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Summary

To demonstrate diastolic pulmonary forward flow, pulsed and continuous wave Doppler echo-
cardiograms were recorded in four patients with postoperative residual pulmonary stenosis and regurgi-
tation (Group I). To clarify the mechanism, we further examined 24 patients with pulmonary regurgi-
tation without diastolic pulmonary forward flow, including three patients with surgical correction of
tetralogy of Fallot (Group Ila) and 21 patients with functional pulmonary regurgitation (Group IIb),
and compared the peak velocity and pressure half time of pulmonary regurgitation among the three
groups.

Diastolic pulmonary forward flow was characterized as a flow signal which began after the abrupt
cessation of pulmonary regurgitation and continued until the beginning of ejection flow. The onset of
the flow coincided with that of premature opening of the pulmonary valve, and was following atrial
contraction in one, before atrial contraction in two, and mid-diastolic in one. The velocity of diastolic
pulmonary forward flow was increased during inspiration and its maximum velocity was 1.3 m/sec.

Simultaneous recording of pressures and continuous wave Doppler echo performed in two patients
in Group I showed the equalization of right ventricular and pulmonary artery pressures during the
flow. There was no significant difference in the peak velocity of pulmonary regurgitation among the three
groups of patients. The mean pressure half time was significantly shortened in patients in Group I
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(90+11 msec) compared with those in patients in Group IIa (143+40 msec, p<0.05) and Group IIb

(310471 msec, p<0.001).

In conclusion, a diastolic pulmonary forward flow seems to be produced by the rapid equaliza-
tion of right ventricular and pulmonary artery pressures due to severe pulmonary regurgitation in the

face of decreased right ventricular compliance.
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Table 1. Summary of clinical data
RVP PAP
A GSex  Diagnosis ; ECG
(yr) g Before op After op Before op After op
(mmHg) (mmHg) (mmHg) (mmHg)
Case 1 31 M Postoperative 125/5 90/15 15/5 40/18 Sinus rhythm, RVH, RAD
supravalvular PS

Case 2 60 M Postoperative PS ~ 138/14 70/18 29/14 34/18 Af
Case 3 6 M Postoperative T/F 111/5 — 15/5 — Sinus rhythm, RVH
Case 4 24 F Postoperative T/F 130/10 — 17/11 — Sinus thythm, RVH

Af =atrial fibrillation; ECG =electrocardiogram; op=operation; PAP=pulmonary artery pressure; PS=
pulmonary stenosis; RAD=right axis deviation; RVH=right ventricular hypertrophy; RVP=right ventricular

pressure; T/F=tetralogy of Fallot.

n"
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panel B).
PV =pulmonary valve.
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Fig. 1. M-mode echocardiograms of the pulmonary valve in Case 1 (Panel A) and Case 2

(Panel B).
Premature opening of the pulmonary valve is seen following the P wave of the electrocardiogram (black

arrows in panel A) and from mid to late diastole in the first and fourth heart beats (black arrows in
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Fig. 2. Continuous wave Doppler echocardiogram showing diastolic pulmonary forward
flow beginning after atrial contraction (Case 1).

The systolic flow away from the transducer indicates pulmonary jet due to pulmonary stenosis.
Its peak velocity is 3.4 m/sec. The diastolic flow toward the transducer indicates pulmonary regurgi-
tation. Following the cessation of pulmonary regurgitant flow, a reversed flow indicating diastolic
pulmonary forward flow is recognized after the P wave of the electrocardiogram (black arrows). The
velocity of this flow increases during inspiration and its maximum velocity is 1.3 m/sec.
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Fig. 3. Continuous wave Doppler echocardiogram showing diastolic pulmonary forward
flow beginning before the P wave of the electrocardiogram (Case 3).

Following cessation of pulmonary regurgitant flow, a reversed flow away from the transducer is
recognized (black arrows). The peak flow velocity increases after the P wave of the electrocardiogram
(the 2nd and 4th beats). The peak systolic flow velocity is 4.4 m/sec.
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Fig. 4. Continuous wave Doppler echocardiogram showing diastolic pulmonary forward
flow (Case 2).
The flow is characterized as a reversed flow away from the transducer and recognized after the

rapid cessation of pulmonary regurgitation (black arrows). The peak systolic flow velocity is 3.3
m/sec.

