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SUMMARY

Endomyocardial biopsy studies in adults have demonstrated the use-
fulness of this method. It is possible that studies will be more productive
in determining the etiology and clinical status in patients with clinically
diagnosed myocardial diseases. A prospective study conducted over 16
months included 17 children, aged 14 months to 18 years, with the di-
agnosis of dilated, restrictive cardiomyopathy and myocarditis. In 16
patients right, and in 1 patient left heart endomyocardial biopsies were
performed. The specimens were evaluated by light and electron micro-
scopy. There were no serious complications after the procedure. In 1
of 17 children histology showed no myocardial tissue. Electron micro-
scopy evaluations were currently available in 9 patients. Endomyocardial
biopsy findings were found to be diagnostic in 41.2%,, helpful in 29.49%,
and of no help in 29.4%, of patients. In conclusion, endomyocardial bi-
opsy technique is highly sensitive in children with myocardial disorders.
In future it will be the major diagnostic tool for invasive but safe detec-
tion of myocardial disease.
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ARDIOMYOPATHY in childhood is a poorly understood disease
process and is associated with cardiomegaly, progressive heart failure
death. The value of endomyocardial biopsy (EMB) for diagnosis of
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Recent reports emphasize that
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this technique has been useful in the diagnosis of myocardial diseases, in-
cluding myocarditis and secondary involvement of the myocardium.»4:8)-9

This paper reports the results of a prospective study in children present-
ing with a clinical diagnosis of cardiomyopathy, myocarditis or cardiac in-
volvement of systemic diseases, and assesses the value of EMB in the diagnosis
of these patients.

MaTERIALS AND METHODS

A prospective study conducted over 10 months included 17 evaluated
children with a diagnosis of dilated, restrictive cardiomyopathy, myocarditis
or cardiac findings secondary to systemic diseases. A history was obtained
and physical examination, chest roentgenogram, ECG and echocardiogram
were performed. Laboratory studies included the following: white blood
count with differential and erythrocyte sedimentation rate. Viral studies
and screening for carnitine deficiency could not be performed. In some
patients blood selenium levels were determined.

Sixteen patients underwent right and 1 patient left heart cardiac cathe-
terization for hemodynamic assessment and EMB. A long sheath and an
open-ended catheter within the sheath were inserted into the right femoral
vein. The catheter was positioned in the right ventricular septal wall. The
long sheath was advanced over the catheter until a dampened ventricular
pressure tracing was obtained. The catheter was withdrawn and a similar
sized Cordis disposable bioptome was advanced until the jaw mechanism
extended just beyond the end of the sheath at the distal right ventricular
septum. The sheath-bioptome combination was withdrawn slightly and
rotated clockwise to direct the bioptome towards the distal septum. The
bioptome was opened and pressed against the right ventricular septum. The
jaws were closed and a gentle tug was exerted to detach the specimens.

The specimens were fixed immediately. Before each specimen was
obtained, care was taken to clean the bioptome in heparinized saline solu-
tion, to aspirate the long sheath and to reposition the long sheath more pro-
ximally onto different ventricular positions. No significant complications
occurred in our series.

Three to 5 (mean 4) specimens were immersed in buffered 109, formalin
for light microscopy. One to 2 specimens were immersed in 29, buffered
glutaraldehyde for electron microscopy. Paraffin sections were stained with
various stains. Myocarditis and cardiomyopathy criteria were in accordance
with previous reports.1®

The usefulness of EMB was evaluated as diagnostic when pathologic
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findings allowed a precise diagnosis, as helpful when pathologic findings
were nondiagnostic but excluded other discases, and of no help when patho-
logic findings contained nothing to aid the diagnosis.

REsuLTs

In 1 of 17 patients histological examination of the specimens showed no
myocardial but only lipoid tissue, giving a success rate of 94.1%,. For the
presentation of our results we divided our patients into 4 groups (Table I).
Electron microscopic examination has been done in 8 patients to date.

