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AHHOTALUMUS

Mocne Toro, kak Herrick’s onucan knuHmueckyio kaptuHy octporo uudapkra muokapaa 6onee 100 net Hasag (1912 r.), ne-
yeHne OUM npowno Tpu daszel paseutus: pasa 1 (1912-1961 rr.) — nocTenbHbIN pexnM U «BbXXMAATENbHOE» neveHue; dasa 2
(1961-1974) — cozpanme u passutie oTAeneHM M BrIOKOB MHTEHCMBHOM Kapauonoruyeckoi tepanmu; dpasa 3 (c 1975 r. no Hacro-
swee Bpems) — penepdy3MOHHAs TAKTMKA ieveHus MweMmumn muokapaa. Ceryac Mbl Haxoammes Ha nopore ¢assl 4, KOTopas BKAOYA-
eT B cebs ycunus no cokpaleHuio nepdysnoHHOro NOBPEXAEHUS MUOKAPAQ, O TAKXKE PEreHePATUBHYIO MEAULIMHY.

B nocnepHee Bpems, nevyeH1e OCTPOro ULWIEMUHECKOrO UHCYNbTA NPETEPreno KApAUHANbHbIE M3MeHeHUs oByCnoBneHHble AOKa-
3aHHOM 3 PEKTUBHOCTLIO BHYTPHUAPTEPHUANHOM TpoMbonutuueckoi Tepanum (IA) Ha ocHOBE AAHHBIX MHOFOYMCAEHHBIX UCCNEROBa-
Hui. O16op naumeHToB Ans BHYTpMBEHHOM M |A-Tepanun ocHOBAH HO CBOEBPEMEHHOM BM3yQnM3ALMM C MOMOLLLIO KOMMbIOTEPHOM
ToMorpadum UM MArHUTHO-Pe30HAHCHOM ToMorpaduu ¢ nocneayloLen NpSAMoi aHrMorpadureit Ans [OKYMEHTUPOBAHMS OKKIIO3WUM
KPYNHOro cocyAaaq, noaaatoweics sMewatensctsy. CoBpeMeHHbIe METOAbI BU3YyQNM3ALMM SBASKOTCS OCHOBOM AN1S1 BbISIBNIEHWS MLIEMM-
4eCKOro SAPA M 30HbI COCTOSIBLUETOCS HEKPO3d, U 3TA MHPOPMALUS BHOCUT Bce BOMbLUMIA BKNAA B NPUHATHE PeLUeHMI O TAOKTUKE neve-
HM1s O MEPE YBENMYEHMS TEPANEBTUYECKOrO BPEMEHHOIO OKHA. BHYTpUBEHHBIM TPOMBONM3NC C UCNONBL3OBAHMEM AKTUBATOPA MAA3-
MWHOreHa TKOHEBOrO TMMNA OCTAETCS OCHOBOM TEPANMM OCTPOrO MHCYNbTa B TedeHue nepebix 4,5 4 oT ero Havana. Y nauueHTos ¢
NPOKCUMAIbHBIMU OKKITIO3MSAMM KPYMHBIX COCYAOB NleYeHMUe cnegyeT HauMHaTh Ha ocHose |A B Teuenue 6 4 ot Havana muncynsta. Opra-
HU3ALMS U BHEAPEHUE PETMOHANBHBIX CUCTEM NIEHEHUS MHCYNbTA HEOBXOAMMBI AN1S NEeHeHUs KOK MOXHO 60MbLIEro YMCNa NOAXOAILLMX
nauueHTos. HoBbie napaaurmbl nedYeHus, coueTarLe HEMPONPOTEKLMIO, BBICOKOTEXHONOMMYECKME METOAMKU U TEPANMIO, MOTEHLM-
QNBHO YBENMYMBAIOT YNACIO NALUEHTOB, IEYEHNE KOTOPbIX BOZMOXHO, HECMOTPS HA SIUTENbHOE BPEMS TPAHCIOPTUPOBKM, M NO3BONS-
IOT CMSATYUTb NOCNEACTBMS penepdy3UOHHOro NoBpexaeHus. JleueHue 0CTporo MHCYNLTA BCTYNMUAO B 30/10TOM BEK, MU MOXHO OXMAATL
MHOTMX OOMOSTHUTESbHBIX BOCTMXKEHUM.

Knioueesble cnoea: nHdapkt MMokapaa, 610k MHTEHCMBHOM KOPAMONOrMYECcKOM Tepanuu, penepdy3ns MMOKAPAD, BU3yanu-
3aums penepdy3MOHHOIO NOBPEXAEHMS, MHTPAKPAHUANbHbIE BMELIATENLCTBA, UHCYNLT, |A-TpoMBonuanc.

Abstract

Since Herrick’s description of the clinical picture of acute myocardial infarction over one century ago (1912), there have been
three phases of therapy: Phase 1 (1912-1961, bed rest and «expectant» treatment); Phase 2 (196 1-1974, the coronary care unit);
and Phase 3 (197 5—present, myocardial reperfusion). We are now on the cusp of Phase 4, which comprises efforts to reduce myocar-
dial perfusion injury as well as regenerative medicine.

The treatment of acute ischemic stroke has undergone dramatic changes recently subsequent to the demonstrated efficacy of intra-
arterial (IA) device-based therapy in multiple trials. The selection of patients for both intravenous and IA therapy is based on timely
imaging with either computed tomography or magnetic resonance imaging, and if IA therapy is considered noninvasive, angiography
with one of these modalities is necessary to document a large-vessel occlusion amenable for intervention. More advanced computed
tomography and magnetic resonance imaging studies are available that can be used to identify a small ischemic core and ischemic
penumbra, and this information will contribute increasingly in treatment decisions as the therapeutic time window is lengthened. Intra-
venous thrombolysis with tissue-type plasminogen activator remains the mainstay of acute stroke therapy within the initial 4.5 hours af-
ter stroke onset. In patients with proximal, large-vessel occlusions, 1A device-based treatment should be initiated in patients with small/
moderate-sized ischemic cores who can be treated within 6 hours of stroke onset. The organization and implementation of regional
stroke care systems will be needed to treat as many eligible patients as expeditiously as possible. Novel treatment paradigms can be
envisioned combining neuroprotection with |A device treatment to potentially increase the number of patients who can be treated de-
spite long transport times and to ameliorate the consequences of reperfusion injury. Acute stroke treatment has entered a golden age,
and many additional advances can be anticipated.

Key words: myocardial infarction, coronary care unit, myocardial reperfusion, reperfusion injury imaging, intervention, stroke,
thrombolysis.
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PART 1

Acute myocardial infarction (ami)

The year 2012 was the centenary year of the pub-
lication of James Herrick’s seminal paper: «Certain
clinical features of sudden obstruction of the coro-
nary arteries» [1]. He described the clinical features
of two patients with acute myocardial infarction
(AMI), one of whom came to postmortem exami-
nation and was found to have thrombotic occlusion
of a coronary artery. Since this description of AMI,
the management of the condition has gone through
three major phases and is about to enter the fourth.

