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Hypertrophic cardiomyopathy without
hypertrophy: two families with myocardial
disarray in the absence of increased myocardial
mass

W J McKenna, J T Stewart, P Nihoyannopoulos, F McGinty, M J Davies

Abstract
Two families are described in which
individuals showed widespread myocar-
dial disarray at histological examination,
in the absence of macroscopic cardiac
hypertrophy. In one family the clinical
presentation was that ofsudden unexpec-
ted cardiac death in four family mem-
bers; members of the other family pre-
sented with electrocardiographic re-
polarisation changes and abnormalities
of left ventricular diastolic function.
The finding ofmyocardial disarray, the

characteristic histological abnormality
of hypertrophic cardiomyopathy, in the
absence of increased cardiac mass sug-
gests a wider range of abnormality in
hypertrophic cardiomyopathy than is
currently recognised.

ded as a specific histological marker of hyper-
trophic cardiomyopathy. In normal hearts the
mean proportion of the septum with disarray is
1 5%,; in hypertrophic cardiomyopathy dis-
array is found in 30% of the total tissue area.'3 '
The histological appearances of disarray are
classified as type I-in which the myocytes are
predominantly cut longitudinally-and type
II-in which the myocytes are cut transversely.
The degree of disarray on histological slides is
expressed as a proportion of the total area cut
longitudinally or transversely, and the largest
percentage is used to indicate the amount of
disarray."3 14
We report two families with myocyte dis-

array but no increase in cardiac mass. These
families raise questions about the appropriate-
ness of current nomenclature and highlight
potential limitations of current diagnostic
criteria.
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The most characteristic abnormalities of
hypertrophic cardiomyopathy are an increase
in ventricular muscle mass with myocyte
hypertrophy and disarray.'" The criteria for
the diagnosis of hypertrophic cardiomyopathy
and the nomenclature for its description have
expanded since Teare's original description of
these abnormal features."'

In the 1960s the diagnosis relied on clinical
and haemodynamic features ofa left ventricular
outflow tract pressure drop (hypertrophic obs-
tructive cardiomyopathy, idiopathic hypertro-
phic subaortic stenosis, muscular subaortic
stenosis)2' 5; it is now known that only about
3500 of patients have left ventricular outflow
tract pressure differences at rest.6 The develop-
ment of M mode echocardiography in the
1970s permitted the visualisation of the
interventricular septum and the posterior left
ventricular wall at mitral valve level.78Mmode
echocardiography confirmed earlier observa-
tions and led to the assertion that asymmetrical
septal hypertrophy was the pathognomonic
feature of the condition.9 Asymmetrical septal
hypertrophy is seen in 60-70% of patients with
hypertrophic cardiomyopathy but it is also
found in other patient groups.'0 Currently the
clinical diagnosis of hypertrophic car-
diomypathy is based on the demonstration of
unexplained left ventricular hypertrophy when
the entire heart is visualised by cross sectional
echocardiography." 12
The extent ofmyocyte disarray is now regar-

Clinical and pathological details
FAMILY A
This family came to attention because of a
strong history of premature sudden death. The
proband (case 1) died at the age of 38 years with
no previous history of cardiac disease. Her
daughter (case 2), sister (case 3), and nephew
(case 4) (aged 21, 42, and 17 years respectively)
also died suddenly and unexpectedly without
any previous history to suggest cardiac abnor-
mality (fig 1).
Necropsy was performed on all 4. Table 1

gives detailed pathological information. The
macroscopic appearances of the hearts were
normal. Heart weights were not increased;
cavity size and ventricular wall thickness were
normal. Histological assessment, however,
showed widespread interstitial fibrosis with
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Figure I Pedigree offamily A. Solid symbols represent
affected individuals. Age at death or diagnosis is shown.
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Table 1 Results ofpathological examination infive individuals showing considerable myocardial disarray

Patient Age/sex Cause of death Heart weight (g) LV mass (g) RVmass (g) Disarray (U)

Family A:
1 38/F SCD 374 - - 61 3
2 21/F SCD 292 136 42 32 8
3 42/F SCD - - - 36 0
4 17/M SCD 341 163 47 47 0
Family B:
5 44/F MI 325 164 44 25 6

LV, left ventricular; MI, myocardial infarction; RV, right ventricular; SCD, sudden cardiac death.

