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A perfectly viable and apparently healthy organism may die from a number of causes (electric shock, asphyxia, 
blood loss), Advances in the theory and practive of resuscitation, particular!y during recent years, have provided a 
means of treatment of unexpected death from these causes, and the vital functions of the dying organism may some- 
times be restored. Moreover, cases have now been described, still only few in number, in which clinical death de- 
veloping as a result of a lesion of vital organs, including the heart, has been Successfully overcome [5, 11, 17, 19, 
22], Nowadays cardiovascular diseases are those most widely occurring, and a foremost place among them is held 
by coronary arterial disease, especially myocardial infarction [18]. The mortality from this disease remains very high, 
and amounts to %15% among patients admitted to hmpital [1, 9, 10]. 

The possibility of restoring the vital functions, and notably the cardiac activity, in patients with myocardial 
infarction remains a largely unsolved problem, and is the subject of much discussion. A textbook of physiology pub- 
lished in 1954 contains the statemen~ that the restoration of adequate cardiac activity is generally impossible if the 
myoeardium is affected by pathological changes [3].�9 Wiggers [24, 25] concluded from his experiments that ven~ 
trieular fibrillation arising after occlmion of a coronary artery is an irreversible condition until the occlusion has 
been relieved. Nevertheless, the further study of this problem in experimental and clinical eonditiom [~, 7, 8, 14, 
15, 16, 21, 23] has shown that such statements are largely meaningless, aI~ough the restoration of vital functions in 
such cases is, in fact, attended with considerable difficulty. In itself, the presence of a myocardial infarct cannot 
be a criterion of the expectedne~s or irreversibflity of the terminal state, for the parh01ogical changes found in this 
condition may be minimal [1, 4, 10, 28], and there is no doubt about the vast powers of compensation of the heart 
muscle [1, 2, 9, 12, 13]. The situation Of the lesion must, of course, be taken into account. 

The ob jec tof  this experimental study was to investigate the p~sibility of restoration of the cardiac activity 
and the other vital functions of animals dying in the acute and subacute periods and in the period of recovery after 
an extensive experimental myocardial infarct. 

EXPERIMENTAL M E T H O D  

Nineteen experiments were performed on 10 dogs of both sexes weighing from t l  to 18 kg. Thoracotomy was 
performed in the fifth left intercostal space Under intzavenous nemb,atai ane~theda with contxolled respiration (3 
dogs) or ether-oxygen intubationa! anesuhesia (7 dogs). The pericardium was incised parallel to the phrenic nerve. 
The descending branch of the leh coronary arterj was mobilized and !igated at a d~tance of 0.5-0.~ cm from the 
border of the left auricle (rogghly at the siteof~'~g~nofthe septal bram:h of this a f t e r ) .  Almost at once a well- 
defined cyanotic area developed in the myocardium, Cozre~pengir~g ~d~ size to the area supplied by ~he branches of 
the ligated artery and occupying a considerable pa~t of the anm~ola~eraI region of =he left ven~icle, immediately 

�9 after liga~ion of the artery, admin.h~a~on of the anea~hetir ceased, and the dogF lung~ were forcibly, ventilated for 
a few minu~es with pure oxygen. Ti~2ee of the t0 doge apoa~aneou~ly developed ve~>aict~le~r fihriltavion 1.5-8 m ~  
abet application of the liga~.~e. If fibrillation had no~ develc~ed, 1g-20. mir.~ after liga~Dn, the li a,,~,,e . . . . . .  '~eas re .... 
moved and reapplied, knotk.er tveo deE, deve!oped.ve~:icuta: fibr!I1ation when the tigat'are wa~ ~emeved, Fibril.- 
lemon wa~ produced in ~he o~Ae,, 5 anim~I~ by electric shoe?< fgom the t27 V al~e~>~a~:.r:~ cm~ea~ ma!n~ supply after 
application of the lig~t~re, for the repe:5:,~::d rer~,.ov~l and reapp~c~ton of the liE:aide did not cause the deve!opmen~ 
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Fig, I ,  P~eservation of individual aberrant complexes during ventriculat asystole fol- 
lowing defibrillation. Resumption of U&rillarion at the beginning of cardiac massag e. 
The arrow denotes the beginning of massage. 

of fibrillation. Resuscitation measures, were put in hand on the day the ligature was applied, and also 10 and 30 days 
thereafter; these consisted of direct and indirect Cardiac massage, artificial respiration with oxygen or the ordinary 
air of the room by means of a Pesty RPR volume resph~ator, condenser pulse defibriilation (by N. L. Gurvich's method), 
and intra=arterial injections of small voIumes of a 5~ solution of glucose with adrenalin in the experiments involving 
indirect cardiac massage. Defibrillation was petfc~med after restoration of the tone of the heart muscle and the ap- 
pearance of active vent~ieular fibrillation in the ECG. 

In 5 dogs resuscitation was carried out more than once: in the period of acute myocardial ischemia, and then 
on the 10th (in all five) and 90th days (in three of them) after application of the ligature to the left coronary artery. 

