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Quantitative analysis of myocardial fibrosis in
normals, hypertensive hearts, and hypertrophic
cardiomyopathy
MASARU TANAKA, HISAYOSHI FUJIWARA, TOMOYA ONODERA,
DER-JINN WU, YOSHIHIRO HAMASHIMA, CHUICHI KAWAI

From the Third Division, Departments of Internal Medicine and Pathology, Kyoto University, Sakyo-ku,
Kyoto, Japan

SUMMARY The distribution of fibrosis was studied quantitatively in the entire left ventricular wall
of a transverse slice of the heart from 10 necropsy cases ofhypertrophic cardiomyopathy, 10 cases

of hypertensive heart disease, and 20 normal adults. The percentage area (mean (SD))
of fibrosis in the left ventricular wall in hypertrophic cardiomyopathy (10-5 (4-3)%) was

significantly greater than that in hypertensive heart disease (2-6 (1-5)%) or in normal hearts
(1L1 (0-5)%). In hypertrophic cardiomyopathy the percentage area of fibrosis was greater (13 1
(4-8)%) in the ventricular septum than in the left ventricular free wall (7 7 (4-2)%) whereas in
hypertensive heart disease and normal hearts values in these two areas were similar. The per-

centage area of fibrosis in the left ventricular free wall (where myocardial fibre disarray was not

extensive even in hypertrophic cardiomyopathy) was greater in hypertrophic cardiomyopathy
than in hypertensive heart disease. The percentage area of fibrosis correlated with heart weight in
hypertensive heart disease, but not in hypertrophic cardiomyopathy. These results suggest that
widespread fibrosis in hypertrophic cardiomyopathy cannot be explained by cardiac hypertrophy
alone, and that disarray and other factors are also important in pathogenesis. The increase in the
percentage area of fibrosis from the outer to the inner third of the left ventricular free wall in
hypertrophic cardiomyopathy and in hypertension probably reflected transmural gradients of
wall stress and myocardial fibre diameter.
Although fibrosis is not specific to hypertrophic cardiomyopathy, its quantification and analysis

of its regional distribution provide information that is useful in investigating the pathophysiology
of the disorder.

Although myocardial fibrosis is an important finding
in hypertrophic cardiomyopathy,' 2 most studies
have concentrated on myocardial fibre disarray3`5
and myocytic hypertrophy.67 There are few reports
on fibrosis in hypertrophic cardiomyopathy and they
have a number of drawbacks. Fibrosis was assessed
semi-quantitatively by a grading method89 and
evaluation of fibrosis was limited to a small area of
the left ventricle." l Hence the present study was
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undertaken to determine, for the first time in quan-
titative terms, the extent of myocardial fibrosis in
the entire left ventricular wall of the transverse slice
at the level of maximal septal hypertrophy in hyper-
trophic cardiomyopathy; and to compare this with
the distribution of fibrosis in hypertensive heart dis-
ease or normal adult hearts.

Patients and methods

Forty hearts from necropsy cases were studied-10
with hypertrophic cardiomyopathy, 10 with concen-
tric hypertrophy secondary to hypertension, and 20
normal adult hearts. The Table lists the necropsy
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Table Necropsy data in patients with hypertrophic cardiomyopathy, hypertensive heart disease, and in normal controls

Case No Age Sex Heart weight (g) VS/PW (nmn) Fibrosis (%)* Cause of death

Hypertrophic cardiomyopathy
it 20 M 415 23/11 = 2-1 17 SCD
2 37 M 680 40/25 = 1-6 15 SCD
3 42 M 600 22/11 = 2.0 13 SCD
4t 26 M 560 17/12=1-4 13 SCD
5t 25 F 970 27/15=1.8 12 SCD
6 17 M 530 22/10 = 2.2 11 SCD
7 44 M 340 28/15=19 9 SCD
8 76 M 430 19/11 = 1-7 9 Malignant

lymphoma
9 47 M 570 28/16 = 1-8 4 Accident
lOt 66 M 700 24/15=1-6 4 CVA
Mean (SD) 40 (19) 580 (179) 25 (6)/14 (4) =(1-8 (0-2)) 11(4)