type I disarray in three (myocytes predomin-
antly cut longitudinally). In patient 3 there was
diffuse fibrosis with 360o disarray on trans-
verse section (type II) in the only tissue sample
available for review from the original necropsy
(fig 2).
The three surviving first degree relatives

were symptom free. Two were willing to be
assessed. Clinical examination was normal in
both, and in one the electrocardiogram and
cross sectional echocardiogram were also
normal. In the surviving daughter (case 6),of
the proband, however, the resting electrocar-
diogram was abnormal, and fulfilled voltage
criteria for left ventricular hypertrophy, with
associated widespread abnormalities of re-
polarisation. This woman provides an oppor-
tunity to study her family's cardiac abnor-
mality in life. Her cross sectional echocar-
diogram showed normal cavity size, wall thick-
ness, and functional indices (left ventricular
end systolic dimension 26 mm, left ventricular
end diastolic dimension 40 mm, interventric-
ular septal thickness 9 mm, posterior left ven-
tricular wall thickness 9 mm) (fig 3). She
exercised for 12 minutes of a standard Bruce
protocol; her heart rate increased from 60 to
167 beats/min, with maximal oxygen consump-
tion (Vo2 max) of 40 ml/kg/min (100%, of her
predicted maximum). The T wave inversion in
the anterior chest leads of the resting elec-
trocardiogram became normal during exercise.
The blood pressure response to exercise,

however, was abnormal; the resting systolic
pressure was 100 mm Hg, it rose early during
exercise to 125 mm Hg, and fell to 90 mm Hg
at peak exertion. The control of the peripheral
vasculature, investigated by forearm plethys-
mography during supine bicycle exercise, was
abnormal with an increase in forearm blood
flow indicating inappropriate and generalised
vasodilatation. A high gain signal averaged
electrocardiogram did not show late potentials
and there were no arrhythmias during repeated
48 hour electrocardiographic monitoring. The
findings on left and right cardiac catheterisa-
tion (including filling pressures) were normal
and there was no resting or inducible outflow
tract gradient in the left or right ventricle. At
electrophysiological study the basic conduction
intervals were normal and there was no evi-
dence of an accessory atrioventricular pathway
or of accelerated atrioventricular nodal con-
duction. Atrial vulnerability was assessed by
high rate burst pacing and extrastimuli, and
ventricular vulnerability by programmed
stimulation to stage 8 of the Wellens protocol
(drive cycle 420 ms and 2 extrastimuli), but
tachycardia was not initiated.

She was treated with low dose amiodarone
(200 mg daily, plasma concentration 0 8 mg/l),
and has remained well during four years of
follow up.

FAMILY B
In this family the proband (case 5) died of

Figure 2 (a)
Disorganisation of cardiac
muscle cells that are
aligned obliquely (type I)
to each other forming
tangled masses (case 1).
(b) Disorganisation
showing whorled
arrangement (type I) of
cardiac muscle cells around
a centralfocus of
connective tissue (case 1).
(c) Disorganisation in
which bundles of cardiac
muscle cells are arranged
at oblique angles (type I)
(case 2). (d)
Disorganisation with
narrow bands of
longitudinally (type II)
arranged myocytes
alternating with
transversely cut myocytes
(case 3).

288
 on M

ay 22, 2023 by guest. P
rotected by copyright.

http://heart.bm
j.com

/
B

r H
eart J: first published as 10.1136/hrt.63.5.287 on 1 M

ay 1990. D
ow

nloaded from
 

http://heart.bmj.com/


Hypertrophic cardiomyopathy without hypertrophy: two families with myocardial disarray in the absence of increased myocardialmass28

Figure 3 Cross sectional
echocardiogram and 12
lead surface
electrocardiogram of case 6
(family A).

I

myocardial infarction after coronary arterio-
graphy in 1979. She had a 5 year history of
paroxysmal atrial fibrillation and an abnormal
resting electrocardiogram showing atrial over-
load, voltage criteria of left ventricular hyper-
trophy, and widespread repolarisation abnor-
malities. Six months before her death she
started to complain of chest tightness and
dyspnoea on exertion, which were relieved by
rest and sublingual glyceryl trinitrate. M mode
echocardiography at that time showed a small
left ventricle (end diastolic dimension 41 mm,
end systolic 29 mm) with wall thickness at the
upper limit of normal (interventricular septum
12 mm, posterior left ventricular wall 13 mm),
and a restrictive filling pattern. The left atrial
dimension was also at the upper limit of normal
(40 mm). Left ventricular cineangiography
showed normal systolic function and coronary
arteriography showed some irregularity of the
left main step~coronary artery. During the next
6 months she had progressive angina despite
treatment with propranolol, nitrates, and
verapamil. At restudy when the right coronary
arteriogram was performed (before cannula-
tion of the left coronary artery) the entire left
coronary system was seen to fill retrogradely.
After this she suffered an extensive anterior
myocardial infarct and died 24 hours later in
cardiogenic shock.
The clinical diagnosis was severe stenosis of

the left main stem coronary artery. At necropsy

Figure 4 Pedigree of
family B. Solid symbols
represent affected
individuals. Age at death
or diagnosis is shown.

24. is 18 16 1 1

a small plaque of coronary atheroma was found
in the proximal left main stem coronary artery;
there was no significant atheroma elsewhere in
the coronary tree. The infarct that caused her
death was assumed to have been caused by
spasm at the site of the plaque in her left main
coronary artery. Otherwise the heart was
macroscopically normal, apart from unusual
rigidity of the atria, and weighed 325 g (normal
for her body weight). Histological examination
showed extensive interstitial fibrosis of the
atria with obliteration of the sinoatrial node.
The ventricular myocardium showed less
pronounced fibrotic changes but severe
myocyte disarray (25-6% type I).

