JOURNAL OF PATHOLOGY, vOL. 143: 93—101 (1984)

DAMAGE AND HEALING IN THE CONDUCTING
TISSUE OF THE HEART (AN EXPERIMENTAL
STUDY IN DOGS INFECTED WITH
TRYPANOSOMA CRUZI)

ZILTON A. ANDRADE, SONIA G. ANDRADE AND MOYSES SADIGURSKY
Gongalo Moniz Research Center (FIOCRUZ/UFBa), Salvador, Bahia, Brazil

Received 14 November 1983
Accepted 8 December 1983

SUMMARY

The consequences of acute inflammatory damage and chronic repair in the conducting system of the canine heart
were observed after experimental Trypanosoma cruziinfection of young dogs. Acute infection lasted for 18—25 days
and caused hyaline and lytic necrosis of the atrio-ventricular conducting fibres, the sinus node and the neurons in the
cardiac para-sympathetic ganglia. Dogs that survived acute disease were examined after periods from 8 months to 3
years. Three main types of healing were found in the conducting system: fibrosis (diffuse and/or focal),
sclero-atrophy and fatty infiltration. No signs of active chronic inflammation were present, although small focal
residual accumulations of mononuclear cells were present in some animals. No evident electrocardiographic
alterations were elicited by the presence of such cicatricial lesions. The animal model appears worthwhile for the
study of the healing process in conducting tissue of the heart and for the better understanding of the asymptomatic

phase of T. cruzi infection in man.
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INTRODUCTION

The specialized tissue of the heart for the
formation and conduction of the electric stimuli for
contraction is composed of the sinus node (the
normal pacemaker), internodal tracts, atrio-
ventricular node, His bundle and its branches and
the Purkinje fibres. This important system can be
damaged by disease and arrhythmias of several
types and severity may appear therefrom.! It is
generally assumed that the myo-neural cells of this
system are unable to regenerate and that destruc-
tive lesions are followed by scarring. However, no
direct experimental evidence is so far available to
indicate how the specialized tissues of the heart
undergo repair. Thus, several end-stage types of
lesions seen in human conducting tissue have been
variously interpreted as of degenerative, in-
flammatory or vascular origins.? It seems that a
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better understanding of the pathological changes
would be gained if one could have an experimental
model for a controlled study of the process of
repair within the conducting tissues of the heart.

During experimental studies with Trypanosoma
cruzi infection in young dogs it became apparent
that the severe myocarditis present extended into
the conducting tissue, sometimes causing extensive
damage to it.> Furthermore, such myocarditis
eventually subsided almost completely permitting
the healing process to take place.* Thus, it was
apparent that T. cruzi infection in dogs could offer
for the first time a suitable model for the controlled
study of damage and repair in delicate and peculiar
structures such as those of the conduction system
of the heart.

The present study describes the morphological
changes which appear in the conducting system
during acute T. cruzi myocarditis in dogs and its
aftermath 8 months to 3 years following clinical
cure.
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MATERIAL AND METHODS

Fifty mongrel dogs of both sexes, 2—5 months
old, were inoculated intraperitoneally with ci-
trated mouse blood containing 4—6 X 10° T. cruzi
trypomastigotes per kg body weight, of the strains
12 SF (Séo Felipe-Bahia) or Colombian strain.’

They all developed positive parasitaemias at
approximately 5—7 days after inoculation and
showed evident signs of disease (loss of appetite,
dyspnoea) around day 15.

There was high mortality from day 19 to 23.
Thirteen animals that died or were sacrificed in the
height of the acute phase were selected for special
study of the conduction system of the heart (see
Table I). Nine dogs survived acute infection and
started to recover by day 30 on. Three of them
were treated during the acute phase with a
nitrofuranic drug, Bayer’s nifurtimox® and six
recovered spontaneously. Although parasitaemia
became negative, xenodiagnosis and/or the com-
plement fixation test remained positive for all
animals. Serological titres ranged from 1:16 to
1:128. These animals appeared healthy and had
repeated electrocardiograms within normal limits.
They were sacrificed after 8 months to 3 years
following inoculation (see Table II).

During the acute and chronic stages of these
experiments several electrocardiograms (ECG)
were recorded from each animal and compared
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with their pre-infection ECGs. A one single
channel apparatus was used, all 12 classical leads
were taken with small metallic needles placed
under the skin serving as electrodes.

