Changing patterns of patients undergoing emergency
surgical revascularization for acute coronary
occlusion

Importance of myocardial protection techniques

Between 1977 and 1992 a total of 163 consacutive patients underwent EMETgENCY COromary artery
bypass grafting after acute coronary occlusion (94 % after failed angioplasty). Patients were divided
 Tour groups according to the method used for myocardial pratection. The crystalloid eardioplesia
£ pincluded 30 patients operated on from 1977 to 1980; the hypothermic fibrillation group included
60 patients (1980 (o 1986}, the blood cardioplegia group included 36 patients (1986 to 19891 and the
blood cardioplegia with controlled reperfusion group included 37 patients (1489 to 19921 Preoperative
dala, ischemic time interval, collateral blood Row, intraoperative data, regional wall mation, globul
ejection fraction. myocardial infarct-specific electrocardiographic changes, enzyme release, rhythm
disturbances, maortality, prevalence of intraacrtic balloon pumping, and inotropic support were assessed
in this retrospective study. Our data indicate that the current spectrum of patients undergoing
eMErgency coronary artery bypass grafting after acute coronary occlusion are at a significantly higher
risk compared with those 15 vears apo, that is. increase in age (53 = 1 versus 5% = 2 vears; p < (L05),
. three-vessel disease (38% versus 3%; p = 0.004), acute occlusion of the lefl main coronary arlery
A% versus 0%; p = 0.02), preoperative cardiogenic shock (35% versus 3%; £ = 0.007) prevalence of
acute two-vessel occlusion (22% versus 3% p = 0.05), prevalence of previous infarction (59% versus
23%; p = 0.04), and duration of ischemia (3.0 + 0.2 versus 4.1 = 0.3 hours: £ < 0.05). Despite the
increase in patients with severely compromised ventricular function during recent years, the overall
hospital mortality decreased to 5% (2/37) when maximal protection of the ischemic and remote
myocardium was performed [preoperative intraaortic balloon pump, combined antegrade/retrograde
substrate-cnriched blood cardioplegia, warm induction, controlled reperfusion, prolonced vented
bypassl. Sinple-vessel disease was always associated with a low martality, whereas mortality could be
re_ ced with controlled blood cardioplepia in patients with multivessel disease 6% and cardiopenic
§ 4 (15%). The immediate return of regional contractility in the previously ischemic area after
controlled reperfusion might serve as an explanation for these favorable results. After unmodified bload
reperfusion, normokinesis or slight hypokinesis occurs in only 34% to 46% in the early postoperative
period (1 to 4 weeks) in comparison with 86% after controlled blood cardioplegia  reperfusion
{p < 0.051. We conclude thar there is o significant increase in risk lactors in patients undergoing
emeraency coranary artery bypass grafting and that improved methods of intraoperative myvecardial
protection are needed for these compromised patients. 1) Thokae Carpiovase SUpG 1993: 106 137-48)
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Since the beginning of percutaneous transluminal coro-
nary angioplasty [PTCA) in 1977, several other tech-
niques have enlarged the armamentariom of the inter-
ventional curdiclegists (laser, s1ents, atherselomics,
rotablation ). These devices, as well as improved catheter
techmiques, have led o an extension of the indication for
the varions PTCA wehrigues (o patients with multives-
sel disvase, weute nyvecardial infurcuon, and cardwgenic
shock.” Furthermore, patients with acute coronary occlu-
sion due 1o dissections alter PTC A are notalways referred
Far emereencs coronary artess hvpass grafting (CABG L

T Y Lo s
Gapen the L.'l_u.lJ\I._'l s

bt ol e 4 atient

rewngiuplisstics or stenta, Th re thers has been 3 tres
mendous change in the clinkal status of the patents
ceferred for surgical crestment afler seule coruna
pechion [very proximal occlusions, left main stenosis.,
cardiogenic shock), and it is not surprising that emergen-
oy CARG for acute coronary artery occlusion is ussociat-
ed with an operative mortality of 2.5% o 15.6% and up
10 50% frequency of periprocedural myocardial infarc-
tign.” ¥

Myocardial protection plavs 2 major rele in putients
with scutle coronary occlusions because ischemic and
remote myocacdium are energy depleted at the beginning
of the aperation.’t During aortic crossclamping, addi-
tional damage might be imposed on a myocardium with
limited ischemic tolerance. Yarious technigues were used
for myvocardial protection during surgical reperfusion
after acute coronary occlusion, that is, crystalloid car-
dioplegia,'? continuous hypothermic fibrillation,'? blood
cardioplegia, ' or blood cardioplegia combined with con-
wrolled ceperfusion {controiled blood cardioplegia). ' 1
There is however, no clinical study eviluating these pro-
tection techniques and their effect on global and regional
myocardial [unction after surgical reperfusion for acute

cotonury occlusion in regard 1o the preoperative status of

the patient.

The first therapeutic PTCA was carried out by
Griintzig in September 1977 in Ziirich.! and 1 month
later a PTCA program was started at the Johann Woll-
sang Geethe-University in Frankfurt.!” The present
repart reviews our 1 S-year experience (1977 to 1992) with
surgical interventions for acute coranary occlusion [94%
due to angioplasty Tailures)t with wie of cryswlloid cur-
dioplegii. hypathermic fibrillation, blood cardioplegiu, or
controlled blood cardwoplegia for intraoperialive myocar-
diad provection. The aim of this retrespective analvsis was
(1) toidentiy the preoperative condition and risk Relors
of the patients and their change during the | Sevear peri-

dand [2) o evaluate the reselts olemergency CABG in
repard to the preoperative risk fictors and method wsed
for myocardial protection.

I
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Patients and methods

Paticat population. Between October 1977 and February
1992, 161 consecutive patients were apersted on for acute cor-
onary oeclusien, and they Torm the basis for this report They
were transferred o our department {rom five dalTerent cardio-
Togic centers m Frankiurt.

