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The heart's need of nouwrlshment and of oxygen, particularly, greatly increams when the cardise muscle
fs overswained due to various factors such as great physical swaln [ 4], raised blood pressure, cardlac defects,
ete, Overstrain {overlosding) of hatf or all of the heant is often found In myecardisl infaredon and seens ©
influence to some degree the development and healing of the {nfarction, '

The functional overlozding of the Teft cardiae venwicle found in hyperionia seems to have an especially
unfavorable influence on the development of myoeardlal infarction, Ceronary circulation disturbance is more
frequently found, and infarction {s more extensive with more seriows after-effects in hypertonia patients (3,10,
11,18), This is partially explained by the sharper atherosclerotic changes found in e cotonsry vestels and also
by the formation of larger round platelets, the heightened permeability of the vascular walls, the. frequent rup~
tures of the plotelets, subimimal hematomas and the tendency of the vesels o spasm [1,6,15,16], There are,
however, other factors besides raised blood pressure which affect the heant unfavorably during myocardial infare-
ton,

The purpose of this work was to find how o -ch infleence one factor, functional overleading of the myo-
cardium (circulatory system hypertonia), has or the development and the healing of a myocardial infarction,

EXPERIMENTAL METHODS

The experiments were conducted on 56 Chinchilla rabbits, mostly males, weighing an average of 2,000~
2,200 g

A hemodynamic load on the left cardiac ventricle was causzd by constricting 2/3 of the abdominal sorta
under the diaphragm below the celiac artery origin, and above the orifices of the renal arteries; arteris] pres-
sure rose 7apldly above the constriction, To disturb corosary clrculation, an addidonal ligatwe was placed at
the descending branch of the left coronary antery, always at the edge of the left cardiac auricle below the origin
of the first large right branch, which, in rabbits, goes to the posterior portion of the septum, Ligation of the
coronary artery was done either at the same time as cosrctation of the aorta of 2-12 days later, In 6 rabbiu,
the coronary artery was ligated 2 months after coarctation of the sorta during prolonged hypertonia and hyper-
trophy of the heart, Most of the operations were performed while the animals were under Pentothal anesthesia,
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with no artcificial respiraton appatatus, [« 2void pacumothorax, an incision was made in the center of the

thoracic cavity, Tansecting the stemum,

we measured the blood pressure at varlous intervals and also took 3 standard and & precordial leads of the
cardiac contractions and at a distance of 1,5 c¢m to the right and left, The clearest resalts were obtained In the
precxdial leads,

The animals died or were sacrificed by aeroembolism at different Intervals in order 1o study the change
in dynamics, The coronary vessels of the heart (in 50% of the cases) were fixed Lo formalin under pressure,
drenched with a contast medium and examined on stereoroentgenographs, The heart was fixed as a whole In
10% neutral formatin, xmbeddedincendd!n-wafﬁn and usurtly studied on longitudinal (frontal) sections, but
alio onsome lateral, total histo-topographical sectom,

The Ik alization and size of the infarctiors produced in the experimental animils were marked on cross-
section drawings o1 the anterior and posterior halves of the heart and also on lateral sections, then compared

with the conmol (Fig, 1), Twenty-two rabbis, in which only the descending branch had been ligated, were

uwd as the vontrol,

EXPERIMENTAL RESULTS

Afer coarctation of the abdominal aorta, the animals® blood pressure usually rose to 139-140 mm of
inetcury 3t once and continued to rie2 rapidly during the days following, Oa the 20d-6th d2y, the presnize was
100=18 2 eun of mervuny, and after 2-3 wedks, 180-200 mup of mercury, sometimes belng as high as 220-240

run of Gweun,

Long oheervation (up to 2 months) on some asimals showed that the pressure usualls remained

high the whole time (160,180,200 mm of mercwry), When'the coronary artery was ligated in the hypertonic

srimels, the pressure fell © 140 and 120 mm of mercury, then rose again,

The electiueardiograms taken the first 2

weeks after coarctation of the a0r1é akaest without ¢ weption

Cowmeid changes In the waves ORS, but these changes were often indefinite and only occasionally related o a
of e ands to the jeft (Fig, 2), The decling or inversion of the T waves In the standard and peecordisl
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Fig, 1, Plan of localization and spread of the infarce
tiont: a) in conwrol with 1 ligaton of the anterior de-
scending artery and b) with ligation whe. the left
cardiac vestricle was fincdonally overloaded (coare~
tated hypertonia), I3 anterdor half, scen from behind;
2) posterter half, seen irom fromy; 3) laterdl secuon,
seen from above,
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leads was more regular, Analogous rosults were obe
tained by V, S, Smolensky £173] and 1, Z, Meerson [8),
During artificial costctation, the T wave chapges in
the clectrocardiogran wore cvidendy caused by the
kiown relatve Ineufflicicucy of the coronary clreulation
togutier with the foervased load on tie hear,