Hypertensive heart disease
1 65 M 520 15/13=1-2 5-8 CVA
2 31 M 600 19/17 = 1.1 3 9 CVA
3 68 M 500 19/16=1.2 3-8 CVA
4 62 F 520 13/13= 10 2-5 CVA
5 35 M 450 15/15 = 1.0 2-1 CVA
6 76 F 360 16/14=1 1 2-0 CVA
7 43 F 460 15/13=1-2 1-8 CVA
8 59 M 420 14/13 = 1 1 1-4 CVA
9 61 M 410 14/14 =10 1-3 Cancer of the

larynx
10 30 F 470 17/14 = 1-2 1-3 Renal failure
Mean (SD) 53 (17) 471 (68) 16 (3)/14 (1)= 1 1 (02) 2-6 (1-5)

Normal controls
No of Sex Age (years) Heart weight (g) Fibrosis (%)*
cases (M/F)

Range Mean (SD) Range Mean (SD) Range Mean (SD)
20 16/4 25-74 43(12) 170-340 252(49) 03-1 9 1 1 (0 5)
VS, ventricular septum; PW, left ventricular posterior wall; SCD, sudden cardiac death; CVA, cerebrovascular attack.
*Percentage area of fibrosis in left ventricular wall.
tLeft ventricular outflow tract obstruction.

data. There was no significant difference in age and
sex among the three groups, nor in heart weight
between cases of hypertrophic cardiomyopathy and
of hypertensive heart disease.

Eight of the 10 cases of hypertrophic cardio-
myopathy were diagnosed by both clinical and
pathological criteria. In the remaining two cases the
diagnosis was based on pathological examination.
The pathological criterion for hypertrophic cardio-
myopathy was the presence of asymmetric septal
hypertrophy with widespread myocardial fibre dis-
array in the absence of hypertensive, valvar, con-
genital, or infectious diseases that could have pro-
duced left ventricular hypertrophy. None of the
cases showed important stenosis of the coronary
arteries or acute or old myocardial infarction. Sud-
den death from cardiac causes occurred in seven
patients and the others died of extracardiac causes
(malignant lymphoma, accident, and cerebral
infarction). There was left ventricular outflow tract
obstruction in four patients.

Hypertensive heart disease was diagnosed on the
basis of left ventricular concentric hypertrophy due
to long term overt hypertension (> 160/95mmHg)
in a heart weighing >350g. Hearts with hyper-

tensive disease and severe coronary arterial stenosis
(> 75% luminal narrowing) were excluded from this
study. Definite congestive heart failure was not evi-
dent in any case of hypertrophic cardiomyopathy or
hypertensive heart disease. All cases of hypertensive
heart disease died of extracardiac causes (Table).
A heart was regarded as normal if there was no

clinical or pathological evidence of heart disease; if
the coronary arteries did not show >,50% luminal
narrowing; and if it weighed < 350 g.

QUANTIFICATION OF MYOCARDIAL FIBROSIS
The hearts were fixed in 10% formalin and cut
transversely from the base to the apex serially at
1 cm intervals. In the hearts with hypertrophic car-
diomyopathy, the slice showing maximal septal
hypertrophy was used. In the normal and hyper-
tensive hearts we studied a slice from the middle
third of the heart. Each slice was divided into 6-8
blocks, which were sectioned at a thickness of 4 sm.
These sections were stained with Masson's
trichrome and haematoxylin and eosin.
The 4 im thick preparations stained with

Masson's trichrome were directly enlarged ( x 10) by
a photo enlarger and the blue areas showing fibrosis
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Fig. 1 Traced pictures offine cardiac fibrosis stained blue with Masson's trichrome. (a) Fine fibrosis
traced at x 10 magnification. The percentage area offibrosis of this section was 17%. Actual size of tissue
section is shown upper left (arrow) for comparison. (b) Original size of tracing at x 10 magnification
obtainedfrom the square indicated in (a). Bar indicates 2mm. (c) Original size of tracing at x 250
magnification obtainedfrom the square indicated in (b). Bar indicates 80.um. Note that at low
magnification (b), not all of thefine collagen fibres traced at high magnification (c) are detected and the
percentage area offibrosis is underestimated. At low magnification (b), however, a small bundle of collagen
fibres seen at high magnification (c) is traced as a single line and the percentage area offibrosis is
overestimated. As a result, the percentage area offibrosis measured at x 10 correlates well with that at
x250 (y=I 08x-1 1, r=0-95, p <0.01).12

were carefully traced with a fine black pen (Fig. 1)
These fibrotic areas were measured semi-
automatically by a multipurpose colour image pro-
cessor (model VIP-21C, Olympus). This processor
consisted of a colour television camera, a high reso-
lution colour television monitor, an image pro-
cessing and calculation unit with a microprocessor, a
light pen controller with a microprocessor, and a list
printer.