The cause for acute coronary geclusion was failed angioplasty
in 153 0f 163 patients (94% ) [ Tahle 13, In the ather 10 patients,
acute coronary oeelusion wis ciesed by Lser angoiasly, acute
stent thrombosts, rowtine diagnestic cardiac angiography. avute
naturally occurring coronary arteey thrombwsis, o early graft
vaclusion.

A curdine surmical revascularization is considered “an emer
genay s carned AUt ds sosn as pussible aller avule con-
nars o tusion. Operations that are delaved for more than a Ly
S howrs are el considersd emergencies. Patients referred for
emergency surgical revascularization were iransparted imme-
distely 1nta the aperaling room. All angioplasties were eletive,
and paients were adminisiered antiplatelet drugs before the
procedure and received heparin during dilatation. Angioplasty
was contraindicated in patients with stenosis of the left main
coronary artery. PTCA failure that required emergency oper-
ation was o determination made by the intervening cardiolagist
and was defined 18 one in which the patient had intraciable pain
associated with persistent electrocardiographic (ECG) changes,
cardine tamponade, cardiogenic shock, or radiographically vis-
ible coronary occlusion. Excluded Trom this classification were
PTC Az in which the failures were due 1o inability to travensie the
lsicn with the halloon, or to unsuceessful dilatation but with-
wut untoward symploms or ECG changes requiring delayed
operation. The intranortic balloon pump (LABP) was inserted
preoperatively when indicated.

The cnset of acute coranary occlusion was defined as the time
aof acute dissection as evidenced by coronary angiography. [a
patients with natuslly occurring ceclusions, after angiography
ar early graft ocelusion, the onset of coronary occlusion was
defined as the time of origin of chest pain and hemeodymamic
deterioration and was documented by ECG evidence of hyper-
acute ST clevation with or without [ waves o loss of R wave
DIrOETERSIIN.

The diagnosis of cardiogenic shock was made according to
accepted criteria | hypotension, oliguna, evidence of inadequate
peripheral perfusion, elevated left atrial Alling pressures, and
need Tor inoteopes or TABP or both.'®

Demographic and presperative variables analyesd included
age, sex, global ejection fraction (EF), extent of coronary artery
disease, clinical and ECG evidence of acute myocardial infarc-
tien just before PTCA, and distribution of vessels subjected to
PTCA. Catheterization data were used todetermine the extent
of corenary artery dissase. Left main coronary arlery disease
was defined as preater than 30% compromise of vessel diame-
ter. and ether major seronacy artery vesss| disease was defined
as preater than 70% narrowing in any wiew, Global EF was
determined From venteiculography or, in some cases, {rom
nuclenr medicine studies, Previous myocardial infarction was
defined as ECG evidence of a transmural infaration.

Myocardial protection rechnigue, From Ocluber 1977 1o
February 1992, Four different methods of myecardial protection
were used for emerpeney CABCG. The patients were groupeld
aceording 1o the myecardial protection technigue wsed. [ zen-
eral, between 1977 and 1980 crystalloid cardioplegia was used,
between 1980 and 1986 hypothermic fibrillation, between 1986
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Table I. Cause for acute coronary accfusion

Crenalind cardioplesio

Huvporherm: fle)
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Blownd cardioplegia

r = 30 it = 60 Lncontrolled (n = #) Corurolled in = 37)
FTCA 100 10Hr 97% (A3 036) BT LZES3T)
Acute Throm bosis® 5 [t e 117 (4, 27
Angiography O o (2437
[aser angioplasiy i [¥% % 01/37
Suent thrombosis o ¥ = 1% (1030
Early grafl ecclusion 0 s = e (e 3T

"Acute theamboses of the natve soronary arcry,
tp = 0.02 versus hvpotkermiz fibrillanon

" 1989 blood cardioplegia, and thereafter controlled blooed
e dioplegia. Proximal gralt anastomosis was always canstruct-
ed during systemic rewarming.

Cryseatlodd cardinplegia. After systemic heparinization [ 300
10U ke and cannulation ef the aorta and both venae cavas via
the right atrium, cardiopulmonary hypass was conducted eitlier
with a Harves H-200 (William Harvey Research Co., Ana-
heim, Calif.} or a Galen-Optiflow oxygenatar (model 42-201,
Cabe Laboratories. [ne., Denver, Colo. ) and a Sarns roller pump
{mode] 5000, Saens Ine, /3M, Ann Arbar, Mich.). Pump prime
consisted of 1.5 L 5.2% levulose and lactated Ringer’s solution
ina ratioof 2:[. Rectal temperature of the patients was lowered
T o 2B° £ 1% C. Systemic biood flow was maintained at 2.4
L/min per square meter, The first geaft was always placed into
the vissel supplying the ischemic are. Cr_',rsl.'sllald cardioplepic
solution was given at a flow of 200 ml/min up toa total of 1000
ml. The compasition of the erystalloid cardioplegic solution is
shown in Tahle [1.

Hypothermic fibriffation. Foe hypothermic fibeillation a
two-stage venous cannuls was used, Blosod temperatere was
lowered (o0 23° O, resulting in & rectal temperaiure of 28° O
After spontaneous ventricular fibrillation had started, the Jef
¢ stricle was vented via the right superior pulmonary vein, The

pemic perfusion pressure was kept always above 60 mm He.
telermitlent aortic ecclusion was not used. A flow rester (Bio-
Wascular, 51 Paul, Minn.) was inserted inte the coronary anery
during the distal anastomosis. Perfusion of each vein prafi was
done via the perfusion line after the distal anastomesis was
completed. Therealter rewarming was staried. and the e
brillated at o reclal temperaiurce of 289 w0 207 C,

