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Figure 1.
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Papillary muscle fibrosis, diffuse type
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Papillary muscle fibrosis, focal type

Small vessel sclerosis in papillary muscle
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Small vessel sclerosis in papillary muscle and relation to area of diffuse type of papillary muscle
fibrosis
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SUMMARY

A retrospective clinical-pathologic study was made
of papillary muscle fibrosis and small vessel
sclerosis of the heart in 375 autopsies from the
ABCC-JNIH Adult Health Study sample in Hiroshima
and Nagasaki. The histopathologic findings were
correlated with clinical diagnoses which included
hypertension, hypertensive hearr disease, myocardial
infarction, and diabetes mellitus,

Two distinct types of fibrosis, diffuse and focal,
were observed in the papillary muscles of the heart.
The diffuse type was present in almost half of the
autopsies, was associated with sclerosis of the
small vessels of the papillary muscles and with
hypertension but was not related to clinical cardiac
disease or to diabetes mellitus. The focal type of
papillary muscle fibrosis was related to coronary
heart disease, myocardial infarction and cardiac
hypertrophy but not to sclerosis of small vessels or
diabetes mellitus. There was no evidence that any
of these changes were related to prior radiation
exposure at the time of the atomic bomb.

INTRODUCTION

Chronic vascular and ischemic changes in cardiac
papillary muscles are important to an understanding
of ischemic heart disease and cardiac changes
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related to aging.l-4 Although there are some
conflicting opinions, most reports indicate that
there is little or no relation between the degree of
atherosclerosis of the major coronary arteries and
their intramural branches.3-7 Very extensive
sclerosis of large branches of the coronary arteries
may be present with little or no involvement of the
intcramural  vessels. The atheromatous lipid-
containing lesions of the epicardial arteries end
abruptly at the point of entry into the myocardium. ©+8
Widespread arteriolar sclerosis associated with
marked and persistent hypertension may be present in
other organs without involvement of the intramural
vessels of the hearr, and the small myocardial
vessels often show age-rclated sclerotic changes
in the absénce of smallvessel sclerosis elsewhere.0:?
Similar age-related intramural vascular changes are
reported to occur frequently in dogs and other
animals. 19 In man, these changes are said to be
more prominent in the distal segments of the vessels,
especially those in the papillary muscles, which
vary in diameter from 530 to 400y and have a
definite media and internal elastic lamina. 2,3

The distribution of the intramural branches of the
coronary arteries has been investigared (:xtensiv&l}.
Estes et al,!l using injection methods, reported
that there are two types of intramural vessels.
Type A vessels divide soon after entering the
myocardium and send branches to the tethered type
of papillary muscle.2 Type B vessels penetrate to
the subendocardial layer where they form multiple
anastomosing arcades and also supply the papillary
muscles. Baroldi and Scomazzoni!? found numerous
anastomotic and ramifying branches at all levels of
the heart varying in diameter from 20 to 350t or more
as well as a rich subendocardial network. Ranganathan
and Burch!3? reported that papillary muscle artery
distribution is related to the type of muscle; well
developed finger-like papillary muscle receives a
large central artery which extends to the muscle
apex with few or no anastomoses, and the tethered
type of papillary muscle has a segmental distri-
bution of long penetrating intramural vessels. A
mixed type of arterial supply is also present in some
cases. No reports were found to indicate that the
type of vascular distribution is related to the degree
of vessel sclerosis.

Pathologic alterations of the intramural vessels
vary considerably but the lipid associated changes
of atherosclerosis are not seen. Observed findings
include thickening of walls with intimal hyperplasia,
subintimal fibrosis, hyaline degeneration, fibro-
elastosis, medial fibrosis, splitting of the elastica,
intimal elastic hyperplasia, fusion of intima and
media, atrophy of muscle, adventitial fibrosis, and
fusiform thickening.?:7,14,15 1t is not clear whether
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all of these changes represent a single type of
sclerosis although it is common to find more than
one kind of alteration in the same histologic section.