Papillary muscles were excluded from the mea-
surement of fibrosis. Percentage area of fibrosis was
calculated and used as the index of the degree of
fibrosis. The percentage area of fibrosis in the entire
left ventricular wall of the transverse slice was
obtained by dividing the sum of the fibrotic areas of
all sections by that of the total tissue areas. For
detailed examination of the intramural distribution
of fibrosis, the sections were subdivided into the fol-

lowing four regions (anterior, lateral, posterior wall
of the left ventricular free wall, and the ventricular
septum) and the percentage area of fibrosis in each
region was calculated separately. The percentage
area of fibrosis was also calculated separately in the
outer, middle, and inner third of the left ventricular
free wall, and in the right, middle, and the left third
of the ventricular septum.

In all cases fibrosis was traced and quantified
independently by two morphologists who did not
know to which patient the tissue section belonged.
They often recognised the patient's disease, how-
ever, when a particularly large section with wide-
spread myocardial fibre disarray strongly suggested
the presence of hypertrophic cardiomyopathy. The
variance between these observers for the percentage
areas of fibrosis was < 0-8%.
At a magnification of x 10 the number of single
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myocardial fibrosis in each group and to compare
global myocardial fibrosis among the three groups.
We used paired t test to compare myocardial fibrosis
in the ventricular septum and left ventricular free
wall in each group. Probability values of p < 005
were regarded as statistically significant.

Results

Ii I.
: 0: I

HCM HHD Normal

Fig. 2 Percentage area offibrosis in the left ventricular
wall in hypertrophic cardiomyopathy (HCM), hypertensive
heart disease (HHD), and normal controls. In HCM the
percentage area offibrosis is greater in the cases ofsudden
cardiac death (open circles) than in those of non-cardiac
death (closed circles).

collagen fibres is underestimated and the number of
collagen fibres in small bundles is overestimated
compared with results obtained at a magnification of
x 250.12 Although individual fibres, which are
detectable at x 250, are not detectable at x 10 the
overall percentage of fibrosis calculated at both
magnifications is similar (Fig. 1).12 Therefore, it is
possible to quantify reliably even the fine interstitial
fibrosis as well as replacement scarring by our
method.

Tissue sample selection and the direction in sec-
tioning may also introduce bias. Because the distri-
bution of fibrosis was not homogeneous, the extent
of fibrosis in the transverse sections examined may
not be representative of the entire slice. For this rea-
son we also measured fibrosis in a second transverse
section (1 cm below the first section) in five cases of
hypertrophic cardiomyopathy. In all cases the extent
of fibrosis was similar in the first and second sections
examined. We also compared the percentage areas of
fibrosis in transverse and longitudinal sections of the
same tissue area in five cases of hypertrophic cardio-
myopathy. The global and regional distribution of
fibrosis in these sections was much the same
(r=0-91).

DATA ANALYSIS
We used one way analysis of variance with Neuman-
Keuls' multiple comparison test to compare regional

Figure 2 shows the percentage area of fibrosis in the
left ventricular wall-10*5 (4 3)% (mean (SD)) in
hypertrophic cardiomyopathy, 2-6 (1-5)% in hyper-
tensive heart disease, and 1 1 (0 5)% in normal
hearts. The percentage area of fibrosis in those with
hypertrophic cardiomyopathy was significantly
greater than that in hypertensive heart disease or in
normal hearts (p<0.001). The percentage area of
fibrosis was significantly greater in hypertensive
heart disease than in normal hearts (p < 0 05).

REGIONAL DISTRIBUTION OF FIBROSIS
Hypertrophic cardiomyopathy
The percentage area of fibrosis was 13-1 (4-8)% in
the ventricular septum and 7-7 (4 2)% in the left
ventricular free wall (Fig. 3) (p < 0 001). There was
significantly more fibrosis in the ventricular septum
(p <0001) and the left ventricular free wall
(p < 0 01) in hypertrophic cardiomyopathy than in
hypertensive heart disease. The percentage area of
fibrosis was not significantly different in the right,
middle, and the left thirds of the ventricular septum

p<0.0o1
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Fig. 3 Percentage area offibrosis in ventricular septum
(VS) and left ventricularfree wall (LVFW) in
hypertrophic cardiomyopathy (HCM), hypertensive heart
disease (HHD), and normal controls.
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Fig. 4 Regional distribution offibrosis in the left
ventricular wall with hypertrophic cardiomyopath
(HCM), hypertensive heart disease (HHD), and
controls. In HCM and HHD the percentage area o
increasedfrom the outer to the inner third of the lef
ventricularfree wall (LVFW). VS, ventricular se
right; M, middle; L, left third of VS; I, inner; M,
0, outer third ofLVFW.

