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Summary

In the present study, the accuracy of Doppler estimates of pressure gradients in various types of
stenoses was clinically and experimentally evaluated.

Fifty-seven patients, including 23 with ventricular septal defect, 15 with aortic or pulmonary
valvular stenosis, four with infundibular stenosis, and five with supravalvular aortic or pulmonary
stenosis were observed. The peak systolic pressure gradient (dP (C)) was obtained at the time of
catheterization in all patients. Before catheterization, the maximum velocity was measured by pulsed
or continuous Doppler echocardiography and the estimated systolic pressure gradient according to
Doppler (dP (D)) was calculated by the simplified Bernoulli equation.

The experimental model was designed to create pulsatile flow through a stenosis model. Nine dif-
ferent stenotic model types were used, including three orifice-like stenoses and six truncated cones with
heights of 10 mm and 20 mm distal to the stenosis. The orifices in their stenoses were 3, 4 and 5 mm,
respectively. Glycerin solution containing Sephadex with a viscosity similar to that of blood was used
as the circulation medium. Its specific gravity was 1.16 g/cm?. In each stenotic model, the maximum
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velocity and instantaneous systolic peak pressure gradient were measured at various water flow rates.

Clinical results: In patients with ventricular septal defect or valvular stenosis, dP (D) correlated
very well to dP (C), with the regression equation, y=0.87x+2.79 (r=0.92) or y=0.96x+1.02 (r=
0.99). In the other patients except for three with patent ductus arteriosus, dP (D) overestimated dP
(C) by 11 to 71 mmHg, and their post-stenotic areas had gradually widened according to angiographic
findings.

Experimental results: In orifice-like stenoses, the regression equation between the maximum velo-
city (X) and instantaneous peak systolic pressure gradient (Y) was Y =4.5X244.4X —6.6, regardless of
the orifice size. In truncated cones 10 mm in height with orifice sizes of 3 and 4 mm, the regression
equation was essentially the same as in orifice-like stenoses; however, it was Y =2.2X2+-3.3X —0.7 when
the orifice size was 5 mm. In 20 mm-height truncated cones with orifice sizes of 3 and 4 mm, it was
Y =3.6X240.7X—0.08, with 5 mm, it was Y=0.3X2+3.2X+0.4. The narrower the angle of widening
of a truncated cone and the larger the orifice size, the more linear the pressure gradient-velocity rela-
tion became. Thus, the pressure gradients were markedly overestimated when the simplified Bernoulli
equation was used for the calculation.

For estimating pressure gradients in an orifice-like stenosis, the simplified Bernoulli equation was
very useful, whereas in many cases of non-orifice-like stenoses, overestimation resulted. For this,

orifice size and angle of widening of the post-stenotic area seem significant.
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Fig. 1. Diagram of the experimental model.

Schematic representation of the experimental setup
(top). The features of stenotic model are truncated
cones and orifice-like stenoses with the orifice size of
3, 4, or 5mm (bottom). Glycerin solution containing
Sephadex with a viscosity similar to that of blood
was used as the circuit medium. Its specific gravity was
1.16 g/cm?.
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Pressure gradient by Doppler

Pressure gradient by Cath.

Fig. 2. Left-to-right ventricular pressure gradient
determined by cardiac catheterization (Cath.) in 23
patients with ventricular septal defect compared
with the pressure gradient estimated by Doppler
measurement of the shunt velocity (Doppler).
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Fig. 3. Pressure gradient determined by cardiac
catheterization (Cath.) in 8 patients with aortic
valvular stenosis and 7 patients with pulmonary
valvular stenosis compared with the pressure gra-
dient estimated by Doppler measurement of the
maximum velocity (Doppler).
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Fig. 4. Aorta-to-pulmonary artery pressure gra-
dient determined by cardiac catheterization (Cath.)
in 10 patients with patent ductus arteriosus (PDA),
compared with the pressure gradient estimated
by continuous wave Doppler measurement of the
shunt velocity (Doppler).

A line shows the line of identity (Y=X).
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Fig. 5. Pressure gradient determined by cardiac
catheterization (Cath.) in 4 patients with pulmo-
nary infundibular stenosis (infundibular PS) and 5
patients with supravalvular aortic stenosis (SVAS)
or supravalvular pulmonary stenosis (SVPS)com-
pared with the pressure gradient estimated by
Doppler measurement of the maximum velocity
(Doppler).
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Fig. 6. The relationship between maximum ve-
locity by Doppler and pressure gradient by cathe-
terization in patients with PDA, infundibular PS,
SVAS, or SVPS.

For abbreviations : see Figs. 4, 5.