Autopsies were performed as soon as possible
after death. The heart was fixed in totum. A 10 per
cent buffered formalin solution was injected into
the cardiac chambers with the vessels ligated. The
heart was gently distended in a diastolic position
and placed in formalin for 2—4 days before
opening. The sinus node was studied according to
Hudson.” The atrio-ventricular node, His bundle
and proximal portions of its branches as well as the
internodal approaches to the AV node, were
studied by the Lev’s method.® The serial sections
obtained were mounted on continuous transparent
plastic tapes according to the technique described
by Pickett and Sommers.” After staining with the
Masson’s trichrome method the sections were
examined with a special device adapted to the
microscope. An average of 600 sections from the
SA node and 3000 from the atrio-ventricular
system were examined for each case. Selected
sections from every case were taken apart,
mounted on glass slides and stained with haema-
toxylin and eosin, Weigert-Van Gieson method for
collagen and elastic fibres, periodic acid-Schiff
(PAS) and Gomori’s silver method for reticulum.
Seven dogs, two males and five females, were not
infected and served as normal controls for

Table [-—General data on 13 dogs with acute experimental Trypansoma cruzi*
infection used to study changes in the conducting tissue of the heart

Parasitaemia

(50 fields, 400 x) Duration of

Age Initial weight infection
Dog No.  (months) Sex (kg) Min. Max. (days)
1 3 F 2:25 2 22 19
2 3 F 1.75 1 47 22
3 3 F 1-60 5 70 23
4 3 F 1.35 1 25 21
5 3 F 1-50 1 26 22
15 2 M 2:00 7 79 26
24 2 F 1-08 19 388 24
26 2 F 1-11 2 87 25
29 2-5 F 2:17 3 15 25
33 2:5 F 1-72 2 7 23
36 2 F 1-40 8 55 19
39 2 F 2-20 1 33 20
40 2 F 2-00 1 8 29

* Strain: 12-SF (Bahia), except dog 15 (Colombian strain).



CONDUCTING TISSUE OF THE HEART 95

serological, electrocardiographic and morpholo-
gical comparison.

RESULTS

During the acute phase of the infection all the
dogs exhibited severe myocarditis. Electrocar-
diographic examination showed alterations from
day 7 on. These included atrial fibrillation, nodal
rhythm, wandering pacemaker, inverted T waves,
alterations of ST segments and, later on, complete
right bundle branch block with or without anterior
or posterior left hemiblock. At autopsy the hearts
appeared soft and dilated. Examination of the
animals on the days 18-22 after inoculation
showed a diffuse and intense mononuclear cell
infiltration in the myocardium, with T. cruzi
amastigotes present within some myocardial cells.
This inflammation also involved the conducting

Fig. 1—His bundle showing mild round cell infiltration in a
dog with acute T. cruzi infection of 18 days duration. There is
dissociation of specific fibres and disappearance of some
others (lytic necrosis). a = Central fibrous body; b = bundle of
His; ¢ = septal myocardium. Masson’s trichrome stain, X 120
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Fig. 2—Acute T. cruzi myocarditis involving the main bundle
of His in a dog inoculated 22 days previously. Besides the
mononuclear cell infiltration there are many clear spaces

among the fibres representing areas of lytic necrosis. See Fig.
1 legend for key. Masson’s trichrome stain, X 100

system. Figs 13 show three degrees of changes in
the His main bundle. Similar changes were present
throughout the conducting system and in the sinus
node. This latter structure was so infiltrated by
inflammatory cells that its histological identifica-
tion was difficult. Sometimes it appeared to be
totally effaced with only the nodal artery and a
scanty amount of the peculiar nodal stroma around
it being tentatively identified. Within the mono-
nuclear infiltration of the myocardial specific
tissues there occurred lytic and hyaline necrosis of
the fibres. This caused considerable loss of
specialized tissue, with the appearance of
vacuolated and empty spaces which were followed
by collapse of the supporting stroma. Intracellular
parasites could be detected in some of these
lesions.

Surviving animals showed disappearance of
acute electrocardiographic alterations by 2 months
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after inoculation and soon recovered appetite and
became active again. During intervals from 8
months to 3 years (Table II) they were sacrificed.

The hearts were grossly within normal limits.
Microscopical changes in the myocardium in-
cluded patchy areas of fibrosis, focal atrophy of
fibres and minute sparse collections of lympho-
cytes and macrophages. No evidence of chronic
active inflammation could be seen in any case.