The past

Phase I: bed rest, expectant treatment

In his 1912 paper, Herrick wrote: «The im-
portance of absolute rest in bed for several days is
clear». At the time, pathologists considered myo-
cardial infarctions to be «wounds» of the heart and
cardiac rupture was feared as a dreaded, invariably
fatal complication. Soon, in most hospitals, Her-
rick’s «several days» of bed rest became two or three
weeks. The usual duration of hospitalization in un-
complicated cases was six weeks, followed by a pro-
longed recovery at home. Few patients were permit-
ted to return to normal activity. Later authors rec-
ommended morphine for pain, as well as digitalis,
and caloric and fluid restriction. By 1929, AMI was
recognized as a relatively common medical emer-
gency. Levine, in the first book devoted entirely to
this condition [2], emphasized the frequency and
danger of cardiac arrhythmias and recommended
quinidine for ventricular tachycardia and intramus-
cular adrenaline for atrioventricular block. Elec-
tronic ECG monitoring was not yet available and he
suggested that nurses be trained to detect arhyth-
mias by frequent auscultation.

In the first edition of Harrison’s Principles of
Internal Medicine, published in 1950 (which was
my textbook as a student and which I later edited),
treatment of AMI included inhaled oxygen in pa-
tients with pulmonary rales and/or cyanosis, as well
as subcutaneous atropine and papaverine and sub-
lingual nitroglycerine to relieve coronary spasm.
Perhaps most importantly, anticoagulants (both
heparin and warfarin were available) were recom-
mended to prevent myocardial reinfarction, pul-
monary embolism, and mural thrombosis [3]. Not
only physical rest but also emotional rest was em-
phasized. As an intern in 1952, we admitted patients
with AMI wherever a bed was available on the medi-

YACTb 1

Octpbiii undapkT MUOKapaa

B 2012 r. ucnoanunocs, 100 geT ¢ MOMeHTa My-
OJMKalMy OpUTrMHaIbHOM cTaThk Jxkeitmca Xeppuka:
«Hexoropple KTMHUYECKHUE TIPU3HAKKM OCTPOI OKKITIO-
311 KOpOHAPHBIX apTepuii» [1]. OH omucan KIuHUYe-
CKMe 0OCOOEHHOCTU JIBYX MAllMEHTOB C OCTPbIM MHDap-
ktoM muokapaa (OMM), y ogHOro u3 KOTOpBIX MpU
MOCMEPTHOM 00CJIeIOBaHUU, OOHApPYXUJIU TpoMOO-
TUYECKYIO OKKITIO3MI0 KOPOHApPHOW apTepnu. 3a CTO-
getue JeyeHue OMM npoiito Tpu has3bl pa3BUTUS U
ceityac Mbl HaXoaAUMCS Ha ropore ¢asbl 4.

IIpomuioe

Daza 1: nocmeavHulil pexcum, evLycudametsHas

maxkmuka

B cBoeii cratbe 1912 . Herrick nucan: «BaxxHocTh
MOJIHOTO MOCTEJIBHOTO PEXXUMAa B TEUEHHE HECKOJIbKUX
JHel sicHa». B To BpeMs MaTojoru CUMTAIN UHGAPKT
MMOKap/a «paHO» cepiia, a pa3pbiB ceplla BOCHPU-
HUMAJICS KAaK CTPALTHBIA, HEM3MCHHO CMEPTCIbHBINA
ucxon. Bckope B OOJBIIMHCTBE OOJbHUILL «HECKOJIb-
KO JIHE» MOCTEALHOro pexkuMa Xeppuka rnepepociu B
nBe v 3 Hen. OOBIYHAS MPOIOIKUTEIBHOCTD TOCTIN-
TaJN3allMd B HEOCTOXHEHHBIX CTydasiX cocTamisijia 6
HeJll C MOCJEAYIOUIMM MPOAOKUTEbHBIM BOCCTAHO-
BUTEJIbHBIM MEPUOAOM A0Ma. JIMIIb HEMHOIME Malu-
€HTBI TMOJYYaJIu pa3pelIeHUEe BEPHYTHhCS K HOPMasib-
Holt megarenabHocTU. [lo3aHee ObUIM PEeKOMEHIOBAHBI
Ha3HayeHust Mopdus st CHATUSI 60JEBOTO CUHAPO-
Ma, a TAaKXe JUTMTAJIUC U OrpaHUYEHUE TTOTPEOJECHUS
kamopuit n xxuakoctr. K 1929 . OMM 651 mpuszHan
OTHOCHUTEJIbHO paciIpoCTpaHEHHBIM HEOTJOXHBIM CO-
crosiHueM. Levine B nmepBoil KHUrE, MOJHOCTbIO I10-
CBSIIIIEHHOM 3TOMY COCTOSIHUIO [2], TTOMYEpKHYI Ya-
CTOTY M OIMACHOCTb CEPACUHBIX apUTMUI U PEKOMEH-
JOBaJl XUHUIWH TPU XKEJTyTOYKOBON TaXxUKapauu u
BHYTPUMBILIEYHOE BBEACHUE aApeHalHa PU aTpro-
BEHTPUKYJISIpHOI O10Kane. B To BpeMsi mpukpoBaTHOE
MoHutopupoBanue DKI elie He ObLTO JOCTYITHO, U OH
MPEITOXUI 00YUUTb MEACECTEP BISIBISITH QDUTMUHN C
TIOMOIIIBIO YACTBIX AyCKYJIbTAlIUA.

B nepBom uznanuu XappucoHa «BHyTpeHHUE 00-
JIe3HU», onyosrkoBaHHOM B 1950 . (Ha KOTOopoM ¢
YUWIICS, OYAYYM CTYJEHTOM, U KOTOPOE IMO3XKE penaK-
TupoBan), nedeHne OMM BKITO9aio MHTAJISIIIAIO KHC-
JIOpoJia y MallMEHTOB C 3aCTOMHBIMU XpUIIAMU B JIET-
KUX M/WIA LIMAHO30M, a TakKKe BBEICHME aTpOII-
Ha Y naraBeprHa MOIKOXHO W HUTPOIIMLIEPUHA O]
SI3BIK JUTSI CHSATWUSI KOpoHapHoro cmasma. [loxamyit,
Hau0oJiee BaXXKHbI ObLTM PEKOMEHJALIMU 10 Ha3Haye-
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cal service, but always as far from the nurse’s station
as possible, so that they would not be disturbed by
the commotion, especially the frequent telephone
ringing. It was not uncommon for me, when arriv-
ing on the medical floor at 6 am to draw blood to
be sent for testing, to discover that one of my AMI
patients had died quietly during the night. It was
quite discouraging to young physicians, because we
felt so impotent; older physicians accepted this as
just the way it was. By 1960, when I was a young
cardiologist, it was appreciated that AMI was the
most common cause of death in North America and
Europe, that cardiac rupture was, in fact, an un-
common complication and that prolonged bed rest,
which had been routine since Herrick’s day, could
actually be harmful in some patients by leading to
venous thrombosis and fatal pulmonary thrombo-
embolism. In uncomplicated cases, the duration of
absolute bed rest was shortened to about five days,
the tempo of ambulation was gradually increased,
and the duration of hospitalization was shortened to
about a month.

