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Abstract
Aim—To review and reassess the role of
this department’s experience with routine
electron microscopy of myocardial tis-
sues.
Methods—A nine year series of myocar-
dial samples that underwent electron
microscopy analysis were audited. Fifty
nine samples were derived from 46 male
and 13 female subjects with an age range
of 15–90 years (mean, 50.6). Forty two
samples were endomyocardial specimens,
with 13 being derived from explanted
hearts, and four from necropsies. Two
cases were from transplanted hearts.
These were all reviewed in a blinded fash-
ion, by all three authors separately, in
terms of the myocardium at the ul-
trastructural level. Subsequently, the
interpretations/diagnoses were cross com-
pared with the light microscopy and clini-
cal data results.

Results—Four cases of amyloid were iden-
tified; in addition, one case of granuloma-
tous inflammation and one case of
basophilic degeneration were seen, al-
though all these had been evident on light
microscopy. One case of possible mito-
chondrial myopathy was found. A total of
18 cases revealed changes of a presumed
non-specific type including glycogen,
lipid, and mitochondrial accumulations.
Varying types of degeneration involving
myofibres were seen together with varia-
tions in interstitial fibrosis and occasional
cytoplasmic inclusions.
Conclusion—Overall, although interest-
ing, the electron microscopy of myocar-
dial tissue added little to the
understanding of the patient’s disease,
with only one case showing changes not
found at light microscopy or with other
investigations. Further study might shed
light on the “non-specific” ultrastructural
findings encountered.
(J Clin Pathol 2001;54:321–325)
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Electron microscopy has been a commonly
used technique within histopathology for the
past 40 years. It has been valuable in the inves-
tigation of renal disease, tumour diVerentia-
tion, and storage disorders, and the identifica-
tion of infective agents. In addition, it has a role
in the investigation of the ultrastructural detail
in cases of putative cardiomyopathy/cardiac
dysfunction.1 There are several well known2 3

commentaries on the normal myocardium at
the ultrastructural level, and we have used
these to evaluate samples from explanted
hearts, endomyocardial biopsies, and postmor-
tem tissues. We chose to re-evaluate our cases
in terms of diagnostic yield for myocardial tis-
sue, and to reconsider the place of electron
microscopy in the investigation of myocardial
disease.

Methods
All samples in which electron microscopy of
the myocardium had been performed were
retrieved, together with the clinical data and
the light microscopy sections. The samples had
originally been placed into 3% buVered glutar-
aldehyde at the time of biopsy, processed into
resin, and cut for transmission electron micro-
scopy. To avoid bias, the three authors
independently reviewed the ultrastructural
photomicrographs without access to the light
microscopy or clinical information. The analy-
sis involved consideration of the individualFigure 1 Tabular display of the results in terms of type of biopsy and diagnostic yield.

No diagnostic feature
identified n = 17

Endomyocardial
biopsy
n = 42

Total
sample
n = 59

Autopsy cases
n = 4

Explanted
hearts
n = 13

Diagnostic feature
identified n = 7

Debatable features
seen n = 18

No diagnostic features
identified n = 2

Diagnostic changes
seen n = 2

No diagnostic features
identified n = 13

Diagnostic changes
noted n = 0
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components of cardiac tissue. Thus, the inter-
stitium, myocyte shape, cell membrane, inter-
calated disc, mitochondria, sarcoplasmic re-
ticulum, glycogen load, nucleus, lysosome
pattern, and any other features that were of
interest were considered. The results were then
collated and discussed, producing a consensus
for the presence and type of abnormalities
identified. These were subsequently compared
with the clinical information and the light
microscopy results.

Results
Over nine years, within a pool of over 1600
cardiac biopsies taken mainly for the assess-
ment of cardiac rejection, 59 samples (46 male,
13 female) were taken for electron microscopy
with a patient age range of 15–90 years (mean,
50.6). Most (42) were endomyocardial sam-
ples, with two taken from transplant recipients.
A further 13 were derived from explanted
hearts and four were obtained from necropsies.
Figure 1 gives a tabular breakdown of the

results. It was noted that minimal clinical data
beyond the usual diVerential diagnoses of car-
diomyopathies was given on request forms.

The positive cases showing specific myocar-
dial disease included four cases of amyloid,
showing the classic pericellular encasement
non-branching fibrils (fig 2). All these cases
were found to have Sirius/Congo red positivity
on light microscopy. A single case of granulo-
matous myocarditis was identified in which a
background of chronic inflammatory cells was
seen together with an epithelioid/giant cell
granuloma (fig 3). No infective agent was seen.
This was from a case of probable sarcoid, diag-
nosed after the biopsies were taken, although
the granulomatous inflammatory process and
giant cell nature was evident on paraYn wax
embedded sections of myocardium. Another
sample showed the characteristic light and dark
degenerative changes of basophilic degenera-
tion (fig 4). A single case with abnormal myofi-
bre degeneration and atypical mitochondria
was seen in a patient with dilated cardiomyopa-
thy, and was interpreted as a putative mito-
chondrial myopathy (fig 5). However, this
patient recovered from his dilated, dysrhythmic
status to the point where he was able to resume
normal activities. Consequently, this case
might be better placed with others discussed in
the next paragraph.