Afler swveromue heparimzation |3

]L ket and can: '|u| sticen of e aorta and rght asnam with »
# VNS Can curdivpulmenary 0 poss was coadaoed
with s Har ns H- 1500 LR N P R TH A VBard Cirdao i'll_.u||l_1r|:_|,'_\.
Division, C.R. Bard, Ine, Santa Ana, Call) and a Stockert
rolter pump {Stickert Instrumente GmbH, Munsch, Germany).
Pump prme consisted of 25 ml ‘kg lactated Ringer's solution.
e res ol the patisnts were longred 1o 797 — 29
} nantamneial 24 Lonun per square

cardiapleea,

vented through the cardwoplesic neadle

$wilched
reduced 1002

Table 1L Composition of the crvstallaid cardioplegic
solution®

Macl 1461 gm = 2440 mmol
KL 0373 pm = 5.0 mmal
Cal’ly D073 em =05 mmal
NuHOO, 2100 pm = 240 mmel
D, L-Me-aspartate 0.721 pm = 2.0 mmal
Proziine hydrocklonde 1.091 pm = 4.0 mmal
Giluoose 1.980 gm = 10,0 mmof
Mannital 36440 pm = 200.0 mmol
Hydrazyethyl starch 60.000 pm

k] 7.4

Osmalalicy 320 mOsmlfkg HA0O

"Cantinplegrsche Perfusionstdsung, Froenie, Bad Hombnerg, G-:rm‘w-

sisted ol a disposable tebing to deliver a 441 blood cardiopleric
ratio. Coolng was achieved by putting the tubing in an ice hap,
The wemperature of the blood cardioplegic soluton defivered
into the aortc roat was in the range of 8% 10 14° C, dependent
an the flow rale and duration of infusion. A myocardial temper-
ature of 167 to 18° C could be achieved with this multidose
regimen. The tubing was attached 10 & coronary cardioplegic
adapter containing four limbs that allow simultaneous car-
diaplegic distribution into the aoria {13-gauge needle) and into
the vein grafts. A reinfusion tnto the vein graft and the aonic
rool wigs done every 20 minuics aza flow rate of 20 ml “min for
2 minutes, The wd amount of biesd cardioplesic sslution wsed
in This gronp lr'1t.t| From RO md w0 2000 ml Atz completion
of all d: LM LEmPEraiLre w Aol Loy
AFE and i s B

vad, Gilos

cardiapleme rr:pcf Lsile o7 warm hlood L.lrd.op.c\,k LEATEE P
was not employed i this proup, Extracorporenl cieeulaton was
discontinued either alter the patient’s temperature was rased o
357 C pr casdiac cantractions were sufficient to suppart 1he cir-
sulating.

Blood cardioplegia with cantelied reperiusion The lefy
ventricie was venied i all patients by o catheter passed throcgh
the lelt pulmorury veins. In addstion to the bags for blood os-
dieplegic induction and maintenance, a thid hag was prepred
for the repional cardioplepic reperfussie, conlaining 2 calerm
antaponist (diltizreml, o higher concentration of glueese, les
caleium, and 2 higher osmolanty

CARDIOPLLGIC INDLCTION AnDM s T~ aneE Theselution
and flow for cold induction and multdes mamienance were

AR LN LI Eai
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Table 1. Preaperarive patienl characteristics

Thae Journal ol Thoracsc and
Cardigvasculal Surgery
July 1983

Cryeyaltoed

I G e ey
Hyphermic Blewd carduplega

rardinnlegia Sitritlavion Uneamrolled Contealied
=40 m = i n= 36 =47
Age (vl 314 6o+ 1 i1x | TNk
Aon, women |0} b dutp L 1718
Curonary heart disense
One-wizse] 7% 1 20 308 457 (34760 LT3R L6% (A 371t
Taworvimae] M) }'.":': I:]:.- Hill} 3% (12738] 6T 1T
Three- i) 1) 195 17530 IR 14037
o gt s B
Mean el | =R A
I-"';m-'u- R N SRR ERELY
AR R 1750 b
a 3
Preaperative | \I]P‘ a7 LI (45380 1675 LR/ITH
Oecluded vessel
LAD [ 3B% SR 43%
RCA R 3% % 31%
LCX T 17% % 165
[t mamn 0% % 3% 5%
Prevalence ol 1woevessel 15 (1730 1} 115 [4734) 127 (R/3TIEE
o lusian*
|schemie sime S0 i =2 3.3 =0l 41 =037

inLerval ';hrll

1lata arc mesn = sia m...lrd crrof of the mewn, LGP,

lefl crcuimfes coronary artory

"p oo 0005 versus COF.

tp o= 0.005 versus COPF; p = 0.007 versus HIF; p = 006 versus BCE,
tp o= M varsus COP, p = 0009 vesses HE; §p = 0.02 versus HF,
llp = 0073 versus CCP.

4 = 0007 versus COP, p = 0004 versus HF.

=po= 00 versus HF: p = 0.04 versus CCP

#4p o= 00 versus COP.

tHincludes acute occlesion of the firs duponal branch.

t4p o 005 versus COP; o= 00008 wersus HF

[ntraaartic halhsn purnp; LA, |=I'L anterior descending curenary artery. RO, sight coranary artery: LOY,

Table IV, Prevalence of submfa! vrclusion ard collateral blood flow

Bloed vardioplegia

Crentaliond cardioplega Hyparhermic fibrillazion Unrantralled Coamiralied
= fir = 44 n = 14) in=17]
Collatersl Mow® 23% 010 28% 1T/ 1% (4360 1% (837}
Subtotal cesiusion due to
subtotal arery ooclusion 1 7% {4, 30) 0% 112 6l 1% (4/30) %
Perfusion catheer 0% &% 137601 17% (6/36] 235 (3/37)
Stemt implaniation &n IRy '*-5‘1 % (",_1.“.!