Three distinct types of ischemic change of the
papillary muscles have been described. The first,
massive infarction of papillary muscle, sometimes
with ruprure, leads to acute incompetence or
tenting of the mitral valve. This is an infrequent
but dramatic occurrence which has serious clinical
implications.?+16 It is not considered in this study.
The second, named focal fibrosis by Brand et al,4
is more frequent and consists of fibrosis of the
papillary muscle usually associated with a transmural
or subendocardial infarct of the lefr ventricle.3:4
It occurs in 20% to 50% of hearts with acute myo-
cardial infarcts. When healed and replaced by
fibrosis, the papillary muscle presents a character-
istic picture of sharply demarcated scar tissue
separated from the endocardial surface by a layer
Thin-walled vessels
often persist in the midst of the fibrous scar and
may also be surrounded by surviving muscle fibers.
The third type of ischemic papillary fibrosis, called
diffuse by Brand et al,? extends to the endothelial
surface without retention of an interposed layer of
surviving muscle.3:4

of surviving muscle fibers.

Although vessels at the
margins of these fibrotic areas are often sclerotic,
this diffuse type of papillary muscle fibrosis is not
associated with atherosclerosis of the major coronary
arteries, myocardial infarction, cardiac hypertrophy,
Both the diffuse type of fibrosis
and sclerosis of the small vessels of the papillary

or hypertension.

muscles are more frequent in older persons. They
have been found in 25% to 60% of hearts in consecu-
tive autopsy series.l? Diffuse and focal fibrosis,
although apparently unrelated, may occur together.
Brand et al,4 found either focal or diffuse fibrosis
or both in B0% of their cases. It is a curious
paradox that whereas there is often little involvement
of papillary arteries in the focal type of papillary
muscle fibrosis which is associated with ischemic
heart disease, there is extensive papillary artery
sclerosis in the diffuse type of papillary muscle
fibrosis which is not associated with coronary
atherosclerosis or myocardial infarction.

A clinical-pathologic study based on 375 autopsies
performed at ABCC in Hiroshima and Nagasaki
provided an opportunity to investigate these vascular
and fibrotic changes in the myocardium and papillary
muscles. This is a report of the changes and
relationships observed.

METHODS AND MATERIALS

The JNIH-ABCC Life Span Study (LSS) sample
selected in Hiroshima and Nagasaki for the study of
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delayed radiation effects in A-bomb survivors and
nonirradiated controls includes a subsample, the
ABCC-JNIH Adult Health Study (AHS) sample,
chosen for biennial clinical surveillance and
evaluation. The physical examinations were begun
in 1958 and are presently in their 9th cycle. The
details of selection for the sample and the various
clinical examinations have been described. 18

During the period, 1965-70 (Hiroshima) and 1968-70
(Nagasaki), 375 postmortem examinations were
performed at ABCC on members of the AHS sample
most of whom had been examined at least once
before death. In most instances the last examination
occurred more than 6 months before death. Therefore,
the clinical-pathologic study was directed at healed
changes which might have been present and might
have had  clinical associations during the last
physical examination.

The clinical evaluation was based on the records of
the biennial examinations without knowledge of
autopsy findings or radiation exposure status. In
some instances the history of the terminal illness
was also available. The clinic charts were reviewed
for evidence of heart disease, hypertension, .and
diabetes mellitus. All available electrocardiograms
were reexamined and coded according to the ABCC
clinical and WHO codes. 19,20 Electrocardiographic
evidence of myocardial infarction included codable
QRS abnormalities, STT changes suggestive of
subendocardial infarction and temporal changes on
sequential tracings. These were coded as definite
or possible based on the divisions of the ABCC
clinical code.l? The criteria for possible and
definite hypertension, hypertensive heart disease, and
diabetes mellitus are described in Appendix A.