Group 1: The largest group comprised 7 children with echocardio-
graphic findings of a dilated left ventricle, reduced cardiac function and
clinical signs of congestive heart failure. The attempt failed in 1 patient
with dilated cardiomyopathy secondary to nonparoxysmal supraventricular
tachycardia. In 4 patients with dilated cardiomyopathy, histology revealed
chronic myocardial changes consistent with dilated cardiomyopathy (Figs.
1A, B). In 1 patient with a dilated right ventricle and atrial septal defect,
pathologic examination showed minimal hypertrophy, and surgical repair,
in addition to permanent pacemaker implantation which was indicated for
sick sinus syndrome, resolved the symptoms. In 1 case with dilated right
and left ventricles, histology revealed nondiagnostic findings. In this pa-
tient electron microscopy showed glycogen deposits in the sarcolemma (Figs.
2A, B). In the other 2 patients in whom electron microscopy was available,
histology was congistent with cardiomyopathic changes.

Group 2: The second group consisted of 4 patients with restrictive
physiopathology. Histology revealed noncharacteristic myocardial changes.
Onc patient improved with anti-tuberculous treatment which was instituted
on the basis of lung findings and a positive skin test. In 1 patient with severe
left sided but mild right sided endomyocardial fibrosis, biopsy interpretation
revealed mild endocardial thickening and nonspecific myocardial changes.
In this group electron microscopy showed some ultrastructural findings which
were not diagnostic for restrictive cardiomyopathy (Figs. 3A, B).

Group 3: The third group involved 2 patients with Duchenne muscular
dystrophy and 1 with fascio-scapulo-humeral dystrophy. All patients had
normal echocardiographic findings. Histology revealed edema in 1 patient,
nonspecific but highly suggestive of cardiomyopathy, and definite cardio-
myopathy in 2 patients. In 1 patient with Duchenne muscular dystrophy
electron microscopy showed myocardial abnormalities.

Group 4: 'This group consisted of 3 patients with different myocardial
diseases. In 1 patient with indefinite resolving myocarditis, pathologic
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Table I. Clinical Diagnoses and

Patient

Sex

Age at biopsy

Symptom
duration

Previous diagnosis

Clinical diagnosis:

Dilated cardiomyopathy

1 M 7 yr ? Cardiomyopathy due to SVT
2 M 7 yr 3 yr DCM
3 F 11 yr 2 mo DCM?
4 M 8 yr 3 yr DCM?, ASD, SSS
5 M 14/12 mo 6 mo DCM
M 4 yr 1 yr DCM
M 13 yr 3 yr DCM
Clinical diagnosis: Restrictive cardiomyopathy
8 M 15 yr 3 mo Restrictive CM? Lung tuberculosis
9 F 10 yr 2 yr Restrictive CM?
10 F 2 yr 8 mo Restrictive CM?
11 M 1.5 yr 6 mo Endomyocardial fibrosis

Clinical diagnosis:

Systemic muscle disease

12 M 10 yr ? Duchenne muscular dystrophy

13 M 9 yr ? Duchenne muscular dystrophy

14 M 15 yr ? Fascio-scapulo-humeral dystrophy
Clinical diagnosis: Various

15 M 15 yr 20 mo Drug-resistant ventricular ectopy

16 M 13 yr 8 mo Resolving myocarditis?

17 M 17 yr 5 yr Nonobstructive hypertrophic CM

DCM =dilated cardiomyopathy ;

|

examination revealed focal hypertrophy.
refractory ventricular cctopy, histology showed normal findings. The last
patient with nonobstructive hypertrophic cardiomyopathy associated with

(Noonan)

EPS =electrophysiologic study; ASD=atrial septal defect;

In the second patient with drug
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Light microscopy

Electron microscopy

QOther laboratory tests

Unsuccessful
DCM, chronic

DCM, chronic
Minimal hypertrophy
Myofibrillary hypertrophy,

minimal fibrosis

DCM, chronic
DCM, chronic

Myofibrillary attenuation, mito-
chondrial degeneration, ectasia
in sarcoplasmic reticulum

Myofibrillary attenuation, gly-
cogen deposits in sarcolemma,
mitochondrial aggregation

Myofibrillolysis, —mitochondrial
degenerations, myofilament frag-
mentation

EPS, Holter-monitorization

Myofibrillary hypertrophy,

interstitial edema

Interstitial edema, focal

bleeding

Myofibrillary hypertrophy,
interstitial fibrosis

Mild thickening of endo-
cardium, hypertrophy in
some muscle fibers, edema
in connective tissue

Ectasia in sarcoplasmic reticu-
lum myofibrillolysis, interstitial
fibrosis

Myofibrillelysis, mitochondrial
degeneration, fibrosis

Myofibrillary attenuation, disar-
rangement of sarcomere, in-
creased fibrous tissue