EXPERIMENTAL RESULTS 

In the first group (I0 experimems) the possibiH~ of restoration of the cardiac activity and of the other vital 
functions of animals dying in the acute period of myocardial ischemia was studied. The period of circulatory arrest 
varied from I to 4.5 min in the tint five experiments and 5 min in the subsequent experiments. In three experiments 
in which the circulation was halted for 5 m~n, after fibrillation for 3.5 m i n a  condenser discharge of 2500-3000 V 
was passed through the heart in order to produce experhmental ventricula asyst01e against the background of experi- 
mental myocardial ischemia. It should be noted that atthough no cardiac contractions were present under these cir- 
cumstances, individual aberrant complexes were recorded in the ECG (Fig 1,). 

Resuscitation measures consisted of a combiner'ton of those des~ibed. In a series of experiments small doses 
of adrenalin (0.1-0.5 ml of a 1 : 1000 so!ution) were injected directly into the cavity of therigh t ventricle during 
direct massage to reactors the to~.e of the myocardium.  Fibrillation was abolished after the first electrical discharge 
in only two experiments; in the remaining 8 experimenu from 3 to 17 discharges were required for this purpose. As 
a rule the cardiac activity was well restored after thi~ procedure, and only in isolated cases was it necessary to give 
in~avenous injections of small doses of calcium chlc~de to strengthen .the con=actions. Complete restoration of all 
the vital functions was obtained in ali  the dogs, and oaty one animal died 24 h after the experiment from sudden 
ven tricular fibrillation (during strapping the dog to the bench for recording the ECG). 

In the second group (5 experiments) on dogs wiff,, myocardial infarction of t0 days' duration, when the animals' 
condition was fully restored after the op~at ion and reauscRation an electric shock from the mains supply was applied 
in order to produce a second a~tack of ventzicular fi~riIlation. After.the circulation had been arrested for 5 rain, 
indirect man,age of the fibrillating heart was begun~ ~gether  with artif';cia! respiration and intra-ar t~ial  irdection 
of frequent small vclume~ of 5% gIucose solution wid~ adrenalin, External eiee~ical defi'briI1ation was c ~ i e d  out 
after indk~.ect massage lasting 1-4 rain, h~' means of the .appltcation of 1~3 conder~er dheharges of 3500-5000 Vouch. 
I~ was/mpos;ib!e to ~e.~tore ~he e~rdiac activ[ V in only one dog, on whid~ cardiac m.assage ~as continued for 1 h 
8 rain (direct m~ :age  fe~ the .last 5 mi~) and defibr~Alation wz~ repeated B8 times. Full recover ,  ef  all 'Lhe vital 
functior~ wa~ obtained in the remaining four dog:.,', 

!n the thXd gxoup of . . . . . . . . .  expe~;,.~e~,~ en 4 d o ~  :4~ff~ myocardial {nfa~ct~on of i rr~ne~'~ ~at ic~n an~ two previo~ 
eouzse Of re~,~tta~tdn, in ~ of the anira;:d~ ventxicuta~ f~brillatioa w * a,~:~tn ~ . . . .  acid by etec~[c ~h~,;'~ The du~z~ 
tion of the circu1~ery a~e~t in alI c~.se~ ~-~a~ 5 rain, The re~u~ci~a~[or~ me~a~u~e~ were ~imflar to t~ho~e u~ed in the 
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Fig. 2. Heart of a dog resuscitated tw ice -  
on the 1st and !0th days of development : 
of a myocardial infarct. 

animals in the seccad group of experiments. I n 3  dogs complete re- 
covery of all the ~T~I functions was obtained after indirect cardiac mas- 
sage for 1-4 min arid after 1-3 application of external defibrillation. 
In one dog, despke r_he successful abolition of ven~ricular fibrillation, 
adequate ca~di ac  activity could not be restored and the experiment 
was terminated a~ez a further 30 minutes' cardiac massage (during 
which the tone of dze heart remained good). 

Pathological investigation (N, P. Romanova) of the hearts of dogs 
sacrificed at p e r t ~  of between 7 days and 2 months after resuscitation 
revealed, in every case, an extensive infarct of the myocardium of the 
left ventricle with r.he formation of a cardiac aneurysm in two dogs 
(Fig. 2). Isolated ~.rnorrhages at the borders of the zone of myocardial 
ischemia could be  either the result of trauma during massage or a sign 
of the development of the pathological process itself. 

Hence, in a ~ l ~  with extemive myocardial i~chemia and infarc- 
tion in the region ~f the anterolateral wall of the left ventricle, it is 

possible m restore the cardiac activity, followed by all the o ~  viral functiom, by timely and properly applied 
measures. After short periods of both dkect  and indirect cardiac massage, no significant traumatic lesions of the 
affected area of heart muscle were observed so thatthis meth=d of restoring cardiac activity may be recommended 
unreservedly f~x use in clinical death due tO coronary d~ease. The dimensiens of the ischernia and of the myocardial 
infazct themselves cannot, it seems, be used as criteria for the ~d ica t ion  or con~:aindication of resuscitation meas- 
ures, particularly because in emergency it is usually impossible ro determine with any accuracy the character and 
degree of the lesion of r.he hear~ muscle. 

SUMMARY 

A study wa~ made of the pc~ibflity of re~toring the vital f~Jacfio~ in dogs with experimental extemive myo- 
cardial infarction of t.~e left ven~Icle,  cause by preliminary lf~mrion of the descending brafich of the. left coronary 
artery. As demon~a ted ,  re~toraflon of the cardiac activity ~ the aid of ma~age  of the heart (direct and indirect), 
artificial respiration and defibrillation i~ quite possible at var'~us stages of the development of infarction. 
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