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I nfluence of 1schemic Preconditioning in Myocardial Protection in
Patients Under going Myocar dial Revascularization with I nter mittent
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Objective- Totest thehypothesisthat short periodsof
ischemia may increase the myocardial protection obtai-
ned with intermittent crossclamping of the aorta.

Methods- Inthecontrol group (18 patients), surgery
was performed with systemic hypothermia at 32°C and in-
termittent crossclamping of theaorta. Extracorporeal cir-
culation was used. In the preconditioning group (17 pati-
ents), 2 crossclampings of the aorta lasting 3min each we-
re added prior to the intermittent crossclamping of the
conventional techniquewith an interval of 2min of reper-
fusion between them. Blood samples for analyses of pH,
pCO,, pO,, sodium, potassium, calcium, and magnesium
wer e obtained fromthe coronary sinusat the beginning of
extracorporeal circulation (time 1), at the end of thefirst
anastomosis(time 2), and at the end of extracorporeal cir-
culation (time 3).

Results- No differencewas observed in theresults of
the 2 groups, except for avariation intheionic valuesin
the different times of blood withdrawal; sodium val ues,
however, remained stable. All patientshad a good clinical
outcome.

Conclusion - The results of intermittent crossclam-
ping of the aorta with moder ate hypothermia were not al-
tered by the use of ischemic preconditioning.

Keywords myocardial revascularization, myocardial pre-
conditioning, ions

Instituto do Coragdo do Hospital das Clinicas — FMUSP

Mailing address: Paulo Manuel Pégo Fernandes - InCor —Av. Dr. Enéas C. Aguiar,
44 — 05403-000 — S&o Paulo, SP, Brazil — E-mail: paulopego@incor.usp.br
English version by Stela Maris C. e Gandour

Despitetheoretical criticism of thetechniqueof inter-
mittent crossclamping of theaortawith hypothermiaat 32°C,
thesimplicity of theprocedureand itsgood clinical results
haveled several surgeonsto useit, particularly in myocar-
dial revascularizationsurgery 2.

InBrazil, Jateneet d havebeenusingit since 1969, wi-
thgood clinical results. A few randomi zed studies** compa-
ring theefficacy of intermittent crossclamping of the aorta
with the use of cardioplegic solutions exist, but none of
them conclude that one method is superior to the others.

One question about the technique isthat the repetition
of ischemicepisodes, whichareindividualy reversible, may
causecumulativedamageresultinginnecrosis. Reimer et al ©
disproved thisconcept by showing experimentally that in-
termittent reperfusion avoidscumul ative metabolic deficit
and myocardial ischemiawith cell death and that the first
episode of i schemiareducesthe consumption of high ener-
gy phosphates in subseguent episodes. Other studies’
have shown that short periodsof ischemiado notinduceir-
reversiblecellular damage and that they donot resultin cu-
mulativemetabolic, structura, and functional deficits. It has
also been reported that, paradoxically, short periods of is-
chemiaincreasethetol eranceof theheart instead of making
it more vulnerable to subsequent i schemic episodes. This
induction of tolerancetoischemiaiscalledischemic precon-
ditioning®.

The objective of this study wasto assess the influen-
ce of ischemic preconditioning on myocardia protection
obtained with intermittent crossclamping of theaortain pa-
tientsundergoing myocardial revascularization.

Methods

From October 1998to May 1999, 35 patientswith coro-
nary heart diseasewho had beenreferred for myocardial re-
vascularization surgery weredivided, inaprospectiveand
randomized way, into 2 groups. The patientsin the control
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group wereoperated upon by 2 surgeonsfollowing thecon-
ventional myocardial revascularization technique, which
usessystemic hypothermiaat 32°C with intermittent cross-
clamping of the aortaand extracorporea circulation. Inthe
other group, called the preconditioning group, 2 short cros-
sclampingsof theaortawere added prior totheintermittent
crossclamping of the aorta of the conventional technique
withaninterval of reperfusion betweenthem.