WRE Fy7S5—FEELIFEEDENDR N
> I BlOBIIRE OIERRIE, 1 HIBIRE B4&23E
<, KBIR & FShARASERE S 72 0% o 7Bk R TERB T
HY, ol FIIBIIRE O BRI 53 SR i< <
RolWET, WThbA Y 74 2BURZEREEID
THET b olc. BRFHEL 724 1%, BHRE B &
DEWR, IR BIARE OBBIIRE2H < 2 o
T, RO ER LT W, B@/NHE L 7263,
BIREHERE T LHEBER LTV .
KBRS BRI X O BhiR S L BeZE 5 1 & fifi
BRI 4 Hlic BT B H T EEL Ky 75
—EEZ0BRIE, 2BV T Ky 75 —FEEN
11~71 mmHg ;@K L7z (Fig. 5). DM
FLEOWBRIOTRUODEHETH - 2.
BRERRTE, KBIIRSA LR X OMiBRA L
Pege, MBIARIEEAE ISV, B RHE LE
BEORREARD L, BELELY 74 B OBk
SHRTE 2 B LB < BEAT L < BhIREBRTE 1 IS
%, $RT, AP=4VZ ok v FHicTh, %
DTSRRI S, BEROTERBIEHRLITH L OF
L EBEThHoTe. LIedo>T, #Y 74 2H
DS OIREET B & B+ 5 Bl OB RFE & E#ZE 0
BfRERD 57w, MELASERRETTVEE

— 854 —



150r.

® 3 mm ¢

X 4 mm

o5mm
gmm .
ey
8 °
o x
g .
2 O
¢ sof ox
35 o
3 -«

2 y=4.53x2+4.38x—6.64
& r=0.99
ox n=22
o —='

maximum flow velocity by Doppler (m/sec)

Fig. 7. The relationship between maximum ve-
locity by continuous wave Doppler and instanta-
neous peak pressure gradient obtained by differe-
tial pressure curve in orifice-like stenoses.

The regression equation was Y=4.5X%2+4.4X—6.6,
regardless of the orifice sizes.
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Fig. 8. The relationship between maximum ve-
locity by continuous wave Doppler and instanta-
neous peak pressure gradient obtained by differe-
tial pressure curve in 10 mm-height truncated
cones.
The regression equation in orifice sizes of 3 or
4 mm was essentially the same as in orifice-like ste-

noses. With an orifice size of 5mm, it was Y=
2.2X243.3X-0.7.
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Fig. 9. The relationship between maximum ve-
locity by continuous wave Doppler and instanta-
neous peak pressure gradient obtained by differe-
tial pressure curve in 20 mm-height truncated
cones.

The regression equation was Y=3.6X2+0.7X—0.08
in the orifice sizes of 3 or 4 mm. In the orifice size of
5mm, it was Y=0.3X2+43.2X+0.4.

L, ERZIT-o7.

Fig.7 iz, #V 7 4 2BURAHRPIORE OFRKR
wE (X) LB RERZE (Y) oBfRER LI,
AR B R { Y=4.5X2+4.4X—6.6 (r=0.99)
DOEFRERLI.

Fig.8 3 & 10mm o MgEETE DRAIE
LB RKEBREOBBRTH S, PR 3,4mm
CEAY 7 4 ABEREICE VWER E R L 2,
5mm Tk Y=22X24+33X-0.7 offEx =
L, AV 74 2BREIZH LT, AHRThizil
Brieoilc.

Fig.9 3% & 20mm o [ #EEBAE O RRFRE
LR AFEBREOBERTH S, WAER 3,4mm
it Y=3.6X2+0.7X-0.08 of{%E %5k L, 5mm
Beix Y=03X2+32X+04 oz R®LE.
Thbb, EBEN 100mmHg PITF TR, BiE
BEHA 9% Bz b 16% P b Rtk 2B Z R L,
PENL LORICRESETOREN 10mm 0
AlTiEAY 74 2B L IIEFCBAKRERLE
2, 20mm DEXTiX, AHCThBEKR, T4

— 855 —



EF%’ ﬁiﬁ.s W”ﬁ"y 1EH

bHHSERNVX — A R TIRERE 2 BRI 5
BMR L 2 ot BFEREILDS 25% MeseTid, Je%s
BLLIZRDETOEEN 10mm T, 49 7
4 R LA CThEFE A2 Y, 20mm
DRI TIFEICAEF~Th, EHBRICEWEERE R

-7z,

£ 2
Tk, fHgbEh X —1 OEHE I,

4P =P—P, = %"‘(sz_vlz)

—
2 dv

+o0 1E+R(V)

P,: pressure in the pre-stenotic part

P,: pressure in the post-stenotic part

Vi : maximal velocity in the pre-stenotic part

V.: maximal velocity in the post-stenotic
part

p: mass density

R: wviscous friction
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