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Comparison of Left Ventricular Diastolic Filling with Myocyte Bulk Modulus
Using Doppler Echocardiography and Acoustic Microscopy in Pressure-Over-
load Left Ventricular Hypertrophy and Cardiac Amyloidosis
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Summary

Background: The myocardial bulk modulus has been de-
scribed as the constitutive properties of the left ventricular
(LV) wall and is measured as pV? (p = density, V = sound
speed) using acoustic microscopy.

Hypothesis: The study was undertaken to assess the rela-
tionship between the myocyte bulk modulus and transmitral
inflow patterns in patients with pressure-overload LV hyper-
trophy (LVH) and cardiac amyloidosis (AMD).

Methods: In 8 patients with LVH, 8 with AMD, and 10 con-
trols without heart disease, the transmitral inflow pattern was
recorded by Doppler echocardiography before death, and my-
ocardial tissue specimens were obtained at autopsy. The tissue
density and sound speed in the myocytes were measured by
microgravimetry and acoustic microscopy, respectively. The
diameters of the myocytes were measured on histopathologic
specimens stained by the elastica Van Gieson method.

Results: In the subendocardium, the myocyte bulk modulus
was largerin LVH (2.98 X 10° N/m?, p<0.001) and smaller in
AMD (2.61 X 10° N/m2, p<0.001) than in the controls (2.87
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X 10° N/m2). The myocyte diameter in LVH (26 = 1 pm) was
larger than that in the control (21 £ 1 um, p <0.001) and AMD
(20 £ 1 pm, p<0.001). The bulk modulus in the subendocar-
dial myocyte significantly correlated with the deceleration
time (DT) of the early transmitral inflow (r =0.689, p = 0.028
incontrol,r=0.774,p=0.024 in LVH, and r=0.786, p=0.021
in AMD).

Conclusion: The changes in the myocyte elasticity as repre-
sented by the bulk modulus were limited to the subendocardial
layers and may be related to relaxation abnormalities in LVH
and areduction in LV compliance in AMD.

Key words: transmitral inflow, left ventricular hypertrophy,
cardiac amyloidosis, acoustic microscopy, myocardial bulk
modulus, left ventricular compliance

Introduction

Left ventricular (LV) diastolic filling dynamics have been
evaluated based on pressure—volume relationships.!-> We
have postulated in addition that the myocyte bulk modulus of
elasticity as a constitutive property is an important factor regu-
lating the pressure~volume relationship and diastolic filling
dynamics. Recently, the scanning acoustic microscope with
high-frequency ultrasound has been applied to measuring the
bulk modulus of biological materials, including the myocardi-
um,*> kidney, and arterial wall.” This instrument permits the
visualization of tissues on a microscopic scale as well as the
measurement of the sound propagation speed in the region of
interest on the microscopic image. With this information, the
myocyte bulk modulus can be calculated easily.

In patients with LV hypertrophy® and with cardiac amyloi-
dosis,? abnormalities of LV diastolic filling can be demon-
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strated by analyzing the transmitral inflow pattern recorded by
Doppler echocardiography.!0- 1! We, therefore, selected au-
topsy patients with pressure-overload left ventricular hyper-
trophy (POLVH) and cardiac amyloidosis in whom Doppler
echocardiographic studies were performed before death. Our
intent was (1) to measure the myocyte bulk modulus of elas-
ticity using acoustic microscopy, and (2) to evaluate its rela-
tionship with LV diastolic filling as assessed by the transmitral
inflow patterns.

