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A stereotypic angiospasm develops in intraorganic arteries during coarctation of the aorta,
which is characterized by different functional impacts: resistance in the basin of elevated
vascular pressure and pressure and bloodflow regulation in the hypotension basin. The most
marked structural changes are observed in the renal and coronary arteries. Changes in the
small coronary arteries are mainly due to myocardial hypertrophy, whereas in the larger ones
they are caused by the increased pressure transferred from the aorta. The degree of struc-
tural changes in the larger coronary arteries is greater than in the small arteries.
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Two circulatory basins with opposite hemodynamic
regimens - hyper- and hypotension - appear in the
organism during coarctation of the aorta (CA). The
extracardiac (vascular) mechanisms of compensation
in CA have been investigated mainly in experimental
models [1,2,4,5,7-10, 12-17], except for a few works
devoted to changes in the microcirculatory bed of the
upper and lower extremities in patients [6].

This study was aimed at comparing the struc-
tural changes in the intraorgan arteries with opposite
hemodynamic regimens in patients with CA.

MATERIALS AND METHODS

Material from 15 deceased patients with isolated pre-
ductal CA aged 5 to 52 years was used in the study.
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Three groups were distinguished in terms of age-
specific vascular changes and physiological periods
of life: the first comprising children and adolescents
and the second and third adults aged under and over
35, respectively.

In order to elucidate the role of increased pres-
sure in the aortic arch in the changes that develop
in the coronary vessels, we selected a group consist-
ing of 5 cases with congenital aortal stenosis involv-
ing fairly severe systolic overload of the left ventricle.

Specimens of tissues from the heart, brain, kid-
neys, spleen, and interdigital arteries of the extremi-
ties were taken for histological investigation. Paraffin
embedding of the material and staining of tissues
with hematoxylin-eosin and after Van Gieson (with
additional resorcin-fuchsin staining of elastic tissues)
were used.

Changes detected in the arterial wall were as-
sessed using a previously proposed five-stage cias-
sification for the coronary vessels {[3].
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TABLE 1. Structural Changes in Coronary Vessels and Myocardium in Patients with Coarctation of the Aorta (CA)

Parameter Heart com- Age (years)
partment 5-17 21-34 35-52 on the whole

Degree of changes in 6th-7th order

coronary arteries (5-point scale) Lv 20 2.7 3.1 2.6
RV 1.6 2.0 2.8 2.0
LA 1.5 1.8 2.0 1.7
RA 2.2 2.5 3.5 2.6

Ratio of cardiomyocyte diameter in

CA to age-specific value, % Lv 16946.3 19945.3 152+9.1 27348.2
RV 11748.6 15016.4 16316.0 143+8.4
LA 136+7.4 15316.0 12519.1 13817.3
RA 149+3.4 12416.1 10517.3 12615.8

Area occupied by myocardial

connective tissue on slices, % LV 10.0+£0.6 19.3120.3 24.240.4 17.8+0.4
RV 9.110.6 11.2¢0.4 12.020.5 10.8+0.5
LA 7.6£0.8 10.1£0.5 19.410.6 12.4+0.6
RA 15.0+£0.9 19.810.3 25.1+0.7 19.9+0.6

Note. Here and in Table 2: left (LV) and right (RV) ventricles; left (LA)

Cardiomyocyte diameter in various parts of the
heart of patients with CA and controls (subjects who
had died from causes other than cardiac) was mea-
sured in paraffin slices using an ocular micrometer.
The data are represented as the ratio of cardiomyo-
cyte diameter in CA to the age-specific value. For as-
sessing the severity of sclerotic processes in the
myocardium of various heart compartments, the area
occupied by connective-tissue structures was mea-
sured by morphometric methods. The results of quan-
titative analysis were processed using methods of
mathematical statistics.

RESULTS

Moderate spiralization of the inner elastic membrane
(IEM) without signs of its thickening was detected in
the small intraorgan arteries of the brain. Thickening
of the IEM was revealed in many arteries of a similar
diameter (Fig. 1, a). Slight or moderate hypertrophy of
smooth-muscle cells (SMC) was usually observed in
the middle layer of small arteries. The adventitia of the

and right (RA) atria.

vessels changed negligibly. Atrophy of the middie la-
yer, leveling of the relief, and dilatation of the lumen
were found in some patients of age group 3.

