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Summary

Pulmonary regurgitation appeared after the surgical repair of pulmonary stenosis was investigated
with an electromagnetic catheter-tip velocity probe in seven patients. Postoperative catheterization
was performed by placing the probe in the pulmonary trunk transvenously and a velocity curve was re-
corded on a photographic recorder at a paper speed of 150 or 200 mm/sec with electrocardiograms and
pulmonary arterial pressure pulse. The velocity curves were recorded under the baseline throughout
diastole in patients with pulmonary regurgitation, while the curves in the normal controls were just
on the baseline. The amount of regurgitation was evaluated with the ratio of the negative to positive
area of velocity curves. The negative area (NA) was defined as an area circumscribed by the diastolic
negative velocity curve and the baseline, and the positive area (PA) as an area circumscribed by the
systolic positive curve and the baseline. The amount of the regurgitation was also evaluated from either
the pulmonary cineangiogram or the volume measurement using the right arteriogram. The results
were as follows:

1. The severity of pulmonary regurgitation estimated by the pulmonary arteriogram (grade
I to III) tended to be correlated with the ratio of the NA/PA.

2. Right ventricular end-diastolic volume index (RVEDVI) and the NA/PA showed a fair correla-
tion with a coefficient of 0.80. Right ventricular volume overload resulting from pulmonary regurgitation
was reflected on the NA/PA.

3. The subtraction of right and left ventricular systolic ejection indices (RVSI—LVSI) or its ratio
(RVSI—-LVSI)/RVSI, which were considered as the indices of the severity of pulmonary regurgitation
from the volume measurement, had fairly good a correlation with the NA/PA. Their correlation
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coefficients with the NA/PA were 0.80 and 0.79, respectively.

4. However, the NA/PA was always greater than (RVSI—LVSI)/RVSI. This was partly resulted
from the difference of the pulmonary arterial diameters in systole and diastole.

We conclude that catheter-tip velocimetry may be used to estimate the severity of pulmonary

regurgitation.
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Fig. 1. Blood flow velocity and pressure in the pulmonary trunk in a normal control.
Pulmonary arterial blood flow velocity curve is recorded nearly on the baseline in diastole.

PAP=pulmonary arterial pressure pulse.
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Fig. 2. Pulmonary arterial blood flow velocity recording in a patient with pulmonary

regurgitation.

In contrast to the normal control, pulmonary arterial flow velocity curve is recorded below the

baseline throughout diastole.
AoP=aortic pressure pulse.
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Table 1. Subjects with pulmonary regurgitation

Case Cause Age ](anl% NA/PA I;izllilf\)lgl

1 Y.C. TF po. 2y3m 0.53 0.44 0.56
2 S.K. TF p.o. 2y4m 0.54 0.40 0.59
3 Y.N. TF p.o. S5y4m 0.79 0.47 0.61
4 O0.D. TF p.o. 8y4m 0.85 0.80 1.35
5 Y.H. TF p.o. 14y 1.63 0.24 0.24
6 O.E. ASD p.o. 7y4m 0.77 0.25 0.42
7 S.H. VSD p.o. 13y 1.44 0.63 0.57

p.o.=post operative regurgitation.
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Fig. 3. Pulmonary arterial blood flow velocity recording in a patient with moderate
pulmonary regurgitation after the surgical correction of tetralogy of Fallot (Case 2).

PAV =pulmonary arterial blood flow velocity.
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Fig. 4. Pulmonary arterial blood flow velocity in a patient with severe pulmonary re-
gurgitation after the surgical correction of tetralogy of Fallot (Case 4).
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Fig. 5. Pulmonary arterial blood flow velocity in a patient with moderate pulmonary
regurgitation following the closure of ventricular septal defect (Case 7).

Table 2. Changes in the diameter of the pulmo- W LTciiR, NAPA o/h&idb o LRI
nary artery in seven patients. X% grade LIRET Hokd, K7 —7RHic
Case No. Systole (cm) Diastole (cm) ) nERY b ot (Fig. 7).
1 Y B HEIMEIKADRL (RVEDVI) & NA/PA
2 2.3~2.5 2.3~2.3 Lok, r=0.636 Laih ReMEREER
3 1.6~2.3 1.5~1.6 L7z. 1fl&pr& RVEDVI 3fix 0IEHEEL Y
4 1.6~1.8 1.6~1.7 KThoie (Fig. 8).
5 1.7~2.2 1.6~1.7 B HRE (RVSI) & v =B R LVSI)
6 1.6~2.4 1.6~1.7 RRW b O R AR EOMKREL, “he
7 2.9~3.7 2.8~3.1

B NA/PA L o#iB% #5 L, ©2=0.644 L EfF%
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Fig. 6. Correlation between the NA/PA and
peak NV/peak PV.
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Fig. 7. Comparison of severity (I to III) of pul-
monary regurgitation from pulmonary cine-
angiogram with values of NA/PA.

Grade I: opacification region of only the right
ventricular outflow tract.

Grade II: opacification of the body of the right
ventricle, but with a rapid washout.

Grade III: opacitfication the entire right ventricle
with delay of washout.

HRARBR A% - e (Fig. 9).

RVSI—LVSI # RVSI G L 7cfll & ik &
BIFEBHED L, zhé NAPA Lok
®AH5 &, HHEAGREIE 2=0.618 v, RVSI ©
BIE L R2WEE LEN R - 2 (Fig. 10).

% 3
PiBhARY e 13 K H3 Al ML 12 & B ZREg 28

1.007
0.751
g
[
<
Z 0.501
o o
0257 O 2=-0134
5=0005
50 100 150 (mifm?)