Methods
Subjects

The study population included 26 patients consisting of 10
patients (mean age 61 years, range 54-69 years) without car-
diovascular diseases who made up the control group, 8 pa-
tients (mean age 65 years, range 58-70 years) with POLVH,
and 8 patients (mean age 63 years, range 5471 years) with
cardiac amyloidosis. The patients with POLVH had a history
of hypertension (15 + 5 years) and showed LV hypertrophy
with amean wall thickness of > 13 mm for the interventricular
septum and posterior wall; in addition, these patients had a
normal ejection fraction on M-mode echocardiograms. Eight
of 10 control patients and 6 of 8 patients with POLVH were
receiving chemotherapy with one or more of the following
medications: mitomycin C, 5-fluorouracil, adriamycin, and
cisplatin. The drugs and their dosages were not different be-
tween the control and POLVH groups. All patients with hyper-
tension were free from antihypertension drugs during admis-
sion. The cardiac amyloidosis was diagnosed by cardiac biop-
sy in five patients and by rectal biopsy in three patients. The
postmortem diagnosis of cardiac amyloidosis was confirmed
by histopathologic examination in all patients (Table I).

Specimen Preparation

Specimens of the LV wall at the level of the mitral valve
chorda were obtained for measurement of the bulk modulus
and histopathology at autopsy. The specimens were fixed in a
solution of 10% neutral buffered formalin, embedded in paraf-
fin, and sectioned at a thickness of 4 um. The deparaffinized
and unstained sections were imaged, and the tissue sound
speed was measured with an acoustic microscope. After the
acoustic microscopic examination, the specimens underwent
a light microscopic examination.

Acoustic Micrescope

An acoustic microscope (HSAM-500S; Hitachi, Co., Ltd.,
Tokyo, Japan) with a 450-MHz transducer containing piezo-
electric film and an acoustic sapphire lens was used. The lat-
eral and axial resolutions were approximately 2.2 and 0.8 pum,
respectively.'? The unstained specimen was placed on a hori-
zontal stage and scanned by the transducer. Deionized water

provided acoustic coupling of the acoustic lens to the speci-
men. The reflected signals were received by the same trans-
ducer and entered for display on a computer monitor (Fig. 1).

Horizontal plane image: The transducer could be scanned
horizontally in X-Y directions to produce C-mode two-dimen-
sional images. The focus setting of the lens was determined by
ascertaining the point of maximal output of the reflected wave
form on the oscilloscope, and X-Y scanning was always con-
ducted horizontally across a focal plane. We set the focus on
the surface of the specimen. The structure of the myocardium
was clearly visible on the acoustic microscope images at X
30-X 500 magnification (Fig. 2, upper section of the acoustic
microscopic image).

X-Z image: The transducer could also be shifted vertically.
The depth setting of the lens was gradually altered as it tra-
versed back and forth along the same X-axis to produce an X-
Z-mode image. There was an interference fringe at every A\yy/2
spacing (\y = acoustic wave length in the medium) at the
point where there was connecting fluid, but no sample. The
images were produced by the interference of the superim-
posed wave reflected from different interfaces (i.e., the surface
of the stage and the surface of the lens). Since the interference
fringe shifts depended on the propagation delay in the sample
at any point on the X-axis line where the sample existed, the
acoustic propagation speed was measured from this fringe
shift (Fig. 2, lower section of the acoustic microscopic image).
The interference image was input into the on-line computer
image analyzer, and the magnitude of all fringe shifts on the X-
axis line set was automatically measured from the endocardial
or epicardial border of the myocardium to each 3 mm inner
point. The average value of all fringe shifts was used for calcu-
lation of the sound speed by the following formula;!12-#4

Vs =Vw(1-Az/ds)

where Vs is the sound speed of the specimen, Vw is the
sound speed of the coupling water, Az is the magnitude of the
fringe shift, and ds is the thickness of the specimen (4 pm)
(Fig. 2). The sound speed was measured on five X-axis lines in
each specimen, and the mean value was used for the analysis.

Bulk modulus: The myocyte bulk modulus (N/m?) of elas-
ticity was defined by:

pV2

where p is the density (g/cm?) and V is the sound speed (m/s).