Clear-cut vascular changes were detected in the
coronary arteries. A thickened and crimped IEM and
hypertrophied SMC in the middle layer were seen in
the small arteries of some patients. Sclerotic cufflike
thickenings with hyperproduction of collagen were of-
ten observed periadventitialty. Such changes occurred
mainly in the small arteries of the left heart, mainly the
left ventricle. Subendocardial and subepicardial smali
arteries of the right ventricle were observed in some
cases, which were similarly characterized by a hyper-
trophic thickening of the media and spastic changes of
the inner layer. Changes in the intima (crimped and
thickened IEM) and media (hypertrophy) of the arter-
ies of the 6th-7th order of branching were more ex-
pressed in the left versus the right ventricle. This was
particularly manifest in patients aged under 17.. Simi-
lar differences in the structural changes of the small
coronary arteries were observed in the left and right
atrial vessels.

TABLE 2. Comparative Characteristics of Structural Changes in the Coronary Arteries of Different Diameter in the Ventricies of Patients

with Coarctation of the Aorta (CA) and Congenital Aortic Stenosis

Degree of structural-hyperplastic changes in
Diameter of coronary arteries Heart compartment coronary arteries (for the whole group)
CA congenital aortic stenosis
6th-7th order of branching Lv 2.6 3.0
RV 2.0 1.7
LA 1.7 2.0
RA 2.6 2.1
4th-5th order of branching Lv 34 2.4
RV 2.5 1.6

Note. Mean values for the group are presented, assessed using a 5-point scale.
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Fig. 1.

Compensatory changes in the intraorgan arteries in coarctation of the aorta (CA). a) spiralization and negligible thickening of

the inner elastic membrane (IEM) in a small artery of the brain in CA; b) hypertrophy of the muscle layer, elastofibrosis of the intima of
4th-order coronary artery in the right ventricle; ¢) thickening and increase of the number of elastic fibers in the intima of the renal arciform
artery; d) atrophic thinning of the wall and dilated lumen of the intralobutar artery of the kidney in a patient aged 52; e) hypertrophy of
the media and angiospastic thickening of the intima in follicular arteries of the spleen; f) perivascular sclerosis, hypertrophy of the media,
thickening of the IEM, and angiospastic thickening of the intima of an interdigital artery of the hand. a-c: Van Gieson staining with fuchseline;

d-f: Van Gieson staining. a, d, e: x640; b, ¢, f. x200.

Cardiomyocyte hypertrophy in the left ventricle,
which is functionally under a greater load in this con-
dition, was somewhat more expressed than in the right
(Tabie 1). The hypertrophic changes of cardiomyocytes
were more pronounced in children and adolescents. in
subjects aged over 35 cardiomyocyte hypertrophy in

the left ventricle was somewhat lower. Hypertrophic
changes in the left atrium were most expressed in
groups 1 and 2. In the right atrium cardiomyocyte hy-
pertrophy steadily lessened with age.

The time course of sclerotic processes in the or-
gan tissue is an important factor which helps ciarify
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the relationships between changes in cardiomyocy-
tes, stroma, and arterial vessels supplying the myo-
cardium. Quantitative assessment of cardiomyofibro-
sis showed that fibrosis of the stroma slackens with
age. On the other hand, myofibrosis is appreciably
enhanced in the left ventricle of patients aged over
15. In the atria, particularly in the right one, myofib-
rosis intensifies with age.

Marked compensatory hypertrophy of the left-ven-
tricular myocardium develops in patients with con-
genital aortic stenosis, similarly as in those with CA,
but the pressure in the aortic arch is not as high.
Changes in the small coronary arteries (of the 6th-
7th order of branching) in these two groups of pa-
tients are similarly expressed. Comparison of the
structural changes in the walls of larger arteries (4th-
5th order of branching) showed them to be more
expressed in the left versus the right ventricle in CA
and less expressed in congenital aortic stenosis. It
is noteworthy that in the arteries of the 6th-7th order
of branching in CA such changes were more marked
than in larger arteries (of the 4th-5th order of branch-
ing, Fig. 1, b). In congenital aortic stenosis the chan-
ges were more pronounced in the small than in the
large arteries (Table 2).