Threw oul of the 56 rabhits died on the operate
ing lable and 15 a1 varous intervals afier coarctation
of the acrta, ‘

The morphological chang ges In the myvcardium
during the first 2 weeks after coarctation of the 2ora
consisted in a protein dystrophy of
enchyma — a thick swelling of the muscle fiber proto-
plasm, slight fat dystrophy, some edema of the myo~
cardial stroma, and sometimes small extravasations,
Single small foci of myomalacia,” with rownd cell and
histocyte accumulations where the muscle fibers had
died, ot small proliferations of elongated cells were
occasionally obeerved,- F, Z, Meerson [8], in experi~
mena with high (above the valves) constriction of the
aorta, observed a sharper myocandial fat dyswophy as
well as a considerable decrease iu the giycogen con=
centration in the cardiac muscle during this period,

of the mjvw?uﬁ§ par-

The antetior descending artery was ligated in
the 38 surviving animals, Myocardial infarction was
obtained in 32 animals,



Angloroentgenograms thowed thet the short stump of the lgated branch and the nonligated vessels were
well filled with the contrast medium, The myocardfal reglon below the ligature (the basin of the ligated veasel)
was only partially filled with the contrast medium through the small anastomoses existing with tho other bran-
ches of the left coronary artery and with some of the antcrior branches of the right coronary artery, These anae
stomoses and the main trunks of the nonligated vessels were cipeclally well expressed at later intervals after
‘the ligation of the anterior descending artery, fe,, the 2nd and 3rd weck; An cspeclatly sharp compensatory
dilatation was observed in the nonligated, right posterior branch of the anterior descending antery,
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in spite of the snastomos:q, myocardial infare~
tion regularly developed fn the zone of the ligated ves-
scl, and was mually represented by one or ceveral,
more o less large sections of myncardial necrosis and
profuse cellular infiluation, The infarctioa was most
acute 3-4 days after the coronary antery had beea liga>
ted, Subsequently, the connective Hssue eliferative
reaction predominated and the {nfarction was gradually
healed by resotption of the necrosed sections and sear

EZ wiaa [,] formmation. The spread of the infarction was usually coa-
E__ ] [ } r——-—;-] r‘_ ‘] fincd In the coutrvl antmal: w the central bicod-supply
= ! | | Bid 1 zone of the Jigated vessel: the part of the anrior wall
s [ ] & <A [ ] g of the 1uft ventricic below the ligature, the adjoining .
ad =4 £z {‘_____] portion of tae Interventricular septum and part of the
i‘" A r r——v-.- aperior paplllary muscle (see Fig, 1),
1587 --J tf ‘ ";’: K, ;] | J The extent of myocardlat infarction was comlder-
a3 F 15 ‘ P = j ably greater in the experimental anlinals than o the
e  E 4 Beoia control {sec Fig, 1), Infarctions of the usual size and
E : [ ' 1 ;_ Bz | [ "‘} tocalization were only found in 4 of the experimental
Pl A Eiid i n\ g B j animaly, In 15 rabbits, the infarction way 194-2 times
-3 | .Li p! | l asgreat as that i the comrol, and extended over a
L wd BRI W Bl targe part of the snterfor wall of the left ventricle, the
[_' 1F 3 F 73 B ] anterolateral wall, the anterior papiilary muscle and a
an a*h‘w' l‘ a ' N M considerable portion of the Lnterventculsr septun, In
pathny S9N b . [ ‘] 10 snimasls, the Infarction waz z-3 tmesr greater than in
[.___.J E;_*__:! f,.;.“..] i the control, occupying the entire biood-supply zone of

el

the ligated vessel, including the zone of mixed blood

supply and panially invading the sections ounide the
Fig, 2, Electrocardiogram taken in 3 standard and blood-supply zone of the anterior descending artery:
3 precordial teads; a) eriginal (before operation); the lateral wall of the left ventricle, the posterior pore
b) after coarciation of the acrta and development of  tion of the septum and the posterior papillary muscle
hypcncrﬁa; ¢y on the 3rd day after ligetion of the {sce Fig, 1) In 3 anrimals, 1t was difficuit to ascertain
snterior descending antery; 4} on the 5th day afier the degrec of Infarction spread from morphological data,
the development of infarction in cunditions of hy- tince death occurred a fow hours after the jigation of the
pertonia, LI1UI- standard leads; 1,2,3 ~ preco- coronary arnery,

dial jeads, In the centra? nart of the infarction, therm were

usually one lasge or several smaller foci of myomalacla
surrounded, depending on the interval since the ligation, either by a leukocyte wall, which was wel! expresed
on the 2nd and 3rd days (Fig, 3,2), or by pew grasulation tissue, which gradwally grew into ihe pecrotic guie
and matwured untfl the scat stage, The whole process of necrotizing, resorbing and organizing occurred on a
background of relative venous congestion, with dilated capillaries, stasis phenomena and mnafl hemorrhages in
the infarction region, The contrast medium injected into the coronary system always appeared histologically
in the infarction zone, in the small and large arterial vessels, and sometimes in the capillasies Along the peri«
phery of the Infarction, the vessels were especialiy dilated and filled with the conwast medium,