The density of the myocardium in the same area in which
the acoustic microscopic examination was carried out was
measured by microgravimetry. Seven pieces of sample were
obtained by a 1.0 mm punch and placed in a bromobenzene-
kerosene density gradient column'’ that was calibrated daily
with potassium sulfate standards. The position of the sample
indicating the density was determined 2 min after insertion.
The density of each sample was determined by linear regres-
sion analysis. The highest and lowest values were excluded,
and the mean density was calculated based on the values in the
remaining five samples.
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TasLE I Clinical characteristics and Doppler echocardiographic data for all patients
Time HR M-mode echo data Doppler data
Cause delay (beats/ S/DBP IVS PW Mass LVD EF E A DT IVRT
Age of death (days) min) (mmHg) (mm) (mm) (g) (mm) (%) (ecm/s) (cm/s) E/A  (ms) (ms)
Control
1 54  Pancreatic ca. 31 78 128/76 10 9 285 47 66 55 55 1.00 140 60
2 60 Hepatoma 25 72 110/70 12 10 299 45 62 52 75 069 200 90
3 55  Hepatoma 14 76 140/80 12 11 285 43 60 55 52 1.06 160 80
4 58  Pancreatic ca. 37 68 138/68 8 7 259 49 70 72 72 1.00 200 80
5 64  Stomach ca. 12 84 116/60 11 10 272 44 65 35 60 058 210 90
6 58 Leukemia 8 88 116/66 10 8 313 50 72 58 8 067 200 70
7 66  Uterine ca. 23 70 120/84 10 9 222 42 713 70 88 080 150 80
8 66  Lungca. 46 66 130/86 11 10 343 49 66 82 90 091 180 80
9 60 Hepatoma 40 90 132/82 12 10 313 46 68 40 50 080 220 90
10 69 Lungca. 7 77 118/74 8 7 285 51 6l 48 60 080 180 80
Mean 61.0 24 77 125/75 104 9.1 288 47 66 57 69 083 184 80
+SD 5.0 +14 +8 +10/9 +15 *14 £33 3 +4 +15  x16 +0.16 +27 9
POLVH
I 69  Lungca. 28 70 146/88 15 13 343 42 66 40 80 050 360 120
2 65  Hepatoma 14 68 140/70 14 12 375 46 70 52 70  0.74 300 100
3 58  Leukemia 9 88 160/80 13 13 359 45 74 38 60 063 280 100
4 62  Livercirrhosis 12 92 158/86 16 13 343 41 60 66 58 1.14 230 75
5 66  Hepatoma 1 84 120/62 15 12 425 48 61 44 80 055 260 110
6 62  Pancreatic ca. 48 80 142/60 16 13 425 46 59 38 78 049 230 120
7 64  Lungca. 22 72 112/80 14 12 375 46 68 48 68 071 250 90
8 70 Cerebral hemorrage 18 78 136/72 17 13 343 40 63 60 72 083 210 80
Mean 64.5 20 79 141/75 15.0¢ 12,79 373¢ 44 65 48 71 070 2654 99°
+SD £39 =13 +9  +21/10 13 +05 34 3 5 +10 +9 022 48 =17
AMD
1 54  Heart failure 12 90 100/60 16 14 359 41 50 74 10 740 110 35
2 58  Heart failure 36 88 118/72 15 13 359 43 55 75 30 250 160 50
3 60  Heart failure 17 92 102/78 14 13 359 4 352 75 33 230 140 50
4 63  Heart failure 33 76 112/80 17 15 375 40 49 77 18 428 150 30
5 59  Heart failure 15 82 108/76 16 14 425 45 51 88 28 314 120 40
6 65  Heart failure 5 74 116/70 14 12 375 46 57 75 38 1.97 150 55
7 71  Heart failure 20 84 112/74 15 13 299 39 48 70 28 250 1.70 45
8 68  Heart failure 14 98 106/76 13 12 359 46 53 90 42 214 145 50
Mean 62.3 19 86 109/73 15.0¢ 13.2¢ 364¢ 43 52¢ 787 284 3284 143¢ 44«
+SD 5.6 +11 +8 +6/6 +13 +10 %34 +£3 3 +7 +10 £1.82 20 9
4p<0.001.
bp<0.01.

