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Summary

In 20 infants or children with an isolated or complicated patent ductus arteriosus (PDA), we
qualitatively and quantitatively studied pulsatile flow dynamics of the ductus, descending thoracic
aorta and pulmonary artery by means of a catheter-tip electromagnetic flow velocity probe. They were
divided into four groups according to ductal shunt states as follows: 14 patients with a continuous
left-to-right (L-R) shunt (Group I), three patients with a bidirectional but a dominant L-R shunt (Group
ITA), two patients with a bidirectional but dominant right-to-left (R-L) shunt (Group IIB), and one
patient without a significant ductal flow (Group III).

In Group I, the ductal flow was pulsatile and showed continuous L-R shunting. The timing of
a peak flow velocity was coincident with the peak aortic pressure at the mid-ductus, and it shifted
to diastolic phase as the flow sensor approached the pulmonary end of the ductus arteriosus. In
Group IIA, the peak velocity of a L-R shunt flow was located at mid-diastole and a transiently
reversed R-L shunt flow was seen during systole. Two patients of Group IIB showed that the peak
flow velocity of a dominantly reversed shunt was at mid-diastole, while a low grade L-R shunt
flow was seen over a wide range of diastolic period. One patient of Group III who underwent opera-
tion for aortic arch interruption did not show any significant ductal flow because of a narrow
PDA. In most cases of the present study, a diastolic backflow reflecting a L-R ductal shunt during
diastole was demonstrated both in the descending thoracic aorta and main pulmonary artery.

The peak flow velocity of the thoracic aorta was correlated with the ductal L-R shunt ratio deter-
mined by the Fick method (r=0.46), and the diastolic regurgitant flow fraction of the thoracic aorta
was increased in patients with a larger L-R shunt or with a reversed shunt. Therefore, it was suggested
that a net forward flow of the thoracic aorta is reduced in these patients. On the other hand, the
quantitative evaluation of a pulmonary flow during systole was found unreliable and expected to be
underestimated because of the occurrence of turbulence at the site of the main pulmonary artery by
the confluence of ejection stream from the right ventricle and a shunted flow from the aorta.
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The present study indicated that a flow study provides useful informations on the clinical di-
agnosis of PDA and the operative indication for patients with complicated PDA, especially in infants,
and discussion was made on the various complications seen in patients with PDA.
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Table 1. Classification of patients studied

Group Cases
I Continuous L-R shunt 14
11 Bidirectional shunt 5
A Dominant L-R 3
B Dominant R-L
111 No significant shunt 1
20

Flow velocity sensor

Micromanometer

Fig. 1. Schematic illustration of the method
in this study.

Flow and presssure data are obtained by the with-
drawal of catheter sensors from the descending
thoracic aorta to the main pulmonary artery via the
ductus arteriosus.

PDA =patent ductus arteriosus; PA=pulmonary
artery; RPA=right pulmonary artery; LPA=left
pulmonary artery.
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Fig. 2. Withdrawal recording of flow velocity and pressure waves.

Flow velocity and pressure tracings are recorded by the withdrawal of a catheter sensor from the
descending thoracic aorta to the main pulmonary artery via the ductus arteriosus.

ECG =electrocardiogram; IPCG =intracardiac phonocardiogram.
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Fig. 3. Flow velocity and pressure tracings in a patient with a continuous left-to-right

ductal shunt.
ECG =electrocardiogram.
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Fig. 4. Flow velocity and pressure tracings of the descending thoracic aorta in a patient
with a patent ductus arteriosus.

The diastolic reversed flow is clearly seen.

ECG=electrocardiogram.
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Fig. 5. Flow velocity and pressure tracings of the main pulmonary artery in a patient
with a patent ductus arteriosus.

The diastolic reversed flow is shown suggestive of a left-to-right ductal shunt.

ECG =electrocardiogram.
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Fig. 6. Flow velocity and pressure tracings of the right pulmonary artery in a patient
with a patent ductus arteriosus.
Biphasic flow velocity curves are seen. The larger wave reflects an ejecting flow from the right
ventricle during systole and another wave is the shunt flow via the ductus arteriosus during diastole.
ECG =electrocardiogram; RPAP=right pulmonary artery pressure.
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Fig. 7. Withdrawal recording of flow velocity and pressure waves from the descending
thoracic aorta to the main pulmonary artery via the ductus arteriosus in a patient of Group
IIA.

