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Intraventricular flow
dynamics in hypertro-
phic  cardiomyopathy
with midventricular ob-
struction investigated by
Doppler echocardiogra-
phy

Takashi
Hirokazu

NAKAMURA
KITAMURA*
FURUKAWA*
MATSUBARA*
KATAHIRA
OKAMURO
TSU]JI
TAKAHASHI
KUNISHIGE
KATSUME*
NAKAGAWA*

Keizo
Kinya
Toshio
Shuei
Yasuhiro
Tohru
Hiroshi
Hiroshi

Masao

Seven patients with hypertrophic cardiomyopathy having midventricular obstruction (MVO) were
examined using two-dimensional, conventional Doppler and color Doppler echocardiography to inves-
tigate intraventricular flow conditions. The controls were 35 patients with hypertrophic cardiomyopathy
without MVO. All MVO patients had ‘“hour-glass ”’ LV cavities during systole, resulting from either
hypertrophy at the midventricular level or hypertrophied papillary muscles, where systolic mosaic
signals originated. Systolic peak flow velocities at the midventricle ranged from 2.5 to 4.2 m/s, proving
the presence of a pressure gradient between the apex and the base of the LV. In fact, a pressure
drop of 15~30 mmHg was demonstrated in four patients who underwent cardiac catheterization. These
high velocity jet flows were not detectable at the midventricle in the control subjects.
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Peak ejection velocities in the outflow tracts were significantly lower in patients with MVO compared to
those with hypertrophic cardiomyopathy and subaortic stenosis (129429 vs 384+111 cm/s; p<0.001).
As midventricular obliteration became severe, systolic jets at the midventricle increased in velocity.
Waveforms changed from single- to double-peaked, and lasted until the isovolumic relaxation or the
rapid filling phase beyond the second heart sound. Consequently, isovolumic relaxation waveforms at
the midventricle using the apical approach changed the direction; from ‘“‘the base to apex’ to ‘“‘the apex
to base”. An isovolumic signal away from the transducer was only observed in two patients without
MYVO. Diastolic color reversal and mosaic signals at the midventricle were also seen in five of the seven
patients with MVO. Peak flow velocities in the rapid filling phase were significantly higher at the papil-
lary muscle level than at the mitral valve level, indicating that MVO continues up to early diastole.

It was suggested that MVO disturbs intraventricular flow dynamics during both systole and dias-
tole. Color Doppler echocardiography is particularly useful in determining the site of obstruction and
allows further evaluation by pulsed and continuous wave Doppler techniques to precisely measure
pressure gradients. With routine, careful use of Doppler echocardiography, MVO may prove to be a
more common entity than was previously believed.
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Table 1. Clinical characteristics of 7 patients with midventricular obstruction

Left ventriculography Pressure

Patient Age (yr) Symptoms Apical gradient Max. V
No. & sex & NYHA murmur RAO projection EF (%) (mmHg) (m/s)
Case 1 33 M Dyspnea on Ex S+D 74 30 4.0

Chest pain %

(1)

Case 2 62 M Chest pain S+D ]A% 79 2 2.8
an

Case 3 57 F Dyspnea on Ex S . 82 NA 3.3
5\

Case 4 54 M Palpitation S 85 NA 2.5
(I %

Case 5 52 M Dyspnea on Ex S+D NA NA 4.2
(11)

Case 6 69 M Chest pain S h}_—g 88 20 3.0
(In

)

Case 7 51 M Palpitation S b:% 86 15 2.5

an

NYHA=functional class of New York Heart Association ; RAO=right anterior oblique; EF=Ileft ventricular
ejection fraction ; Max. V=maximal systolic flow velocity at the midventricle by continuous wave Doppler; M=
male; F=female; Ex=exercise; S=systole; D=diastole; NA=data not available.
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A Outflow
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B Papillary muscle

C Mitral inflow

Fig. 1. Intraventricular flow velocity patterns obtained with pulsed Doppler echocardiogra-

phy.