¢ p<0.05 vs. control.

Abbreviations: Control = patient without cardiovascular disease, POLVH = patient with pressure-overload left ventricular hypertrophy, AMD =
patient with amyloidosis, Time delay = interval between Doppler examination and autopsy, HR = heart rate, S/D BP = systolic/diastolic blood
pressure, IVS = interventricular septum, PW = posterior wall, LVD = left ventricular dimension, EF = ejection fraction, DT = deceleration time of
E wave, IVRT = isovolumetric relaxation time, ca. = cancer, SD = standard deviation.

The myocyte bulk modulus was compared with the LV di-
astolic function estimated by Doppler echocardiographic vari-
ables recorded before death.

Histopatholgy

The sections used for acoustic microscopy were subse-
quently stained by the elastica Van Gieson method for light
microscopy. Cross sections of the myocytes at X 400 magni-

fication were input into a Macintosh computer (Power Mac,
Apple, Inc., Cupertino, Calif., USA) and were digitized using
a NIH Image software. The measurement system was cali-
brated by digitizing the images of a standardized micrometer.
The myocyte diameter was measured as the short axis width
of the myocyte across the nucleus of 20 discrete myocytes at
each subendocardial or subepicardial region of the left ventri-
cle. The mean myocyte diameter was used for the analysis.
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Fic. 1 Block diagram of acoustic microscope. RF = radiofrequency.

Doppler Echocardiographic Measurements

The time between the Doppler echocardiographic study
and autopsy was retrospectively within 48 days, and no signif-
icant difference among the three groups was observed. The LV
end-systolic and end-diastolic dimensions and the ventricular
septal and LV posterior wall thickness were measured on M-
mode echocardiogram. The LV ejection fraction, the mean LV
wall thickness [(septal thickness + posterior wall thickness)/2]
and LV mass [1.04 X (septal thickness + LV dimension + pos-
terior wall thickness)® —13.6] were calculated.

On the transmitral inflow pattern recorded by pulsed Dop-
pler flowometry, the peak flow velocities during early diastole
(E) and atrial contraction (A), and early to late peak velocity
ratio (E/A) were measured. The deceleration time of the E
wave was measured as the time from peak velocity to extrap-
olation of the decline to baseline. In addition, the isovolumet-
ric relaxation time was measured as the time interval from the
onset of the second heart sound to the onset of mitral inflow
(Fig. 3).
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Statistical Analysis

All data are reported as mean =+ standard deviation. All sta-
tistical tests were performed with the use of statistical software
(STATVIEW-J4, Abacus Concepts, Berkeley, Calif., USA).
Differences between the subendocardial and subepicardial re-
gions in all groups were examined using the Student’s t-test for
paired data. Differences among groups were assessed using
ANOVA. Scheffe’s test was used after the ANOVA to de-
termine which pairs had significant differences. Correlations
between the elastic bulk modulus and Doppler measurements
were assessed by a linear regression analysis. A p value of
<(.05 was taken to indicate a significant difference.

Results
Doppler Echocardiographic Data

The mean values for LV wall thickness in patients with
POLVH and cardiac amyloidosis were significantly greater
than for the control group (p <0.001, p <0.001, respectively).
No significant difference in mean LV wall thickness was ob-
served between POLVH and amyloidosis. Ejection fraction in
patients with POLVH was not different from that in the control
group, but ejection fraction in patients with amyloidosis was
significantly lower than that in the control group (p <0.001)
(Table I).