Permission for autopsy was sought by autopsy
contactors who were unaware of the clinical
diagnoses.
and coded for principal cause of death. The degree
of atherosclerosis of the proximal 5cm of each of
the three major coronary arteries was evaluated by
the American Heart Association panel method

All autopsy diagnoses were reviewed

modified in that, regardless of size or extent, areas
of narrowing or obstruction of the lumen determined
the reading for the entire vessel.2123 The highest
atherosclerosis score recorded was used for correla-
tion with other observations.

At least seven blocks of tissue were taken from
each heart. The first four, approximately at the
junction of the middle and upper thirds of the
ventricles and parallel to the base of the heart,
included 1) anterior septum with adjacent anterior
portions of both ventricles, 2) anterolateral left

ventricle including the anterior papillary muscle,
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3) posterolateral left ventricle including the posterior
papillary muscle, and 4) lateral right ventricle.
Sections 5 and 6 were taken perpendicular to the
previous sections. Section 5 contained the posterior
leaf of the mitral valve and the posterior left
ventricle. Section 6 included the noncoronary aortic
cusp, the AV node and bundle of His, and intra-
ventricular septum. Section 7 was taken from the
cardiac apex. Histologic sections were routinely
stained with hemaroxylin and eosin. In addition
Masson trichrome, Weigert-van Gieson elastic, basic
fuchsin picric acid, PAS, alcian blue, and Gomori
aldehyde fuchsin-Masson trichrome stains, and
stains for reticulum, iron, lipofuscin, and amyloid
were used when indicated. The slides were examined
without knowledge of the clinical findings, the gross
autopsy observations, the final autopsy diagnosis, or
the estimated radiation dose.24 Papillary muscle
was not present in the sections from two autopsies,
Consequently, papillary muscle fibrosis and small
vessel sclerosis of papillary muscle were recorded
for 373 cases and intramural small vessel sclerosis

was recorded for 375 cases in the tables and analyses.

The following definitions applied to lesions observed
in histologic sections. Healed myocardial infarcts
were scarred areas measuring at least 0.5cm in one
dimension. Small foci of myocardial fibrosis involved
areas of ventricular wall less than 0.5¢cm in diameter
but with definite replacement of muscle fibers by
scar tissue. Areas of interstitial or perivascular
Papillary muscle
fibrosis (PMF), diffuse type, consisted of non-

fibrosis were not included.

demarcated fibrosis which frequently extended to
the endothelial surface of the papillary muscle
(Figure 1). PMF focal type did not extend to the
endothelial surface but was separated from the
endocardium by a rim of palisade of viable muscle
fibers (Figure 2). Areas of both diffusé and focal
PMF were present in some histologic sections.
Small vessel sclerosis (SVS) applied to mural and
papillary small arteries. The sclerosed vessel wall
was often hyalinized, showed alteration of elastic
and muscle layers, and was frequently accompanied
by marked proliferation of perivascular rissue
(Figure 3). The types of vascular sclerosis and
alterations in the epicardial vessels were not
recorded but the presence of SVS (papillary) of each
papillary muscle and of SVS (mural) was recorded
separately.

RESULTS

Of the subjects in the autopsy sample, 54% were
women and 52% were aged 70 or more at the time of
death (Table 1). There was no age or sex difference
in the prevalence of SVS (papillary and mural) or
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Figure 1 Papillary muscle fibrosis, diffuse type. Sclerosed vessel al apex with
fibrosis extending io the endocardial surface. H&E x10

POl SR RILEAT AR, AR A R T T A S D, BRI LARETE TR
ATVE. AT RE Uy - 24 Vi@, X1

Figure 2 Papillary muscle fibrosis, focal type. Sharply demarcated fibrosis with
viable subendocardial and perivascular palisades of muscle. H&EE x10