In retrospect, the management of AMI during
Phase I may be considered to have been «expect-
ant», with rest, relief of pain, anticoagulation, and
coronary vasodilation, all of which were of ques-
tionable benefit. During this period, which marked
the first half century after Herrick’s paper, mortal-
ity remained stubbornly high. Nevertheless, during
Phase 1, much was learned about the clinical mani-
festations, natural history and electrocardiographic
features of AMI. It became clear that ventricular ar-
rhythmias were the most common causes of death.

Phase 2: the coronary care unit

This phase began in 1961 with a paper by Des-
mond Julian, then a cardiology registrar at Edin-
burgh’s Royal Infirmary, which described what later
would be known as the Coronary Care Uni [4]. Four
separate components came together in these units:
(1) the segregation of patients with AMI into special-
ized intensive care units — designated areas of a hos-
pital in which trained staff, specialized equipment,
including monitors, catheters, pacemakers, drugs,
and frequently cardiologists were all at hand; (2) con-
tinuous electrocardiographic monitoring of cardiac
rhythm with audible alarms for serious arrhythmias;
(3) the training of medical and nursing staff in closed
chest resuscitation; and perhaps most importantly
(4) providing trained nurses with the authority and
responsibility to perform this procedure, including
external defibrillation, in the absence of a physician.
The introduction of coronary care units radically re-
duced deaths from ventricular fibrillation, complete
heart block, and other potentially fatal arrhythmias,

HUIO aHTUKOATYJISTHTOB (B TO BpeMsl yXe ObLId U Te-
napuH u BapdapuH) A NpeaoTBpalleHus MOBTOP-
HOro MH¢apkTa MUoOKapaa, TpoMOOAIMOOIUU JIeroy-
HOI apTeprM U BHYTpHUCEPAEUHOTO TpoMm6O03a |3]. Oco-
00e 3HaueHue MPUAABAIOCh HE TOJbKO (PU3MUECKOMY,
HO ¥ 3MOLMOHAIBLHOMY OTAbIXY. Bynyun nHTepHamu B
1952 r., Mbl ipuHUMau nauueHToB ¢ OMM Ha mo0yio
KOWKY MEIULIMHCKOIO YYpEXIEHMsI, HO BCeraa Kak
MOXHO JaJIbIIe OT MEICECTPUHCKOTO IOCTa, YTOOBI MX
He 0ecnoKowua LIyM, OCOOEHHO 4acThbie Teae(OHHbIE
3BOHKMU. [17151 MEHSI HE ObLIO YeM-TO HEOOBLIYHBIM, MPU-
X051 Ha TepamneBTUIECKUIA 3TaxX B 6 U yTpa 1151 3a0opa
KPOBM Ha aHa13, OOHAPYKUTb, YTO OJMH M3 MOUX T1a-
uueHToB ¢ OMM THXO cKOHYAJCS HOYbID. MOoaAbIM
BpayaM ObLIO OYeHb OOUIHO YYBCTBOBAaTh CBOE OeCCH-
JIME, MOXWIbIE XX€ MPUHUMAJIM ATO KakK JAaHHOCTb. K
1960 1., Korma s1 6bUT MOJIOABIM Kapauosiorom, OUM,
MO CTAaTUCTUYECKOUW OIIEHKE, SIBJISIJICS CAMOU 4acTOW
npuanHoit cMeptn B CeBepHOit AMepuke n EBporre,
HO CMEPTh HACTYITaJIa HE OT TAMITOHAIBI, SIBJISIETCS TO-
BOJILHO peAkuMm ocioxHeHneM OUM. JInutenbHbli
MOCTEJIbHbIN PEXUM, KOTOPbI OblL1 YCTAHOBUBLLEHCSI
MPaKTUKON cO BpeMeH XeppuKa, Ha camoM JieJie, Iy-
ouTesieH 1151 YaCTH MalMeHTOB, TaK KakK CIIOCOOCTBYET
Pa3BUTHIO BEHO3HBIX TPOMOOB U (haTaIbHOI TPOMOO-
5MOO0JIMHU JIETOYHOI apTepun. B HEOCTOXKHEHHBIX CITy-
yasiX MpOAOKUTEIbHOCTb MOJHOIO MOCTEJIBHOIO pe-
>KMMa Oblj1a cCOKpallleHa MPUMEPHO 110 5 AHeM, mocTe-
MEHHO PaCIIUPSIICS JABUTATEAbHBIN PEXUM Ha amOy-
JIATOPHOM 3Tamne, a MPOAOJLKUTEIbHOCTb TOCITUTAIMU-
3alMM ObL1a COKpalleHa NpuMepHo 10 1 Mec.

OrngabiBasich Ha3ad, MOXHO CKa3aTbh, UTO TOJb-
3y OT «BbLXUAATebHOIro» jeyeHus OMM Bo Bpemsi
¢asbl I: ¢ orpaHUYeHUEM HATPY3KU, CHATHEM 00JIEBO-
o CUHAPOMA, aHTUKOAryJISIHTHOI 1 KOpOHapopacIliu-
psitollieit Tepanueil MOXXHO TTOCTaBUTh MOJ COMHEHME.
B sToT nnepuomn, KOTopblii 03HAMEHOBAJ MEPBYIO MOJIO-
BUHY CTOJIETHST TIOCJI€ BRIBOIOB XeppruKa, CMEPTHOCTh
OoCTaBajiach Ha BICOKOM ypoBHe. TeM He MeHee BpeMst
¢asbl 1 06oraTnIo HaC 3HAHUSIMU O KITMHUYECKUX TTPO-
SIBJIECHUSIX, €CTECTBEHHOM Pa3BUTUU U DJEKTPOKAPIU-
orpacduueckux ocobeHHoctssx OMM. bblia yctaHOB-
JIeHa caMasl yacTtas rpuurHa cmepTtu nmpu OUM - xe-
JIyTOYKOBBIE ADUTMUMU.