10-7 (4 4), 14-3 (5-2), and 14-4 (6 7)% res
(Fig. 4). In the left ventricular free wall, :
the percentage area of fibrosis increased sigi
from the outer to the inner third of the
(4 0)%, 7.9 (4 7)%, and 10.1 (5 3)% res;
inner vs outer third, p < 0-01; middle vs ou'
p<0-05). The percentage areas of fibros
anterior, lateral, and posterior region of the
tricular free wall (7 9 (3 7), 7.4 (6 2), and 8
respectively) (Fig. 5) were not significantly
from one another. In each heart the distril
fibrosis in these three regions of the left ve
free wall varied, however.

Hypertensive heart disease
The percentage area of fibrosis was 2-4 (1 9
ventricular septum and 2-6 (1-5)% in the
tricular free wall (Fig. 3) (NS). The percent
of fibrosis were 2-3 (2 0), 2-8 (2 7), and 2-0 (

the right, middle, and the left thirds of the ventricu-
lar septum respectively; and 41 (2.6), 2-9 (1-7), and
141 (0 7)% in the inner, middle, and outer thirds of
the left ventricular free wall respectively (Fig. 4).
The differences in the percentage areas of fibrosis in
the three regions of the ventricular septum were not
significant, but the percentage area of fibrosis
increased from the outer to the inner third of the left
ventricular free wall (inner vs outer third and middle
vs outer third, p<0.01). The percentage areas of
fibrosis were 2-3 (141), 2 5 (1-6), and 2-7 (1-7)% in
the anterior, lateral, and posterior region of the left
ventricular free wall respectively (Fig. 5). There
were no significant differences in percentage areas of
fibrosis among these regions.

Normal heart
i The percentage area of fibrosis was 1 1 (0 5)% in the

ventricular septum and 1-1 (0 5)% in the left ven-
tricular free wall (Fig. 3). The percentage area of
fibrosis was 1 2 (0 6), 1-2 (0 8), and 0-8 (0 6)% in the
right, middle, and the left thirds of the ventricular
septum respectively, and 1 1 (0 4), 1-2 (0-5), and 0-9
(05)% in the inner, middle, and outer thirds of the
left ventricular free wall respectively (Fig. 4). The

iF percentage areas of fibrosis in the anterior, lateral,
and posterior regions of the left ventricular free wall
were 1 1 (0 6), 1.1 (0 5), and 1-2 (0 6)% respectively

0 (Fig. 5). There were no significant differences in the
intramural distribution of fibrosis in the left
ventricular wall.

y
normal RELATION OF THE PERCENTAGE AREA OF
)ffibrosis FIBROSIS TO CLINICAL AND PATHOLOGICAL

FtumR, VARIABLES
middle;R)We analysed the relation of the percentage areas of

fibrosis to the septal thickness, septal:free wall ratio,
heart weight, and the mode of death. There was no

pectively
however,
nificantly
wall (5-8
)ectively;
ter third,
is in the
left ven-
1 (6 3)%
different
bution of
ntricular
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Fig. 5 Percentage area offibrosis in anterior (A), lateral
(L), and posterior (P) wall of the left ventricular free wall
in hypertrophic cardiomyopathy (HCM), hypertensive
heart disease (HHD), and normal controls. These values are
variable in each case but none of the regional differences is
significant.
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HHD

r=0-65
n=10
p<0c05
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fibre disarray,5 the widespread fibrosis in hearts
with hypertrophic cardiomyopathy is related to the

r=0-03 NS impaired systolic unit muscle performance, particu-
,O* * *larly in the hypokinetic ventricular septum.