2 MHEWFLFEMBEE. LA FE L FMEMBECEKOMEORT LT T HN o
M. AT R RS Y - T4 Y v, X10



Figure 3 Small vessel sclevosis in papillary muscle. Elastic stain x40

(3 FLEAEE (2 &3 5o MRS (R, MABMEEGE, x40



PMF (focal) increased significantly with age,

TABLE 1 PERCENTAGE OF AUTOPSIES WITH CARDIAC SMALL VESSEL SCLEROSIS AND PAPILLARY
MUSCLE FIBROSIS BY SEX AND AGE

There

was no evidence that prior exposure to radiation at

221 LI AT (RAE B & OFLTARGARMERE O3 5 N A EI R O T E MR B L UHERR R
Small Vessel Sclerosis Papillary Muscle Fibrosis
Autopsies
Mural Papillary Diffuse Diffuse/Focal Focal
Total 373 (267) (325) (169) (34) (16)
Male 171 69.9% 1 87.1% 45.0% 9.4% 5.8%
Female 202 T3 87.1 45.5 8.9 3.0
Test NS NS NS NS NS
Age at Death
<49 28 50.0 75.0 42.9 — 3.6
50-59 34 73.5 94.1 33.2 2.9 —
60-69 117 70.9 84.6 45.3 6.0 1.7
70-79 125 71.2 89.6 47.2 12.0 6.4
804 69 78.9F 88.4 46.4 15.9 7.2
Linear trend with age NS NS NS il s
Parentheses indicate the number of autopsies in each category
T Based on 173 males
¥ Based on 71 subjects
* 0.01<P<0.05
PMF (diffuse). However, PMF (diffuse and focal) and FEELBLEL AL, LALEAG, PMF (i

r‘ééli'_‘ B EURET) & LU PMF (IREE) 12 ii Wik &t
ICHEBE LM AR L . EURIEE 0l S #1647 T 6 {

the time of the bomb was related to the presence of
vessel sclerosis or muscle fibrosis (Table 2).

PMF (focal) was significantly related (P<0.01) to
disease as a cause of death, to
coronary artery atherosclerosis, to healed myocardial
infarction in histologic sections, and to increased
heart weight (Table 3) but not to hypertension,
hypertensive
(Table 4).

cardiovascular

heart disease, or diabetes mellitus

Both PMF (diffuse) and SVS (papillary) showed no

relation to coronary artery atherosclerosis score,
hypertensive heart disease, heart weight, myocardial
infarction (by ECG), or diabetes mellitus. SVS
(papillary) was significantly less frequent in persons
who died of cardiovascular disease, and PMF (diffuse)
was less frequent when healed myocardial infarction
present. SVS (mural and papillary)

PMF (diffuse) were more frequent in subjects who

was and

had hypertension.

At all ages there was more small vessel sclerosis of
the anterior than of the posterior papillary muscle
SVS
in only one papillary muscle tended to decrease in

when only one muscle was involved (Table 5).

frequency, and vessel sclerosis in both muscles to
increase in frequency with advancing age.
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TABLE 2 PERCENTAGE OF AUTOPSIES WITH CARDIAC SMALL VESSEL SCLEROSIS AND PAPILLARY
MUSCLE FIBROSIS BY ESTIMATED RADIATION DOSE AT THE TIME OF THE BOMB

#2 DR (CEE 5 & O FLEARR SAERE O 5B & N SR o0 1 o EE s TEBRER O HEE BT AR AR R

Small Vessel Sclerosis Papillary Muscle Fibrosis
T65 Dose in Rad Autopsi e e e il

Mural Papillary Diffuse Diffuse/Focal Focal
Total 373 (267) (325) (169) (34) (16}
0-9+ NIC 195 68.9% 1 87.7% 44.6% T.2% 1.1%
10-99 101 74.5% 84.2 44.6 9.9 5.0
100 + 77 TaLN 89.6 48.1 13.0 3.9
Radiation effect (100+ vs 0.9 + NIC) NS NS NS NS NS

Parentheses indicate the number of autopsies in each category.
1 Based on 196 subjects
T Based on 102 subjects
NIC — Not in city ATB

