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Summary

Pulsed Doppler echocardiograms of the main pulmonary artery were evaluated in 46 cases in-
cluding 23 cases with valvular heart disease, 13 with an intracardiac shunt, two with severe right ventri-
cular failure and low cardiac output state, and eight healthy normals.

In each Doppler echocardiogram the sample volume was placed at well defined nine locations
within the main pulmonary artery.

Among 23 cases with valvular heart disease, 10 cases with pulmonary hypertension showed a late
systolic reversed flow (““ rebound ” pattern : type B) in all nine sample volumes examined. This pattern
was neither detected in any cases with normal pulmonary arterial pressure, cases with an intracardiac
shunt, cases with low cardiac output state, nor healthy normals.

A comparative study of 10 cases with *“ rebound *’ pattern (type B) and 13 cases without it disclosed
that the former had a significantly increased pulmonary arterial pressure (30.9+15.1 mmHg vs 17.8
+9.0 mmHg, p<0.001), an increased total pulmonary resistance (789 +496 dynes-cm-sec™5 vs 285170
dynes-cm-sec™5, p<0.001) and a decreased pulmonary arterial compliance expressed as stroke volume
divided by pulmonary arterial pulse pressure (1.75+0.94 m//mmHg vs 3.80+1.65 m//mmHg, p<0.01).
Mean acceleration of the pulmonary ejection expressed as peak flow velocity divided by acceleration
period was also significantly larger in cases with * rebound *’ pattern (type B) than in cases with ‘‘ nor-
mal >’ pattern (938+255 cm-sec? vs 6754160 cm-sec?, p<0.01).
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In conclusion, ““rebound” pattern (type B) in pulmonary hypertension is not simple swirl
formation, but a totally reversed late systolic flow in the main pulmonary artery, which is caused by
sudden interruption of the distal run-off due to markedly elevated total pulmonary resistance under

normal right ventricular ejection.

Key words

Doppler echocardiogram Rebound pattern

Pulmonary hypertension

‘“ Windkessel >’ model

"

BRLRBICHE O Fifie fLEAE O FEBL LAY R s
LLT, #t#k ME—Fhxza—KEo “a”
dip o4, e-fslope »IHH{Y, systolic notching
OHIRER FH LA TR VI, BRMEICL
3 MATEEORMN LITbhTWEY. L, A
DRSS X3 “a” dip D%k, B —L
AFPB i X 5 e-f slope OZEH?, systolic
notching DKRHSEENS LT LG BRI i
Edb, WFhbLET7F—F VR & 5 EEHIE
L+t E R IRIIEL R Mo

—7%, DENLRENEL IR+ 3 FE L L
T, avbFRb LT a—EREREKRERD
ZRFAEFSEZOBEICAV OB X STk
o790 FexFREEHRBLz 2K L A
L, M EE S c ISR ELT 2 /o b D
BHBZ EERD, LDITF—FNER X BHEFH
L DIERD 6, KEEFAER R MEMLER X O
BIIFIRFICERLTWS L& LIV, L
ML, —7F, FBIAREDE < %W EMBIIRILRE
# ¢ RIBROBAT ZEFRH Y, TEIZ
BECHRELEVWAETE, 20ZR&+985
MTFTBZLEBTERPoT.

F DB, IEERLW > THBEEAVRFFF5—
MFEEH7 LWBR & D HAEBELBRES LD,
WEB O, EEEHED S, EFERES
DEWABEO R ECHAVORD LI ot E
FHEBIAR MLATEIRBIC S W T b, il ML R 1] © URE
RO MR Ic L B W Bty — R, InfEk
Yo REFHHHRE S h, FLE L EMBARNOHR
WERBZOREA L LThHITFbh T35,

il

4E, bhvbhit, Bk LzFESEEBEZHAV,
EfHEIIRAI© mapping IC X - TRERZ S HIC
BMICRRET L, FiEMLERE I R B KERH o R4
BELBRERCLORVESDHE = L 2 &
W, FORREE MITERE & OREIZ DWW TELEL
IeOTHET 3.

x4 ES

HNRIEFEH8HIE G 46fiThs. Z0)
bils 7 — 7 VR & KT L IciERN:, Table 1
Rt &9k, BT164l, £F204T, Z0F
BHERE BIROCHE~MRTHS. Z0Hb
23 i REFIEER T, MIEFERE 8 #), X§
IRFREE 3 6, IS X OKBIIRFOMEE, b
L Z2hic ZRMFEE A0 3 EHEFIRE
26T, 2hbid ) V<FHERBIUHY v=FH
DEEREATVS. i, fho 13 FlizeRKHEE
FERERT, DEPRKIIEEIF, LEFRX
BE4AFITHS. ez ofic, BRT3HALF
220|E BHEF L LTED .