Thecontrol group comprised 18 patients, and the pre-
conditioning group 17 patients. Theinclusion criteriawere
asfollows: preoperative & ection fraction higher than 30%;
not areoperation; lesion presentin at least 2 coronary arte-
ries, predicted useof extracorporeal circulation; nounstable
anginaat thetimeof surgery; not an acute phase of myocar-
dial infarction; noneedfor other associated corrections, su-
chasvalvar diseasesor left ventricular aneurysm; no need
for ventriculotomies.

Fourteen control group patients and 12 preconditio-
ning group patientsweremales. Agesranged from41to 76
years(mean of 60.6) inthecontrol groupand from41to 74
years(mean of 65.2) inthe preconditioning group.

Cannulation of the ascending aorta and venae cava
wasusedinall patientsfor installation of extracorporeal cir-
culation. Then, acatheter of the3M brand, whichisusually
used for retrograde cardioplegia, wasintroducedintotheco-
ronary sinus, and blood samples were withdrawn through
it. ltwasonly at thistimethat the surgeon and other mem-
bersof themedical team knew whether the patient belonged
to the control or the preconditioning group.

Crossclampings of the aortawere started after syste-
mic coolingto 32°C. Inthecontrol group, during each cros-
sclamping of the aorta, an anastomosis was performed
betweenthegraft andthe coronary artery to berevascul ari-
zed. For each 3-4min of aortic crossclamping, weperformed
Iminof reperfusion. Thisprocedurewasused both for distal
and proximal anastomoses. Intheischemic preconditioning
group, 2 aortic crossclampings of 3min of duration each
were performed, with aninterval of 2min of reperfusion
betweenthem. After thesecondinterval of reperfusion, the
surgery wasperformed in anidentical method asthat inthe
control group. During thelast anastomosis, patient’ ssyste-
mic warming was started. By the end of thelast anastomo-
sis, the aortic crossclamping wasrel eased and extracorpo-
real circulationwasdisconnected.

Blood sampleswerewithdrawn fromthecoronary si-
nusat 3 different times: at the beginning of extracorporeal
circulaioninnormothermiccondition (timel); immediately
after thefirst anastomosiswas performed at 32°C (time 2);
and at theend of theextracorporeal circulation, againinnor-
mothermic condition (time 3). The analysisof these blood
gassampleswas performed with ablood gasanalyzer, Ra-
diometer model 620. Analysisof sodiumand potassiumwas
performedwiththe Radiometer devicemode ML 100, accor-
ding to the sel ective el ectrode method; the analysis of cal-
ciumwas performed using the cresol phthalein method with
thelntegradevice (Roche); theanaysisof magnesiumwas
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performed through the col orimetric method with chloro-
phosphonazo 11, with thelntegradevice (Roche).

Thestatistical analysisfor comparing thehomogenei-
ty of proportionsof thetwo groupswasperformed with Fi-
sher exact test. Studentt test, and the Wilcoxon test were
used to compare the quantitative data of the 2 groups.

The significance level established for analysiswas
5%, andall calculationswereperformed usingthe SAS(Sta-
tistical AnalysisSystem). All laboratory measurementsand
the statistical analysis were performed by personswho
were blinded to the groupings.

The study was approved by the scientific committee
and the committee on ethics of the Instituto do Coragéo of
the Hospital das Clinicas of the Facul dade de M edicina of
theUniversity of Sdo Paulo.

Results

No difference was observed in the preoperative cha-
racteristics age, sex, weight, height, incidence of diabetes
mellitus, presence of previousmyocardial infarction, pre-
sence of bundle-branch block on electrocardiography, and
previous unstable angina of the 2 groups, which confirms
the homogeneity between the groups.

We performed an average of 3.3 grafts/patient in the
control group, and 3.2 grafts/patient inthe preconditioning
group. Inregardtointraoperative characteristics, including
themaximumtimeof aortic crossclamping, sum of thetimes
of aortic crossclamping, number of coronary arteriesrevas-
cularized, duration of extracorporeal circulation, duration of
anesthesia, and the surgeon involved, no difference was
observed between the 2 groups of patients (tab. 1). Inthe
postoperative period, no patient had signs of intraoperative
myocardial infarction, according to assessment with e ectro-
cardiography and measurementsof CKM B andtroponin|.