Dasza 2: 610K UHMEHCUGHOU KApOUOA02UMECKOU me-

panuu

DT1a daza Havamach B 1961 . ¢ padborsr Desmond
Julian, peructpatopa DanHOYpPrcKOro KOpPOJIEBCKOTO
TOCMHUTAJIS, TOCBSAIIEHHOMN CITyK0€, BITOCIENCTBUU U3-
BecTHoM Kak «Coronary Care Unit» (610K MHTEHCUB-
HOW Kapamnojiormdeckoit Teparmun) [4]. Pabora otne-
JieHus1 6azupoBanack Ha 4 npuHuunax: (1) ordbop na-
uueHToB ¢ OMM B crielinaau3upoBaHHBIE OTAEIEHUS
WHTEHCUBHOI TepariMu, 4acTo ITOCeIlaeMble Kapau-
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and thereby reduced the early hospital mortality of
AMI by half — from about 30% that it had been dur-
ing the previous decade to about 15%.

The use of coronary care units swept rapidly
and within five years the concept had become ac-
cepted and implemented in almost all general hos-
pitals in the industrialized world. Coronary care
units brought two issues into sharp relief. The first
was the high mortality from AMI before patients
reached the unit, and often while waiting in a
crowded Emergency Room. This led to more rapid
deployment of ambulances and expedited assess-
ment in emergency departments of patients with
chest pain and other suspicious clinical manifesta-
tions of AMI. To accelerate treatment, physicians
or trained emergency medical technicians in some
areas rode in well-equipped ambulances, monitored
the patients, and, when necessary, performed resus-
citation prior to hospital arrival [5]. The second is-
sue was that in patients who reached the coronary
care unit and in whom arrhythmic death had been
prevented or treated successfully, the usual cause of
death was failure of the left ventricular pump. This
resulted most commonly from large infarcts, which
in turn were related to a marked imbalance between
myocardial oxygen supply and demand. In the early
1970s, our group’s efforts in experimental animals
were devoted to restoring this balance, both by re-
ducing oxygen demand with beta-adrenergic block-
ers [6] and by improving oxygen supply by means of
myocardial reperfusion |7, 8]. It is of interest that,
in his 1912 paper, Herrick had been prescient when
he wrote: «The hope for the damaged myocardium
lies in the direction of securing a supply of blood
through friendly neighboring vessels so as to restore
as far as possible its functional integrity» [1].

The present

Phase 3: myocardial reperfusion

This phase was initiated in 1975 by Chazov et al.
who lysed coronary thrombi by infusing streptoki-
nase directly into the blocked coronary arteries of
patients with AMI [9]. We then demonstrated that
timely reperfusion actually salvaged severely isch-
emic myocardium [10]. Although intracoronary fi-
brinolysis became routine in a few cardiac centers,
it was not suitable for widespread adoption for lo-
gistical reasons. In 1986, the GISSI investigators, in
one of the first cardiac mega-trials, demonstrated a
reduction in mortality by streptokinase infused in-
travenously [11]. In the first TIMI trial, we found
that patency of the infarct-related coronary artery,
however it was achieved, was associated with pro-
longed survival [12], leading to the early open artery
theory.

0JIOTOM, C OOYYEHHBIM TIE€PCOHAJIOM, CIEIUaTbHBIM
000pylOBaHMEM, BKJIOYAsi MOHMTOPbI, KaTeTephl,
KapIMOCTUMYJISITOPHI U MEIMKAMEHTHI; (2) HeIIpephIB-
HOE 3JIEKTpOKapanorpapmuieckoe MOHUTOPUPOBAHUE
CEpIEeYHOr0 PUTMA CO 3BYKOBBIMM CUTHaJIaAMM, BO3HU-
KaoUMMU IPU KU3HEYTpoXKalolux apuTMusix; (3) o6-
YUEHHE CECTPMHCKOIO IIepCOHajIa Cep/IeYHON peaHn-
Maunu; (4) BO3MOXKXHO, caMoe TJIaBHOE - TIpeoCcTaBIIe-
HUE CTEeNaTbHO OOYIeHHBIM MeICcecTpaM TTOJTHOMO-
YUIii IS BBITTOJTHEHUS 3TOW MPOLIEAYPhl, BKJIIOYas Jie-
GUOpUILIALNIO, B OTCYTCTBUE Bpaya. OTKpbITUE OJ10Ka
MHTEHCUBHOM KapAMOJOTUYECKON Teparvu IT03BOJIN-
JIO paauKaJIbHO YMEHBIIUTD JETAAbHOCTh OT (PUOPUI-
JIIUWU XeJTyJOYKOB, TTOJIHOM OJIOKaabl cepaua u apy-
TUX XM3HEYTPOXAIOIMX apUTMUI M TaKUM 00pa3oM
B [IBa pa3a CHU3UTh PAHHIOK TOCIUTAIBHYIO JIETaIb-
HOCTh oT OMM - mpumepno ¢ 30%, Kak 3TO OBUIO B
MPEAbIIYIIEM JecATHIeTHH, 10 15 %.