Fig. 5. Pulsed wave Doppler echocardiogram of diastolic pulmonary forward flow (Case 1).
Doppler echo is recorded by placing the sample volume at the pulmonary valve orifice. A rev-
ersed flow away from the transducer is demonstrated after the P wave of the electrocardiogram (black

arrows). The onset of the flow is the same timing as shown in continuous wave Doppler echo.
SV =sample volume.
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Fig. 6. Peripheral vein contrast M-mode echocardiogram showing diastolic pulmonary
forward flow (Case 1).

Linear contrast echoes directed from the right ventricular outflow tract (RVOT) to the pulmonary
artery (PA) is observed during late diastole following the P wave of the electrocardiogram (white
arrows). The onset of the flow is the same in timing as shown in Fig. 5. )
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Fig. 7. Simultaneous recording of right ventricular pressure (RVP), pulmonary artery
pressure (PAP) and continuous wave Doppler echo of pulmonary flow (Case 1).
Diastolic pulmonary forward flow is recognized following the P wave of the electrocardiogram. Right

ventricular and pulmonary artery pressures are equalized during the presence of the flow. Right ven-
tricular end-diastolic pressure is elevated, with a value of 15 mmHg.
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Fig. 8. Simultaneous recording of pulmonary
artery pressure (PAP), right ventricular pressure
(RVP) and continuous wave Doppler echocardio-
gram of pulmonary flow (Case 2).

Diastolic pulmonary forward flow is recognized from
mid-diastole to end-diastole (black arrows). Right ven-
tricular and pulmonary artery pressures are equalized
during the absence of the flow with the value of 18
mmHg in end-diastole. The right ventricular diastolic
pressure shows a pattern of dip and plateau.
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Fig. 9. Comparison of continuous wave Doppler echocardiograms of pulmonary regurgi-
tation in patients of Group I (panel A), Group II a (panel B) and Group II b (panel C).
The diastolic slope of pulmonary regurgitant signals is different among 3 patients.
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Fig. 10. Comparisons of the peak velocity (left panel) and pressure half time (right panel)
of pulmonary regurgitation among the three groups of patients.
The mean peak velocity is 1.74+0.4 m/sec in patients with Group I, 2.0+0.3 m/sec in patients with
Group Ila and 1.8+0.4 m/sec in patients with Group IIb. There is no significant difference of the peak
velocity the among three groups of patients. The mean pressure half time is significantly shortened

in patients with Group I (90+11 msec) compared with those in patients with Group IIa (143 +40 msec,
p<0.05) and Group IIb (31071 msec, p<0.001).

— 369 —



*{EE: ﬁ‘s) %@1 [E3:

#£379, fifi B) Bk ¢ e %9, Loffler .0 9 IR R,
Ebstein &%, JhiBhARFGIBAHTHE O FBIAR SR
D, ZRAGIRWMHD, s F/ 4 FLD, BE
BESO R oEflicabhiztBE S h T
5. —%, WEHICAEDSHEIR~HKAT %M
W& x 1974 20 Wolfson 7% K ¥ T b
5. oI F A B0 lHT, Zoffis
B oz & LMEEFEEAVWTRELT
w3, 0t Hatle 53 @K Ky 75—k
W, DEIER IR o ShARET ) MLk
D& i 7 7 v —EBERTEHIE O 162 T
LTwa. BE Doyle 5% AZE#EED 14T
DEFERCZO XD ROFERAL LI LBREL
TW5 A, HBIIRFE OUUHEPHIBR KA bl
bbb, Z ORHICITEEH S MBIR~
HAT M EEZ ST, = ORBIIRSBR R
BRI AE L 2V b D EEX TS, &
7z Gibbs 6?2 I ALRICEEZRBORVWNED
BVREAICBWT, TERHIC et ORI
RIFEIIRAIC A Do LREL TV B, £ O
BRI OB A bR BN E I POV TEAR
BHThHBLLTWS. PEDXIiL, 4% THish
Bk Fr0 BHABARL & = OREAEIC I ) 5 IBR ML &
DOERIC OV TR EE+HAEH STV,

Z OB T, MBIRFORYBRKE H5 5 4
iz 38 W T BB & R U RAE I HEARH o B BIR
WG ORREET S 2%, Fy -k
TH B MIC L. MFEOBRMKIESIC X Y &R
p, DEIRMES OB, ®c3iRpHT
Hotehd, HTHRIVWTFL LRI CHHEKE T
B L. ZoRYBAKFFEREESE TH L
BrlambhTwad, = oEMMTIC bk
PEEB A 6 b, TR I LR SR L 75
i3, FBINRS O BB & Bi5 I & ORIcE
BN HE L EFRTLOTHS. MR F
v 75 —EE AW TREEI NI DM, FEE
RS BIIRF BB L T H B T L
i, SR Ry 75 —EBIUERM=a TR
Fra—ERAVWTHRT LR TER.