In regard to blood gases, adrop in the pH was obser-
vedintime 2 ascompared withtimes 1 and 3 (p<0.001). A
trend toward reversioninthisdrop wasobservedintime3,
butitdid not returntothevaluesof time1 (p<0.001) (fig. 1).
Thedropin pH wasaccompanied by an elevationin pCO,,
also with atrend toward reversion not being reached
(p<0.001) and with morenegativebaseexcessvalues. These
differencesoccurredinthe sameway in both groups.

Anincreaseinpartia oxygen pressureoccurredintime
2but notintime1 (p=0.009). Intime3, areturntothevalues
of time1 occurred (p=0.438) (fig. 2). Thesedifferencestook
placeinthe sameway in both groups.

No difference was observed between the 2 groupsin
thesodium, potassium, calcium, and magnesiumionsanaly-
zedinthe3blood samplescollected inthecoronary sinusin
theintraoperative period. Differences, however, were ob-
servedinthetimes. Potassiumwasel evatedintime 2 but not
intime1 (p<0.001), droppedintime3, but did not reachthe
vauesof timel(p<0.001) (fig. 3).

Themean valuesof theionsthroughout the 3 times of
measurement occurred asfollows: sodiumwasmaintained;
calciumwaselevatedintime2 but notintime1 (p<0.001); a
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Fig. 1- Graphic representation of theevolution of themean valuesof pH, throughout
the3timesof measurement.
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Fig. 2 - Graphic representation of the evolution of the mean values of pO,, throu-
ghout the 3timesof measurement.

dropinvaluesoccurredintime3, whichwassimilar tothein-
creasefromtimel1to2(fig. 4); and themean valuesof mag-
nesiumwereelevatedintime2 but notintime 1 (p<0.001);
andtime3wassimilartotime2 (p=0.445) (fig. 5). Complete
dataonthesevariablesareshownintablell.
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Table | — Descriptive measurements of intraoper ative data
Variable Group n Minimum Maximum Median Mean Standard deviation P
Duration of ECC 1 18 75.00 215.00 118.50 121.00 29,75 0,389
(min) 2 17 100.00 240.00 130.00 132.88 37,19
Duration of anesthesia 1 18 320.00 555.00 412.50 419.44 55,06 0,542®
(min) 2 17 350.00 530.00 420.00 430.59 51,63
Maximumtimeof 1 18 8.00 19.00 12.50 13.39 3,01 0,150
Crossclamping (min) 2 17 9.00 16.00 11.00 12.06 2,25
Number of 1 18 5.00 8.00 6.50 6.28 1,07 0,854
Crossclampings 2 17 3.00 11.00 6.00 6.53 2,58
Total timeof 1 18 36.00 75.00 56.50 56.28 10,81 0,457®
Crossclamping (min) 2 17 24.00 79.00 46.00 52.65 17,18
(1) Student t test; Wilcoxon test; ECC- extracorporeal circulation; group 1- control; group 2- preconditioning.
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Time Fig. 3 - Graphic representation of the evolution of the mean values of potassium,
throughout the 3timesof measurement.

Discussion

Currently, ischemic preconditioning isan endogenous
adaptive mechanism of the myocardium, induced by short
periodsof reversibleischemia, whichincreasesheart resis-
tance to a subsequent period of more prolonged ischemia.
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Fig. 4 - Graphic representation of the evolution of the mean values of calcium,
throughout the 3timesof measurement.
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Thisendogenous protection mechanismoccurredinall ani-
mal species studied °, and some authors also suggested its
existenceinmano,

INn1986, Murry et al 8 werethefirstto report thispheno-
menon in acanine model. Sincetheir initial observation,
ischemic preconditioning has proved to be the most po-
werful and reproducibleexperimental method for delaying
the devel opment of myocardial infarction. The beneficial
effect of i schemic preconditioning on postischemic recove-
ry of myocardial function resultsmorefromlimitation of the
infarct sizethan fromareductionin stunning 2.