TABLE 3 PERCENTAGE OF AUTOPSIES WITH SMALL VESSEL SCLEROSIS AND PAPILLARY MUSCLE FIBROSIS
BY AUTOPSY CAUSE OF DEATH, HEART WEIGHT, HIGHEST CORONARY ATHEROSCLEROSIS SCORE,
AND MYOCARDIAL INFARCTION AT AUTOPSY

#3  MAEEALEE & £ CILIEARMEEE O RRD 5 N EURMI O 8 ERRIERG, O R,
R R 7 7 o — A VERRALHE o f AR A B & OB 5105 A LT LE O H BN

Small Vessel Sclerosis Papillary Muscle Fibrosis
Autopsies
Muralt  Papillary Diffuse Diffuse/Focal Focal
Cause of death a73 (267) (325) (169) (34) (16}
Cardiovascular Disease 23 71.4% T70.4% 37.0% 33.3% 18.5%
Cerebrovascular disease 86 73.6 91.9 48.8 9.3 1.2
Cancer 112 67.0 87.5 50.0 3.6 2,
Remainder 148 73.0 87.2 41.2 8.8 4.7
Test: Cardiovascular disease vs all others NS % NS b L
Highest coronary score 373
1-2 209 69.0 86.6 45.9 4.8 1.9
3-4 117 72.0 88.0 46.2 T 4.3
5.6 47 T8.7 B7.2 40.4 31.9 14.9
Linear trend with coronary score NS NS NS i ks
Healed myocardial infaret at autopsy 373
Absent 301 69.1 88.0 45.5 1.7 0.7
Present 72 79.7 83.3 27.8 40.3 19.4
Test: Present vs Absent NS NS £ % i
Heart weight § 369 (263) (321) (167) (34) (15)
<249gm 113 77.0 88.5 39.8 8.0 1.8
250-299 89 68.9 89.9 5016 4.5 3.4
300.349 72 63.9 90.3 54.8 8.3 1.4
350 + 95 70.8 80.0 41.1 15.8 9.5
Linear trend with heart weight NS NS NS & =

Parentheses indicate the number of autopsies in each category,

T Based on two additional autopsies in which papillary muscles were unavailable.
* 0.01<P<0.05; ** P<0.01

t Heart weight unavailable in 4 cases.



TABLE 4 PERCENTAGE OF AUTOPSIES WITH SMALL VESSEL SCLEROSIS AND PAPILLARY MUSCLE FIBROSIS
BY CLINICAL DIAGNOSIS OF HYPERTENSION, HYPERTENSIVE HEART DISEASE, MYOCARDIAL INFARCTION BY
ELECTROCARDIOGRAM, AND DIABETES MELLITUS

F#d4  PMEREE & X OFLIARREHUE O & N EERE o G5 S, SO RSR B,

A T & B L Y B & U DR 9 00 DR R I 00 AT )
Small Vessel Sclerosis Papillary Muscle Fibrosis
Autopsies T =
Muralt Papillary Diffuse  Diffuse/Focal Focal
Hypertension 370 (264) {323) (168) (34) (15)
MNone 106 G4 8.2 36.8 3.8 0.9
Possible 170 731 91.8 50,0 10.0 5.9
Definite 94 78.9 87.2 46.8 13.8 4.3
Test ¥ * L x NS
Hypertensive heart disease 244 (184} (221 (118} (30) (14)
None (but hypertensive) 51 66.6 90.2 41.2 7.8 3.9
Possible 143 Th.l 91.6 50.3 11.9 6.3
Definite all 82,0 8.0 50.0 18.0 6.0
Test NS NS NS NS NS
Myocardial infarction (12CG) 342 {240} (208) (151) (34) {15)
None 265 68,1 85.3 43.8 6.4 3.8
PPossible 63 3.5 93.7 50.8 14.3 4.8
Definite 14 85.7 92.9 21.4 671 14.3
Test . NS NS NS e NS
Diabetes mellitus 367 (261) (320 (166) (34) (15}
Nune 278 T2.1 874 43.5 8.6 3.2
Possible 56 63.2 85.7 48.2 7.1 Tl
Definite 33 T2.8 87.9 54.5 18.2 6.1
Test NS NS NS NS NS

Parentheses indicate the number of autopsies in each category.