No significant difference in E/A between POLVH and con-
trol was observed. The deceleration time of the E wave and the
isovolumetric relaxation time in POLVH were prolonged
compared with those in the control group (p <0.001, p<0.01,
respectively). In patients with amyloidosis, E/A was signifi-
cantly larger (p <0.001), and the deceleration time of the E
wave and the isovolumetric relaxation time were shorter than
those in the control group (p<0.05, p<0.001, respectively)
(Table I, Fig. 3).

POLVH AMD
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FiG.2 Horizontal plane image and X-Z inference mode image with its schematic illustration in control, POLVH, and AMD. The transducer
was scanned vertically and transversely along the X-axis, bottom edge of the horizontal plane image, and X-Z mode images were produced in-
dicated as middle panels. Az = magnitude of the fringe shift, Control (subepicardium) = subepicardium in control patient, Control (subendo-
cardium) = subendocardium in control patient, POLVH = subendocardium in patient with pressure-overload left ventricular hypertrophy, AMD

=subendocardium in patient with amyloidosis.
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Fi16.3 Transmitral inflow velocity pattern recorded by Doppler
echocardiography in control, POLVH, and AMD. Abnormal relax-
ation pattern in POLVH and restrictive pattern in AMD, respectively,
were represented. Control = patient without cardiovascular disease,
POLVH = patient with pressure-overload left ventricular hypertro-
phy, AMD = patient with amyloidosis.

Acoustic Properties of Myocardial Tissue

A fringe shift on the X-Z image was observed at the site of
the myocyte, but not at the interstitium, as confirmed on the X-
Y (horizontal plane) acoustic microscopic image. In the sub-
endocardial region, the sound speed was higher (p<0.001) and
the density of the myocardial tissue was greater (p<0.001)
in patients with POLVH, and the sound speed and density in
patients with amyloidosis were lower (p <0.001) than in the

control. The myocyte bulk modulus in patients with POLVH
was larger (p<0.001), and that in amyloidosis was lower
{p<0.001) than in the control (Table II). In the subepicardial
region, no significant difference in bulk modulus was ob-
served among the control, POLVH, and amyloidosis groups.
The bulk modulus in the subepicardium was significantly low-
er than that in the subendocardium in the control and POLVH
groups (both p<0.001) and larger in the amyloidosis group
(p<0.001).

Relationship between Cardiac Function and Bulk Modulus

In the subendocardial region, the deceleration time of the E
wave correlated significantly with the bulk modulus in the
contro] group (r=0.689, p=0.028), in POLVH (r=0.774,p =
0.024), and in amyloidosis (r =0.786, p = 0.021) (Fig. 4). In
the subepicardial region, however, no indices of Doppler
echocardiography correlated with the bulk modulus.

Histopathology

In patients with POLVH, mild interstitial fibrosis and hy-
pertrophic myocytes were observed on the image stained by
the elastica Van Gieson method. In the subendocardial region,
the mean myocardial cell diameter in patients with POLVH
(26 £ | pm) was larger than that in the control group (21 + 1
um) (p<0.001), and that in patients with amyloidosis (20 + |
um) was not different from that in the control group. In the
subepicardial region, no significant difference in the mean
myocyte diameter was observed among the three groups (20 +
2 um in control, 22 + 2 umin POLVH, and 19 + | pm in amy-
loidosis). In patients with amyloidosis, interstitial amyloid de-

TasLe I Sound speed, density, and elastic bulk modulus of myocardial tissue in control and in patients with pressure-overload left ventricular

hypertrophy, and patients with cardiac amylodidosis

Subendocardial region

Control POLVH AMD

(n=10) (n=8) (n=8)
Sound speed (m/s) 1626+ 8 1653+11¢ 1560+ 104 %
Density (g/cm?) 1.084 £0.003 1.090£0.0027 1.071 £0.003 4
Elastic bulk modulus (X10° N/m?) 2.87+0.04 298 +0.04¢ 261 £0.0440

Subepicardial region

Control POLVH AMD

(n=10) (n=8) (n=8)
Sound speed (m/s) 1603+ 11¢ 1607 £ 10¢ 1597 £9¢
Density (g/cm3) 1.080 +0.002¢ 1.081 £0.001¢ 1.079 £ 0.002¢
Elastic bulk modulus (X10° N/m?) 2.78 +0.04¢ 2.79+0.04¢ 2.75+0.04¢

4p<0.001 vs. control.
b p<0.001 vs. POLVH.

