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Summary

To assess the patho-physiological severity of hypertrophic obstructive cardiomyopathy (HOCM),
the systolic pressure differences caused by the functional stenosis across the outflow tract of the left
ventricle must be evaluated. The present study explored and proposed a non-invasive method pre-
dicting the pressure difference across the intraventricular obstruction and the pressure proximal to the
obstruction by using pulsed Doppler technique, guided by simultaneous two-dimensional echocardio-
graphy.

The ultrasonic equipment recently developed in our laboratory was used. It consisted of a 3.0 MHz
pulsed ultrasonic transducer with a 4.4 KHz repetition rate and a mechanical sector scanner equipped
with a single concave transducer 1.3 cm in diameter having a 70 mm radius of curvature. The sample
volume was approximately 3 x 3 x 3 mm. Doppler signals obtained were subjected to a real-time analyzer
with a fast Fourier transformer, and were simultaneously recorded on a thermal recorder as a spectral
display together with an M-mode echocardiogram, lead II ECG, phonocardiogram and mechanocardio-
gram.

Ten adults with HOCM were the subjects in the present study. For six of the 10, good pressure
tracings were obtained. The pressure differences estimated by the maximum velocity as measured
from the Doppler signals at the left ventricular (LV) outflow tract and the pressure gradients as obtained
by cardiac catheterization were subjected to correlative analysis.

BAL K FHEEERIFERT B EFLM Department of Medical Engineering and Cardiology,
il HERERT 4-1 (7980) the Research Institute for Chest Diseases and Cancer,
Tohoku University, Seiryomachi 4-1, Sendai 980

Received for publication April 24, 1985, accepted May 7, 1985 (Ref. No. 29-18)

— 981 —



WA, H, £ 3H

Prior to investigating the pressure differences, the site and mechanism of the outflow obstruction
in HOCM were studied in two cases using two-dimensional echocardiography in the longitudinal-
and short-axis views. The obstruction was produced during systole by posteroinferior displacement
of the hypertrophied interventricular septum and by abnormal anterosuperior movement of the hyper-
trophied, and elongated anterior or posterior papillary muscles. Thus, a concentric and centripetal
narrowing was formed at the midportion of the outflow tract. In some cases, a bottle-shaped chamber
was clearly observed in the apical area.

Ultrasonic Doppler examinations were performed by the apical approach. Flow velocity patterns
in the apical region or proximal to the obstruction had two peaks with a narrow spectrum in systole.
At the distal portion or downstream the obstruction had a pattern with a narrow spectrum and a sharp
single peak. To measure the maximum flow velocity, Doppler velocity patterns recorded imme-
diately distal to the obstruction were used. However, for the jet-flow thus recorded, there were some
questions as to whether the simplified Bernoulli equation (pressure difference: 4P)=4x V2(V =maximum
velocity) proposed by Hatle et al could be applied, because the chamber configurations upstream the
obstruction change dynamically during systole.

Therefore, the correlation between the maximum flow velocity recorded at the area distal to the
obstruction and the pressure difference across the stenosis measured by cardiac catheterization was
explored. Very close correlation between these values, with a correlation coefficient (r) of 0.99, was
obtained as follows:

4P (mmHg)=32.5xV (m/sec)?

By using this equation and peripheral systolic blood pressure (PBP) at rest by the usual brachial

manometry, the upstream pressure (LVSP) could be estimated by
LVSP (mmHg)=32.5xV (m/sec)?+PBP (mmHg)

In general, LVSP thus calculated were in good agreement with those measured directly by cathe-
terization. These results indicate that pulsed Doppler technique is useful in estimating the pressure dif-
ference across the intraventricular obstruction and the pressure upstream the obstruction, provided the
evaluation of the maximum velocity is carefully performed. Therefore, the methods presented here are
promising for assessments and serial management of patients with HOCM.
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Fig. 1. Two-dimensional echocardiograms by a parasternal long-axis approach in a patient

with HOCM.

