10 msec <20 msec
Cases 10 3 2
*Examined in 15 cases with conspicuous
pulmonic ejection sound (ASD 7, VSD 1,

IDPA 3, PI 2, primary PH 1, PS 1)

2. [l P**-dicrotic notch of IPAPT interval
Interval none <10 msec <20 msec
Cases 63 35 5

*#* Pulmonic component of the second
heart sound
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R il $i
Primary pulmonary hypertension 42

Figure 2. IPAPT in a case of primary pulmonary hypertension. 42-year-old femele (477269)

The pulse was obtained from the second left interspace laterally (2L lat.), near the mid-
clavicular line, with the mechanocardiography transducer, TY -302. There were conspicuous
pulmonic ejection sound, accentuated II P and the murmur of tricuspid insufficiency. The
upstroke point and the dicrotic notch practically coincided in time with the ejection sound
and I P, respectively. The atrial contraction was also inscribed on the tracing, and there was
relatively large dicrotic wave. 4L : 4th left interspace along the sternal margin.
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Figure 3. IPAPT in a case of mitral stenosis. 33-year-old female (435701)
The pulse was recorded from the second left interspace laterally, but near the sternal margin,

with the use of TY -302 transducer. Phonocardiograms were recorded from the apex, the 5th
left interspace laterally to the sternal margin (5L lat.) and the 3rd left interspace along the
sternal margin (3L). There were loud diastolic rumble, faint presystolic murmur, accentuated
first heart sound, split second heart sound (I A and I P) with accentuated I P and conspicuous
OS. Pulmonic ejection sound was not identified, but the start of pulmonic ejection was identi-
fied by the upstroke of IPAPT. The dicrotic notch coincided exactly with the beginning
of I P, though the downstroke of small amplitude preceded to the notch. Large dicrotic wave
and presystolic wave were also inscribed.
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Figure 4. IPAPT and right ventricular heave simultaneously recorded with phonocardiogram in a
patient with atrial septal defect and pulmonary hypertension. 28-year-old male (466809)

Note the difference between the 2 tracings. RV heave was obtained from 4L parasternally, where-
as IPAPT was from 2L laterally. The PCG was recorded from 2L (sternal margin). The RV
heave had earlier onset of rise, different time course during systole, and distinct “0” trough.
The dicrotic notch (N) of IPAPT exactly coincided in time with the beginning of the accentuated
II P, whereas the similar notch on RV heave did with the largest vibration of II P, so that was
delayed a bit. Such a simultaneous recording renders us to measure the various time intervals of
the right-sided cardiac cycle. Phonocardiogram shows early systolic decrescendo murmur of large
amplitude, widely separated 2 components of the second heart sound, and the murmur of pulmonic

insufficiency (below).  (Reproduced from the previous work? with the publisher’s permission).
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Figure 5.

primum type. 25 year-old female (477221)

The phonocardiogram shows the grossly accentuated ejection sound, narrowly split second heart
sound with a greatly accentuated TP followed by the murmur of pulmonic insufficiency.
The IPAPT (PA) and the right ventricular heave (RV) showed
Jugular phlebogram (Jug.) showed the con-
heave and IPAPT
whereas the right-

systolic murmur is also inscribed.

the similar time relationship as in the preceding figure.
Note the alternating beat observed spontaneously in both RV

spicous “v” wave.

(below).

sided alternans persisted several minutes.
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Figure 6.
Simultaneous tracing of IPAPT and phonocardiogram from the same point by the use of San-
born dynamic microphone with air-coupled pressure transducer.

to the identification of I P and also the ejection sound recorded in 2L.
early diastolic thrills

publisher’s permission).

Table 3. Systolic pulmonary artery pressure
level in 96 cases including normal subjects

Syst. PA press. Cases of IPAPT

>90 mmHg 4
>60 12
>30 33
<30 47%*

* Normal subjects without cardiac catheteri-
zation were included in this group

B BTk - .