¢p<0.001 and 4p < 0.1 vs. the corresponding value in subendocardial region.

Abbreviations as in Table I.
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FiG.4 Correlation between deceleration time of early inflow veloc-
ity curve and elastic bulk modulus of subendocardial myocyte in con-
trol, POLVH and AMD. Significant correlation was observed in each
group. DT = deceleration time of early inflow velocity curve. Other
abbreviations as in Figure 3.

posits and degenerated myocardial cells were observed, and
these changes were predominant in the subendocardial region
(Fig. 5).

Discussion
Calculation and Determinants of Myocyte Bulk Modulus

The sound speed through a tissue, which is the major deter-
minant of the elastic bulk modulus, is affected by biochemical
constituents such as protein, water, and fat.!® In particular, an
increase in protein content has been reported to accelerate the
sound speed in various tissues.!” In the present study, we were

able to determine the myocyte sound speed by measuring the
amplitude of a fringe shift on the X-Z image, with the observa-
tions being made for myocytes. We therefore considered that
the sound speed measured by the acoustic microscope reflect-
ed the protein concentration in the myocyte.

In patients with hypertension, previous studies!8 1 as well
as the present histopathologic study have demonstrated con-
current increases in myocyte diameter and protein content;
these results indicate an angmentation of protein synthesis in
response to pressure loading. Our results show the interesting
fact that the accelerated sound speed in POLVH is accompa-
nied by myocyte hypertrophy, resulting in an increase in the
bulk modulus of elasticity.

In amyloidosis, myocyte degeneration is caused by a great
infiltration of amyloid fibers.20-2! Although the myocyte di-
ameter did not decrease in the present study, the decrease in the
sound speed in the subendocardial myocyte probably indicates
areduction in the intracellular protein synthesis of the myocyte
resulting from myocyte degeneration. Moreover, the reduction
in the myocyte bulk modulus in patients with amyloidosis sug-
gests that the ventricular wall becomes less elastic and more
fragile due to cellular degeneration.

Difference in Tissue Elasticity between Subendocardium
and Subepicardium

Hypertension places increased tension on the inner surface
of the left ventricle, and pressure load may directly affect the
structure of the subendocardium. In hypertension, mechanical
stimulation may subsequently be greater in the subendocardi-
um than in the subepicardium, and a resultant myocyte hyper-
trophy that can be detected as an increased bulk modulus is
predominant in the subendocardium. In contrast, mechanical
loading may augment the damage to myocytes in the subendo-
cardium in the amyloid heart. The transmural differences in
the myocyte bulk modulus in the present study are in agree-

Control

POLVH AMD

FIG.5 Histopathology of subendocardium stained by elastica Van Gieson method. Mild interstitial fibrosis and hypertrophic myocyte in pa-
tients with POLVH, and interstitial amyloid deposit and degenerated myocardial cells in AMD, respectively, were observed. Abbreviations as in
Figure 3.
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ment with the results of a previous histopathologic study,??
that demonstrated that amyloid deposition and myocyte de-
generation are mainly observed in the subendocardial region.

Conclusively, it is considered that an alteration in myocyte
constitutive properties reflects the loading conditions for the
LV wall and suggests that the subendocardial side may have a
large effect on LV diastolic function.