The upper row represents the recordings in systole ; the lower one, in diastole. During the systolic

phase, the left ventricle is divided by hypertrophied papillary muscles into two compartments; one,
the inflow tract ; the other, the outflow tract involving the apical area.
LA =left atrium; LV =left ventricle; LV OUT =left ventricular outflow tract; PM =papillary

muscle; VS =ventricular septum.
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Fig. 2. Two-dimensional echocardiograms illustrating the correlation between the long-
axis (above) and short-axis (below) views in a case of HOCM.

The left column shows the short-axis sections at the level of the apex. The right one shows the sec-
tions at the most stenotic portion. The middle one shows those between these two sections. Note that
concentric narrowing of the outflow tract occurs during systole along the outflow tract.

LV IN =left ventricular inflow tract; LV OUT =left ventricular outflow tract; IVS =interventricular
septum ; PW = posterior wall of the left ventricle.
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level of the papillary muscles.

Fig. 3. Two-dimensional echocardiograms of the left ventricle in the short-axis view at the

A concentric narrowing of the outflow tract is observed during systole, showing no significant

shifts of the cavity either anteroposteriorly or laterally.
APAM =anterior papillary muscle; PPAM =posterior papillary muscle; LV IN=left ventricular

inflow tract; IVS =interventricular septum.
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Fig. 4. Doppler flow patterns recorded at various sites indicated in the two-dimensional

echogram.

Sampling sites numbered in the two-dimensional echocardiogram correspond to each Doppler

flow pattern.
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Fig. 5. Curvilinear correlation between the pressure differences measured by the catheter

and the blood flow velocities.

The velocity was obtained by the pulsed Doppler method during a single systolic phase in the cases

1 and 3.
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Fig. 6. Curvilinear correlation between the pressure differences and the maximum ve-

locities in 6 cases of HOCM.
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Fig. 7. Curvilinear correlation between the pressure differences and the maximum ve-
locities in control cases, mitral stenosis and HOCM.

Table 1. Estimates of the left ventricular upstream pressures utilizing the pressure dif-
ferences obtained by pulsed Doppler echocardiography and peripheral blood
pressure in cases of HOCM

PD Cath. PBP
Case PBP Max. Vel  Pr. Diff (nmHg)  Pr. Dif LVSP (mmHg) +PE~ Diff (f D)
(mmHg) (m/sec) (4P=32.5 V?) (mmHg) (upper) mmbig
1 100-60 1.92 119.8 110.0 214.0 219.8
2 112-70 2.04 135.2 140.0 240.0 247.2
3 100-62 1.87 113.6 90.0 200.0 213.6
4 128-88 0.38 47 5.0 133.0 132.7
5 10040 1.91 118.6 105.0 220.0 218.6
6 120-70 0.92 27.5 25.0 167.5 147.5

The sum of PBP (peripheral blood pressure) and the Pr. Diff (pressure difference) as measured by pulsed Dop-
pler echocardiography (PD) is in close proximity to the LVSP (left ventricular systolic pressure at the upstream
cavity) obtained by catheterization.
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Fig. 8. Curvilinear correlation between the pressure differences and the maximum ve-
locities from the data reported by Hatle et al in cases with left ventricular outflow tract

obstruction and mitral stenosis.
The data were illustrated in a linear regression manner and are re-plotted to accomplish curvilinear

regression analysis.
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Fig. 9. Curvilinear correlation between the pressure differences and the maximum ve-

locities replotted from the report of Lima et al.
A linear regression analysis was applied to the data of the cases of left ventricular outflow tract

obstruction and pulmonary stenosis.
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1) AECX3RETE, HHESORIREH
Wid+osllbic, PREREHERL, TOTHOK
BRFTER, Ao MIEFRATROER O FH B
IZRIT BHHIE R R b s — VR &AL I
sample position ZEL, BEmEEMEEZHRHL
RIFNERBERVEWVWI RTHB. Z DRiTERE
BERF S5 —CTaREERLZ5THY, “ARFS
T—HBERVWIEBERECH ZRENTE S L
Wz 3.