Fdema

Cardiomyopathic changes
Cardiomyopathy

Mitochondrial degeneration, in-
terstitial fibrosis, myofilament
fragmentation

Skeletal muscle biopsy

Skeletal muscle biopsy
Skeletal muscle biopsy

Normal findings

Focal hypertrophy

Hypertrophic cardiomyo-
pathy

SSS =sick sinus syndrome;

CM =cardiomyopathy;

Mitochondrial degeneration, in-
terstitial fibrosis, ectasia in sar-
coplasmic reticulum

Holter monitorization, an-
giocardiography

SVT =supraventricular tachycardia.

Noonan syndrome, showed cardiomyopathic changes (Figs. 4A, B).
In the 17 patients studied EMB findings were considered to be ‘‘ diag-
nostic 7 in 7, “ helpful ”” in 5 and ‘“ no help ** in 5 patients (Table IT).
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Fig. 1A (left). The myocardium with dilated cardiomyopathy showing
long runs of attenuated degenerate muscle fibers with some nuclei large and
hyperchromatic. Mild vacuolation (mycocytolysis) of the center of some de-
generate fibers. Hematoxylin and eosin, original magnification x 230.

Fig. 1B (right). Occasional fibers are hypertrophic. Mild vacuolation
is also present (black arrow) in some hypertrophic fibers. Hematoxylin and
eosin, original magnification X 460.
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Fig. 2A. Dilated cardiomyopathy. Glycogen deposits beneath the sar-
colemma and intermyofibrillary space, mitochondrial swelling, increased col-

lagen in the interstitium. Electron micrograph, original magnification X 5,000.

Fig. 2B. Abnormal glycogen deposits (arrow) beneath the sarcolemma.
Electron micrograph, original magnification X 15,000.
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Fig. 3A. Restrictive cardiomyopathy. Irregularity of sarcomere, my-
ofibrillolysis and increased collagen in the interstitium. Electron micro-
graphy, original micrograph, original magnification x 5,000.

Fig. 3B. Myofibrillolysis, mitochondrial abnormalities. Electron micro-
graphy, original magnification X 15,000.

Discussion

Endomyocardial biopsy studies in adults have demonstrated the useful-
ness of this method.!V-1% Tt is possible that studies in children will be more
productive in determining the etiology and clinical prognosis in patients
with a clinical diagnosis of myocardial diseases. In the past there have
been few, especially descriptive, reports of children with cardiomyopathy or
myocarditis.1? —20)

In our study, EMB was done as part of a prospective study of infants,
children and adolescents with clinical diagnoses of myocardial diseases of
various ctiologies. The endomyocardial biopsy technique was performed
successfully and safely on the 17 subjects in this study. In various centers
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Fig. 4A (left). Myocardium of a heart with hypertrophic cardiomyo-
pathy showing disordered interlacing hypertrophic fibers, but with some vari-
ability in size of fibers. Another characteristic is that the fibers show a swirling
or whorled pattern (black arrows). Hematoxylin and eosin, original magnifi-
cation X 230.

Fig. 4B (right). Close up of short hypertrophic interlacing fibers with
bizarre, prominent nuclei. The figure shows a swirling or whorled pattern.

Interstitial and focal areas of fibrosis may also be present. Hematoxylin and
eosin, original magnification x 115.

Table II. Indications for Endomyocardial Biopsy and Results

Findings
Diagnosis N?i'er?fs
pa Diagnostic ~ Helpful No help
Indications
Dilated cardiomyopathy DCM 7 4 1 2
Restrictive physiopathology | Restrictive CM 3 — 1 2
Endomyocardial 1 1 .
fibrosis -
Systemic muscle disease Duchenne 2 1 — 1
FSH dystrophy 1 1 — —
Various Arrhythmogenic right
. 2 1 — ] _
ventricular dysplasia
Resolving myocarditis 1 — 1 —
Nonobstructive HCM 1 1 — —
Total ‘ 17 ‘ 7(41.29) 5(29.4%) 5(29.49%)

DCM =dilated cardiomyopathy ; CM =cardiomyopathy; FSH =fascio-scapulo-humeral; HCM
=hypertrophic cardiomyopathy.

the complication rate has been <19, in adults.2? There was no serious
complication except for mild ventricular ectopy and femoral hematoma,
which developed in 1 patient when left EMB was done.