The sinus node showed considerable fatty
infiltration in its surroundings and rarely in the
nodal tissue proper. The fibrous stroma showed
diffuse condensation and there were small focal
areas of dense fibrosis. The nodal artery was little
altered. There was focal intimal fibrosis and slight
fibrosis and hypertrophy of the media.

The lesions in the conducting tissue were
represented by foci of fibrous tissue, fatty infiltra-
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Fig. 3—Considerable inflammatory destruction of the His
bundle in a dog with a 20 day old infection by 7. cruzi. Almost

80 per cent of the conducting fibres have been destroyed. Sec
Fig. | legend for key. Masson’s trichrome stain, X 120

tion and sclero-atrophy, occasionally with little
focal mononuclear cell infiltration (Fig. 4). The
AYV node and the distal portion of the main bundle
and the right bundle branch were the main areas
involved. Several areas of fibrous (cicatricial)
tissue appeared in the interventricular septum
especially involving the right portion of it. Fatty
infiltration was prominent in two cases. It
appeared in the penetrating part of the main
bundle in one case and in the half portion of the
distal main bundle in another case. This latter
animal had been treated with Nifurtimox (Bayer)
plus corticoid (Fig. 5). Fatty tissue was also present
in the AV node, and in one instance, it interrupted
almost 70 per cent of the right bundle branch (Fig.
6), just in its beginning from the main bundle.
Sclero-atrophy was represented by an extreme
degree of atrophy of specific fibres while the

|
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Fig. 4—Diffuse fibrosis, some patchy areas of mononuclear cell
accumulations and focal fatty infiltration are present in the
conducting tissue of a dog that had acute 7. cruzi infection 3
years ago. a= Central fibrous body; b = His bundle; ¢ = septal
myocardium; d =right bundle branch; e =left bundle branch
(anterior division). ECG showed transient sinus arrhythmia
only. Haematoxylin and eosin, x 70
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Table II—General data on dogs which survived acute infection with
Trypanosoma cruzi and were later utilized to study the pathology of the

conducting tissue of the heart

Initial Duration of
Initial age weight infection T. cruzi
DogNo (months) Sex (kg) (months) strain
12 5 M 8-00 36 12SF
14 5 M 5-00 36 12SF
16 2 M 2:00 19 Colombian
18 2 F 1-20 8 12SF
21 2 M 1-20 28 12SF
38 2-5 F 2:35 18 12SF
47 2:5 F 2-40 9 Colombian
49 25 F 2-60 9 Colombian
50 2-5 F 2-60 9 Colombian

stroma appeared undisturbed, although partially
collapsed. Such change was seen more often in the
bundle branches especially in the right side (Fig.
7).

Fibrous scarring was seen as a prominent change

Fig. 5—Bundle of His presenting areas of fatty infiltration and a
fine and diffuse interstitial fibrosis. There is no inflammation.
Specimen is from a dog that recovered from acute T. cruzi
myocarditis 9 months ago. See Fig. 4 legend for key. Masson’s
trichrome stain. X 150

twice in the AV node, three times in the main
bundle and once in the right bundle branch. A
frequent finding was a diffuse interstitial fibrous
thickening better seen at the AV node (Fig. 8).
Changes in the 12 lead electrocardiograms, during
the period of observation were not marked. Five
animals developed a prolongation in PR interval,
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Fig. 6—Marked fatty infiltration replacing the His bundle in a
dog that recovered from acute T. cruziinfection after treatment
with a nitrofuranic drug and corticoid and remained apparently
healthy for 18 months when it was sacrificed. Serial sectioning
showed that about 70 per cent of the bundle was replaced by fat
in that area. ECG did not show cardiac block. See Fig. 4legend
for key. Haematoxylin and eosin, x 120
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Fig. 7—Areas of sclero-atrophy in the right bundle branch. Dog
had acute 7. cruzi infection 8 months ago. ECG showed
morphology of incomplete right bundle branch block.
a= Central fibrous body; b=right bundle branch; c=septal
myocardium; d = Jeft bundle branch. Masson’s trichrome stain,
x 100

although in the majority of them, heart rates had
dropped considerably. In one case electrocardio-
graphic changes, compatible with right bundle
branch block, which were not present during the
acute phase, appeared after 260 days of inocula-
tion. In this case the right bundle branch and the
right hemi-portion of the main bundle were
replaced by fibrous tissue.

Similar changes as described above were also
seen in the autonomic nerve gangla present in the
epicardium and inter-atrial septum. During acute
infection there were mononuclear cell infiltration
and neuronal destruction (Fig. 9) and during the
recovering stage, when inflammation had sub-
sided, there appeared fibrous replacement (Fig.
10).