The transient reversed shunt flow is seen at the timing of peak aortic pressure.

ECG =electrocardiogram.
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Fig. 8. Another withdrawal recording of the same patient as in Fig. 7.
Arrows indicate a reversed ductal shunt flow during systole.
ECG =electrocardiogram.
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Fig. 9. Withdrawal recording of flow velocity and pressure waves from the descending
thoracic aorta to the main pulmonary artery via the ductus arteriosus in a patient of Group
IIB.

The ductal flow is predominantly occupied by a systolic reversed shunt and a diastolic left-to-right
shunt is mild.

ECG=electrocardiogram.
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Fig. 10. Flow velocity and pressure tracings of the descending thoracic aorta (left) and
ductus arteriosus (right) in a patient of Group III
The thoracic aortic flow is markedly reduced and there is almost no significant flow in the ductus.

ECG =electrocardiogram.
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Table 2. Hemodynamic data

BIRE BRTEE o LB

o SRERED wr DRIV AR MRF ol
Group I K.S. 5 6 42.5 — 0.35 49.0 87.3 11.2

M. A. 4 8 35.7 — 0.26 29.0 45.2 0

T.S. 2 3 39.5 — 0.49 53.4 49.8 7.1

N.T. 2 7 40.2 — 0.66 50.0 61.8 12.5

M.S. 5 3 21.6 — 0.20 55.5 103.5 3.9

E.U. 1 9 40.5 — 0.38 51.0 66.0 27.3

Y. M. 3 5 21.9 — 0.17 34.5 63.0 0

R.S. 4 7 25.3 — 0.31 30.0 41.3 0

M. K. 1 0 41.8 — 0.25 25.2 42.1 0

A. M. 3 0 42.9 — 0.22 34.5 70.5 19.3

M. O. 1 1 32.0 — 0.23 45.6 64.7 19.7

M. A. 1 0 51.2 — 0.27 50.4 69.1 0

A.N. 7 3 50.2 — 0.23 47.3 85.3 6.0

T.S. 2 11 57.5 — 0.23 45.9 96.0 21.1
Group ITA A. M. 0 9 31.4  20.0 0.83 41.3 68.0 25.8 MR

M. U. 5 1 55.9* — 0.89 42.2 76.5 32.3 VSD

K.S. 0 11 55.0* — 0.91 77.5 89.7 24.6 VSD
Group IIB A.T. 3 5 22.0* 66.7 1.08 68.4 66.9 35.2 ECD

M. M. 0 10 15.2 70.2 1.10 38.4 33.6 40.9 AS
Group III A.N. 0 6 61.7 25.4 1.49 45.9 13.0 0 PO.TIAA VSD

Pp/Ps=pulmonary to systemic peak pressure ratio; PAF=pulmonary artery flow; PV=peak velocity; AoF=
thoracic aortic flow; RF =regurgitant fraction; MR =mitral regurgitation; VSD =ventricular septal defect; ECD
=endocardial cushion defect; AS=aortic stenosis; PO.IAA =postoperative interruption of the aortic arch.

The value asterisked includes a L-R shunt at the ventricular level.
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No significant correlation is shown.
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Fig. 14. Relationship between peak flow ve-
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shunt ratio determined by the Fick method.

A slight correlation (r=0.46) is shown between
both values.
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The ductal peak flow ratio is defined as the ratio
of the peak flow velocity in the ductus and the mini-
mum velocity of the corresponding cardiac cycle.
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Fig. 17. Systolic (left) and diastolic (right) lateral cineangiograms of the descending thoracic

aorta.

Although a catheter-tip is located below the diaphragm, the ductus arteriosus is clearly opacified

during diastole.

— 7 XHEEMICRBIT T X 9Tk sy, ok
DAL T, PHEHNIC A= 2 b OBRH L 2 5% 1)
TRENRD S H#E LT ERBFRNMLELBES LS
—75, FEEMICEMEIRR OSIC X VA=E» L
OEEHE e <, HAMBEREREZ 0 Fie, o
¥¥E AEAEKMLE LT KMENREDTHS .
Z 0k 5 it A AR T BV T, BRE O
EBHALIC X - THLFAEIHE 23 72 B 20k, Bk S b5
HWLTRYY, REZHWARTALEHOLMTITE
BNEEZLRB.