RVEDVI

Fig. 8. Correlation between RVEDVI and the
NA/PA.
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Fig. 9. Correlation between (RVSI—LVSI) and
the NA/PA.

100
-0
075
o]
&
< 050
2 ° ° r =0618
a=0300
b=1J50
0.25 )
0
-02%5 0 025 050 0.75

RVSI-LVSI/RVSI

Fig. 10. Correlation between (RVSI—LVSI)/RVSI
and the NA/PA.

%ThY, MBNRSBEOBRENEIIC L Z5E
b, BMRELLTHEET L3 EhTHS.
Oy, HHREESMEL THET 5 Z L3 EEE
THhY, EREERESh Tk, LiL

— 602 —



b, 77w —MUEOEEFENRE ISR
WMHBEERTRL, POBRLAREOHTFICARB LD
LEZLRTNS.

Bx BEEIRAR T T REBETE 7 — T2 k
5O, MERERELRICL, v7—
T NMIZ X BRBIIRA DFASEE L v\ 5 EFTid b 5
LoD, EEFEAICLS artifact RS cx,
FBEASHETH S L v ) 2 KTk THigh
IR L I > TV 5.

BT X 2 A A O O HREEH T,
BIEROLBERSHME CHNT, Hih L3R LEE
RIMEELEZ BN S, L L—EBHERSLT
Lb—ELARWnWZ L, EASEOEMICHRBEN
T&EBZ L, AENERHNAROEE CRE D
B3z ERY, ZOHEZIIZ WS OrOEES N b
5. Lipliho, SERLICXSIC, AEAR
A&7y RVEDVI, #ijfiRz&b+ RVSI-
LVSI, #iiaisBHElL 2 % b + (RVSI—
LVSI)/RVSI o 3#»nFhri, NAPA rEiF
HBI L7eZ &, WICEREIC X 3 AEAHE
WeHh 2 RBENEEENLDZZLERLTNS L
Lz B,

NA/PA iz £#lizis v T (RVSI—LVSI)/RVSI
IV KREREERLTWSBY, ZhizHBIIRNTE
BoELEERIVATW AN D L Exbh
5. @R L <, BRRIHEDZREE/MIEHE
» 113~150 fFicks L1y, o NAPA
EEROFRERMSFHBEHEL L Y 22 ) KEREL
RoTwna EBbhs.

B ¥

B 7 RBRETE S w — T2, 7 HlofBIIR
WG ERE L. HRTFh b MBRE &
BELEBCHERESIHELZLDOT, 77y r—H
#, DEPRXIEB L CLEFRBRIBONEZICE
OF LI BhRAN T TH 5. 7 v — 13RI
IZHBIARESREICEE L, ZoMoFEEE O
EX, MBIARE & RIS L.

e H AR IE 5 FRRE R IR i L3

Fifi BRI o AL DR

—ET ookt L, #iHcILENSECbR
VEBMOTHFICH ol = OFEMEBBICI T 34
EHICADER LAWY LERLICE > THER
B E AT (NA) L4350, $mHOE
DEZ LMY LERLICE > THEN B EKE
EFEE (PA) &L, MEomEL (NA/PA) i
TEO BEL 1. R MBRERICL 3
grading, FEEFIC X 3 EAWHED RHEHZ
vy, zhé NA/PA b % H#kL -

L FEIRERIC X 5 A SRE CH 513
& NA/PA /NS WEHRAIZH - Tz

2. RVEDVI & NA/PA i3 r2=0.636 <R
FrefEB 2R L, NA/PA B¥ffic X s A=EAR
AT boBERMTZLOLEL bR

3. RVSI-LVSI % x vt (RVSI-LVSI)/
RVSI v h b AR oMK ofEE L £ X
bhad, ZomFi: NAPA L B G
¥R L7 (12=0.644, 12=0.618). L L NA/PA
DIE D A3 & WK FEME+ B EMICH - .

4. ZoOBKFHMEO—EIL, UUHED & LIRS L
OFERENDEICH 3 LB bh.

B 7 EFE 7 v — 7T k BRI SIIRY T O
B%EL, BRALFEThILELLRE.

X

1) Grossman W: Pulmonary stenosis and regurgita-
tion. in Cardiac Catheterization and Angio-
graphy. 1980, p 323

2) Collins NP, Braunwald E, Morrow AG: Detection
of pulmonic and tricuspid valvular regurgitation
by means of indicator solutions. Circulation 20:
561, 1959

3) Kaplan S, Helmsworth JA, Mekinivan CE: The
fate of reconstruction of the right ventricular
outflow tract. J Thor Cardiovasc Surg 66: 361,
1973

4) NEERE : Fallot MBUERIEFHTICEIT 2 0F58—
FHiH B0 & AR Lol oxtE. AastE
2k 20: 131, 1972

5) Gabe IT, Gault JH, Ross J Jr, Mason DT,
Mills CJ, Shillingford JP, Braunwald E: Measure-
ment of instantaneous blood flow velocity and
pressure in conscious men with a catheter-tip

— 603 —



Wi, &%, #HE, @

velocity probe. Circulation 40: 603, 1969 ology and normal values. Circulation 43: 895, 1971
6) thEpEIT, XEZE, M &F: »F—FLVERE 8) Graham TP Jr, Jarmakani JMM, Atwood GF,
B e — 7 2 X B NRHICERO miTEER Canent RV Jr: Right ventricular volume deter-
b MEOR L FERR 26: 1211, 1978 mination in children: Normal values and ob-
7) Graham TP Jr, Jarmakani JMM, Canent RV Jr, servations with volume or pressure overload.
Morrow MN: Left heart volume estimation in Circulation 47: 144, 1973

infancy and childhood: Re-evaluation of method-

— 604 —