Bulk Modulus and Diastolic Filling in Pressure-Overload
Left Ventricular Hypertrophy and Amyloidosis

InPOLVH, alow E velocity, a prolongation of the decelera-
tion time, and an abnormal relaxation have been observed.?
Because the ventricular relaxation is a complex of energy-de-
pendent processes, and because the myofibrils return to their
original length, two possible mechanisms have been proposed
for an abnormal relaxation in POLVH. The first involves the
likelihood of myocardial ischemia induced by an increased de-
mand and insufficient supply, a mismatch of the hypertrophied
myocardium with the microvasculature. In the present study,
however, although hypertrophied myocytes and an increase in
bulk modulus were observed, damage to the microvasculature
or myocyte changes induced by ischemia were not observed
histopathologically.

The second possible mechanism involves an alteration in
the constitutive properties of cardiac muscle cells. The type of
proteins produced by pressure overloading are more suited for
tension development than for shortening, and Zile et al.2* have
demonstrated that a viscous damping can be changed in pres-
sure-hypertrophied cardiocytes using an agarose gel-stretch
method. In the present study, changes in protein concentration
were identified based on increases in the sound speed and the
bulk modulus of the myocytes, which might be concordant
with an increase in protein suited to tension development and a
resulting impairment of relaxation.

In cardiac amyloidosis, Arbustini ez al.2! have demonstrat-
ed that a decrease in cell diameter and a degenerative feature
with myofilament loss can be recognized by electron micro-
graph. The structural changes produced by amyloid deposition
likely result in a decrease in protein concentration in the my-
ocyte, which was observed as a reduction in the bulk modulus
in the present study.

The myofilament damage and interstitial deposition of
amyloid fibrils decreases the effective operative chamber
compliance of the left ventricle, which can result in progres-
sive diastolic dysfunction. In the late stage of diastolic dys-
function, as effective operative compliance decreases, the E
velocity on the transmitral inflow velocity curve gradually in-
creases and the deceleration time shortens. A pseudonormal
pattern appears, and the advances of disease produce a restric-
tion in the filling pattern.'%- 25 [n the present study, a positive
correlation was observed between the deceleration time of the
E wave and the bulk modulus. This shows that the myocyte
becomes less elastic due to the accumulation of amyloid sub-
stances and that the degeneration of the myocyte may play a
role in reducing LV compliance. 6

Limitations

Since most of the control and patients with POLVH died
of malignancy, the effects of chemotherapy and malnutrition
could not be completely discounted. However, no significant
difference in the treatment for malignancy was observed be-
tween the control and POLVH groups. In addition, systolic
dysfunction and cardiac atrophy were not shown in either
group. Therefore, the influence of chemotherapy or malnutri-
tion was small in our results.

The tissue used in this study was formalin fixed, and it is
known that such a preparation increases the sound speed by
0.5%.%" Therefore, formalin fixation may increase the tissue
elastic bulk modulus. In addition, Tamura et al.”® have reported
that the bulk modulus of skeletal muscle fibers obtained in so-
lution is 2.4-2.6 X 109 N/m2. The higher values of myocardial
tissue elasticity in the present study may be attributed to the de-
hydration process that occurs during specimen preparation.

However, there have never been any methods directly mea-
suring the tissue elasticity at the myocyte level of the heart.
Even if formalin fixation and dehydration affects the results of
the bulk modulus measurements, we believe that tissue elastic-
ity could be evaluated at least as a relative value and that its re-
lationship with LV diastolic function could be analyzed.

Conclusions

We have demonstrated that the myocyte bulk modulus of
the subendocardium is higher in patients with pressure-over-
load left ventricular hypertrophy and lower in patients with
cardiac amyloidosis than in control patients; in the subepicar-
dial region, however, the values are similar. The myocyte bulk
modulus of elasticity in the subendocardial region correlates
with the deceleration time of the transmitral E velocity; this
correlation may have different meanings in LV hypertrophy or
cardiac amyloidosis. In LV hypertrophy, this correlation is reg-
ulated by the process of impaired relaxation, and in amyloido-
sis the correlation is related to a reduction in LV compliance.
This is the first report analyzing the relationship between LV
diastolic function and the myocyte bulk modulus of elasticity.
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