Because preconditioning has been recognized asone
of themost powerful and reproduciblemethodsfor delaying
cellular necrosis, an important question to be answered is
whether ischemic preconditioning may occur in human
beings®. Atleast 4 typesof published studiesreport theoc-
currence of preconditioning in human beings*: 1) studies
on angioplasty show lessalterationin the ST segment and
lactate production, when thefirst episode of angioplasty is
compared with the subsequent one *°; 2) clinical studies
suggest that the occurrence of anginaprior to myocardial
infarction providesbeneficia acuteeffects’s; 3) acutetole-
ranceto anginamay be developed ¥'; 4) analysis of human
tissues obtai ned through surgeri es shows biochemical and
functional propertiesthat reflect astate of preconditioning.

According to Carrol et a 7, the protection provided
by ischemic preconditioning may bedivided into 2 phases,
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Fig. 5 - Graphic representation of the evolution of the mean values of magnesium,
throughout the 3timesof measurement.
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an earlier phaselasting 1to 2 hours, and alater one, which
begins24 hoursafter theinitial ischemic event andlastsup
to 72 hours. These authors also suggest that, even though
these2 phasesof protectionareinitially determined by simi-
lar receptorsand pathsof intracellular communication, the
endtarget for each of the effectsobserved may bedifferent.
Evidenceexiststhat ionic alterationsmay takepartinthefi-
nal routesof theischemic preconditioning mechanism.

Duringtheinitial episodeof ischemic preconditioning,
endogenous substances are formed or secreted, initiating
the protective mechanisms of ischemic preconditioning;
these and other substances may subsequently maintain
protection during thefollowingischemia. Adenosine, ace-
tylcholine, catecholamines, angiotensin |, bradykinin, and
opioidstake part inischemic preconditioning; their quanti-
tative contribution and their effective participation at the
beginning or as mediators, however, vary from speciesto
species 2.

Evidenceexiststhat theend target of thelate phase of
protection determined by preconditioning isapotassium
channel sensitiveto ATP Y. Several studies have shown
that adenosine may activate the potassium channel re-
ducing the duration of the action potential, and, therefore,
decreasing the use of ATP 4. This mechanism promotes
significant myocardial protectionininvivoandinvitromo-
dels; evidence existsthat the basic mechanism of increase
intolerancetoischemiaduring intermittent crossclamping
of theaortaisrelated to the cardioprotectiveeffectsof ade-
nosine through stimulation of the A1 receptor *°.

Inadditionto adenosine, other hyperpolarizing agents
(potassium channel activators) arebeing studied asalterna-
tivesfor depolarizing drugs, which are commonly used in
cardioplegic solutions. However, these agents have low
cardiosel ectivity and may cause systemic vasodilation be-
forecardioprotectiveeffectsaremanifested, therefore, hin-
deringtheir clinical application®.

Some researchers # studied the difference between
the arterial measurement and that in the coronary sinus of
the potassium levels, after release of the aortic crossclam-
pinginarandomized group of 72 patients, who had under-
gonemyocardial revascul arizationin normothermiaand dif-
ferent models of hypothermia. A greater difference was
found between the arterial measurement and that in the co-
ronary sinusduring thefirst period of reperfusionthaninthe
subsequent periods. These findings were observed inclu-

Tablell - Values of the variables measured for the 2 groups
Control (1) Precond. (1) Control (2) Precond. (2) Control (3) Precond. (3)
pH 7.34+0.0 7.37+0.0 7.10+0.1 7.09+£0.0 7.31+0.0 7.31+0.0 p: 0.906
BE -3.2+2.1 -3.1+1.7 -8.2+35 -8.3+2.7 -3.4+2.6 -3.9+33 p: 0.751
pCoO, 40.3+6.2 38.0£5.9 74.5+23.2 72.7+7.8 45.5+9.3 44.5+7.3 p: 0.585
po, 37.5+7.6 34.5+4.6 43.1+7.9 39.2+11.2 35.8+9.3 34.1+10.7 p: 0.170
Potassium 4.08+0.5 3.98+0.6 5.25+0.8 5.29+0.8 4.9+0.9 4.68+0.7 p: 0.661
Sodium 134+3.0 134+2.9 133+£3.2 134+2.7 133+2.1 135+£3.1 p: 0.310
Calcium 1.17+0.0 1.17+0.0 1.19+0.0 1.20+0.0 1.17+0.1 1.16+0.1 p: 0.923
Magnesium 1.16+0.1 1.09+0.1 1.24+0.1 1.19+0.1 1.23+0.1 1.23+0.1 p: 0.335
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ding those about potassium levels, and they probably re-
flect the action of a mechanism of ischemic preconditio-
ning. Yearslater, oneof theauthors?, reviewing theresults,
drew attentiontotheexistenceof areductioninthewashing
of themetabolitesafter subsequent interval sof ischemia, as
aresult of theincreaseintolerancetoischemia. Eventhough
the washing of metaboliteswas|ower in the hypothermic
group thaninthenormothermic group, the preconditioning
effect remained the sameeven during hypothermiaof 25°C.
These datawere especially significant for our study, be-
cause other authors 2 have reported that theischemic pre-
conditioning effect might not occur in situations of hypo-
thermia, eveninthemild cases(32°C).