¥t PDA & 5 WidhEFRRIRICAD L
PDA 7 iR\ T, JBIARESEEIIRE L~
ELICETERT 5L, BANMIKE LiE LW
[FERK & T2 5. nH4 Eisenmenger JEERET
fe AR A EREML TD Y, WK OTREE
W2 & AV, FEAT SRR o ML BHIRAE b i

T TIRKFTEZ R L, F0AIC R 5 fdiEdn
BRI s hiCrI T = LB —F,
IR CH Y, oI KBIREDS ©—2
ARFE—8T 5. EEECLBE, EREKO Y
— 7 FIHEHS IR AR W 7 &, flA ORFHIICEY
ShBM, FEEHSRIC bico T ERERKLE v
5020, SEoORBELFEKETHS. LaLiaen
BIEZERIC X % &, WK O ©— 7 THER &
whh®, EEEOMFEFETR & oM ETFo X
VARBRS. T oS, WERIEICS T B0
EBAOME L D52, EEEIIENILGED 2 7=
R LA, WRIMEDEZEEX Y b impedance D7
WSz ERBLTW S,

Afgc 1B #E L LTE Y b T 7o REINRS 8,
critical 7o KBRS IEZE, KBIMRMERE 2L, E=
Wiz I i 2 8 o MR E Tk, PDA off

— 726 —



EREFRIARRTHS. ZhboEETE, &
BRIIE L LTHE» S 0BRHMABIREEZ AL
TEDbhbicd, LRWICEBIREZAEERK
¥EFTB3z LB Bkbsz Lici, FAM
B ICHEER TH B LBDbh B h b DJE
iz T AL ERERE BHE KT
Y, ToTEIBEL T, FEEEEEENRLE
HEE LI L —FK LT3, IIB #cr¥a
Hor—y ZIEPRICH Y, —F, ERERKI
BEE T d 20, EHOLENEVEIICbR
>TRdOLNB. UEkoBgLy, PDA Tfi
BIECHESEHEHOBELMDLT, Wik
B IMITEEEEDESITEWT Y, THESICER
ERNTFEET S EFHALNE R T

PDA o F{FRBIIRIC 31T 5 Wk 0 FHER,
IR OENERAER EMENICRLTVWS. ¥
fe, EBR FITRKBRTY X7 V4 &1TH &,
TOEF XY —EHKE 5. Fig. 17 1Zdkik
AR D PDA EHIT, #F—F Vo & ER
KEIRICE S, =z CEET 5L, ERANIINNE
W B 7 — 7 VIR X D AL O KEIRIC 5T
LA, FEHICE#ERL <, SREE TN
HABIIRS & CEBARE pHRICH#EH s L &
SRLTW3B. PDA itki33, 0k ) RIEHK
BIROYIRIC X BILERERERDO A W =R L L
L T, Rudolph &% i3ffiBhfiR% o & ML HEHLIC
#,5< run off 25T, KENRFHAH 2 &
TRz OBTBEA L2 EBbhs. Spach 52
1%, PDA o, ZREE?EED PDA, &
TUOF5ry 7E@RFEHREOT 7 v —mEoFlIC
BT, BEKBIARO IR IC > THRAET L
TR, Tory JEWREIVAELREBREDER
ERREFED 7 7 v —UEEELSL T, WEKEIR
b0 R & REEarofk. O
B OmhmEk > PDA ik, EEHOEN
EAERED, boidd FITRENRY S OFFIC X
BLEHLMICL, Z0HEHBLLT, £F0FH
Bk%ix, input impedance DHihic X v, FEELE
B/ & QR TRIEIAEWA, Zhic PDA iz

BYRE BATRIE » MR BhHE

X 3% 3 oFHBRRBAET B L, MKIKRE
BEDF LR OR~NHThZ efcd &2,

7= AVRMFEE Y 27 4 I X 5 fiEEH
%, X VEMAERMMTERIRICT 5. Ehit
DEAEHRBICOVWTRS L, IEBXBIROKER
FEEA DEER LY, ZOREIERER
R, EERY 7HEE KBRE, OHFLLiCX
S TEAENB LELDNS.

