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Pulsed Doppler echo-
cardiographic estima-
tion of pressure gradient
across a ventricular sep-
tal defect: With parti-
cular reference to poten-
tial factors of error
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The clinical validity and some problems concerning pulsed Doppler echocardiography (PD) in
non-invasive estimates of pressure difference (4P) across a ventricular septal defect were studied.
The maximum velocity (max V) of the left to right shunt flow in the right ventricle was converted
to 4P using the simplified Bernoulli equation: 4P=4V2. We also used the equation: 4P=4(V?—V,?)
to estimate the 4P in cases who had left to right shunt flows of high velocity in the left ventricle.
Simulatenous recordings of both left and right ventricular pressures and PD were obtained during

cardiac catheterization of 11 cases.

ESCERER ¥ — DER
R PR
*HH[F] W

KHETEER A 5-7-1 (T565)
* B fURERRE  NER
FLIRTTH SRR 1 4P 16 T H (7 060)

Departments of Pediatrics and **Internal Medicine,
and ***Research Institute, National Cardiovascular
Center, Fujishirodai 5-7-1, Suita 565

*(present addres) Department of Pediarics, Sapporo
Medical College, Sapporo 060

Received for publication May 11, 1985, accepted June 7, 1985 (Ref. No. 30-30)

— 181 —



BH, K, FE @

Accurate Doppler estimates of 4P only from the maximum velocity of the left to right shunt flow
in the right ventricle were impossible in nine cases whose actual 4P’s were large (more than 41 mmHg)
and also in eight cases whose right ventricular systolic pressure was high (either equal to or higher
than left ventricular systolic pressure).

Besides these 17 cases, 4P estimated by PD using the simplified Bernoulli equation in 39 cases,
with pansystolic left to right shunt flows in the right ventricle, correlated well with the actually mea-
sured 4P (Y=0.99X+2.77, r=0.91, p<0.01). The difference in the maximal instantaneous pressure
gradient and Doppler 4P was considered insignificant (between 0 and 7 mmHg, mean 4 mmHg).

In nine cases, the left to right shunt flows of relatively high speed (0.63 ~2.00 m/sec, mean 1.31 m/
sec) were observed also in the left ventricle, and calculated 4P using the simplified Bernoulli equation
overestimated the actually measured 4P by 2 to 16 mmHg (Y=1.52X+4.88, r=0.95, p<0.01). How-
ever, if the 4P is estimated by using the equation, 4P =4(V,2—V,2), without ignoring the maximum speed
in the left ventricle (V;), it correlates well with the actually measured 4P (Y=1.07X+0.76, r=0.98,
p<0.01).

Thus, in cases with left to right shunt flows with high speeds in the left ventricle, the equation:

4P=4(V,>—V,2?) was more accurate in estimating the 4P by pulsed Doppler echocardiography.
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equation

Pulsed Doppler echocardiography

Pressure gradient Bernoulli’s
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K F75— (CWD &) X vEHAIL, flgbL
eV —A DEBREFAVT, WRIEHEH OESE
ENHREND LI o TE .

Boxix, FHRITTRE 2 BRHHE I R B 5 23,
BEKEA AV - F7°5 -8 (PD &%) #AHv, O
EhREXIE (VSD) nAENI B I 3 A E& L
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Table 1. Materials

Perimembranous defect with PH 32
Perimembranous defect 4
Perimembranous defect with PS 1
Perimembranous defect with PH and PS 1
Outlet septal defect with PH 13
Outlet septal defect 5
Total 56

PH=pulmonary hypertension (mean PA pressure
>25 mmHg); PS=pulmonary stenosis.

e RS ML I KU 0 BEHA 13 AR 0 5 ¥ T
-7z Fig. LITRT X901, $E2HWLESH
IR s o B A5 S BT, 7 8 S T i
F 723 TR I COEPRRRRIE A L, A%

TR

D PR AR B 1T B AL E R OHEE

I 38 1) 5 oA SEAE IR D LR X % — o & fodak L
7. FEZENT, AEITA D FEA7 SR I &
HUE 5 5ERICI, 2ol s —r b it L
Te. /NI fF <2 — 0 B REEERAE (f)
XV, Ko THRRH#EZHFH L.

C.f
V=2 o050
V=maximal velocity of the jet
C=velocity of sound in the blood (1500

m/sec)

f=maximal frequency shift
fo=transmitted ultrasound frequency
0=angle between the ultrasonic beam and

direction of the maximal velocity

Fig. 1. Sampling method to obtain high velocity blood flow across a ventricular septal

defect by the right ventricular outflow view.

0 =angle of incidence.
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Fig. 2. Left to right shunt flow pattern in a case with actually measured interventricular
pressure gradient (4/P) of more than 41 mmHg.
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Fig. 3. Left to right shunt flow pattern in a case with right ventricular systolic pressure
exceeding left ventricular systolic pressure.
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Fig. 4. Pansystolic left to right shunt flow pattern usually recorded in the right ventricle

in case of ventricular septal defect.

f =maximal frequency shift reversed due to aliasing.
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4P =pressure gradient,
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3 zho 17#%k< 394Hcix, Fig. 4 «©
R LI, BERICBWT NI ER SR
Mz Lz, 4P=4V2 X EZHWT S 2.
K75 —thL, DAFICEVERLE 4P Lig,

(mmHg)

50¢
Y=0.99X+2.77
aof
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n=39
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Fig. 5. Correlation between interventricular

(LV-RV) pressure gradients estimated by pulsed
Doppler method (PD) using an equation of 4P=
4V2 and the actually measured values at cardiac
catheterization (Cath) in 39 cases with pansys-
tolic left to right shunt flow in the right ven-
tricle.