bJjioKM MHTEHCUBHON KapAuOJOrMUecKoil Tepa-
TTAM CTaJIN CO31aBaThCsl BO MHOTHWX CTallMOHAapax, 1 B
TeuyeHue 5 JIeT 3Ta KOHLEIUMS cTaja O0IIenpUHITOMN
U IPUMEHSLJIACh B IPOMBILIJIEHHO Pa3BUTBIX CTpaHaX
MOYTH BO BCeX OosibHULIAX 0b11ero npoduis. ITosas-
JIEHUE BTOM CyKObl BBISIBUIO ABE MpodsaeMbl. [lep-
Basi - BBICOKUI ypoBeHb jJeTaibHOCTU oT OUM 1o
TOro, KaK MallMeHTOB yCIleBaaud JTOCTaBUTh B OTIe-
JICHUSI, ¥ 9aCTO BO BpeMsI OXKUIAHUS B TIEPETIOJTHEH-
HOM OTIEJIEHUU CKOPOI MOMOIIM. DTO MPUBENO K
Oosiee OBICTPOI TOCTaBKE MalllMHAMM CKOPOW TTOMO-
I M YCKOPEHHOM OILIEHKE B OTACICHUSIX HEOTJIOX-
HOM TTOMOIIM MAaIlUEHTOB C OOJBIO B TPYAU U IPYTH-
MU MOAO3PUTEIbHBIMUA KIIMHUYECKMMU IPOSIBICHM -
smu OMM. B HekoTOpbIX pailoHaxX Bpayu WJu o0y-
YEHHBII MEPCOHAJI CKOPOW MOMOINM HAYWHAIA JIE-
YyeHUEe U TIpU HEOOXOAUMOCTU TMPOBOAMIN pPEaHU-
MalMIO 10 IIPUOKITUS B OOJBHUILY B XOPOILIO 000pYy-
JIOBAaHHBIX MallMHaX cKopoil momoiuu [5]. Bropas
mpobJiemMa 3aKTovyagach B TOM, YTO MAIIMEHTHI, KO-
TOPBIX yCIEJU JOCTaBUTh B KapIUOJOTMYECKOE OT-
JleJIEHWE U Y KOTOPBIX CMEPTh OT apUTMHUH ObLJ1a TIpe-
JMOTBpallleHa, YaCTO YMHUPAIHU OT JIE€BOXEIYTO0UYKOBOM
HegocTaTouyHOCTU. OcobeHHOo npu O6oabiux OUM,
KOTOpBIE B CBOIO OYepelb ObLIM CBSI3aHbI C 3aMET-
HBIM AUCOAIaHCOM MEXIY MTOCTaBKOM U MOTPpeOHO-
CThIO KMcJIopoaa B Muokapae. B Havane 1970-x ro-
JIOB Hallla IpyIIla B 3KCIEPUMEHTE Ha XMBOTHBIX
MbITAJIaCh BOCCTAHOBUTH 3TOT OajlaHC, KaK IIyTeM
CHIKEHMST TTIOTPEOHOCTH B KUCJIOPOAE C ITOMOIIBIO
OeTa-ampeHepruuyecKnx OJ0KaTopoB [6], Tak u TIy-
TeM YyJy4ylleHUs] CHaOXeHUsI KUCIOPOAOM IOCpe-
ctBOoM penepdy3uu muokapaa [7,8]. MHTepeceH ToT
daxT, uto B 1912 r B cBOeil cTaThe XeppuK Tpedy-
raabiBai Oyayuiee, korga nucan: «Hanmexna Ha mo-
BpEXIAEHHBIN MUOKApJ JEXKUT B HalpaBJIeHUU 00e-
CTieYeHUsI KPOBOCHAOXEHUsI yepe3 JpYyKeCTBEHHbIE
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During the last quarter century, myocardial re-
perfusion has been improved progressively by a num-
ber of key steps: (1) the development of tissue plas-
minogen activators, more potent in lysing thrombi
than streptokinase [13]; (2) the addition of aspirin
[14] and then more potent antiplatelet agents [15] to
the fibrinolytic; (3) the use of percutaneous coronary
angioplasty following AMI in place of fibrinolytics
[16]; (4) the addition of stents [ 17] — first bare-metal
then drug-eluting stents — following intracoronary
balloon inflation; and most recently (5) by aspira-
tion thrombectomy prior to coronary stenting [18].
As a consequence of these measures, each of which
improved clinical outcomes, in-hospital mortality
from AMI in the general population again declined
by half, from 15% to about 7.5% and it is now as low
as 3.5% in patients who are enrolled in clinical tri-
als. Most patients in industrialized nations are now
receiving the benefits of timely (early) reperfusion
therapy (Fig. 1). While myocardial reperfusion ob-
viously represents a major step forward, it is not an
unmixed blessing. Although it reduces ischemic cell
death it also injures the surviving myocardium. In the
1960s, well before the first human reperfusion studies
were carried out, Jennings et al. [19] and Krug et al.
[20] demonstrated impaired reperfusion after release
of a temporary coronary occlusion. Kloner et al. re-
ported that reperfusion caused microvascular dam-
age with swelling of capillary endothelial cells and of

Modes of patient presentation, components of ischaemic time
and flowchart for reperfusion strategy selection

COCEIHME COCYIbI, YTOOBI, HACKOJIBKO 3TO BO3MOX-
HO, BOCCTAHOBUTb €ro (QYHKIHUOHAJbHYIO LEIOCT-
HOCTb» [1].

HacTrosimee Bpemst

Dasza 3: peneppyszus muoxapoa

Ora (aza 6b1a Hauata B 1975 1. E.M. YazoBbiM
U COaBT., KOTOPBIE JU3UPOBAIM KOPOHAPHBIN TPOMO
MyTeM BBEIEHWUST CTPETITOKWHA3BI HEMOCPEICTBEeH-
HO B 3a0JIOKMPOBAHHbIE KOPOHAPHbIE apTepUU Mallu-
eHtoB ¢ OMM [9]. 3aTeM MBI MPOAECMOHCTPUPOBATIH,
YTO CBOEBpeMeHHas pernepdys3usi (akTUYecKu cria-
cajla OT Tsikenoil umeMun Muokapn |10]. XoTs uH-
TPaKOPOHAPHbBIA (PUOPUHOIN3 CTA ILIUMPOKO MpUMeE-
HATBCS B HECKOJIBKMX KapAMOJOTUYECKUX IIeHTpax,
OH HE CMOT TOJYYUTh IIIMPOKOTO PACIpOCTPaHEHUS
[0 MaTepuaJbHO-TeXHWYeCKUM IpuunHaM. B 1986 .
uccnenoBateau GISSI B onHOM M3 mepBBIX KPYMTHBIX
KapIMOJOTUYECKUX MCCIEIOBAHMM MOKa3aa CHIDKE-
HWE CMEPTHOCTH TIPW BBEICHWM CTPCTITOKWHA3LI BHY-
TpuBeHHO [11]. B mepBom ucciemoBanuu TIMI mbl
00HApYyXWIM, UYTO BOCCTAHOBJIEHUE MPOXOJAMMOCTU
MH(MAPKTCBSI3aHHOK KOPOHApHOI apTepuM, He3aBu-
CUMO OT METOJIa BOCCTAHOBJIEHUSI, CBSI3aHO C yJydlle-
HUEM OTJAJIEHHOTO MporyHo3sa [12], 4yTo jerio B ocHO-
BY TEOPHMU CKOPEMIIIEro BOCCTAHOBIEHMS TIPOXOINMO-
CTU apTepUH.

ITocnenHio yeTBEpTh BeKa pernepdy3us MUOKap-
Ja TIOCTEMEeHHO COBEPIICHCTBOBAIACH C TOMOIIBIO
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Fig. 1. Modes of patient presentation, components of ischemia time, and flowchart for reperfusion strategy

selection.

EMS, emergency medical system; FMC, first medical con- tact; PCl, percutaneous coronary intervention; STEMI, ST-segment elevation

myocardial infarction.

Puc. 1. BapuaHTbl TPAHCMOPTMPOBKY NALMEHTA, Bpems uwemumn u 6nok-cxema BoiGopa crparerum penepdysum.
EMS, cucrema ckopoit meprumHckoi nomowm; FMC, nepeuunbiit koHTakT ¢ mearumHckum pabotHukom; PCl, upeckoxHoe kopoHap-
Hoe Bmewwatenscteo; STEMI, undapkr muokapaa ¢ nogbemom cermenta ST.
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myocytes, leading to what was termed the no reflow
phenomenon [21]. Areas of no-reflow have been
found to be associated with infarct expansion in ani-
mals and a high mortality in patients [22]. Myocar-
dial reperfusion is often accompanied by myocardial
injury, commonly known as lethal reperfusion injury.
Indeed, in 1985, we referred to myocardial reperfu-
sion as a double-edged sword [23].