Directions of the ultrasonic beam and sample volume positions to interrogative blood flow within
the left ventricle are shown in the schematic illustration. LVET =left ventricular ejection time ; IRT=
isovolumic relaxation time; So and Sp=systolic peak flow velocity at the outflow tract and papillary
muscle levels; Rm and Rp=peak flow velocity during rapid filling phase at the mitral inflow and
papillary muscle levels; Am=peak flow velocity during atrial contraction at the mitral inflow level;
IRF = peak flow velocity during IRT ; PCG =phonocardiogram ; ECG =electrocardiogram ; IVS=inter-
ventricular septum; PM=papillary muscle; LA =Ileft atrium; Ao=aortic root.
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Fig. 2. Color flow images in MVO (Case 1:A, B) and in hypertrophic cardiomyopathy with
subaortic stenosis (HOCM: C, D)

Upper panels are mid-systolic frames of the parasternal long-axis view in which mosaic signals are
originating from the midventricle in MVO (A)and from SAM in HOCM (C). Lower panels are rapid
filling frames of the apical view. Color reversal and mosaic pattern at the papillary muscle level is
noted in MVO (B), but not in HOCM (D). PW=left ventricular posterior wall; SAM=systolic
anterior motion of the mitral valve. Other abbreviations as in Fig. 1.
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Fig. 3. Mitral valve echocardiograms and continuous wave Doppler signals of the same R-R
intervals.

MVO (Case 1, left) has mild SAM, attenuating with fine fluttering (black arrows) as when acceleratied
midventricular jet flow is recorded by the apical approach. Right panel denotes the timing of a SAM-
septal contact (SCC ; white arrow) versus an increasing slope of outflow tract jet velocity (HOCM).
An acceleration pattern is concave in MVO and convex-concave in HOCM. The length of IRT (ver-
tical broken lines) is also distinctive between the two cases.
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Fig. 4. Pulsed Doppler patterns at the papillary muscle and mitral valve levels obtained from
the apical approach.

In MVO (Case 1), the peak flow velocity in the rapid filling phase (Rp) is 40 cm/s at the mitral
valve level (lower) and significantly higher (140 cm/s) at the papillary muscle level (upper). A mild
increase of the peak rapid filling flow velocity is also recognized in HOCM (right). Duration of IRT
(between the vertical lines) and the flow pattern in this period are different; flow toward the base
and then apex in MVO and flow toward the base in HOCM. Abbreviations as in Fig. 1
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Fig. 5. Apically approached M-mode color Doppler and continuous wave Dppler echocardio-
grams before and after sublingual nitroglycerin and Valsalva maneuver in MVO (Case 2).

Upper: Mosaic signals appeares in late systole at the midventricle (white horizontal arrow), and are
exaggerated with provocations. Note the red signal toward the apex (baseline) which changes to
blue (NTG ; nitroglycerin) and mosaic (VAL ; Valsalva) signals during IRT, indicating reversal of
flow direction after provocation. The timing of aortic valve closure is shown with vertical arrows.
CPT=carotid pulse tracing.

Lower : The baseline continuous wave Doppler velocity pattern consists of summation of outfow
(Out) and midventricular (Mid) jet flows. After provocations, a late systolic component of jet increases
in velocity, lasts longer and terminates in the isovolumic relaxation period, suggesting more severe
midventricular obstruction which disturbs ejection from the apex to the base. The timing of aortic
valve closure is shown with black vertical arrows.
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Fig. 6. Continuous wave (A) and pulsed (B) Doppler echocardiograms in MVO (Case 3).

The ultrasonic beam is directed from the apex through the midventricle toward the mitral inflow and
the pulsed Doppler sampling volume is located at the basal side of midcavity obliteration. Note
double peaked apically-directed flow signals from systole to early diastole. Following early systolic api-
cally-directed flow, the second jet flow begins in late systole and lasts beyond the timing of mitral
valve opening. These changes of a midventricular systolic flow pattern are explained by findings of
digital subtraction angiography (DSA) or radionuclide angiography as shown in Fig. 7.
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Fig. 7. Left ventriculograms by DSA and LV time-activity curves obtained with radionuclide

angiography in MVO (Case 3).