723, Tablel Tirzhom 36 fEFE & HIT
EMBAREIC X ) AL ThH 5. FBIARIFESIE
258 35 mmHg X v/, 2->HEEHEA 10 mmHg
DT T, EHMBIIRES 20mmHg LT b 0%
normal BEL U7z, F72UHERIE S 40 mmHg 2L
b, EREEHES 20 mmHg PLE, #7233
WHBIARES 25 mmHg Pl Eo b »% marked
PH gy L7, WBEOHEEZRT O mild
PH #£<¢&» 5. Tablel iR X 5 i, FIEEER,
EREKRERREL LI, ZOMBIREME R, EX
EOLDOPSERIZERL TS LOET, KB
BEDLDEFATVS.

— 360 —



Tl ML V2 38 4 % S i IR Py i B e

Table 1. Clinical data of subjects

Normal Mild PH Marked PH Total

Valvular diseases 8 8 7 23

Mitral 3 2 3 8

Aortic 1 2 0 3

Combined 4 4 -+ 12
Intracardiac shunt 3 4 6 13

ASD 2 3 -+ 9

VSD 1 1 2 4
Total 11 12 13 36 cases

Total 36 cases are categorized as three groups according to the pulmonary artery pressure (PAP). Cases with
systolic PAP<35 mmHg, diastolic PAP<10 mmHg, and mean PAP <20 mmHg are regarded as ‘“ normal > group.
Cases with systolic PAP=40 mmHg, or diastolic PAP>20 mmHg, or mean PAP>=25 mmHg are regarded as
“marked PH ” group. The other cases are grouped as “ mild PH ”.

Abbreviation: PH=pulmonary hypertension.

# MEASUREMEN, ~
/ -?"

s

Fig. 1. Sample volumes for Doppler measurements.
Sample volumes (nine points) for Doppler measurement are located between 1 to 3 cm distal from
the pulmonic valve in the medial, mid and lateral parts of the main pulmonary artery (MPA).
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Fig. 2. Doppler flow pattern in a healthy normal subject.

In this record, upper deflection of the Doppler signal from the baseline denotes a blood flow
toward the transducer (backward flow), and downward deflection denotes the blood flow away from
the transducer (forward flow). The frequency shift of 1 KHz in Doppler records corresponds to the
blood flow velocity of 32 cm/sec along the direction of the Doppler beam. In normal subject, systolic
pulmonary flow in the center axis is always forward, and velocity of the flow gradually increases and
decreases. The peak of the systolic velocity curve is situated in mid-systole. A narrow frequency

spectrum of the flow signal is a laminar flow.
Ta=time interval between the onset and the peak of systolic flow;

Abbreviation :

Fp=peak

flow velocity in systole within the main pulmonary artery (MAIN PA).
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Fig. 3. Peripheral Doppler flow pattern in a healthy normal subject.

This figure is obtained from the same case in Fig. 2. When sample volume is located near to the
inner wall of the MPA, a late systolic reversed flow of a short duration can be observed. This pheno-
menon is thought to reflect a swirl formation near the MPA wall. We define these two patterns of
Figs. 2 and 3 as “ normal .
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Fig. 4. “Rebound” flow pattern.

A peak of the forward flow of a case with mitral stenosis and marked pulmonary hypertension
(MPA pressure: 52/30, mean: 38 mmHg) is located earlier in systole than that of the healthy normal.

In mid-systole, its velocity rapidly diminishes and a reversed flow appears through late systole to early

diastole. This pattern is observed in tracings recorded from all nine sampling positions including

the center sample volume. This systolic reversed flow is defined as “rebound” pattern, as we did for

the contrast echo pattern.'V
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Fig. 5. Schema of the Dopple flow patterns.

A A systolic flow pattern shows a forward flow with a slow uptroke and a narrow frequency band.
No backward flow is observed in systole.

B: Only a small backward flow is recorded in end-systole. This pattern is detected in sampling sites
near the inner wall of the MPA.