In 2 majority of cames, a direct relstion was observed between the degree of aortic comtriction and the
size of the myocardiai infarcton, However, there was not always a direct relation hetween the degree of sorde
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conswriction and the blood pressure level, When the aarta was especially sharply constricted, the blood pres=
sure did not rise, but, on the contrary, fell, and the animals often died, Evidently, the blood pressure level
depended ‘on the contractive ability of the myocardium In each specific cise, as well as upon the degree of
sortic constriction,
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Fig, 3, Hisological changes in the myocsrdiiun: &)1 neciosis region in tie
inferction zone of a control rabbit with one ligation of the zoronary anery;
lrukocyie wall separating the necrosds zone from the surounding tive tssue;
by considersble progression of necrosis beyond the leukocyte wall which had
initizlly separated the first developinent of pecrosis in the myocandium, Capi’-
lazies fifled with the contrast medium, small neeroses and bemorrhages can
he ogeen in the proliferation zone bordeting the necrosly

The greasest spread of the infarction occurred when the coronary artery was ligated thiee days after the
2orte had been conswicted, Le,, when the prossure above the artifictsl coarctation hsd riten to 160 mm of mer»
oy of more, Therefore, the leading factor determining the tize of the Infarvdon, in 0w exporiments, was the
degree 1o which the myocardiumg was finctionally merina»k'

In connection with the infarcton spread and, passibl;, with the nafavefable comdidons created in the myo-
cardium due © i1 functional overloading, resorption of the ecrolie wetion: and healing of the infarction took
@ jonger period of time than was needed in the control,

In the conwol animals, resorption and organization of the necrosis foci was observed on the 8th-10th day,
In e experimental animals, one covld stll see large sections of myocardial nccrosis in the central zones of
the infarction on the 10th day, In some cases, the foci of necross remnained fer 25 days,.

In the infarction scar, loose callular tissue and fatry tissue grew along with the thick collagenous tissue,

The exwent of the infarction and the long protraction of the healing ~rocess are shown by the changes in
the electrocardivgraphic curve, The electrocardiogram changes were more marked in the experimental ani-
mals than in de control, The acute phase of the infarction was also prolonged, then the subacute phase oc-

curred and fusther restoraticn of the electrocardiographic curve was retarded, In the control animals, sn appro=
ximation of the segment ST w0 the isoline and the appearance of typical coronary waves T were usually ob-
served as soon as the 3rd~4th day afies the coronary artery had been ligated, but changes characteristic of the
acute and subacute phases of the infarction were still observed on ihe th-'nh day in the experimental animals
fsee Fig, 23,

In 5 experimental animals, a protuberance like an aneurysm formed, with a thinning of the wall on the
anterior wall of the left ventricle in the upper half of the heart, According to B, B, Kogan's daia [7), & cardiac
aneurysm is always formed during the acume stage of the infarction, when the scar has not yet consolidated, We
observed an acute aneurysm in 2 animals, 1n ow experiments, evidently, the size of the infarctions, the
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protraction of the heating perlod and the vlevated blood pressure (exeecding 20 mntof mercury in 2 rabbits)
were the cause, »Nu apeurysms were obseryed to foris tn the normotonic comrol animals,

Ong must not overlook one more fmpoitant feature. In12animals, signs of the progressing of the process were
observed: new crcutatory distuthances, hemorrhiager, sinall foet of nccrotls along the periphery of the infarction,
and now round cell and histiocyte infilratiom, In 4 animals, necrosis spread beyond the Hmits of the original
Teukocyte wall (Fig, 3, b), This process progression with new zones of circulatory disturbances, ischemia and
myocardial nccrosts forming could be raced by the electrocardiographic changes, ‘Newer changes were observ=
cd on clectocardiograms taken the Gth=7th Jay after ligation than on those taken the 3rd<4th day, when the
tendendy to form the coronary wave T was obscrved, It sucemed as though the acute phase, characterized by a
monophasic curve, had recurred (see Fig, 2),