+ Based on two additional autopsies in which papillary muscles were unavailable.

t Cases in which clinical data were insufficient to assign a diagnosis were omitted from the corresponding tables. Cases who
were normotensive were also omitted from the table for Hypertensive Heart Disease.

* L01<P<0.05; ** P<0.01; Test— possible and definile vs none.

TABLE 5 PERCENTAGE OF AUTOPSIES WITH PAPILLARY MUSCLE SMALL VESSEL
SCLEROSIS BY AGE AT DEATH

#5  FLEARG I /h AT EEALAE O 580 & N EIERG O B 3 FECIE Hills kI

Small Vessel Sclerosis

Age at Death Autopsies Papillary Muscle
Ant. Post. Ant. & Post.

=49 28 28.6% 21.4% 25.0%
50-59 34 35.3 26.5 32.4
60-69 117 29.9 10.3 44.4
T0-79 125 26.4 13.6 49.6

B0+ 69 23.2 17.4 47.8
Total 373 27.9 15.0 44.2
Linear trend with age NS NS *

*0.01<P<0.05
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SVS (papillary) was more frequent when PMF (diffuse)
was present and less frequent when PMF(focal) was
present. SVS (mural) was observed more often when
PMF (focal) was present but the association was not
statistically significant (Table 6). The association
between SVS (papillary) and PMF (diffuse) was
further demonstrated when each muscle was examined
separately (Table 7).
when

SVS was particularly frequent
the
papillary muscle. In approximately 70% of the cases
in which the diffuse type of fibrosis occurred in
both papillary muscles, each muscle also contained
sclerosed vessels.

diffuse fibrosis was present in same

SVS (FLUARE ) o8 IE |3, PMF (BT ¥6 5046105
<, PMF (BREH) &k 215 5128, -7, SVS (LB
JiE, PMF (IRBE) A b 2B G I £hord, 20

B AR AR T A e o ($6).

Bl 244 b, SVS (SLEH) & PMF (B8 %) & o Mk

i, —EMEECED SN (£7 ). B8 RMELE 2 1T

FIi)

==

M

T EHE, TOR—FEMHIZEOTSVSHFEIZEL, -
Fo. WOFLEEAD (2 D TVERHERE O B AT & L EH O

FT0% 2 BT, AP MG OB {EAE S & 5 47,

TABLE 6 PERCENTAGE OF AUTOPSIES WITH SMALL VESSEL SCLEROSIS OF PAPILLARY MUSCLES
(BY LOCATION) AND OF MURAL MYOCARDIUM BY TYPE OF PAPILLARY MUSCLE FIBROSIS

#6 FUEANG (2 /D 0055 A {13 (

GROLET ) & 2 UL BRI L D LA A (L AE D 386 5 = SR o T 53 32 -

FLIE A% S E o F 4 71

Small Vessel Sclerosis

Papillary Muscle Fibrosis Autopsies Papillary Muscle
[ Mural
Ant. Fost. Ant. & Post. Total
Diffuse 169 25.4% 13.0% 57.4% 95.8% 75.7%
Diffuse and focal 34 8245 L ang 471 94.2 79.4
Focal 16 18.8 6.3 31.3 56.4 87.5
None 154 30.5 18.2 30.5 79.2 62.3
Total 373 27.9 15.0 44,2 87.1 71.0
Test: Diffuse vs none NS NS *% gk *
Diffuse and focal vs none NS NS NS NS NS
Focal vs none NS NS NS NS NS
*0.01<P<0.05; ** P<0.01
TABLE 7 PERCENTAGE OF AUTOPSIES WITH PAPILLARY SMALL VESSEL SCLEROSIS (BY LOCATION) AND