Assessment of the relationships between struc-
tural and hyperplastic changes in the coronary vessels
and the time course of compensatory processes in
the myocardium permitted us to make several as-
sumptions. Changes in the intracardiac hemodynam-
ics (pressure rise in the cardiac cavities with their
blood content increased) and the specific features of
the coronary bloodflow affect myocardial compensation
in heart diseases. Structural changes in the coronary
arteries are associated with increasing cardiomyocyte
hypertrophy in the majority of heart defects. The ma-
jor changes involve the small muscular arteries (arte-
riolar barrier). In CA the high systolic and diastolic
pressure transferred from the aorta appreciably affects
the more proximal muscular elastic arteries. Appar-
ently, it is this factor that leads to an appreciable arte-
riosclerosis of the vessels supplying not only the left,
but also the right heart.

Some authorities [11] explain the more expres-
sed signs of decompensation of the functionally less
loaded right compartments of the heart in compari-
son with the left in CA by desynchronization of the
work of the left and right heart in patients with a
“hypertensive” heart. Without ruling out the effect of
this component, we believe that CA involves a dis-
sociation of the adaptive reserve, which is weakly
expressed in the right compartments and surpasses
the necessary level of blood supply. As a result, with
the bioenergetics at a low ebb, the adaptive reserve
becomes depleted sooner and the transition to the

Bulletin of Experimental Biology and Medicine, Ne 3, 1996 MORPHOLOGY AND PATHOMORPHOLOGY

stage of decompensation is hastened. This is clearly
seen in the right atrium in the form of a very low and
progressive drop of the ievel of cardiomyocyte hyper-
trophy and, with age, maximal myofibrosis.

In the arteries of the hypotension basin the gre-
atest changes were observed in the renal vessels.
The IEM was folded and thickened in the interlobu-
lar arteries of different diameter. In the middie iayer
of the vessel a hypertrophy of SMC was observed.
Sometimes the number of elastic membranes in the
intima and a thickening of the hypertrophied middie
tayer of the arciform arteries of the organ were cle-
arly seen (Fig. 1, ¢), often associated with elas-
tofibrosis of the adventitia. The structural changes
(more pronounced in the intima) progressed to sta-
ges 3-4 in almost half the observations. Despite the
appreciable changes in the vessels of the cortical
layer of the kidneys, sclerotic changes here were
less expressed than in the medullary layer. Sclero-
tic glomeruli were rather few and dystrophic changes
in the epithelium of twisted canaliculi were moder-
ately expressed. On the whole, we may speak abo-
ut chronic angiospasm of the system of arteries in
this organ.

An opposite development of structural hyperplasia
was observed in the renal arteries at later stages of
the disease: signs of moderate hypertrophy of SMC
and even its reduction in the middle layer, as well as
a general thinning of the layer; the IEM either remained
slightly thickened or looked atrophic. The arterial lumen
was dilated, and the internal relief of the intima devoid
of its usual folds (Fig. 1, d). Changes in the renal ves-
sels were observed in all cases, this distinguishing the
kidneys from ail other organs in patients with this con-
genital defect.

Among the other organs of the hypotension basin,
arterial changes were found in the spleen. A slight hy-
pertrophy of the smooth-muscle layer, stight folded-
ness, and a negligibie thickening of the IEM were de-
tected. Signs of angiospasm of the intrafollicular artery
(Fig. 1, e) with a “cushionlike” sclerotic thickening of
the intima and stenotic lumen were revealed in one 22-
year-old patient.

Interdigital arteries of the upper and lower extremi-
ties were examined in some patients. In group 1 the
changes were observed mainly in the small arteries of
the hands: IEMs were crimped, with densely disposed
endotheliocytes, as well as sclerosis and hypertrophy
of the media (Fig. 1, f).

Hence, the pattern of changes in the intraorgan ar-
teries was on the whole similar to that in experimental
CA [12], but the angiospastic signs were more ex-
pressed in the experiment, which might be due to the
greater plasticity of vascular walls in the earlier stages
of circulatory disorders.
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