I'n our study, the potassium level had an elevation
between thebeginning of extracorporeal circulationandthe
first coronary anastomosis, with adrop after theend of ex-
tracorporedl circulation, eventhough not reachingitsinitial
values.

The decreasein thelevelsof tissular ATP wasfollo-
wed by asignificant increaseinintracellular Ca*?levels?.
Several authors %26 guggest that theincreasein theintra-
cellular calciumisone of the mgjor determinantsof theis-
chemic lesion, through a cal cium-dependent mechanism
that activatesthe catabolicenzymes, leadingtoirreversible
damage of the plasmatic membrane, and determining cellu-
lar death.

Catecholaminesareknowntoincreaseintracellular cal-
cium. If arelease of catecholaminesoccursduring precon-
ditioning, alower concentration of catecholamineswill exist
at theend of more prolonged episodesof ischemia. Downey
et al %" showed that adenosine antagonists block precondi-
tioning. Therefore, theeffect of adenosinemight bemedia-
ted by theinhibition of the release of endogenous catecho-
lamineaccompanied by alower concentration of intracel lu-
larcalcium.

In addition to the relation between theincreaseinin-
tracellular calciumandtheirreversiblelesion of theplasma-
tic membrane, some authorsal so suggest that thisincrease
isdirectly relatedto acontractile postischemic dysfunction
(stunning).

Steenbergen et a Zinvestigatedtheionicalterationsin
perfused hearts of rats undergoing preconditioning. The 2
study groupsunderwent 30min of global ischemia, and one
of thegroupswastreated with 4 periodsof 5-minischemia
with5-minintervalsof reperfusion (preconditioning) at 37°C
between them. Thegroup undergoing preconditioning had
alower release of intracellular enzymes, adelay inthe be-
ginning of theischemic contracture, and abetter functional
performanceafter the period of global ischemia. Thegroup
of preconditioned hearts had asignificant reductionin the
levelsof intracellular H* and Ca*? at theend of theglobal is-
chemiaperiod, and amild but not significant reduction oc-
curredintheincreaseinintracellular Na'. Thislast finding
may be explained by the thermodynamic differences
between the Na*-Ca*? exchanger, which exchanges 3 Na*
ionsfor every 2 Ca*2ions.

Theuseof cardioplegiaprior toischemiaprovedtobe
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effectiveindeayingtheincreaseinintracellular caciumand
consequent cellular death. Murry et al @ reported that after
40min of ischemia, the production of lactate in precondi-
tioned heartswas40% |ower than that in nontreated hearts.
Steenbergen et al % suggest that thisreduction in the pro-
duction of lactate may bedueto alower acidification of the
intracellular medium. A lower concentration of hydrogen
may reduce intracellular sodium and calcium increase
through Na*-H* and Na'-Ca2 exchangers, respectively.