SEORF T, WEBKEREKTE L £AE
BREOBICETOEMBE RO END, &
hiz—R, EAERKIC X 5 KEINRTEOHEK & Rk
LT3 koicBbhsd. LhLids, KIEKR
B THERT 5 Mk LT REBARICE W TTH
Y, BIREEAL O FITRBIREE, EREOKRE
SLEMBROITTHB. —F, WRHOLEESE
R AT WEKERD ERBIZOVWTR S L,
I oa—fRicgEcdhy, IIA goix 20% LA
L, 1IB i 30% D ke, SRMc—EDH
BHBED bRl Z oWk PDA p/h&sne
BLALRDRARWREIRRO LRI THY, £
FHEKOERSLE S REEOHE I, KBRS
HRIEKRT S, 220, FNELFERIEZS
&, M RKBREATEOEATREN S & 5
2, IEHIRTS MRz 52, —F, Wik
LA+ B0, R L LT, net forward flow
BOLFLLERTLEBb AN LTS F
7o, I @iz T BHCH~TREIARE K HE MK
{, WITHHERIKE Wiz net forward flow
BRAPLTHWB ENnE X 529,

AE O FBIARGE 0 E BRI ITIZERSLET
HaY. IEHCIEMBIRBA ST, FE
b BRI & KBRS & O ERK I NG T 5 12
WEFE AL, MBIk BNHishs. &
£, SEIOKFICBNTYH, FHET, bsnix
A ERR L B KE O IciE, —EDPHE
FARORENot. LichoT, FIEDMENRK
FhohAE—FHHE* FRICROEZ LI TE
/AR

ERMAMMBEHB OGP GR35 L, Mo

— 727 —



[PQ?Y %E) Lm

FEREIEEL +5 Fick 582w, FE0E
RERPERCEH T - L3RETHS. EAE
HOBDFARTH > Th, KETRMBRICK T
5%8%h7: mixing chamber 2372y 22y, IEH
I TITREIARM D ¥ 205 7o BT 5.
EHIENBER LD B L, BREOFME LT
BN OKBIRBEEZEESEN Roky, @ED Fick
BERAVWTRLKEEE BN L3 cEnlh
59, zhig, PDA iz CERAEKIITIC
DT OREREMS S5 L+, AFETHWE
FELLY, ENLKEELIERE L ET, WX
M DZFhZh oW 1T 3 MR ASLET
H5.

P kizik 7= X 5 72 PDA o fifBIEEIC > T
DEMHR L OERN LBEERIT, BERICREY
THRALERERMT 5. LY EENICE, Ex
DULHHICEPE L PDA #8332, 50
BHRET 5 2 OFMEERECS L, EFEOM
WEHRNZ & D8 O W e B ER BT > D IEH A
REMICEEL 5. ZEiE~0 AL LTI,
Box H LRHIRBIRMEZ © ZHiE BRI BAR L
7o, BRBIREAC X 5 HITHERBIIRE D 23,
LRHOFEOBHICERATHSB. 2%, LR
#Tix, BEEBIRY S one shot THEA Lzt
A AT ISR B T KBRS 2> & FITRBIR~ 2
ET58, zofs, PDA b3 L, fHESIC
T irie s PDA Th - THOELREEBEET S
Tlhb, vERREICE Y HBIIROHEHE MBS &
T, BIREDHFEEVHEEREh3bIITHS. [
BAaRa L LT, RN CBRE BT 25
BV, BRE D ERERKE SRBELIERLA
FhiZledbnd, ZoBRETH, AbIF—7F
MEIZEY, IWRKERTY *|EEITO I Lic
XoT, RECEWMEETS LM TE 3.

Ftkic, PDA oIGEMEREKOEER, &
AECR T 34 OIREEBROEMO L TEETH
5. FERHICL IR O B EFEBRIIKE
72 PDA A0 2 HIICE L3125, 2 DIRHL
L LT, EEHOENELEED D FITRBIR

o net forward flow A4 U, REEREEIE A HELML
REBIZ 257w L HERIShTWBY. ¥z —F,
PDA T L LELEBRE, O otz
BRON BB, FETIE—RICKEIRILIERIE 23
B bkic, ETFKBIRD M2 INFERID %72 6
T, HWRBICLBRE~HKh kv b Y 3
coronary steal DIRFEL 72 - T, TMLFEE AR
ToHvLELZLRBY. Dk, PDA i35
BRE DR A I = X5, 8 X ORI O
WEREIZ > TOEMRIL, WEAEORAD AL
bYRRAICLED TEREEbh 3.