During the past decade, three paradoxes have
been incriminated as playing a role in lethal myo-
cardial reperfusion injury [24]: (1) the calcium
paradox, which raises intracytoplasmic calcium
concentration; (2) the oxygen paradox, in which
reperfusion raises myocardial pO2, causing the for-
mation of toxic reactive oxidants; and (3) the pH
paradox, in which a physiologic pH is suddenly re-
stored in the ischemic zone in which the pH had de-
clined. It has been postulated that these paradoxes
are involved in opening a channel in the inner mito-
chondrial membrane, the so-called mitochondrial
permeability transition pore, and that the resultant
rapid influx of calcium and reactive oxygen species
through these pores damages mitochondria, which
in turn fail to synthesize high energy phosphate,
thereby leading to myocyte death.

The future

Phase 4: the prevention of lethal myocardial

reperfusion injury

Many interventions to prevent or diminish lethal
myocardial reperfusion injury have been studied
[25]. Two are particularly interesting and have shown
some promise, both in preclinical studies as well as
in small, but intriguing, proof of principle clinical
trials. The first is an extension of the principle of
cardiac preconditioning, in which brief cycles of al-
ternating ischemia and reflow prior to a sustained
occlusion reduce the size of the subsequent infarct
[26]. It has been observed that this cyclic ischemia
can be induced in an organ or tissue other than the
heart, yet remain cardioprotective, an intervention
termed remote ischemic preconditioning [27]. The
clinical value of ischemic preconditioning — local
or remote — is useful only when the timing of the
prolonged ischemia, such as that induced by cardiac
surgery or a percutaneous coronary intervention, is
known (Fig. 2). It is not applicable to patients with
the usual AMI in whom the time when the coro-
nary occlusion will occur is, of course, not known.
However, «postconditioning» — in which the cyclic
periods of ischemia and reflow are begun immedi-
ately after the prolonged occlusion is relieved — has
also been shown to reduce ischemic injury |28] and
it too can be effective when carried out remotely
[29]. Conditioning can also be begun during the

psaa kiaoueBbix Mep: (1) pazpaboTka TKaHEBOTO aKTU-
BaTopa IlJla3MUHOIeHa — 00JIE€ CUJILHOIO TPOMOOIM-
THUKA, YeM cTpenTokuHasa [13]; (2) nobaBaeHue acriu-
puHa [14], a 3aTem 0OoJilee CHIILHOAEHCTBYIOIINX aH-
TharperanToB [15] kK ¢pubpmHOMMTUKY; (3) TIpUMeHe-
HUEe YPECKOXHOM KOPOHAPHOI aHTMOIJIACTUKU TTOCTE
OUM BmecTo HuOpUHOIUTUKOB [16]; (4) ycTraHOBKA
cteHToB [17] - cHayana cTeHTOB (0€3 MOKPBLITUS) Me-
TAJITTMYECKNX, a 3aTeM CTEHTOB C JIEKAPCTBEHHBIM TT0-
KPBITHEM - MTOCJIe BHYTPUKOPOHAPHOM OaIOHHOM A1-
JlaTallMuu, U COBCEM HelaBHO (5) BbIIMOJHEHUE acnupa-
IIMOHHOM TPOMOZKTOMUM TIepe], KOPOHAPHBIM CTEH-
TupoBaHueM |18]. B pe3yabrate aTux Mep, Kaxaas u3
KOTOPBIX yaydlllaja KJIMHUYECKUE Pe3yJbTaTbl, BHY-
TPUOOTBLHUYHAS JeTabHOCTE OT OMMM B 0061Ieit 1mo-
MYJSILMA CHOBA CHU3WJIACH BABOE, IPUMEPHO ¢ 15 1o
7,5%, 1 cerogHst OHa COCTaBJIsIeT Bcero 3,5% y mauu-
€HTOB, TIPUHUMABIINX y4YacTHUE B KIMHWYECKUX MC-
CJI€MOBaHUSIX. BOJBIIMHCTBY MAlIMEHTOB B IMPOMBIIII-
JICHHO Pa3BUTHIX CTPaHaX B HACTOSIIIIEE BPEMST TIOCTYTI-
Ha cBoeBpeMeHHasl (paHHsisl) penepdy3noHHasl Tepa-
nus (puc. 1). Xotst penepdys3ust MUoOKapa, 04eBUIHO,
npeacTaBiIsieT COO0M BaxKHBIM 11ar BIIEPE, CJI0XHO Ha-
3BaTh €€ MoJapkoM cynbobl. HecMoTps Ha To, 4TO OHa
yMeHbIIaeT Thheb UIIEeMU3MPOBAHHBIX KJIETOK, OHA
TaKXe IMOBPEXIaeT U COXpaHHBI Muokapa. B 1960-
X, 3a710JITO JIO TOTO, KaK OBLIN TPOBEACHBI TIEPBBIC UC-
clieaoBaHus Mo penepdy3un Ha moasx, Jennings 1 co-
aBT. [19] u Krug v coaBrt. [20] B 3KcriepuMeHTe Mpoje-
MOHCTPUPOBAIX pernepdy3MOHHbIE TTOBPEXIECHMS 10~
CJic BOCCTAHOBJICHUST KPOBOTOKA MPU BPEMEHHOM KO-
poHapHo okkIo3uu. Kloner u coaBT. BbISIBUIU, YTO
perniepdy3usi Bbi3biBajJia MUKPOCOCYAMCTOE I1OBPEX-
NeHWe C Ha0yXxaHueM KalmLISIPHBIX 9HI0TEINAaIbHbBIX
KJIETOK ¥ MMOLIUTOB, UTO MPUBOAMUIIO K TaK Ha3bIBae-
MmoMy ¢peHoMmeHy no-reflow [21]. OOHapyxXeHa B3au-
MOCB$I3b MeXmy no-reflow u pacimmpeHreM 30HbI UH-
dapkTa y SKWBOTHBIX M BBICOKOM JIETAIBHOCTBIO Yy Tia-
ueHToB [22]. Penepdy3usi MMoKapaa 4acTo COIpoBO-
JKIaeTcst MOBPEXKICHUEM MUOKapaa, OObIMHO M3BECT-
HbIM KakK HeoOpaTumoe penep@y3rnoHHOe MOBPEXIe-
Hue. Yxe B 1985 . Mbl cunTanu penep@ysuio Muokap-
Jla TaJIKoi o AByX KoHuax [23].