2. HRERHARGENARATS MO REE

wek, MBIARF O REIBA T & 2R BICHRR
RERTIARL, EEMBIIRE CEMICHE=
T34 T VADKTH D VRBAENOEERATEIC
X BAERIGRHMECRH ERA M AR IRRICR T
BrEZLATWAY. SEIOER T FFioA
S| 2f] 100mmHg LLET, #ithdhEER
W UEE O AEMBIIRFEERZEYS BREL TR Y,
fEF 1,3,4 T LEREERHS AERKRETRL,
BRICHES] 1 T34 2em OFRALEERELFIR
PIZREREhTWS. EER 2 0OAZEIERIE
1% dip and plateau % — v &R LTHE Y, HLIE
BIEIRATF ¥ % 7% Ll 4 i3, &6, A==
VIFGATVABERIETLTWS Z L 25
Ehie. El-2fl, MBARFRETRMHRCER
RIHBIRFERB LT VWS, AEI VT ITAT
v 2 DIET LIoRIBICIBIRF R 2 &0F 3 2 2
L3, FLARHIEIARET S ML 0 F A I EE & E
PRETLOLEDNS. EHREERER Y 7
S—hza—Ho REE&E» b REhE T,
Z OFEIMmMBEAE T BRI, FBIARE L A=
FEREERCTHY, EEHESEETHEZNL
WL TWa. Lo THRBESELRIET
Bz L3z OMBEORERFEHAL,ICTHET
BETHA ).

THICHE LT, MBIIRFYER OERE Ky 7
F—Ta—FEREZRBRLTVWSDOT, RO
MHEEEE BT A b IRMERE OB 2 RET T 5
TLNTES. ThbL, HEEEFy 77—
X 9 5 & i BRI s D OJERE
LB, FORBBAKORB b THT
dzrho@m» iy a g, b @#ryAEIC
ERELTR Y, HIRHIMBIIRA = RERE S RE
RO LTWBZ Edbns. lla 37 7re—
TECEREREE T H Y, BERMIcE TR
LALRILIREE T b B S, EEEdEEERES I
BIVIEELTWZ X, AT ITAT YV
2 DIET ORRE, MBIIRFYTE OFREE AEREE T b
B LhsEmshs. b B CERE LR

— 370 —



I ko Ha itk RTHERICERL TR Y,
EHZ B THBIRESEZEEL Y LERECE
{ FORMRKEELRVWLDEEDRS.
ARSI BIIRAT S MR OBRsE T2 # 4 I v 5
X, ThERESE, FREIEI3RTERINTS
FBEECTHZLEDIS. SREIERLEZ4HO
55, Z ORI LENFESS 16, LFEUHER
B2, HREPHBIFITHo. ZhdbDHE
XV, ZomfEzESE3EFE, MBIIRAYE
WK T L, WBR—AEMERENFIC RS H
AIVITREI->TREARBZENTHRENS. T
b HUEIRGEIC FBIR-AZEFERZEY Ficlk
> B DERES - oMt BAE s ¥, —7F,
WEPHICEBRENEICR - 1203, = ORIC
BAZEBIVAEIME LT, —oDE%E (con-
duit) L LTHERALTWS 2D, 2HOHIRSE
& OEFE M ASTEIRI I BRI 3 1F 5 Rl F ML &
B, FHEISEZLOLEIDNDB. ZOHEA,
DEIHEE - oMo BEE 2K L, MLH & #Ehn
SEHBZEFELTHL LEXDNS.
VCRBIMEIIRILIE® BAE S B L 9 —20RATF
LT, MERMIORGRMREMVEETH 5. b
LIBE A+ aic B g, 1la o< b A
DR-AEEERENZICRL Y, FEYBEK B
UFHBIIRAT F MLFE & e+ ARlEEME L b2 L E X
>h 5.

s B

R BhAR S D B IABHAL DB IC 2 & 1 2 HEEE B Eh
IRETGF DO FEE Fy 75—z HVWTHL H»
2L, IORZOFBEHFICOVTRIILE. =
DML, AEIVF 54TV ADERTFTBIVE
ERBIRFHTEZ AP L T iz 4 flicksnwT, ik
R O FBIIR- A FERED BB B L, »
WIZREEECRIFIRELLLDLEX DR
1.