L2 ¥

B, Ho5ni3aMHA¥EE+T5 PDARRD
20 % i, HF—FAROFEE v 27 L%
AT, BIRE, BSABIARS & OHiBIAR o iy
BREIZoWT, EEHLSEEBNICRI L. 5E
Bl 2 BIRE P 0 MLk 2SE M I 2R Gk 2R T b
o (I#) 1441, WHRERKTELEKEN (IA
B) 341, MUAEEKREMN IBE) 24, &
Bo ke msin bo (I #) 1402 4549,
ZRER DR E ST LI

I g, BFAMEEHEME cEsito LG8
WERL, WMEO L — 7 3ERNPREL TR
BRED £ — 7 ic—8 L, MBARIICES < ico
NIRRT BT L. IIA B Cl EAEKEN T,
JBRHICENTREDO E— 27 3 Y, IEHIc—1B
PO NEB biviz. 1IB B0k EERE
Tit, ZOWEROE— 7 3EFHICR b hi
B, —HBEOLEREREBIRESEICh 5T
Fwbnie. I B0 1 FIid KBRS % o
JE#IT narrow PDA 7= HEOEAHMIEIT R
Heheh otz ok, KEooHlici T
BROMFRE AR o, FHFT < MBARIC b ik
RN 2B, WThOMKE L, EEY
R BENEREROFEEELRBL T /2.

BRI T, MEKEIIRE KHE: Fick
BTk 2 EAEKRR L EHE (r=0.46) 28w/
P, BEKBIARD WHR b EAEK O HIL,

778



II iz TlERLTWE Z0/ER, K&
EAEKRELYEK MY 1T ol TITKRH
ko> net forward flow FEPLTNBLEEXD
hic. —F, FEOMBIMRA I, IEHICEEY
5 DOERH ML & KBIIRA> B DA ML ASEFH L TELIK
LR+, HMBARME B/ NEMEAFHES A
7z, ‘

FFECHNWEFEC X 28RE LY D < 5 ML5%
B OBEROKRE, &0t PDA ioxt+ 5 Fin@E
oYL R DO AAE > BT I F e 1R & 1R AL
+3LEIBIIL.

Xk
1) Nakano H, Saito A, Ueda K: Hemodynamic
investigation of congenital heart disease in children
with a catheter-tip electromagnetic flow velocity
probe. Respir & Circ 26: 1211, 1978 (in Japanese)
2) Spach MS, Serwer GA, Anderson PAW, Canent
RV Jr, Levin AR: Pulsatile aortopulmonary
pressure-flow dynamics of patent ductus arteriosus
with various hemodynamic states. Circulation 61:

— 729 —

3

~

4)

5

6

7

8

~

)

)

N2

BYARE BRIE O M FE B AR

110, 1980

Cassels DE: The Ductus Arteriosus. Springfield,
Illinois, Charles C Thomas, 1973, p 143-160
BEE, MkE—, B B E RE RS
B, BHEE &HFER®, B E WISEHE: §
WRAE BRTERE I 7N ) 2 BN BIRE. 55 1S [BIA & /b
IRBREVEKPRE, p. 407, 1979

Rudolph AM, Scarpelli EM, Golinko R], Goot-
man NL: Hemodynamic basis for clinical mani-
festations of patent ductus arteriosus. Am Heart
J 68: 447, 1964

Gersony WM, Duc GV, Dell RB, Sinclair JC:
Oxygen method for calculation of right to left
shunt: New application in presence of right to
left shunting through the ductus arteriosus.
Cardiovasc Res 6: 423, 1972

Ueda K, Saito A, Nakano H: Aortography by
countercurrent injection via the radial artery in
infants with congenital heart disease. Pediat
Cardiol 2: 231, 1982

Porstmann W, Wierny L, Warnke G, Gerstberger
G, Romaniuk PA: Catheter closure of patent
ductus arteriosus. 62 cases treated without
thoracotomy. Radiol Clin N America 9: 203, 1971