B TeueHme mociaemHero AECATUIETUS TPeM Itapa-
JIOKCaM OTBOAMJIACH POJib B HEOOpaTUMOM penepdy3u-
OHHOM NOBpexkAeHUU Muokapaa [24]: (1) KaabLuueBbIi
MmapajaokKc, IpyU KOTOPOM IIOBBIIIAETCSI BHYTPULIMTO-
IU1a3MaTUJeCcKasl KOHLIEHTPAIIUS Kaablus; (2) KUCIo-
POIHBIN TTapamoKe, TIPU KOTOPOM perepdy3nst TTOBbI-
maet pO, MUOKap/a, 3aIycKas peakiuio 00pa3soBaHust
TOKCUUHBIX okucauTeneit; (3) napagokc pH - pe3koe
BOCCTaHOBJIEHUE 10 (PU3UOJIOTHUEeCKOro ypoBHs pH B
UIIEMU3UPOBAHHOI 30HE C M3HAYaJbHO CHUXKEHHBIM
ypoBHeM pH. Ilpeamosnaraercs, 4to 3TU MapamoKChl
CBSI3aHBI C OTKPHITUEM KaHajla BO BHYTPEHHEH MeM-

@ ISSN 1818-460X. KpemneBckas meguumnHa. Knunuueckuin Becriuk. N23, 2019



PeHTreHOXMpPYprus B Ie4eHMMU OCTPbIX MHOAPKTOB M UHCYNLTOB ...

Total occlusion proximal LAD

After aspiration 6F, TIMI 111 flow

Large thrombus

After wire crossing

Final result after 3.5x20 mm stent =

Fig. 2. Acute occlusion of LAD with large thrombus before and after thrombus aspiration and stenting.

Puc. 2. Octpas okknio3nsa nepepHe HUCXOASLEN BETBU NIeBO KopoHapHoii aprepuu JINMHA 6onbwumnm tpom6om o

M nocne acnupaumm Tpom6a U CTEHTMPOBAHMUS.

occlusion and it is then referred to as percondition-
ing. The mechanism of protection afforded by these
different forms of conditioning appears to be pre-
vention of opening of the above-mentioned mito-
chondrial permeability transition pore [24]. How-
ever, there is continuing debate about the specific
signals acting on the pore. Two clinical applications
of perconditioning in patients with AMI have been
reported. Botker et al. found significant reduction
in infarct size in patients in who intermittent arm
occlusion with a blood pressure cuff was performed
in the ambulance prior to primary percutaneous
coronary intervention [30]. The second is pharma-
cologic conditioning, in which ciclosporin A was
infused intravenously just prior to balloon infla-
tion. Following encouraging preclinical studies by
Griffiths and Halestrap [31]. Piot et al. conducted
a three-center clinical trial and showed that ciclo-
sporin A reduced infarct size [32]. Although these
two approaches may appear to be dissimilar super-
ficially, both seem to have a similar fundamental
mechanism, i.e. interfering with the opening of the
mitochondrial permeability transition pores, and
thereby preventing lethal myocardial reperfusion
injury. It has been estimated that timely reperfusion
can salvage approximately 50% of severely isch-
emic myocardium [33] and that prevention of lethal
myocardial reperfusion injury should prevent the
necrosis of an additional 40% [24]. If the latter is
successful, it would further substantially reduce the
mortality from AMI.

OpaHe MUTOXOHAPUH, TaK Ha3bIBAEMOI MOPHI, obecrie-
YMBAIOIIei TIepexon MeMOpaHbl B COCTOSTHUE TTPOBO-
IUMOCTH M TaKMM O0Opa3oM peryJupyolleil MpoHu-
IAaCMOCTb MCM6paHBI MUTOXOHAPUUN, N YTO TTOCJICAY-
FOIIMI OBICTPBIN TTPUTOK KIS M aKTUBHBIX (DOPM
KUCJIOpOJa 4Yepe3 OTU MOPbl MOBPEXAAET MUTOXOH-
IIPYMU, KOTOPBIE B CBOIO OYEpEIb HE MOTYT CUHTE3UPO-
BaTb OCHOBHOU MCTOYHUK OQHEPIMU — aACHO3UHTPU-
¢GochopHYI0 KMCIIOTY, YTO MIPUBOAUT K THOEINM MUO-
LINTOB.