Eight first degree relatives of this patient, all
ofwhom were symptom free, were assessed (fig
4). Four had abnormal electrocardiograms and
cross sectional echocardiograms. All four
showed abnormalities of ventricular repolarisa-
tion on the resting 12 lead electrocardiogram;
atrial fibrillation was also seen in one, and left
or right atrial overload or both was seen in the
other three. The echocardiograms in these four
patients showed normal heart size, ventricular
cavity dimensions, and ventricular wall thick-
ness. The ventricular filling patterns, however,
showed a phase of early rapid filling that
stopped abruptly in mid-diastole. In addition,
the echocardiogram confirmed the presence
of atrial enlargement in three of these four
(table 2).

Discussion
Familial hypertrophic cardiomyopathy shows a
mendelian autosomal dominant pattern of
inheritance.'5 The pattern of inheritance in the
two families described is consistent with
autosomal dominance-if one accepts that the
survivors with electrocardiographic or
echocardiographic abnormalities or both have
the same condition as those examined at
necropsy.

V4 Vs V6

=t-7 17:

I If III aVR aVL aVF VI V2 V3

7'.7=~ ~ 7T7h.. F,-iT
+7~~~~~~~~~~~~~~~~~~~~~~~~~~~ .t'.*..*.

. 7: .t7,.7

289
 on M

ay 22, 2023 by guest. P
rotected by copyright.

http://heart.bm
j.com

/
B

r H
eart J: first published as 10.1136/hrt.63.5.287 on 1 M

ay 1990. D
ow

nloaded from
 

http://heart.bmj.com/


McKenna, Stewart, Nihoyannopoulos, McGinty, Davies

Table 2 Clinical details of survivingfamily members

Electrocardiogram Echocardiogram

Patient Age/sex Rhythm RA + LA + Tabn STabn LVH LVWT (mm) LVED (mm) LIVES (mm) LA (mm) EF (0,)

Family A:
6 25/F SR - - + - + 10 35 20 24 63
Family B:
7 15/M SR + - - + + 9 43 26 45 70
8 1h/M SR + - + - - 8 40 27 42 68
9 44/F AF + + - + - 10 43 32 46 47
10 37/M SR - + - - + 10 49 33 39 63

Abn, abnormality; AF, atrial fibrillation; EF, ejection fraction; LA, left atrial; LVED, left ventricular end diastolic dimension;
LVES, left ventricular end systolic dimension; LVWT, left ventricular wall thickness; RA, right atrial; SR, sinus rhythm.

The histological features of hypertrophic
cardiomyopathy are characteristic. Myocyte
disarray, associated with an excess of loose
connective tissue, is quantitatively different in
this condition from the appearances seen in
other forms of cardiac hypertrophy.'3 The
disorganised muscle bundles have a character-
istic whorled pattern on light microscopy. The
histological findings in the patients from these
two families were indistinguishable from those
found in hypertrophic cardiomyopathy, alth-
ough none of the typical macroscopic features
was present and the heart weights were normal.
One of the possible consequences ofmyocyte

disarray is electrical instability of the myocar-
dium, which allows the development of ven-
tricular fibrillation but does not provide the
basis for sustained ventricular tachycardia (this
arrhythmia is very rare in hypertrophic car-
diomyopathy)."6 The exact mechanism of sud-
den cardiac death in hypertrophic car-
diomyopathy is still unresolved. Based on our
studies in this condition, we believe that the
primary event is most often haemodynamic
collapse resulting from inappropriate cir-
culatory reflexes.'718 The resulting hypoten-
sion and ischaemia may provoke ventricular
fibrillation in individuals with severe disarray.
Investigation of the surviving member of
family A did not show any evidence of electrical
instability but did suggest abnormal control of
the circulation during exercise.
Myocyte disarray may also contribute to

abnormalities of left ventricular diastolic func-
tion seen in hypertrophic cardiomyopathy. In
Family B restrictive physiology was seen in
surviving family members, although only the
proband showed histological proof of myocyte
disarray. The explanted hearts of five young
patients (age < 15 years) undergoing transplan-
tation for restrictive cardiomyopathy, which
were examined recently by us, showed similar
histological features (A Pomerance, personal
communication).
Did the patients described have hypertro-

phic cardiomyopathy without hypertrophy? If
they do represent a previously unrecognised
form of the condition then, by implication, the
range of disease recognised by standard diag-
nostic echocardiographic criteria is limited.
More extensive characterisation of similar
patients may confirm our impression that

hypertrophic cardiomyopathy may exist with-
out hypertrophy or that within a family some
affected members may have hypertrophy while
others do not. Ultimately, however, accurate
diagnosis may require identification of the gene
responsible or of a genetic marker that is linked
to the gene locus.
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