Pathology studies showed that this method could be efficient when an
average of 5 or more specimens were used to determine the pathologic changes
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and define the diagnosis.V#)8.2  Thus the rate of false negative biopsy
diagnosis is low. Postmortem examination has not been done and we were
thus unable to prove the biopsy diagnoses.

Primary dilated cardiomyopathy can be diagnosed histopathologically
only by exclusion of other diseases and causes.”’~% Myofiber hypertrophy,
moderate interstitial fibrosis and the above described changes are the non-
typical findings of this myocardial abnormality at the ultrastructural level.V =
In the study of Lewis et al the pathologic changes involved interstitial fibro-
sis, myofiber hypertrophy, degeneration and necrosis.? Also the myo-
carditis-cardiomyopathy relation was discussed in detail 2-5,131%  In our
study the aim of EMB in the dilated cardiomyopathy group was to differen-
tiate it from chronic myocarditis. The results were consistent with cardio-
myopathy-related changes in the majority of patients, and not the myo-
carditic features described by other studies.®-7:9.11.12).16)  In 1 case with a
dilated right ventricle due to an atrial septal defect and sick sinus syndrome
(slow rate atrial fibrillation) the pathology showed minimal myofiber hyper-
trophy, excluding cardiomyopathy.

Restrictive cardiomyopathy and pericarditis are distinct diseases which
occur with various etiologies. The diagnosis can be made noninvasively
by echocardiography.?® However in some patients definite diagnosis can
be troublesome. Some authors have described the usefulness of the technique
to determine the endomyocardial changes that occurred in restrictive cardio-
myopathy.22  In our study group histology showed noncharacteristic changes
in 3 patients. In 1 patient with apparent left sided endomyocardial fibrosis,
endomyocardial biopsy was performed from the right ventricle and pathologic
examination revealed mild endocardial thickening and noncharacteristic
myocardial changes. This result reflects the changing pattern of restrictive
cardiomyopathy.22 In future, characteristic findings will be described for
this clinical entity.

Clinically detectable cardiomyopathy is very frequent in various systemic
muscle diseases.?® In Duchenne muscular dystrophy cardiac involvement
develops after 10 years of age?® Also some other muscular dystrophies
show myocardial changes.?®)**)  The diagnosis can be made by noninvasive
methods.?® -2 There have been no reports about the use of the EMB tech-
nique in this group. Necropsy studies determined the pathologic changes.2)
In 1 patient, with fascio-scapulo-humeral dystrophy and normal echocardio-
graphic findings, histology showed cardiomyopathy findings. Edema and
highly definitive histologic changes were found subsequently in 2 patients with
Duchenne muscular dystrophy. The results emphasize the sensitivity of the
endomyocardial disease. Because the fatal nature of this disease was not
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changed by detecting the cardiac involvement with this technique, we do not
recommend this invasive procedure in systemic muscle diseases, except for
investigative purposes.

Myocarditis is a very strange disorder that leads to dilated cardio-
myopathy.4:9."  During this period of change histology may show chronic
myocarditic features and some authors have demonstrated that immunosup-
pressive therapy prevented the cardiomyopathy.4»7:1118 In 1 patient in
our study group with findings of resolving myocarditis, histology was normal.
Right ventricular dysplasia is a cardiac anomaly characterized by replacement
of variable amounts of right ventricular myocardium by adipose and fibrous
tissue.?®  Ventricular arrhythmias are the major manifestations.2® The
diagnosis depends on echocardiographic and angiocardiographic findings.?®
Some reports described the effectiveness of the EMB technique together with
noninvasive methods.2?+2)  The histology revealed normal findings in 1
patient with drug-resistant high grade ventricular ectopy and normal echo-
cardiography and angiocardiography. Some authors detected nonobstruc-
tive hypertrophic cardiomyopathy in Noonan’s syndrome,?®:#0 however, no
pathologic research was conducted in these patients.2?>,3® Histology showed
cardiomyopathic features in 1 patient with this syndrome. The results illu-
strated the sensitivity of the technique in this group of patients with various
myocardial diseases.

In conclusion, the EMB technique is highly sensitive in children with
myocardial disorders. In the future it will be the major diagnostic tool for
invasive but safe detection of myocardial abnormalities.
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