Walker et al ° performed an experiment confirming that
right atrial musculature may be preconditioned. These au-
thors showed that the human muscle might be pharmaco-
logically preconditioned with the use of an adenosine Al
agonist. Similarly, Ikonomidiset a * showed that isolated
human cardiomyocytes can be preconditioned. Human
ventricular myocytes were obtained during surgery and
maintainedin culture; thecell sunderwent anoxiafor 90min,
followed by 30-minexposuretonormal level sof oxygen. The
preconditioning of the cellsduring 20 min of anoxiafollo-
wed by 20 min of reoxygenation reducedthecellular lesion
caused by aperiod of subsequent 90-minischemia. Inaddi-
tion, the floating material originating from the precon-
ditioned cellshad alower concentration of hydrogenions,
lactate, and lactic dehydrogenase. Therefore, these authors
concludethat not only may humanmyocardial cellsbepre-
conditioned, but also thispreconditioning occursindepen-
dently of interactionswith other typesof cells.

In our study, ischemiaproduced by aortic crossclam-
ping caused adrop in pH accompanied by an elevationin
pCO, and pO,, and also by morenegativevaluesof baseex-
cess, with atendency toward normalization after the anasto-
moseswerefinished. However, nosignificant alterationsin
these variableswere observed in the 2 groups studied.

No evidenceexisted that preconditioning significantly
reduced theelevation of calciumlevel sduring the periodsof
ischemia. A delay occurredintheincreasein calcium con-
centration, which wasnot avoided. The mean valuesof so-
dium were maintai ned throughout the 3 times of measure-
ment in both groups studied.

It isimportant to emphasize that, until now, the atte-
nuationintheincreaseinintracellular cal ciumthrough pre-
conditioning has only been shown in experimental studies
with rats, and itsoccurrencein other speciesisuncertain.

Infusion of magnesium sulfate enhances myocardial
recovery after 8-12minof hypoxiainrats. Magnesumsulfa
te probably causes rel axation of the myocardial fibers du-
ring and after theperiod of hypoxia, inadditiontoadecrease
intheincidenceof ventricular fibrillation and asystol e,

I schemic preconditioning obtained with the use of
adenosine provides myocardial protection similar to that
provided by cardioplegiawith potassium supplemented
with magnesium. Bothtechniquespromotean enhancement
in postischemicrecovery fromthefunctiona point of view,
andthey also reducetheextension of theinfarctintheaged
myocardium .,

A study showing therel ation between the behavior of
magnesium and the efficiency of i schemic preconditioning
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doesnot existintheliterature. Thelevel sof magnesiumhada
tendency toincreaseafter thebeginning of extracorpored cir-
culation, and no tendency to decrease at the end of surgery.

We may suppose that the intermittent crossclamping
of the aorta, aswe and most other surgeons useit, may be
an effectiveform of preconditioning. Another hypothesisis
that i schemic preconditioning, intheway itwasperformedin
thisstudy, iseither not effective or the protection provided
by the intermittent crossclamping of the aortais already
enough, and, therefore, itisdifficult to enhanceit by ische-
mic preconditioning. We emphasize that this study was
conducted in human beings, and, therefore, periods of is-
chemiaunnecessarily longwereavoided. If this, ontheone
hand, may have occasionally promoted preconditioning,
ontheother hand, it may haveworsened myocardial injury.
Infact, someauthors %18 suggest that i schemic precondi-
tioninginthedifferent protocolsdid not effectively show a
benefit, when they did not worsen myocardial protection.
Recent studies 2 have raised questions about the panacea
that has been created about the great benefits of ischemic
preconditioning.

Fernandes et al
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Onecriticism of our study istheinclusion of diabetic
patients using sulfonylureas. Thiswas due, at the begin-
ning, to the fact that we ignored the possibility that these
drugs could interfere with preconditioning. However, the
small number of diabetic patientsin our study andtheir ho-
mogeneousdistribution between the control and precondi-
tioning groups make usfeel confident that theresultswere
not influenced by thisfactor.

In conclusion, even though the 2 methods of protec-
tion causeacertain degreeof alterationintheionsand blood
gases, thebehavior of these parameterswassimilar inthe2
groups of patients. Thisindicatesthat intermittent cross-
clamping of the aortawith moderate hypothermiawas not
atered by the preconditioning protocol used. The study of
ischemic preconditioningin cardiac surgeriesisrelatively
recent, anditsactual benefitisstill an open question.
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