A further 18 samples showed a variety of
ultrastructural changes in which the myocardial
cell architecture/background was not “normal”,
and in which the features provoked discussion as
to their possible role in myocardial dysfunction.
The changes included focal pooling of glycogen,
the presence of large lipid droplets, pronounced
variation in the number of mitochondria in each

Figure 2 Amyloid (arrowhead) is seen encircling a
myocyte (original magnification, ×1890).

Figure 3 A Langhan’s giant cell is seen within a
granuloma (original magnification, ×1700).

Figure 4 Basophilic degeneration showing light (L) and
dark (arrowhead) zones within a myocyte (original
magnification, ×2460).

Figure 5 Mitochondria showing abnormal circular cristae
within degenerate myocytes (original magnification,
×29 500).

Figure 6 Pronounced variation in mitochondrial size and
an abnormal cristal architecture were occasionally seen
(normal mitochondrion size arrowed) (original
magnification, ×8700).
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cell, and a variable degree of fibrosis in the back-
ground interstitium. Furthermore, variations in
the size of the mitochondria, focal myofibre
degeneration/disaggregation, nemaline-like de-
generation, and paracrystalline arrays were
noted (figs 6–10). Variation in nuclear contours
was often noted (fig 11). Another case had an
aggregate of eosinophils, not evident on light
microscopy. The remaining 34 cases were
judged to be normal.

There were two cases in the postmortem
group that showed gross fatty change. These
samples were from an elderly woman with
“tabby cat” heart and a patient with histological
changes of myoclonic epilepsy with ragged red
fibres (MERRF) (fig 12). The findings could be
regarded as educational even in the absence of
new diagnostic features being seen.

The explanted hearts studied were derived
from patients with dilated cardiomyopathy
undergoing transplantation. Some had a de-
gree of ischaemic heart disease. None showed
features that were of diagnostic quality in terms
of identifying the aetiology of the cardiomyopa-
thy.

The yield of new diagnoses from these biop-
sies was seven in 59 patients (12%). Alterna-
tively, one might consider the yield solely to be
one case of debatable mitochondrial myopathy
from the 59 cases (1.7%). Conversely, this fig-
ure may be an underestimate, depending on
how one views the other changes described
above. If one considers the yield of changes
seen from the diVerent types of biopsy, then
one can see that the postmortem group of four
cases showed two with interesting features, but
no new diagnoses. None of the 13 explanted
hearts from cardiac transplant patients pro-
vided information in terms of a positive
diagnosis as to the underlying aetiology of the
patient’s cardiomyopathy. The 42 endomyocar-
dial biopsy samples showed the features of
amyloid, granulomatous myocarditis, and ba-
sophilic degeneration described above as well
as the “non-specific” changes.

Discussion
In most circumstances, electron microscopy is
used in conjunction with light microscopy,

Figure 7 A cardiac myocyte showing a nemaline-like area
of degeneration (original magnification, ×7370).

Figure 8 Focal myofibre degeneration seen in a dilated
cardiomyopathy (original magnification, ×16 960).

Figure 9 Cardiac myofibre disaggregation (original
magnification, ×43 020).

Figure 10 Paracrystalline array seen in a dilated
cardiomyopathy (original magnification, ×150 000).

Figure 11 Hypercomplex nuclear folding, possibly in
relation to microtubule contraction (original magnification,
×6340).

Figure 12 Mitochondrial myopathy case showing atypical
mitochondrial cristae (original magnification, ×63 400).
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immunohistochemistry, and other investigative
methods to determine the pathophysiology of
cardiac dysfunction.1 4 5 It may be used in the
assessment of acute ischaemia/ischaemic sud-
den death and alcoholism. In our centre it is
customary to take a minimum of four en-
domyocardial biopsies for light microscopy and
simultaneously a sample for electron micros-
copy during right heart catheterisation/biopsy.
Other centres have similar protocols, some-
times augmented by frozen tissue samples for
immunofluorescence, enzyme assay, or genetic
analysis.6 7 Although the routine use of electron
microscopy of endomyocardial samples
amounts to only 2.1% of our total electron
microscopy workload, with each sample cost-
ing about £25 in consumables, it is a slow and
labour intensive process. We chose to audit our
experience over nine years, first to assess the
yield of diagnostic data; second to compare this
with the light microscopy and limited clinical
data provided; and third to re-evaluate our
understanding of myocardium at the ul-
trastructural level.