In DSA (left), a long segment stenosis appears in the midventricle during systole, and the apical
chamber further contracts and minimizes in early diastole. Sector analysis of the gated cardiac pool
scintigrams (right) reveals apical asynchrony. The time activity curve at the apex (solid line) shows
delayed relaxation (arrow), compared with the global left ventricular time activity curve (dotted
line). ROI=region of interest; EF=Ileft ventricular ejection fraction.
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Fig. 8. Continuous and pulsed wave Doppler echocardiograms in with MVO (Case 4).
Flow away from the apex appears not only in early systole but in early diastole, but these two flows
separate at end-systole. The second flow begins at the isovolumic relaxation period, and reaches its
peak after mitral valve opening. S;=second heart sound. Other abbreviations as in Fig. 1.
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Table 2. Comparisons of left ventricular morphology and flow profiles in patients with and
without midventricular obstruction

Without midventricular

With midventricular obstruction
obstruction
HOCM HNCM
No. of patients 7 10 25
Age (yr) 54+10 52+13 51+11
R-R interval (ms) 972+96 1048+128 10184140
Echocardiographic variables
Left atrial diameter (mm) 41+9 39+7 35+5
Ventricular septal thickness (mm) 18+3 21+3 20+5
Septum-free wall thickness ratio 1.5+0.5 2.0+0.4 1.8+0.7
LV diastolic dimension (mm) 42+3 42+6 43+5
LV shortening fraction (%) 47460 43+7 39+7
Systolic anterior motion of MV 3/7(31%) 10/10(100%) 12/25(48%)
Systolic peak flow velocity
LV outflow tract level (cm/s) 129+ 24C.E 384+111 92+24
Papillary muscle level (cm/s) 320+64C:F 100+25 80+24
LV ejection time* (ms) 288 +284:P 337+38 261426
Mitral regurgitation 3/7(31%) 8/10(80%) 8/25(32%)
Isovolumic relaxation time (ms) 135+308.0 89+3 110+16
Peak velocity of IRF (cm/s) 111 +644F 56+30 23+8
Reversed IRF 5/7(57%) 0/10(0%) 2/25(8%)
Peak flow velocity of LV filling
Mitral ostium
Rm (cm/s) 3694 51+13 43+8
Am (cm/s) 58+110 59+15 45+16
Am/Rm 1.7+0.58 1.3+0.6 1.1+0.4
Papillary muscle level
Rp (cm/s) 108 +284:F 75+21 48+12
Rp/Rm 3.0+1.34F 1.4+0.3 1.1+0.3

* Corrected for heart rate with the square root of a R-R interval. A, B, C=probability (vs HOCM)<0.05, 0.01,
0.001, respectively. D,E, F=probability (vs HNCM)<0.05, 0.01, 0.001, respectively. MV =mitral vrlve. Other

abbreviations as in Fig. 1.
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Fig. 9. Schematic illustrations of the relationship between Doppler velocity patterns from

the apical approach and left ventriculograms.

Dotted and solid lines denote diastolic and systolic silhouettes of left ventriculograms (LVG),
respectively. As midventricular systolic obliteration becomes severer (from A to C), a systolic jet
at the midventricle changes in pattern from single- to double-peaked, and lasts until the isovolumic
relaxation or rapid filling phase. Consequently, isovolumic relaxation flow changes its pattern: toward
the apex (A), toward the base and then the apex (B), or toward the base (C). From A to C, the peak
velocity of early diastolic flow ta the mirtal level (Mitral) decreases and that of atrial contraction
increases. These diastolic flow patterns indicate how midventricular obliteration may seriously in-
fluence upon LV diastolic filling in patients with MVO.
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