7. PA pulse r@lmfy PA JEHR & o FfH]
HIBY £R

PA pulse Zogt & QDR DNTIEELL, » T
— F AR X A ERSC LIS IR A s <,
0 e i 1 TR A R ER 2 e it L7c 7 6l
(75 mm/sec 6%, 50 mm/sec 1#]) o T
F L. IBIREE & PA pulse o BB

IPAPT in a case of patent ductus arteriosus. 20 year-old female (414438)

The dicrotic notch contributes
The late systolic and

are superimposed on the IPAPT. (Reproduced from the previous work? with
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Figure 7. IPAPT in a case of atrial septal defect without pulmonary hyper-

tension. 15 year-old female (414646)

In this case, the IPAPT was recorded from the left 3rd interspace laterally

(3L lat.) with simultaneous recording of the phonocardiograms.

The pressure

in the pulmonary artery was 30/10 mmHg. The dicrotic notch of IPAPT

coincided in time with T P, whereas

the onset of the pulse was slightly

delayed to the first heart sound and coincided with the second vibrations of the
first heart sound recorded in the 4th left interspace along the sternal margin (4L).
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Figure 8. An example of huge pulmo-
nary artery pulse. Eisenmenger reaction
of atrial septal defect, 46 year-old male
(466761)

The tracings illustrate the some diffi-
culties in demonstrating dicrotic notch in
an exceptional case with extraordinally
large pulsation of aneurymal pulmonary
artery. Phonocardiogram shows extraor-
dinary pulmonic ejection sound, accentua-
ted II P, mid-systolic click due to the
hitting of the aneurysm on the chest, and
loud murmur of pulmonic insufficiency,
which grew up during past 12 years.
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B CGRACKABRED @ iB&d % Ba, &0
fZDEIE T—EDWHAR LR THDTT b,

RE (B - IHBIRIIE) AR & Fodt LAz
SRk D H % 195 Bk, 4l O FEFRC A - fepil
RI103 Bl7c AT, &nd T ki, EBHOBIL

aft
constancy WZ L THHIDOxGE bt &
7y, Ficik PA pulse 22E B, TE 5T RV
heave 2\ EA LT\ B &5 & ETRA TT.

e (KA NEED @ Innocent murmur
DFEGITE SELHEEIND LSRG E Lich, F
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2, ZOHEFENARLRERTHB EVH
LR H D LS FERIcDTL Y 0. Th
/B3 5 12, innocent murmur @ 5 %, vibra—
tory & s pulmonic ejection X 2s\sbhits %

SWn WA WA T, (BT LE
L x 5.

B LBk - 7o innocent murmur f
XIF ENIOF Ly, £S5 WHPRTT. TIAH
ZOHEE O BUEREE O BRI £<{5h F¥
A ETeTHETEROT VO, ) BEE & DB
TRT, MOBEASEE~ &2, BB/ R il B
LW E Ay, FR e/ NRTik hyperkinetic 7ok
FBL BRI T VW BE WS EREAD L BuE
1. HEONE L OBRIID R D T ¥ LBk
SFHZ ERHKkERA.

Bk : f5R, FEETREREVC B I ER
EW5 T ETTA.

BE:Fo50 e 7ERd 5 LBV E T
LM PNRTE hRFTVDORFETT. Zhik
B R feZ & TT R ES .

HFE GEREZARD : —2 & PL BT VD
X, Zoww5 PA pulse 25 DI, FiEEL
E3EBoTIKERTDE, Migh ORTLE
T 5L WO L TT. % HAA parasternal
impulse ® 5%, HEDHENC X5 b DHEE
Wz 2o\ = LR RE T, EBE, PA pulse 224\
STEREERD 5 TWBDIE, bitbhduw )k
st PA pulse Ti37c< T, PA pulse DA
Li-BEMBTHBONKEMHTT. #ERH7T7 =
AN ETELLCERD D ET. LrLEA
5rBEhsE sz ETT. FhebH 10
1%, functional murmur Z $BFRT 5L B5 0
T, MiEMmEE » PADIEKED, £505
55 IR TR T, BEHEED, high
WAWATEBE T PA pulse %k b 155 WHENE
BHBENDZED, SEOFRTIIERELE &
THHEBET,