Our data reganding the role of functional overloading of the hcart in the development myocardial infarc-
tion agree with the data A, L Siirnov and A, I, Shulgina [ 12] and with tiose of A, ¥, Smolyamikov [14], These
authors showed that circulatory disturbance of the venulcular inyocardium due to ligation of the anterior des~
cending arery was much more iarked in dogs with vagal stimulation than in the control animals without vagal
stimulation or intensification of the cardiac function, A, V, Smelyaunikov { 14] describes numerous of necrosis
foci in both the zone of the lgaied vessel and in other reglons of the hcari, The necrosis foct developed on a
background of acute circulatory disturbances and resembled the plcture of hemorrhagie infarction, with dilated
vessels, stascs and hemorrthages, Therefore, when the function is intemsified, cither by a hemodynaxmc‘ load or
by swong vagal stimulation, sharp coronary circulation disturbances occur, which expand the zone of myocardiat
ischemia and increase the spizad of thy myocardial infarction,

Obvicusly, besides vascular coronary cireulation disturbances, the degree 1o which the myocardium fs
functionally overloaded is also an extremnely important factor, a5 it determines the localization, spread and
healing proceses of the myocardizl infarction, When local cotonary cire ulation disturbances are present, func-

tional overloading of the myocardlum can produce progressive dystrophic and neerotizing processes fn the myo~
cardium,

Therefore, myvcardial infarctions cccwrrtug o 4 hackgrousd of hypertonia o attended by a temporaty
rise in blood pressore should begiven spocial clinical gttention,

The experimental data show that, in myocardial infarctios cascs, one sust avoid and guard agalast both
{alling and suddunly clevated blood prosure,

There Iz no douht hat, when determining the condition of a patient with a wyocardial infarction in order

to prescribe prophylactics and trcatient, the question of functional oversuain of the myocardium must be care-
fully considered,

SUMMARY

In order to cvaluate the role of the functionally overkaded Ieft ventricle in the development of myocardial
infarction, the anterior descending artery was ligated simultanecusly or after artificial hypertension was induced
by coarctation of the aorta, Infarction was mare prominent and healing and cicatrization were protracted for a
longer time in hypertensive than in control animals, In some cases infarction even progressed, involving new
pustions of the myocardium, At the same time coronary wave T on the electrocardiogram disappeared while the
moncphasic curve appeared, thus indicating a recurrence of the acute phase,

LITSRATURS CITED

[1} 15 N, Anichkov and otiens, in the book: All-Union Confcrence of Pathologic Anatomists, Leningrad,
1954, Sunimary of the Proceedings,* pp, 106-112.

[2] S, A, Vinogradov, Arkh, Patol,, 1955, Nu, 1, pp, 76-82,

{3] S, A, Vinogradov, in the book: Annual Sciemific Session of the 1 Moscow Sechenov Medical Insti-
tute, Summary of tic Proceedings,® 1955, pp. 58-59,

14} S, A, Vinugradov, Byull, Eksptl, Biol, { Med,, 195G, No, 5, pp. 27-32,%°

-

* in Russian.
e« Criginal Russian pagination, See C. 8, Transladon,

45



{5} S, A, Vinogradov and E, A, Kyandzhuniscva, Works of the 13t Moscow Sechénov Institute,* Vol, 1,
1955, pp. 207-2185.
161 K, 65, Volkova, in tx book: All-Union Conference of Therapeutlsts, 1958, Summary of the Pmceed~
in@.' Pp; 12’1‘.
{7) & 8 Koganand T, S, Zharikova, Klin, Mcd,, 1550, No, 11, pp, 30-41,
18] E. Z. Meeron, Atkdy, Patol,, 1954, No, 4, pp, 30-43,
{91 A, L, Myasnikov, Hypertension,* Moscow, 1954, pp. 192-126,
{10] G. A, Racvskays, Sovet, Mcd,, 1948, No, 5, p, 10,
{11} S, Kh, Sidorovich, Sovey, Med,, 1955, Ne, 2, p, 22,
{12} A, L Smirnov and A, I, Shulgina, Klin, Med,, 1955, No, 2, pp, 62-71,
{13} ¥, 5, smolensky, The Influence of Hypertonia on the Developinent of Experimental Atherosclerosis,®
Dissertation, Moscow, 1852,

{14} A, V., Smolyannikov and A, K, Apatenko, In the book: Ali=Union Conference Sf Pathologic Anato=
mist, Leningrad 1954, Summary of the Proceedings, pp, 112-114,

115] A, L Stukov snd 5, A, Vinogradov, in the book:  XVI All-Unios Conference of Therapeutisis, 1958,
‘Burnmary of the Proceedings,* pp. 138-141,

{161 F, L Vuster, Compatative Meorphology of Atherosclerotly In the Coronary Arterfes During the Pres-
ence and Atsence of Hypertension,* Disertation, Motcow, 1954,

¢ In Russian,

416