1'%

* sl by COPGRATY ANEET I"'h'-

wieasicat o those used for oncontrolled reperfission. Combined
aniey and retrograde delivery of Blood cardioplegme selution
for incbuction and maintenance was used in the lrst 23 patients,
de detpvery af Bleod cordieplegic solution. trangi-
tor Al the coronart sinus with o Retroplegia cun-
RL o Mebiea Do, Sadt Lake Cin, Litaby was per-
rnr-m:d Warm blood cardit splegic induction for 5 minutes with
2 flow of 250 ml/min was used in patients with cardiopenic
shock and was followed by cold induction for 3 mare minules,

CONTROLLED REGION AL REPERFUSION. Al the start of the
comaletion of the final anastomasts. the perfusionist ingreased
the temperature af the blood cardioplegic solubon to 37° C.
After completion of the last distal unastomosis, warm dilliazems
contsining. substrate-gnriched controlis! regonal blood car-
dioplegic seluton was siven antegrade into the serts and all
grals for 2 minutes at £ 50 ml/min. Therealter the aortic clamp
was removed and the controlled bleod cardioplegic solution was
given ata flow rate of 50 ml/min only into the grafl supplying
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Table V. [ntraoperative data
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Rlood cardioplema
Cr fivpeaberoe fkeiliation U e vimteolied Cursrealled
r= n = a0 n= &) frn=17)
Aartic ecclusion Lime (min) il = 2 = W+ 43+ 3
Bypass time [min) 65 = 4 71+ 4 G+ 5 105 + 4*
Distal anastoms I3 =04 1.7 = il 1.9 =02 peE I H B
IMA grals o
Ischemc are = o 14% (5736} =
Remate area ¥z ¥5. G [2/20R) 115 440373
Addilional procedurnes Ly 2% 100 = 55 (2-Aang
SPORLLACOUS snLs TAThm AFR(15450) i 195 (74

215 130/37%

Data are mean » standasy error of the mesn SMAL Internal MAMMAry aricry.
*p <005 versus oryvstallond cardioplegia, hvpothermic fbrillaton, encanirallzd blood cardioplegia,

te = 0.02 versus avpatherime Ghrillation,

“ne patient with aartic valve replacement,

€ patient with agric valve replacement amd apother patient with mitral valve replaceinent

= 0002 versus uncontralled Yled cardieplegia

Table V1. Prevalence of hospital mortality, postoperative TABP, and pastaperative tnoiraple support and serum

release of creating kinase and mvocardial hand-izoenzy,

me of crearing kinase

Crimalioid Hypathermic floid cardioplegia i
cardioplegia Sibeittorioe Uncontrofled Cantrolled
fr = 30 o= G0y (n=214) fr = J7I
Haspital mortalty
Crverall ¥R (1,/30) | 3% {8760 11%: (4736} 5% (2747}
Single vessel e (0200 1731y S (/1T I (076}
Multvessel 0% (1710 26% (1727 16% (1719} 6% (2/31)
Shuck 100% (1/1] 1007 (4/4) 0% (3/6) 15% (2/13)
[ARP — 15% (960 395 (14/36) 19% (7,37)
Dugation (days)
1 = 3% (309 14 {2714) 14% {1 /7
2 — 2% (1,9} T I0S e 5T A4 T
3 - 1% (149) % 11414) 4% {17}
4 e 22% (2/9) 50114 4% (1/7)
5 — 1% (179) - -

Inatropac agents
Duration {diys)

4% {13/24)

HT% {35/51)

4% (177351

| 38 (5713 % 11/35) 18% (30 T) REER LTI
3 3% (3/13) 17% (6/35) 0% (5017 4% (4717)
3 185 (20130 [ 7% (658} 185 (31T 1A% (47170
3 BT 01413y [ 4 {5018 } S
i1 PR P B 02035 s
= d K01 PP L] —_—
Chaga 1L LR R D395 = 414 A~ 156
L L B I | =h o= | frd = 25 AT =
Data ar oo ostandard cirer of the mean

TABF, [niraserue ballosn pemp, CX o1

1 he e On Te

e -] T 1
1NN O il

ston of the lefy

addiional 1%

mMaln —ara

the left
1rpumiles coron
the remurnder
total amount of blaod cardwplemic solution wsed

it The
or controlied

atie Kinase; SRR, myvecard izl hund-isoearsme of creatine kinoese

rgeed Tromy 2000 10 3200 mal Adier thes 2-punure
phase af comeallad rapdonal reperfision. lotsl hiass was pro-
longed for an addinonal 30 nunutes w mainzain low axvpen

requizements in the repional segment and 1o allow 11w recover

1t axvpen uiifzzzelion weiiy pradugily. Therealter exiracor-
porenl circulation was discontinued. Additional bypass was gsed
cardiac outpul was not satisfactlory,
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Table V1. Resional comteactility in the previously ischemic area after 7 1o D weekys pastoperatively
cardivplegia) resp 4 weeks (crvsiallotd cardioplegia, hyparherniic fibriflarion] (using a scoring Sysiem o
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iblood
)

Rload cardivplema

Crovtallod Fropotherme - B .
cardiopieg fibradlatian Unpparraiied Canralledd
n= 183 o 47 S| o= g8
NPT LT [LTRET T ) R e e R e

Shgat s pakines I 1% (2718}

Saevere mypukineis I3 4R

SN

135 4 3711

iy

T (1333
67 (2)35]

RG] 22T A1) a2 {2 n (3350
Prenises LI o e
Slzed B (i ja= a5 07 =il
he mmcai
Uz alrem Aepabaneay D seeers mapneas 1S akinedss 4o dashness
T o= 0T rEraus N nermg ih Ll
1p = OUT versus hypothermey | ton. o = 0007 versus uacerirolled blood candieplzga.
g« D05 versus cralloid cardsoplegia. hypothernce fbrillation. uncorcrolled hliwel cardioplegia
Table VIIL. Global £F (%)
food cardioplegia
Crvnadland cardioplepe Hepatheenic fbrillaion Uncantredled Conprofled
m= M =30 in= 13 fn= I7)
Belore acute coronary T3 x3 ek 65 =4 RIS
o uskon
14 wk poston Mn=+3 =4 48 & 7 x4

[¥ta are main = standard error of the mean.