B oymymem

Dasza 4: npodhuaaxmura neobpamumozo

penephy3uoHnH020 NOGpeNcOeHUA MUOKAPOA

Bbuti M3ydyeHbl MHOTME BMELIATEIbCTBA IS TIpe-
IOTBpallleH!s] WA YMEHBIIEHUsS HeoOpaTHUMOIo pe-
nepdy3MOHHOro NMoBpeXxaeHus Muokapaa [25]. [la u3
HUX 0COOeHHO MHTepecHBI. OHM MoKa3ajin MHOT000e-
LIAOIIME PE3YJIBTAThl KaK B TOKIMHUYECKUX UCCIIEI0-
BAaHUSX, TAK U B HEOOJIBIINX TOKA3ATEIbHbBIX KIUHU-
YECKUX UCTIBITaHUsIX. I1epBhIii - 3TO pacimMpeHne BO3-
MOXHOCTEH MPEeKOHIUIIMOHWPOBAHUS Cepilia, Mpu
KOTOPOM YepeJoBaHME HECKOJBKMX LIUKJIOB KPaTKOB-
peMeHHOoI uieMun u re-flow, ipeiecTByoIIre BOC-
CTAHOBJIEHUIO KOPOHApPHOTO KPOBOCHAOXEHUST TP
YCTOMUMBOM OKKJ/IIO3UMU, YMEHBIIACT pa3Mep Mocjae-
nyroniero wHdapkra [26]. Beiio 3ameuyeHo, 4To 3Ta
K€ LMKJIMYeCcKasi MIIeMUsi MHAYLMPOBaHHAsl B APYroM
OopraHe WJIv TKaHH, a HE B MUOKapIe, TakKKe CIoco0-
CTBYET KapIWOIPOTEKTUBHOMY ACHCTBUIO, YTO IIOJIY-
YUJI0 Ha3BaHUE «IMCTAHTHOE MIIEMUYECKOE ITPEKOH-
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As we enter the second century following Her-
rick’s remarkable paper, substantial further research
on the prevention of lethal myocardial reperfusion
injury should, and undoubtedly will, be carried out.
This will involve both pre- clinical and clinical stud-
ies, culminating in large trials with clinical endpoints
[34]. In addition, during the next few years, we will
see an acceleration of therapy with a variety of autol-
ogous progenitor cells administered post-infarction
in an effort to regenerate new myocardium. I expect
that many of these investigations will be published in
the pages of this important new journal.
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IAIIMOHWpoBaHUe» [27]. Mmemudyeckoe TPEKOHIN-
LIMOHUPOBAHUE — JIOKAIbHOE WJIW IMCTAHTHOE - UMEET
KJIMHWYECKOe 3HAaYEHUE TOJbKO TOTJa, KOTraa U3BeCT-
HO Hayajo U MPOAOKUTEIBHOCTD JUTUTEILHON HIIIe-
MWU, HalIpUMeEP, €CJIM OHa BbI3BaHA KapIUOXUPYpPTH-
YECKMM WJIM YPECKOXHBIM KOPOHAPHBIM BMEIIATE b~
cTBOM (puc. 2). DTO He OTHOCUTCSI K TallMeHTaM ¢
00srvHBEIM OMIM, y KOTOPHIX, €CTeCTBEHHO, HEM3BECT-
HO BpeMsI, KOT/Ia TTPOU30MIeT KOPOHAPHAST OKKITIO3USI.
TeM He MeHee MOCTKOHIULIMOHUPOBAHUE, IIPU KOTO-
POM LMKIMYECKUE Mepuoibl uiieMuu u re-flow Ha-
YUHAIOTCS Cpa3y MOC/e CHSATUS UIMTEIbHOM OKKITIO-
31UM, KakK ObLIO I10KA3aHO, YMEHbLIACT MIIeMUYe-
cKoe moBpexaeHue [28], AMCTaHTHOE MOCTKOHIMLIM-
OHUPOBaHUE TakKkKe MOXKeT OBITh 3 (PEeKTUBHBIM [29].
KoHaMumnoHrupoBaHUE MOXET ObITh HA4aToO BO Bpe-
MsI OKKJIIO3MU, U TOIIa OHO HAa3bIBA€TCS MPEKOHIM-
IIMOHWpOBaHMEM. MexaHU3M 3alllMThl, 00ecTieunBac-
MBI 3TUMU Pa3INYHBIMU (hopMaMy KOHAMIIMOHUPO-
BaHUsI, MMO-BUAMMOMY, 3aKJIOUACTCSI B MPEAOTBPALLC-
HUU OTKPBITHS BBHILICYITOMSIHYTOM ITOPHI, PETYINPYIO-
LIei POHMLIAEMOCTb MeMOpaHbl MUTOXOHIpUiA [24].
TeM He MeHee He TIPEeKpPaIIarTCs CIIOPHl O KOHKPET-
HBIX CUTHaJIaX, AeMCTBYIOIMX Ha 1opkl. Coo0IIAI0Ch
0 IByX paboTax 10 KJIMHUYECKOMY IIPUMEHEHMIO T1ep-
KOHINIIMOHUpOBaHMA y anmmeHToB ¢ OMM. Botker n
COABT. OOHAPYXXWJIM 3HAUYUTEILHOE YMEHBIIIEHUE pa3-
Mepa nHbapKTa y IMalMeHTOB, Y KOTOPIX 0 IIPOBee-
HUS MIEPBUYHOTO YPECKOXKHOTO KOPOHAPHOTO BMeEIla-
TETHCTBA B MaIlIMHE CKOPOM MOMOIIM ObLjIa TIpOBEe-
Ha MpepbIBUCTast OKKII03KMsI COCY0B PyKU C MOMOLIbIO
HaJIOXKEHUSI MaHXXeThI JJIs1 M3MEPEeHUs apTeprualbHO-
ro nasiaeHust |30]. Bo Bropoii usyuyanoch dapmako-
JIOTMYECKOe KOHAMILIMOHUPOBAHME, IPU KOTOPOM LI~
KJIOCIIOpMH A BBOIW/IM BHYTPUBEHHO HEIOCPEACTBEH-
HO mepen OatoHHON nunatauuei. [locie obHame-
SKMBAIONINUX JAOKIMHUYeCKMX uccienoBanuii Griffiths
n Halestrap [31] Piot n coaBT. TpoBeNM KIMHUYECKOE
HUCIBITAHME B TpeX LIEHTpax U MOKa3aJIk, YTO LIMKJIO-
criopvH A yMeHblaet pasmep mHdapkra [32]. Xors
3TH JIBa TIOJIXO/Ia MOTYT BHEIITHE Ka3aThCsl HECXOXUMMU,
00a TeM He MeHee MUMEIOT B OCHOBE OJIMHAKOBbII1 MeXa-
HU3M, T.€. IIPEISTCTBYIOT OTKPHITUIO MUTOXOHIPHUAIIb-
HBIX TIOp TTPOHUIIAEMOCTH 1 T€M CaMbIM TpPEIoTBpa-
1Ial0T HeoOpaTumoe pernepdy3roOHHOE TTOBPEXIeHUE
muokapaa. IloacuuraHo, 4To cCBOeBpeMEHHas perep-
dy3ust MOXeT criacTyd npudau3uTeabHo 50% TsKe1o
WIIEMU3UPOBAHHOTO MHoKapa [33], 3To cHIKaeT He-
obpaTtrmoe penep@y3noHHOE MOBPEXIeHNE MUOKaApP-
Jla, YTO B CBOIO OYEPENb CHUKAET 00BEM HEKPO3a elle
Ha 40% |24], uT0O N03BOJSICT 3HAYUTEIbHO CHU3UTb Jie-
TaabHOCTH pu OVUM.

Bo BTOpOM CcTO/MIETMM MOC/Ee BblAAIOLIEHCs CTaTbU
XeppuKka TOKHBI M, HECOMHEHHO, OyayT IpoBeje-
HBI JaJIbHENIIE UCCICAOBAHMS T10 TIPENOTBPAIEHUIO
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HeoOpaTUMOTo penep@dy3MOHHOrO MOBPEXIACHUST MHU-
okapga. OHu OyayT BKJIIOYATh KaK AOKJIMHUUYECKUE,
TaK U KJIMHUYCCKUE UCIIBITAHMS, KyJIbMUHALIKLEN KO-
TOPBIX CTAHYT OOJIBIINE UCCIIEAOBAHMS ¢ KOHEYHBIMU
KHW4YecKnMu Toukamu [34]. Kpome Toro, B Teue-
HUE CIICAYIONINX HECKOJIbKUX JIET Mbl YBUIUM Pa3BU-
THE Tepaluy Pa3IMIHBIMU CTBOJIOBBIMHM KJICTKAMU-
MpealecTBeHHUKAMU, KOTOPbIe BBOASTCS TOCJ]E WUH-
(apkra ¢ 1enabI0 pereHepalMy HOBoro mMuokapna. S
HAIECh, YTO MHOTME M3 3TUX MCCIEIOBAHUI OyIyT
OnyOJIMKOBAHbI Ha CTPAHULIAX DTOTO XypHAaa.