The tissues around the atrio-ventricular node
(approaching tracts to the AV node) also showed
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Fig. 8—Diffuse interstitial fibrosis, atrophy of specific fibres
and mild residual round cell infiltration present in the
atrio-ventricular node. This dog had acute T. cruziinfection 3
years ago. Masson’s trichrome stain, x 120

severe inflammatory changes during the acute
infection and late fibrous replacement and fatty
infiltration.

DISCUSSION

An experimental study of the healing process
within the conducting system of the heart has not
been reported probably due to the lack of an
appropriate model. The infection of young dogs
with 7. cruzi, followed by severe acute disease and
by clinical cure appears to be a promising model.
Dogs have a conducting system similar to that of
man, " "? can be easily infected with T cruzi'® and
the severe myocarditis which develops during
acute infection can be suppressed with drugs at any
time.®

Acute T. cruzi myocarditis is known to involve
the conducting tissue of both man'* and dog'?
causing lytic and hyaline necrosis of specific fibres.
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Fig. 9—Sub-epicardial autonomic nervous ganglia of a dog with acute 7. cruzi infection. There
are diffuse mononuclear cell infiltration, interstitial edema. and neuronal degeneration and
necrosis. Haematoxylin and eosin, X 100

Fig. 10—Interstitial fibrosis, diminution of the numbecr of neurons seen in a nerve ganglion
near the right atrial wall. Dog 8 months after the acute phase of T. cruzi infection.
Haematoxylin and eosin, X 150

The cause of such necrosis in non-parasitized cells presented evidence from in vitro studies that T.
remains obscure at present. The possibility of cruzi antigen sensitization of cell membrane could
toxic, anoxic or metabolic injury cannot be ruled be followed by cellular and/or humoral immune-
out. Ribeiro dos Santos and Hudson'® have mediated lysis.
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The findings in the present study revealed that
three main forms of healing can result from the
acute necrotic-inflammatory injury to the canine
conducting tissue: fibrosis, sclero-atrophy and
fatty infiltration. Fibrosis is a quite common and
stereotyped form of repair anywhere and needs no
further comment. Sclero-atrophy occurs frequent-
ly in the conducting system of man and represents a
main lesion found in cases of idiopathic atrio-
ventricular block.'® It is characterized by the
presence of considerable atrophy of the conduct-
ing fibres while the normal stroma persists as a
loose connective framework. It can sometimes
collapse and become a dense acellular fibrous
tract. Sclero-atrophy has been thought to result
from progressive vascular ischaemia'’ although
this has been disputed by others.'® No important
vascular involvement was apparent in the present
material.

Fatty replacement is also frequently observed in
lesions affecting the conducting tissue of man'-!?
and sometimes appears as a sole and prominent
lesion in complete atrio-ventricular block.? It has
been correlated with obesity and aging, and is
usually considered as a primary degenerative
process rather than a peculiar process of repair
within the conducting tissue. It is a curious and
paradoxical ‘healing’ process, since fatty tissue is
the least conducting of all living tissues, probably
due to its low electrolyte content.!

Similar mechanisms of damage and defective
repair during 7. cruzi infection were also observed
in the para-sympathetic nervous ganglia of the
heart. Loss of neurons in the autonomic nervous
system is an important feature of Chagas’ disease.
Its pathogenesis and significance are controversial.
Damage during acute infection seems to be an
important mechanism of neuronal loss, as sug-
gested by Koberle.??

Another important aspect observed in the
present material is that several large or patchy
cicatricial areas within the conducting tissue can
exist without eliciting alterations in the classical
electrocardiogram. This has considerable implica-
tions regarding the problem of Chagas’ disease in
man. It is well known that people who recover
from acute Chagas’ disease may remain asymp-
tomatic for years or even for a lifetime, although
they do not eliminate the infection. Refined
methods of cardiac examination may detect
conduction disturbances in these individuals.?* To
the cardiologists these findings serve to unmask
early cardiac signs of chronic progressive Chagas’
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myocarditis, which means an ominous prognosis.
The administration of conduction depressing
drugs, such as ajmaline®*-** can even make the
disturbances detectable by routine electrocar-
diography. However, there is a possibility that the
results of some of these functional studies may
depend on the presence of cicatricial areas rather
than active lesions in the conducting tissue of
asymptomatic subjects with T. cruzi infection, as
observed in the present study.
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