Table IX. Myocardial specific ECG changes (MI-ECG) and prevalence of postoperatively developed rhythm

disturbances
Crpsraffoid £y pothernic . ) #ioed fﬂ'."q’.f]‘-:lpfrgid e
cardinplegia Sebritlareen Uincontrafted Caonralled
MIECG 23057200 45 (25 /56) 475 (17,/36) 46T LT IT)
AR 1072 4 (26 /5T) 3% {18,534} 2% {8S3TH

Risihm desturbamces

Parameters

Regional wall modion. Preoperative assessment of regional
contractilite either by cchocardiography or by radionuclids
ventreulogranhy was not performed in erder 1o limil the
wehemic interval as much as possible. Intraoperatively (alier
median sternotomy and pericardiotomy] regicnal wall motion of
ke rachemic ares was evaluaied macroscopically by the sur-

= Possoperativelt [ullon e evaluation of the regional fune-
wos determined by transihoracic echocardiopruphy ac the
first and seventh pestoperative davs and with radwomuclide ven-
trwuloeraphy | day before discharge from the surgica] ward
Pamenith postoperatnte dur ),

Hazonal wzll moon wos analyvied from either radionuelide
ventriculography or echocardicgraphy with the use of a seoring
"ograde 0 woerl contractility grade 1. mild ta it
e 1esvere hepokinesio: erade 3. akine-
i L. dwssines.

B AmOsUCLInE visTRICL LonRarsy . Electrocardiogeaph-
pated aoquisitions were dene at rest alter in vivo labeling of red
brhoad cefls with stannum chlorine (st injection) and 350 MBq

e

L urd

technetium 99m {second injection 200 minutes fater). Ever:
acyuisition lasted 5 minutes. The investigation was carried ou
in a supine pasition and left anterior ablique view [30% ta 45 “}
Dhta processing was done using @ fully automated program
according 10 Lhe procedure proposed by Standke and cowork
crs.'? The regional EF was calculated in nine equizngulae sec
1ors. Sectorid EF values were displaved as a prolile ard com
pared with normal valoes. Hvpokinesia wis determined if secio
values of an indmadual patient decreased under the normal pra
file. Far classification of dyskinesis or akinesis, we performed :
rewional Fourier phuse analysis, and it was displayed in color:

Ecpoc sproiiapiy  Two-dimensional echocardiogragh
was performed using 2 movable Senotron Kardio CV 81 [ [ha
somic-Sanatron, Co., Mainz, Germany) studying the parastet
nal long- snd short-axis, the apical two- 2nd the apical four
chamber views :n rewand 1 the wall mation, The left ventricl
was divided (ot thres segments aecerding 1o the blood sppl
lett anterior descending coronary artery (anterolateral wall
circumflex artery (lateral wall), and right coromary arter
(inferior 2nd busal wall),
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CCP HF

BCP BCP
uncontralied canirolled
reperfusion reperfus:on

Fig. 1. Regional contraculity in the previcusly sehemic area after 110 4 weeks posioperativels. The ordinute rep-
resents Lhe regonal contractility with use af @ scoring svstern with O = normal contractility, 1 = mild to moderate
hvpokinesis, 2 = severe hypokinesis, 3 = akinesis, 4 = Jyskinesis. Nole (1) limited unmediate return of regonal
shorening afier ischemic perids berween 3 and £ hours, if the initial reperfusate was normal blood given to the pre-
vinusly ischemic sepment by using either erystalleid cardioplegia (CCP), hypothermic fibrillation (HF). or blood car-
dioplegia with uncontrolled reperfusion (BCPY; (2) significantly improved imenediate recovery of systalic function il
blood cardioplegia with controlled reperfusion was wsed frighr bar), *p < 0.05.

Globa! EF. Global EF was measured preoperatively with
ventriculography and postoperatively either with ventriculogea-
phy or radienuchde ventriculography.

Exient of rr)n‘."a.'vra.‘ blewsd flow. Angiosgraphic fow i the
distal portien of the occlieded actery (either partial anteprade
flow or rﬂfﬂ_l_.!'dl!'\: collateral flow) was recorded. In the group

“eonirelled Blood cardioplegia enly patients with Lotal cor

rv ocelusion were included, whereas o few patiems with
sunioizl narrowing of the coronary arlery were present in the
other groups [ervstalleid cardioplegia, hypothermic fibrillation.
blocd cardioplegiah (see Table 1V),

The prevalence of the insertion of perfusion catheters wis
noded. [n all panrents acute coromert aiclusion »as condien
inrac r[\:rq[ur v AfErIncsion l_.r1hL ARG arlersy \._lpﬂ'll._nl_

: aneprade Mow was virtually absent during
Afusons, fespegt ﬂ:.!_t. iy g h}ﬁ-t."....:.m

Fiau ""4 pire, Dhe duration ol schemi was definsd

o hebween anset of ssmploms eatil st of

Sogeden l"—.:\-\:r_m\n:'ll\ ard 2andd T davs postop-
s !-.""LI LA T

immunocnzymatic assay {Tandem-E CKMB 11, Hybntech,
Ine.. San Dicgo, Califl).