Y=0.99X+2.77 (r=0.91, p<0.01) oFERIE
tHE %R L (Fig. 5).

2. DHF, NIVR - FTS—REBERICLPHR
D 7 R FIRFERG L EADEE, BRRFOES
2 RUOBZENICEIT3EREKITE Y —2 0
1% Fig. 6 TR, BRBRREESZE 3 IHE R
#lich -7 30mmHg ®RFoEwL, EHD
ERKIFEHEDZE (4P) & 28 mmHg TH-
f. —J5, BENIE T 5 ERERKMLHEOR KR
EENEERSICH Y, SR F7T—EEIREDY
HEW U = AfE B o FEZE X 30 mmHg Tdh - 7.
Dh FEBCEADEED RETEE Toke 11
Flo#tlfEz Table 2 i2Rd. ABEIWEHE
NEZBIEHMELZE LW, TR IV LEN-
26 %< I FITIX, BRBRBEEREL SV -
K75 —thic X VRO E B E L D #E X 0~7
mmHg, %5 4 mmHg L/hTh -7

b IR - K75 —EIC X 2HEE
Bzt (AP=4V2) Lih 7T & BB KPR EREE
(instantaneons 4P) iz, Y=1.10X—-2.66 (r=0.93,
p<0.01) LEZE~ EfB% RLx (Fig. 7). %
e, FEMECEERAIREC X 3ESE 4P) b, Y=
1.09X +1.55 (r=0.91, p<0.01) oFERIEME

Table 2. Data obtained from 11 patients examined by simultaneous pulsed Doppler and

catheterization techniques

No. Age AP by Cath Maximal instantaneous max V in RV 4P by PD 0
(mmHg) 4P (mmHg) (m/sec) (mmHg)

1 11m 15 20 2.00 18 20
2 ly 18 25 2.40 23 0
3 ly 1Im 22 26 3.20 41 0
4 1y 8m 40 40 3.12 39 0
5 1y 10m 13 20 2.08 17 0
6 1y 28 30 2.75 30 0
7 6y —12 12 0.75 — 0
8 2y 9m 5 6 1.00 4 0
9 2y 9m 0 2 0.50 — 0
10 10 m 11 12 1.25 6 0
ly 43 49 3.00 49 30

11

AP =pressure gradient; Cath=cardiac catheterization; max V=maximum velocity of blood flow in the right

ventricle (RV); 0 =angle of incidence of the ultrasonic beam.

186 —



DE PR KR BT 5 A7 DS RS OHEE

mmHg

100

L

Fig. 6. Simulatenous recording of both left and right ventricular pressures, instantaneous
pressure gradient and left to right shunt flow pattern in the right ventricle.

f =maximal frequency shift.

%5 L7z (Fig. 8).
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Fig. 7. Correlation between left ventricular-
right ventricular pressure gradients (4P) esti-
mated by pulsed Doppler method (PD) using
simplified Bernoulli equation (4P=4V?) and
by cardiac catheterization (maximal instantan-
eous pressure gradient) in nine cases with
simulatenous recordings of both ventricular
pressures and pulsed Doppler echocardiography.
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Fig. 8. Correlation similar to that in Fig. 7
when conventional maximal pressure gradient
is used as actually measured values at cardiac
catheterization.
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Fig. 9. Left to right shunt flow pattern in the left (LV) and right (RV) ventricles in Case 3
(indicated by arrow in Figs. 7 and 8), in which overestimation of gradient occurred by pulsed

Doppler echocardiography.
f =maximal frequency shift.
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Fig. 10. Correlation between left to right inter-
ventricular pressure gradients (4P) estimated by
PD using the equation 4JP=4V? and actually
measured 4P at cardiac catheterizations in nine
cases with high-speed left to right shunt flows
(0.63-2.00 m/sec; mean 1.31 m/sec) in the left
ventricle.
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10). F7z, 4P=4(V2—-V,®) oX& FnT v
2 K77 —HIRX VR LERE L LI TIC
FVEEILE E#E R, Y=107X+0.76 (r=
0.98, p<0.01) &, Y=X IGEVWEHFTHEDIE
FABE % 5% L7c (Fig. 11).
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251 D
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Fig. 11. Correlation similar to that in Fig. 10
when the equation: 4P=4(V,2—V,?) is used for
estimating pressure gradients.
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ok, ERLER VRV — 1 OFEEI,

1 2 7 - N
P—Py=— (V- V) 4o SV ds+RF)
2 1 dt

P,=pressure in the prestenotic part

P;=pressure in the poststenotic part

Vi=max V in the prestenotic part

Ve=max V in the poststenotic part

p=mass density

R =viscous friction
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