C: The peak of a systolic flow is a early systolic in timing, and a backward flow with a wide
frequency band appears in later half of systole. A systolic flow also continues to the pulmonary second
heart sound with gradually increasing frequency band. This pattern is observed in a peripheral flow
near the inner wall of the dilated MPA in cases with an intracardiac shunt and cases with valvular heart
disease without marked PH.

D: In this pattern, a systolic flow disappears in mid-systole, and totally reverses in its direction
in later half of systole. We call them ““ rebound ’ pattern, type B, which is observed exclusively in
cases with valvular heart disease and marked PH.

E: Systolic pattern shows a bidirectional turbulent flows. This pattern is observed when the Dop-
pler beam is directed in a plane perpendicular to the markedly dilated MPA.

F: A systolic flow reveals “ W shaped low velocity profile. This pattern is observed in cases with
severe right ventricular failure complicated with low cardiac output state.
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Fig. 6. An example of Doppler echocardiogram showing “ W ? pattern.

This case has multiple pulmonary infarctions and congestive heart failure with low cardiac output
state. Despite elevated pulmonary arterial resistance, the Doppler record does not show “‘rebound” pat-
tern. The flow curve resembles the figure of W, and the peak flow velocity is markedly decreased.
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Table 2. Correlation between main pulmonary arterial pressure and systolic Doppler
flow pattern in cases with valvular heart disease

Main pulmonary arterial pressure

Doppler pattern

Normal Mild PH Marked PH Total
Normal pattern 8 4 1 13
Rebound pattern 0 4 6 10
8 7 23 cases

Total 8
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Fig. 7. Doppler flow patterns and MPA pressure
in 23 cases with valvular heart disease.

In cases with ““ rebound ” pattern, mean pulmonary
arterial (MPA) pressures are significantly higher
than those in cases with ‘ normal ” pattern.
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Fig. 8. Doppler flow patterns and total pul-
monary resistance (TPR) in 23 cases with
valvular heart disease.

TPR are markedly and significantly elevated in
cases with ‘ rebound ”’ pattern.
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Fig. 9. Doppler flow patterns and pulmonary
blood flow rate in 23 cases with valvular heart
disease.

Pulmonary blood flow rates, measured by the Fick
method in right cardiac catheterization are slightly
lower in cases with “ rebound > pattern.
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Fig. 10. Stroke volume divided by pulmonary
arterial pulse pressure (SV/PP) as an index of
the pulmonary arterial compliance.

This parameter in cases with ‘ rebound ” pattern
is significantly lower than those in cases with ‘“normal”
pattern.
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Table 3. Hemodynamic parameters derived from right cardiac catheterization and

Doppler flow curves

Healthy normals

Valuvular disease

Normal pattern Rebound pattern

8 cases 13 cases 10 cases
Mean PAP (mmHg) — 17.8+9.0 30.0+15.1
L p<0.001 !
TPR (dyne-sececm™%) — 285+170 789 +496
! p<0.001 !
Qp (L/min/m?) — 3.77+2.03 2.35+1.03
L p<0.05 !
SV/PP (ml/mmHg) — 3.80+1.65 1.75+0.94
! p<0.001 !
Fp (cm/sec) 76.2+14.1 76.8+8.3 77.4+11.5
i NS \
Ta (sec) 0.16+0.02 0.12+0.03 0.094-0.02
' p<0.005—— ' p<0.01 ]
Fp/Ta (cm/sec?) 477+100 675+160 938+255
! p<001 — ' ' p<0.01 —
RVET/Ta 2.01+0.20 2.74+0.70 3.34+0.48
! p<005 ——' ' p<0.05 ——!

Abbreviation: Qp=pulmonary blood flow rate; Fp=peak velocity of Doppler flow curve in systole.
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Fig. 11. Peak flow velocity in the MPA measured by Doppler method in 23 cases with
valvular heart disease and eight healthy normals.

There is no significant difference among healthy normals, cases with valvular heart disease with
‘““normal ” Doppler flow pattern (13 cases), and cases with valvular heart disease with ‘‘ rebound »

Doppler flow pattern (10 cases).
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Fig. 12. Doppler flow patterns and acceleration time of pulmonary ejection (Ta) in 23
cases with valvular heart disease and eight healthy normals.
Cases with “ rebound ”’ pattern show significantly shorter acceleration time than other two groups.
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Fig. 13. Schema of the Windkessel model.

Abbreviations: t=time.
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