= #
FBhRR A O FERRIABA AL D BRI 4 & 1 2 BHAR A

PRI BT AT 75

Gl 2GRV, SERL IBEE
Ky 77— BT, SR IRIAENR I HTB)
RAFAFREAET 546 I B) czomfEzE
fo. &b T oMK DOFERT ERETT 251,
ZOMFEDHS hde v FHEIIRFEAS AL 24 4
(I1a B: 7 7 w —POABGERAHE 341, 1Ib ¥ :
BERERIITBIARFRBASH R £ 21 ) e L, s ¥
v 7°7 —hk & A THBIR A R &0 K& iE
CERZERIEM 2 R, 3B THEL .
YRR BIARAT S WA i3 v 3 h b BB R I
DHRBICHIK T Licdh LIcB| EEVWTHB Y, IX
W E CHEET 20T H - 1. Z OBRRAIR
FRBIIR e D ILRFIBAMK I —Z L, L BEIER 5 1
B, DREIRHERS 2 fFl, fEERPHS 1 fiTho
oo = OMBTHEE I IFFREEBI XA S h, KR
Bric#i kL, 2o KiE 1.3m/sec Thotz. &
Ky 77—z a—EEEx FRFEE L2
BT Z O IC FEE L BIRE S 131 —F
L, ZOROAREIEMEZTZHZhH 15 mmHg
2 bONz 18mmHg LEfEER L. FHBIARS Y
Wy 7 Fr o KEiiEo FigEx 1 #c 1.7+
0.4 m/sec, ITa ¥ < 2.0+£0.3 m/sec, IIb # < 1.8+
0.4m/sec T, FHBTHEEEZRIR» o, —F,
EEELEEEE O EEE T #< 90+11 msec,
ITa g 143+40msec, IIb #< 310+71 msec
Thy, I@Tix I, IIb IV L EZICERHEL
(p<0.05, p<0.001), > Ila gE<ix IIb B X
DLERICERL Tz (p<0.001). PLEX vk
REEIARAT S ML, AE=2v 7547020
&TF, BXOEEMBIARFASERLEAF T+ EH
12 B W THER BT BIIR A = R v R B
L, BEBRCRIBICETS LIERLE.

X
1) Weyman AE, Dillon JC, Feigenbaum H, Chang
S: Premature pulmonic valve opening following
sinus of Valsalva aneurysm rupture into the right
atrium. Circulation 51: 556, 1975
2) French JW, Baum D, Popp RL: Echocardiogra-
phic findings in Uhl’s anomaly. Am J Cardiol 36:

—371 —



AEE, #8, &8, 3»

349, 1975

3) Wann LS, Weyman AE, Dillon JC, Feigenbaum
H: Premature pulmonary valve opening. Circula-
tion 55: 128, 1977

4) Nishimoto M, Tanaka C, Oku H, Ikuno Y, Kawai
S, Furukawa K, Takeuchi K, Shiota K: Presys-
tolic pulmonary valve opening in constrictive
pericarditis. J Cardiogr 7: 55, 1977

5) Hada Y, Sakamoto T, Hayashi T, Ichiyasu H,

Amano K, Tei C, Kato K: Echocardiogram of

normal pulmonary valve. Jpn Heart J 18: 421,

1977

Flanagan WH, Shah PM: Echocardiographic cor-

relate of presystolic pulmonary ejection sound in

congenital valvular pulmonic stenosis. Am Heart

J 94: 633, 1977

Wolfson PM, Basts LL, Snodgrass RP, Kioschos

JM: Diastolic blood flow into the pulmonary

artery in carcinoid heart disease. Am J Cardiol

6

~

7

~

33: 685, 1974

8) Doyle T, Troup PJ, Wann LS: Mid-diastolic
opening of the pulmonary valve after right ven-
tricular infarction. ] Am Coll Cardiol 5: 366, 1985

9) Legrand V, Rigo P: Premature opening of the
pulmonary valve in right ventricular myocardial
infarction. Acta Cardiol 4: 289, 1981

10) Coma-Canella I, Lopex-Sendon J, Oliver J:
Premature pulmonic valve opening and inverted
septal convexity in acute ischemic right ventricu-
lar dysfunction. Am Heart J 101: 684, 1981

11) Hatle L, Angelsen B: Doppler Ultrasound in
Cardiology: Physical Principles and Clinical Ap-
plications. Lea & Febiger, Philadelphia, 1985,
p 162

12) Gibbs JL, Wilson N., Witsenburg M, Williams
GJ, Goldberg SJ: Diastolic forward blood flow in
the pulmonary artery detected by Doppler echo-
cardiography. J] Am Coll Cardiol 6: 1322, 1985

— 372 —