Reduced compliance or increased stiffness of the left
* * ventricle was more severe in hypertrophic cardio-
600 8bo 1d00 myopathy than in hypertensive heart disease."6'-8

Our results suggest that in addition to myocardial
hypertrophy, increased fibrosis and myocardial fibre
disarray'9 also lead to the impaired diastolic compli-
ance in hearts with hypertrophic cardiomyopathy.

/. Our data showed that in hearts with hypertrophic
, cardiomyopathy and hypertensive heart disease the

percentage area of fibrosis increased from the outer
400

, 6.0 to the inner third of the left ventricular free wall
400 500 600 (transmural gradient of fibrosis). Analyses of the

o r-0-17NS intramyocardial pressure,20 -22 wall stress,23 24 and:* . myocardial fibre diameter' showed an increase from
1 * ** * the epicardial to the endocardial layers of the left

* * . ventricular free wall, causing relative ischaemia on
:0. 0 the endocardial layer. Moreover, the transmural

gradient of fibrosis cannot be explained by myo-
200 300 400 cardial fibre disarray because disarray is found pre-

Heart weight (g) dominantly in the middle and outer layers of the left

n the Percentage area offibrosis in
ventricular free wall in hearts with hypertrophic

gnd heart weight in hypertrophic cardiomyopathy' and because myocardial fibre dis-
1, hypertensive heart disease array is minimal in hypertensive heart disease. The
trols. transmural gradient of fibrosis in the left ventricular

free wall with hypertrophic cardiomyopathy and
:he extent of fibrosis and septal hypertensive heart disease probably depends on the
al:free wall ratio in any heart. transmural gradient of tissue pressure, wall stress,
ardiomyopathy and in normal and myocardial fibre diameter.
)rrelation between the extent of The extent of myocardial fibre disarray did not
ight. In hypertensive heart dis- correlate with heart weight, septal thickness, or
,tent of fibrosis correlated with the septal:free wall ratio3~ We found that the
i, p <0 05) (Fig. 6). percentage area of fibrosis did not correlate with
irdiomyopathy sudden cardiac these variables in hypertrophic cardiomyopathy.
in the cases of widespread But in hypertensive heart disease there was a

it seen in cases of slight fibrosis correlation between the percentage area of fibrosis
and heart weight, suggesting that myocardial
hypertrophy caused by the increased wall stress due
to systemic hypertension is most important in the
pathogenesis of fibrosis in hypertensive heart

i hearts with hypertrophic car- disease. We believe that the wall stress was lower in
ent of fibrosis was significantly hearts with hypertrophic cardiomyopathy than in
tensive heart disease or in nor- hypertensive heart disease because no case of
d that the percentage area of hypertrophic cardiomyopathy had hypertension.
the ventricular septum than in Therefore, increased wall stress cannot explain
ee wall. the significant increase in the percentage area of
all left ventricular systolic per- fibrosis in hearts with hypertrophic cardiomyopathy
ly in the normal range in hearts compared with hypertensive hearts.
cardiomyopathy, unit muscle Myocardial fibre disarray is typically but not
y low. 13 Moreover, the ventric- exclusively found in hypertrophic cardiomyo-
oorted to be hypokinetic or pathy.3 5 Widespread myocardial fibre disarray in
trophic cardiomyopathy.'4 the ventricular septum was evident in all our cases of
that, in addition to myocardial hypertrophic cardiomyopathy but it was never seen

0
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(Table) (Fig. 2).
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in hypertensive heart disease or normal hearts. The
percentage area of fibrosis was greater in the ventric-
ular septum than in the left ventricular free wall in
hearts with hypertrophic cardiomyopathy, but this
was also true of the hypertensive and normal hearts.
We have found that the percentage area of fibrosis in
the tissue with disarray was greater than that in the
tissue without disarray.25 This suggests that myo-
cardial fibre disarray promotes fibrosis in hearts with
hypertrophic cardiomyopathy. But we also found
that even in the tissue without disarray the per-
centage area of fibrosis in hypertrophic cardio-
myopathy was much greater than that of normal
hearts or hypertensive hearts.25 Therefore, in addi-
tion to myocardial hypertrophy and fibre disarray,
other unknown factors must be important in the
pathogenesis of the widespread fibrosis in hearts
with hypertrophic cardiomyopathy.

We thank Miss M Jinnai and Miss S Tomita for
assistance with preparation of the paper. This
project was supported in part by research grants
from the Ministry of Health and Welfare of Japan
and the Ministry of Education, Science and Culture
of Japan.
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