Rhpethn disturbances. Postoperativels. chathm disterhanees
were evaluated by continuous ECG manizoring (ram the time
of discharge from the operating room wntil 48 to 72 hours post-
operatively, New episodes of rhvthm disturbances were divided
into arrhyvthmias and conduction Jisturbances, The follywing
rhvthm disturbances were recorded: bradyeardias {pulse rae
less than 60 beats/min} persisting longer than 10 minutes or
necessiialing pacemaker stimulation: sinus tachycndia (pulse
rate greater than 1 20beats /minlasting longer than 10 minutes):
premuature ventricular beats (erearer than 12 beais mind

Severe veninguiar reperfeaon arrhviimias were detined as
muzltifocal prematuss ventricul: i ean r,m-on«. Fums of LamEe.
sl tpehecardin, or vanineualsr fLanse
il incetrent or 2|

Sz f . neots delihrilsnam was
d:hnc(l as resumplion of sinus rh\lhm afler removing the sors

1o clumpwithout prevalence of vemriculer ibritlation Defibril-
Ialinn wis carried out if ventricular fibrillstion perssted dunng
a 0% L-minute interval aller the worne clamp w as remoyad

Muorsalinn . Nortahty was delnad as any hospatal Jeain

P8P and the weedd for initropec suppoee. Preoperete el na
pesioperatively the mesd for 3 nung a7 LARP & inotropic
support or bath was recorded. Inotromig sepport wis d=fined 45
the need for dopumine (preater than 4 2 omin per kiboerami,
dobutamne, of epirephrine admmnstratoa for moee than 30
minetes. Dopamine used 1n Jow doses onb for enhancement of
renal perfusion was nat included.
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Sratistics. Data were amlyzed by means of the Epistn Sia.
Latiet] Carmpuier Package and the Stat-View [ provided by the
Deourment of Biomathematics of the Johann Wolfrang
Crethe-Unnersity, Parametric data ane expressed s mean
- stendard error of the mean. Group duta were compared by
analvis of wariaace and neminal da by Fisher's exact tet
S et diferences were defined as prebabilities foe ench lest
» less than U3

LR

Resulis

Tra recubte re shown in Tables 100 0 TX ard in

Patjent profile, The prevperative mtient characieris-
s dilfered tremendously batween 1977 fersstallod cac-
Gicpieaal and 1992 (controlled bloed cardieplegia). The
age of the mtients increased sygnificantly (33 = 1 versus
39 = 1 p < (LD3), as did the extent of coronary heart
disease. The majority of putients protected with either
crvstalloid cardioplegin or hypathermic fibrillation had
one-vessel disease (675 respectively 35%) (see Table [T}
in contrast, patients protected with controlled blood car-
diaplemia had an increased prevalence ol three-vessel dis-
euse (355 versus 3%, p= 0.004) and et main artery
stenasis [ [ 1% versus 0% p = 0.02), This is also reflected
by the mean number of discased vessels (2.2 = 0.1 ver-
sus 13 + O.1; p < 005} [n addilion. the prevalence of
previous myocardial infarction increased significantly
(39% versus 23%; p=0.04). Patients in cardiogenic
shock were only rarely operated on during the pericd
during which crystalloid cardioplegia or hypothermic
fibriliation was used (3% resp. 7%, whereas 35% of the
paticats in the controlled blood cardioplegiu reperfusion
group were preoperatively in cardiogenic shock (33%
versus 7% p = 0.004). This increased prevalence of
petients in presperative cardiopenic shock is also reflect-
ed by the significantly increased prevalence of precpera-
tive insertion of [ABP; 0% in the group with crystalloid
cardioplegia and 16% (p = 0.04) in the group with con-
trolled blood cardioplegia.

In all groups the left anterior descending coronary
artery was the vessel most often oceluded. More patients
were operated on with acute ocelusion of the left main
coramany arlery in the group with controlled blood
cardioplesia than in the growp with either coystalioid car-
dizplegia or hypothermic fibrillation, however (8% versus
1 The moere aggressive approach by the cardiologists
1 alsa reflected v the prevalesce of ncute two-vessel
occlusion. Simultaneous angioplasty of lwo major coro-
rary arteries in one paticnt with subseguent occlusion
virtutth did not eecur in the groups peotected with erys-
walloid cardioplegia and hypothermue fbriliation, where-
as in those patients protected with blood cardioplegia the
prevalence was 117 and 22% {uncontrolled respectively
controlled reperfusion).
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The ischemic interval was significantly prolonged in
putients who were protected with blood cardioplegia fol-
lewed by contralled reperfusion (4.1 = 0.3 howers) com-
pared with crystalloid cardioplegin (3.0 = 0.2 hours;
p <005}, hypothermic fibrillation (3.6 = 0.2 hours),
and hlood cardioplegin with uncontrolled reperlusion
(3.3 = 03 hours: p<003) (see Tuble 1) The per-
centage of patients having well-developed collateral
mvocardial blood flow was similer in all groups (see Tu-
hle 1V

Intraoperative duta 1see Table Vi The bugher prev-
alence of patients with multivessel disease in the groups
protected with blood cordioplegia is also retlected by the
inereased nuember ol distal anastomoses in this group, The
number of distul anastomoses was significantly higher in
the proup with controlled reperfusion (2.2 = 0.1) com-
pared with crystalloid cardioplegia (1.5 £ D.1:p < Q.05
hypothermic fibritlation (1.7 + 0.1: p < 0.03), or uncon-
tralled blood eardioplegia (1.9 = 0.2 p < 0.05). This has
led to a langer aortic veclusion time in the group with
comrolled reperfusion. The prolenged hyvpass time in this
group was due to the necessity for having a 30-minute-
period of beating empty state after removal of the aortic
clamp.

Internal mammary artery grafts were rarely used in
this hemodynamically severely restricted cohort of
patients. The prevalence of spontaneous sinus rhythm
after removal of the aortic clamp was highest in the group
with controlled blood cardiaplegia (81%) compared with
the olher groups.

Hospital mortality (see Table ¥1j. The overall hospi-
ta] moctality was very low (3% in the group in which the
majority of patients (67%) had single-vessel disease, With
an increased prevalence of patients with multivessel dis-
ease and preaperative cardiogenic shock, Lhe overall moe-
tality increased to 13% resp. | 1%, Controlled blood car-
dioplegia, however, was able to decrease the overall
hospital mortality to 5%, despite the very high prevalence
af multivesse] disease, acute left main coronary artery
ocelusion, preoperative cardiogenic shock and previous
infarctions.