TYPE OF PAPILLARY MUSCLE FIBROSIS

BT FLER M B (GE GRELR) 00 5 0 A EIRBIO 1% B £ U TUIN RAEE 0 R
Papillary Fibrosis Papillary Muscle Small Vessel Sclerosis
Autopsies —

Muscle Type Anterior Posterior Ant. & Post.
Anterior Diffuse 62 50.0% 3.2% 45,2%
Posterior Diffuse 48 8.3 27.1 56.3
Anterior Focal or D/F 8 37.5 - 37.5
Posterior Foeal or D/F 5 40.0 20.0
Ant. & Post. Diffuse 59 13.6 1134 71.2
Ant. & Post. Foeal and/or DJTF 15 26.7 46.7
Anterior Diffuse :

13 46.2 TN 46.2
Posterior Focal or D/F
Anterior Focal or D/F g qq
11.1 33.3 44.4
Posterior Diffuse
No fibrosis 154 30.5 18.2 30.5
Total 373 27.9 15.0 44.2
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DISCUSSION

PMF (diffuse) is different from
PMF (focal) in histological character and patho-
genesis.

unequivocally

The diffuse type is related to and appar-
ently a result of the sclerosis of the small vessels
of the papillary muscles, with attendant chronic
The fibrosis extends
to the endothelial surface without reactive endothelial
proliferation and without sparing of subendothelial
muscle PMF (diffuse) is not

coronary heart disease in the usual sense of large

progressive local ischemia.

fibers. related to
vessel atherosclerosis and in this series of autopsies

is not related to myocardial infarction, cardiac
hypertrophy, hypertensive heart disease, and diabetes
mellitus. It is more prevalent however in those with
in almost half of the

autopsies and evidently produces no recognizable

hypertension. It is found

clinical signs or symptoms.

SVS (papillary) also appears to be an independent
process related and probably antecedent to PMF
(diffuse) but unrelated to coronary heart disease,
myocardial infarction, cardiac hypertrophy,
mellitus,

diabetes
or other recognizable clinical processes
. Bot
infrequently, SVS (papillary) is seen in an otherwise
normal papillary muscle but the reverse, PMF(diffuse)
SVS (papillary}, The
the vessels in
histologic sections and their proximity and anatomical
relation to areas of PMF (diffuse) (Figure 4) also
indicate the direct relation between the vascular and

with the possible exception of hypertension.

without is less frequent.

distribution of sclerosed small

fibrotic changes.

SVS (papillary) may develop earlier in one papillary
muscle than in the other so that involvement of both
The
sclerotic change evidently progresses very slowly.
There is no evidence that a bypass circulation is
established although not infrequently the sclerosis

muscles is more frequent in older persons.

appears to be focal and nodular in vessels sectioned
longitudinally (Figure 4). This

SVS (papillary) and PMF (diffuse)
chronic progressive change.
infiltration,

association of

results in a
Acute necrosis, cellular
and revasculari-
zation are not ohserved. This is in sharp contrast to
PMF (focal),

traced through all stages of infarction from acute

fibroblastic activity,

the development of which can be

necrosis to the healed scar.

SVS (mural) is less frequent than SVS (papillary).
An anatomical relation between SVS (mural) and
areas of fibrosis

in the wall of the ventricle is

usually not evident. Analysis of the dara suggests
that there is a relation between sclerosis of these
vessels

Although

but not with diabetes.
there was a gradient of the prevalence

and hypertension,

12
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Figure 4 Small vessel sclerosis in papillary muscle and relation to area of diffuse
type of papillary muscle fibrosis. Gomori aldehyde fuchsin-Masson trichrome x10

[# 4

FUIRES 2 & 13 B/ M LA &5 b U R LW AR AR o 0 & o M. Gomori

aldehyde fuchsin — Masson trichrome ifa, 10

of SVS (mural) with coronary heart disease and
with hypertensive heart disease, these gradients
were not statistically significant.