2) KETRFZ5—EErboREEEMEZK
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HRFAER LT, ZoREMEIRBBEICL -
ThELELRAENS. ZOFTFELHEARYBRE
B+ 5 lF0 1 oic, AR F 77 —E50L
M, DERORKMER Y, B0 L oRIEMERE
OBENDY, TOREFER, EdoERiHRNO
FEOBEICORES BT Lickd. LIch
5T, FRABBICOVWTIE, b bh L oRTERE
PRELTBLZIEBUETDHS.

L LERE, BEFEERCAET DL IR
EEA +OPEELo> VAR K75 —8EE
+hiE, FEBMmE, »ORB|IERL D 5HEET
b BN, ZOBERNERAEIBEVWEEZX LR
7z.

¥ B

BERR 77 —ke DEEEL O ALY,
FASEM I K BLOMREE D EE B PBRAEIRIE & R AT L
fo. AEOWML, BUEHICLEBRNICAET 2
HsEzE g Sz b, Bernoulli mEHIcESE
BEERENTE L EX b, Licdi>T, I
BB LTS EE & & SR ol (4P =32.5V?)
L REIRIC 15O h iz RAEHESIME & o fih 5,
ez LT 2 IEBMA 1 >R EICHEE L 7.

3 #

M IERELLGE UUT HOCM) o¥FEiEo
HEEEHEICI, EERHEEOBENREICLS
IEHERELRET 5 Z L BRFARTHZ. &
|, FxiZbza—REke F77—kL oI
Xy, HOCM oZEsHitE i 1) 5 kR
MR A &, RAIERZE, B X UM% L
E % B HEE S 2 FEERIT L.

BERER 77 —EBIMRZETCHERZE L 2L D
<, BEHEEEEE 3MHz, ~Azi0iRLA
i 44KHz ©bh 5. BUEdERE o
Fix R 1.3cm o b D % {FH L. Sample posi-
tion DHEEFHIZHI 3 X 3x 3 mm, FEEHrE FFT
FRe L, Lza—K (UCG), LER (ECG),
LEE (PCG), B rvt K (MCG) % [T

PAZEAE REARLCAE D FEBGE

gL,

10l HOCM SEfIZxGHE L, @fliciyh
F—F VR REIT LA, FEBEE b R mptsEEs &
DOERIZ, LHF—F Nk Y BERLAERE
iz 6 fFlizc oV TRRE L 7.

E#E R 5108 - T, HHERECR
FELBFCo %, DETBEE AV, REWHESLE
BT & VBR L. BAERIEEICR T B
KLIZLERREOBRTH~0BE) &, MFlEfx
TR BILFEGOEK 5k REoERICLY,
Fhonfi b ~0BEicX > TERENE. £
Nk, WHEP R RO, ROMRCHEE
AT, TR0 i BRRIE D3RR & h
I=.

BT K77 -3 LR e —F THAT
L, DPILHE/ S 7 — i, B LEH TR
OZIMEHED R F — v BB LT, RETHREBORH
BTG i — DRV R Ry P EIRLTE. &K
MAEHERE I, REERDO KT —~F—v
¥FIALE. Ll, BEDO XY, EEOIHE
Ll b RO RBICELEET 3N
SWTIE, BAFERAEME, Hatle S2342%8L
<w3 Bernoulli oEHEOMHER, 4P=4V2 i
BWHT 5 LICBER» D - 72

ZORICONWT, WEET ORKMFEEE &
DHF—FNETRD DN EBZE L OB R
U7, 7 okEE, HE%K0.99 T,

AP=325V?
oEEEANES R, =0 4P L BRI
#ifmE (PBP) X v, $ese bLHE (LVSP) ofl
ENAETH-oTZ. Thbb,

LVSP=32.5 V2+PBP

WELHPEL LI TF—F MLV EBLNE
Lo BIF AR EL T

T ORER, BEKRF 7S —HBIEREEORIE
RFEELTIAY LR Y, EERETOERE
L ERMERECERR LD LEL LR, Zh
%, Az HOCM Iif FiEBhHEE o §F 4l & {550 LT
H8h7 7 u—FLEXx LI
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