The value of 1 maximal myoeardial protection strate-
v is hest reflected in the patient group with nregperilive
cardiogenic shock. Whereas the mortality was 100% in
the proup with crystalloid cardioplegia or hypothermic
fibriliytion, it decrensed 1o 307 when Blood cardioplegia
was used and was reduced further to only 13% if
controlled blood cardioplegin was used for myocardial
protecton.

Prevalence of postoperative 1ABP and inotropic
support. There was no difference in the prevalence of
postoperative [TABP between groups. 1n the majority of
patients IABP was necessary for 2 days. The need for
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pasioperative inotrapic support varied between 46% and
67% (see Table VI,

Enzyme release. There was no difference amone
groups in the relewse of gither creatine kinwse o th -
cardiul band-Tsoenzyme of crestine kinuse (see Tahie
Y1} The relatively high values far the maximal creatine
kinuse-myocardial band and creatine kinase release
reflect e substantiul ischemic injury 1o which the
patients were subjected beciuse of the aoute coronan
oeclusion.

Regional wall motion. Oaly controlled blood cor
dioplegiy  produced consistent immediate return of
regional contractility in the previously ischemic aren (see
Table VII and Fig. 1). The regional cantractility score
_assignificantly lower in this group (0.7 + 0.2: p < 0.05)

mpared with crystalloid cardioplegia (1.7 + 0.3),
hypothermic fibrillation (1.7 % 0.2), and uncontrolied
blood cardioplegia (1.9 £ 0.3), Without attempls 10
control the conditions of the initial reperfusion and the
compasition of the reperfusute, 33% 10 32% ol the patienis
had cither akinesis or dyskinesis after 7 duvs postopera-
tively (see Table VII). [n contrast, only three patients with
controlled blood cardioplegia (9%) had this regional
functional abnormality at the seventh postoperative day
(p=0007). Similarly, the number of patients who
showed a normal contractility or only a slight hypakine-
sis in the previously ischemic sepment was significantly
higher in the controlled blood cardioplegia group {(367)
compared with the ather three groups (44%, 46%, 34%:
P =0.04)

Glohal EF. The decreased preoperative cardiac per-
farmance during the Jast 13 vears is also reflected by the
decrease in global EF between groups: palients operated

with controlled blood cardioplegia had a lower EF

Mo £ 7%) compared with crystalloid cardioplegia
{72% = 3%}, hypathermic fibrillation (736 = 1%}, or
blood cardioplegia (65% = 4%). The postoperative EFs
did not differ from the precperative values {see Tahle
W

Myocardial infarct-specific ECG and rhyvthm dis-
turbances. Infarct-speciiic EOG sians were noted in 230

Foatents withour diferences Between orauns

.

lsew Tuble Ik The prevalence of reperfuson arrhih-

mias was reduced with controlled blood cardioplezia

(22%) compared with crvaillaid eardioplesia €309 ar
h pleg /

hvpathermic fhrillation {267

Discussion
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preoperative and postoperative treilment, operative pro-
cedures. and the conduet of cardiopulmonary bypass
might ! have influenced the results. Furthermore, the
retraspeciive nature uf this study led o incomplete dula
sls in some palients. Thereflore, comparison of reperfu-
sion methods and myvocardial protection technigues must
be caubieusly made. Clexrly, o prospective. randomized
triul would be helpful in this area, but none of the surgi.
cal series deuling with revascularization after acute cor-
onzry geclusion ure prospectively randomized. The anls
revenily published randomized, controlled study of surai-
cal reperfusion for evolving infarction was presented hy
Koshal and colleagues, " hut patients more than 65 years
of uge were exclided, as were those with previous infarc-
tions, cardiogenic shock. and renal Failure. The reason for
the retrospective nature of almost all studies is the small
number of patients with acute coromary occlusions
referred for surgical treatment,

Our data show a significant deterioration in the preop
erative wardiac performance and myocardial reserve
cupucity of patients relerred for emergency CABG dur-
ing the last |5 years. which is consistent with the reports
of athers®'-¥ There is a significant increase in age (53
versus 59 vears), multivessel discase (84% versus 33%),
previous myocardial infarction (39% versus 23%), car-
dicgenic shock (35% versus 3%), preoperative cardiac
arrest {[4% versus (F), simultancous ecclusion of two
coranary arteries { 22% versus 3%), acute occlusion of the
lefl main coronary arery (8% versus 0%), ischemic time
{4.1 versus 3.0 hours) and a decrease in single-vessa] dis-
ease [16% versus 67%) and glohal EF belore coronary
occlusion occurred (365 + 7% versus 72% = 3%) [see
Tables Il and Y1) The importance of these risk factors
is supporied by studies that define reduced globa| EF ¥ M
multivessel discase,™ cardiogenic shock,® age more than
65 vears,” and absent collateral blood flow® as predictars
of operative mortality after surgical interventions for
acute infarction. In our study the rise in these risk factors
was assoctated with uninerease in hospital mortulits from
I 01977 to 1980y w135 1198) 10 1956} respectivel
[E50 114956 1o T989) fsge Table W,

The s o i 1w retaned
wlugisls become mereasingly persistent 1n atiempting Lo
correct PTCA complications. Patients with acete coro-
nary occlusions are ofien treated with repeat balloon
dilatation. thrombalvsis, imnlantahle stents, or “<iack”
balloons. or coronary dissections are sometimes ~(acked
up” by other balloon wechriques. [F these muneuvers Tl
terevuscularize the ischemic aren and the patient remiins
hemodyramically stable, he /she will receive further con-
servative treatment. Orly of the hemodvaamic condition
of the patient 1s deteriorating is surgical trestment advo-

cated.