We found seven cases, all from endomyocar-
dial biopsies and one from an explanted heart,
in which there was a positive diagnosis with
relevance to clinical management. However,
the four cases of amyloid were all seen on con-
ventional light microscopy with standard histo-
chemical amyloid stains. Amyloid and other
histochemical stains (Perl’s, periodic acid
SchiV (PAS), ABDPAS, Masson’s trichrome,
elastic van Giesen) are routinely performed on
all our myocardial biopsies and, therefore,
apart from providing confirmatory ultrastruc-
tural data, little was added by electron micros-
copy. The single case of granulomatous disease
(subsequently diagnosed as sarcoid) was also
detected at light microscopy before the ul-
trastructural views, as was the case of ba-
sophilic degeneration. It was perhaps useful to
examine a granuloma at very high magnifica-
tion within the diVerential diagnosis of infec-
tious processes, but neither of these cases had
their management altered. Electron micros-
copy was useful for identifying one case of
putative mitochondrial cardiomyopathy, even
though in retrospect the patient recovered.
Alternatively, the changes seen point to the
reason for his “temporary” cardiac disorder.

The 18 cases that showed non-specific
features are worthy of consideration, despite
the lack of clinical and morphological correla-
tion. However, because the “normal” myocar-
dium of the general population is not usually
sampled for electron microscopy it is diYcult
to be dogmatic and state that these changes are
truly abnormal. Normal cardiac ultrastructure
is often portrayed in textbooks as an ideal
image, with which to compare diseased tissues.
However, many control/normal cardiac myo-
cytes are invariably derived from tissue re-
sected at congenital heart disease surgery,8 or
from human postmortem material,9 both of
which might be considered not to be normal. If
one has not defined normality, then the
non-specific features might simply reflect a
range of the normal population. If so, then our

study goes a little way to dealing with this defi-
ciency. Alternatively, these features described
could represent subtle or early changes, reflect-
ing particular diagnostic entities that as yet
have not been fully catalogued, with their end
point being a cardiomyopathy.

It should be noted that previous studies of
human myocardial tissue at the ultrastructural
level have also identified some of these
non-specific features in the setting of cardio-
myopathies. They have included alterations in
myofibre and nuclear architecture as well as
mitochondrial number.8 10 Other studies have
analysed the value of electron microscopy as a
semiquantitative tool in the study of cardiomyo-
pathy, correlating extracellular matrix and cel-
lular myofibre values with functional myocar-
dial studies.6 11 Other centres have used
electron microscopy to assess apoptosis within
the myocardium.12 13 However, the data are not
clear, with variations between centres as to the
eVectiveness of electron microscopy in this
regard.6 14 On a more experimental level, dele-
tions of the desmin gene have been shown to
cause ultrastructural changes parallelling evo-
lution into a cardiomyopathy.15 Perhaps the
most useful finding from this review exercise
was the enhancement of our own understand-
ing of the many variations seen within the con-
text of myocardial ultrastructural detail. This
was particularly so in cases with myopathic
features and those with nuclear crenation.16 17

It might be argued that we have demon-
strated that electron microscopy is not cost
eVective in terms of the investigation of
myocardial disease within our adult biased
caseload. On the basis of the data presented, we
would not argue with this interpretation, but it
is only by gaining experience with regular
exposure that we feel confident to interpret
these samples. Perhaps to avoid the unneces-
sary duplication of diagnostic data we shall
henceforth process, but not cut sections/
examine tissues at the ultrastructural level,
unless we have excluded amyloid and other
cardiac disorders with light microscopy. How-
ever, because we spread the cost of this investi-
gation within the larger pool of renal biopsies at
this site, from an academic perspective we pro-
pose to continue to investigate the ultrastruc-
ture of myocardial tissue. We consider that it is
still a pertinent investigation in those whose
diagnoses are not forthcoming from conven-
tional methods, particularly in paediatric cen-
tres with rare cardiomyopathies such as
MERFF.4 18

One interesting realisation upon completion
of the study was that only a few cases provided
any form of clinical feedback. Because we are a
tertiary referral centre for cardiac disorders this
is perhaps not surprising because patients often
return to their referral centre. However, we
would argue that this limits the understanding
of myocardial pathophysiology because we
have had only a limited opportunity to
reconsider the tissues. The reality of this obser-
vation is that cardiologists and other clinicians
will ultimately receive a less eYcient service
than is possible.
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We have also had the opportunity to consider
the quality assurance aspect of our service.
Cardiac dysfunction is a major cause of
morbidity and mortality within the UK.
Although smoking and ischaemic heart disease
are the main causes of cardiac dysfunction,
there is an important cohort of patients with
primary myocardial disease that is all too often
labelled as ischaemic in origin. To investigate
these patients fully, biopsy sampling should be
considered to augment imaging, genetic, and
other tests. The question arises as to who
should be examining these tissues, and with
what modalities. Although centres such as ours
will see myocardial tissues at electron micros-
copy, is it an absolute requirement, and how
many does one need to see to be proficient?
Should there be a form of external quality
assessment within cardiac pathology?

In conclusion, despite electron microscopy
having been used for a considerable time rela-
tively few cases appeared to benefit directly
from this investigation in our centre. Perhaps
this reflects our case mix, with few paediatric
cases being studied. Electron microscopy is
relatively expensive in terms of time, machin-
ery, and human labour, and does not produce
important and diagnostic information in many
cases. The inability to predict the cases in
which it will be most useful requires one to
either bear the cost of this technique for the
bulk of the patients with non-ischaemic cardio-
myopathy (also permitting experience to be
maintained), or to rely upon other tests.
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