A narrow and sharply demarcated rim of surviving
muscle fibers is usually present between the
endocardium and an underlying myocardial infarct,
and similar fibers may persist about thebesian
veins.25  This has been long recognized and is
commonly described in textbooks. It has been
suggested that the muscle fibers survive because of
the direct transfer of oxygen and other vital nutrients
through the endocardium from the blood in the
ventricular chamber. There is little variation in the
width of this layer of surviving muscle which has
been said to be equal to the width of the non-
vascularized subendothelial layer of large vessels.
PMF (focal) characteristically and
demonstrates a

consistently
similar layer of surviving and
morphologically normal muscle fibers which appear
like a regular and even palisade beneath the endo-
cardium. Several facts challenge the theory that
these palisades of muscle fibers owe their survival
to endocardial transfer of nutrients during ischemic
episodes. In both myocardial infarction and PMF
(focal), subendocardial fibers survive even when
there is marked thickening and elastosis of the
endocardium which should obstruct the transfer of
oxygen (Figure 5). These subendocardial muscle
fibers do not survive in PMF (diffuse) which is an
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Figure 5 Endocardial fibroelastosis and focal type papillary muscle fibrosis with
viable subendocardial and perivascular palisades of muscle. H&E x10

[4 5
FLEIR AR, ATk

ischemic result of local small vessel disease, even
though in this type of fibrosis there is no observable
endocardial change. Palisades of viable muscle
" fibers are also found about infarcts deep within the
myocardium and away from the
epicardial surfaces. These surviving muscle fibers
are located at the periphery of muscle bundles where
thin-walled vessels are found. It has been established
that there is normally a rich anastomosis of small
vessels beneath the endocardium, and it is more
likely that the muscle fibers at the periphery of
myocardial infarcts and PMF (focal) survive because
they are supplied by these vessels,

endocardial or

These observations provide additional evidence
against the theory that ischemic heart disease results
from simple mechanical obstruction of blood flow.
In most cases coronary artery atherosclerosis and
obstruction is an essential feature in the development
of myocardial infarction but it is not always a
sufficient explanation. The absence of small vessel
disease, the distribution of lesions at a distance
from the area of vascular obstruction, and the sharp
demarcation of the surviving peripheral
fibers all suggest that in addition to the essential
ischemia, there are local differences in the myo-
cardium which make some areas more susceptible to
circulatory deficit than others. 26

muscle
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APPENDIX A CRITERIA FOR CLINICAL EVALUATIONS

+ #

Hypertension
Definite. Blood pressure of 160mmHg or higher
systolic and 95mm Hg or higher diastolic on two or
more examinations,

Possible. Blood pressure 140 mm.Hg or higher
systolic or 90mmHg or higher diastolic on two or
more examinations, when not classifiable as definite.

Hypertensive Heart Disease

Definite. Definite hypertension (see above) plus
any of the following: moderate cardiomegaly (X-ray),
atrial fibrillation, left bundle branch block, left axis
deviation, or ST depression or T wave inversion of
1.0 mm or more.

Possible. Definite or possible hypertension (see
above) plus any of the following: mild cardiomegaly
(X-ray), premature beats, atrial fibrillation, nodal
rhythm, AV or intraveatricular block, P wave
abnomalities, left axis deviation, high wvoltage of
QRS, left wventricular hypertrophy or
ST depression or T wave abnormalities, when not
codable as definite,

strain, or

Diabetes Mellitus

Definite. Serum glucose values exceeding any of the
following on two or more examinations: Fasting
125mg/100ml; 1-hour 215mg/100ml; 2-hour
145mg/100ml; or 3-hour 130 mg/100ml.

Possible.
exceeding any of the following on one or more
examinations: urine glucose 1+; fasting 105mg/100ml;
1-hour 175 mg/100ml; 2-hour 140 mg/100ml; or 3-hour
120mg/100ml. Glycosuria with concomitant serum
glucose values in the normal range was not considered
evidence of diabetes mellitus.

Urine or serum glucose values equal or
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