N T R O R |
the Fact that candi-

irisk Tactordfs ¢
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Our data show that hospual martality was low (3% see
Tahle ¥} in the ervstallond cardioplegia group in which
the majority of putients had single-vessel disease [67%)
multivesse] PTCA was seldom attempted (3%, cardio-
geme shock |37 1 and previous infarclion [23%) were
infrequent, and preoperative globul EF wus in the normal
cange before the onset of acute coronary ccclusion
(727 = 3% Even withoul reperfusion, acule coronary
pcolusion in ‘_\I"I“IL-'l"L‘\\Ll disense curries a low risk of
Buen thowah peroperatis v ¥
Fwgver, Lmnle .:'. 12 rhuy.r_r'. of regenal contraslil-
AT --.'uwlu sl all patients had dyvskinetic or akinetic
seaments) despite short sehemic intervals (3 hours).

An increased prevalence of previous infarction (427,
cardingenic shock (7%, and multivesse] disease (45%)
has led to an increased overall mortality of 13% in the
group operated on with hypothermic fibrillation {see
Tables 11I and IV). In this group single-vessel diseasc
agnin carried a low risk (3%}, while mortality in multi-
vessel disense increased 1o 26%. All four patients in pre-
operative cardiogenic shock died,

A further increase in patients with previous infarctions
{53%). cardiogenic shock [17%), multivessel disease
{53%), prevalence of acute two-vessel occlusion (11%),
and acute left main occlusion {3%) (see Table 111) did not
result in an increase in overall operative mortality. In
contrast, hospital martality decreased in patients with
multivesse] disease from 26% (hypathermic fibrillation)
1o 16% and for patients in cardiogenic shock Trom 100%
(hypothermic Abrillation) to 307 (see Table V) The
results in this sicker patient geoup might be explained by
the improvement in the function ol remote myocardium
protected by blood cardioplegiy, because the recovery of
regivnal contractility in the previously ischemic area was
not different From the other groups in which normal blood
was used os the primary reperfusate (see Table VII).

During the last period (1989 to 1992} additional
improvements in perioperative myocardial protection
were used; proaperative insertion of TABP,® warm bloed
cardioplegia induction.®® substrate enrichment,”” com-
bined anicerade and retrograde dr_]i»erx of cardieplegic
salution.™ ¥ controlled reperfusion,'™ ¥ and prolonged
vented hypass. ™ This resulted in a deerease in the overall
mortulity {3%) despite a [urther increase in risk factors
(547 multivessel disease, 337 cardiogenic shock, 39%
previous infarctions, 8% acute ecelusion of the left main
eornnary arlerv, 22% acute two-vessel occlusion, 14%
nrecrerative cnrdine arresth. Furthermore, mortality in
muttivessel disense decressad from 26% Lhypothermic
fibrillation) respectively 16%: {blood cardioplegia) to 6%,
and in patients with preoperative cardiogenic shock, from
1005 {ervstalloid cardioplegia, hypothermic fibrillation}

o
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respectively 307 (blood cardioplegia) to 13% {see Tuble
Y1). This decreasc in mortality is accompanied by a sub-
stantiul return of segmental shortening in the previously
ischernic area in 86% of all patients (see Tahle Y11 and
Fie 1)

Drur dution early regional contractility (ee Table V1)
are in agreement with experimental studies af controlled
respectively uncontrolled reperfusion, thutis, nodifference
was noted on regional contractility between all groups in
whicl the tnitial reperfusion was normad bleod given it
swalemic pressure und no allemps were mude o vent the
lelt ventricle (that is, crvstallaid cardioplegia, hypotier-
mic dibrillation, und uncontrolled blood cardioplegia).
Only 22% to 33% of the patients recovered normal systolic
shortening after | to4 weeks postoperatively after normal
hloed reperfusion, and the previously ischemic segment
was nonfunctional (i.e., dyskinesis or akinesis) in 39% to
524, In contrast, contral of the initial reperfusion (con-
trelled blood cardioplegia) restored normokinesis in 49%,
and some contractility (hypokinesis and normokinesis)
was observed after | 1o 2 weeks in 91% of all puuents.
Only three patients (9%} had akinetic segments in the
previously occluded region, and long-term follow-up will
show if this represents reversible (“stunned™) or irrevers-
ihle injured cardiac muscle. One of the three patients with
postoperative akinetic wall motion was reperfused by
implanting a stent in the dissected and previously oc-
cluded coronary artery after 2 hours of ischemia before
he was referred for surgical revascularization. It was
shown experimentally that controlled reperfusion does
not reverse regional wall motion abnormalitics if normal
blood reperfusion precedes controlled reperfusion.”

The inability of normal blood reperfusion after either
crystalloid curdioplegia or hypothermic fibrillation to
restore immediate contractility even aller short ischemic
intervals {30 minutes) is supported by a recent experi-
menta) study comparing hypothermic fibrillatory arrest
and crystalloid cardioplegia Followed by normal blood
reperfusion during revascularization for acute coronary
occlusion.® The infarct sizes after only 30 minutes of
ischemia, measured by vital staining (nitroblue tetrazoli-
um chlorided and expressed us percent of the region al
risk. were not different between groups (18.1% [crystal-
loid cardioplezia] respectively 18.8% [HF]Y

Reperfusion injury after regional ischemia may not
critically affect systemic hemodynamics if enough reme
myocardium that can develop hypercontractility isleft. In
the present study tota] loss of contractile function in the
reperfused segment wis not accompinied by o reduction
in global hemodynamics, such as global EF (sce Table
%), if the majority of paticnts in this cohort have single-
vessel diseuse and therefore hypercontracting remote
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myocardiem (72% versus 70% EF, preoperatively versus
postoperatively). In patients with reduced mvocardial
reserve {such as previous myocardial infacction or chron-
ically depressed mvocardivm in severe coronury heart
diseuse), however. glodal EF will decrease if the previ-
ously oecluded ares is not able o contract and contributes
to the generation of cardiac autput,

W e conclude from Lhis stuedy 1hat there has been o tre-

mendous increase in risk fuctors in patients with acute
cororary occlusions referred for emergency CABG.

Muxamul pro

ction of the remote and ischemic myvocar-

dium in cambination with complete revascularization is
necessary o improve Lhe surgical results in this challeng-
ing patienl group.

=
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