HE JEEARAED : filcbid, =vzberdb
A7 5 2% CTEBMANCH > T 27T — %
RS TR ETOT, THIIEOBEETRERI

b2 o M TR B e

BT WL I ERHHMERBCETT2, BHE
Lic\h ok, BRRMeEH BRI OWTEATS
CEBAERELTLOMEVWSI T ETY.
ZIEBFEDO AN TH % EMFEED X 57 ATL,
THIGHTESLDOTL & 59,

BWE S oOHERREBERMMTE e IR IR T
WA E B ES BEERIORSB TR 195 P Lo
LTl T 43, EBIC L, » & intensive
=T ORI S A el SR W AN b/ N F & )
MhFRATNREL, Lo AR IDH 195 F
T, D5 b0 103§ Lo e & fE
BohTuwicwoTY, HEolmsincid LR
BB EH Z LD TT. 7o TADEBIC
DLTRENTIbR Tk b 325, HEEZE TR
MWIEDERDZD Lelol s o R A REET
XD FT2, —HORAGICE LTk, 2t
FEEREZI D LB GET. 2 e LE
IMETHEIN D LTIt R2 B A, 5
WH ATRRIFEF D 7cid#Hax B s 2 LI EE T
T, ZOEIEECN 0 B SEENIR I dh i &
W X ARSI LA e E BV E T fili&UE
13F5 TLH D FRAD, BETRMEI»CKRE
TR B & B3, ERIRA A8 L R L
7ol h TT.

e (BA)  —FREDAZTA FT, Kk
L% o systolic time intervals # Hifig7e X
WE LR, HRTLELRIEIESE B IEFARLE
Bug 34, HOFBOE VSD & ASD &g,
FOMNH AT OEBRD L DBR—FIT T - T
Db T, F535&, i hidbO0TH
Db AT, s LARICHIL ASD & afafEo
HHLD, HHVIEMMEMERH 5L D, £5
5 3 OTIEALFKRD systolic time intervals 73
E5 % - TL B, BERMRFFCh S &2 AIA
T, FOUxR Bz I RZF T LB E T,

HE  ARSHEIEBTTOT, e hiEbo
XN bT A TT. L L, SEILIERGlIs
LA LT b d 2 & &, SEBED IR D
TentediT, BN X - THit s LiklEd ¥
L. Lanl, —FEShofc ASD e o0 T
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K, A, Lk K N

L, Eb2xb 54U eh ¥

Bl&  BURLEA M D

JRA CGEREZARD : #Ex, FEBC v
BEARLEEN > Lo oTcl & DIF 5 — R A
T4 FICE T D TTD, FARIALH X
FEL, 121 SOEBOIEFEI HE HIC
LAIBE BN DI S LI E VWS T EE,
—=)eav e —ARIHTIEE ST e bt
WEWS ZEDRDHTT. T, WDIEEEOFEL 5]
ML TCDTTH, FlhignwbEAF4 FELT
BIFRDIg D 2 & T, —IHZ ORiOPEE
STHEINLLOZFIH ST E W

53 e AT, T3 b, clinical implication
EWLH oI, FRIA»LEDTOMRFIUE
7o Brc\ES & By ¥4, volume load, pres-
sure load & 4, ZThh b bIAIFH L THE
LET. &h0oT3E052dd, IXEEFAD
T BLEMR B0 F LI, ki &<,
2&B, LA Uelony EWVWHTETESE
Vo BRI S o le b DTT D, WAWAIRE]
T systematic HEF LT/ ATTHR., £ h
T, WAHAWATL ZEMCHT HIEMERE LI
NHODOREEEE - Tk h I, TEHLRLE
ERBDTT,
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