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Cytokines and Troponin-I in Cardiac Dysfunction After
Coronary Artery Grafting with Cardiopulmonary Bypass
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Objective - The association between cytokines and
troponin-1 with cardiac function after cardiac surgery
with cardiopulmonary bypass remains a topic of conti-
nued investigation.

Methods - Serial measurements, within 24h follo-
wing surgery, of tumor necrosisfactor-¢, its solublere-
ceptors, and troponin-I were performed in patientswith
normal ejection fraction undergoing coronary artery
bypass grafting. Ejection fraction was measured by
radioisotopic ventriculography preoperatively, at 24h
and at day 7 postoper atively.

Results - Of 19 patients studied (59+ 8.5 years), 10
(group 1) showed no changesin gjection fraction, 53+ 8%
to 55+ 7%, and 9 (group 2) had a decrease in jection
fraction, 60+ 11% to 47+ 11% (p=0.015) before and 24h
after coronary artery bypass grafting, respectively. All
immunological variables, except tumor necrosisfactor-o
solublereceptor | at 3h postoperation (5.5 0.5ingroup 1
versus 5.9+ 0.2 pg/ml in group 2; p=0.048), were similar
between groups. Postoperative troponin-I had an inverse
correlation with gjection fraction at 24h (r= -0.44).

Conclusions- Inflammatory activity, assessed based
on tumor necrosis factor-o and itsreceptors, appearsto
play a minor rolein cardiac dysfunction after cardiac
surgery. Troponin | levels are inversely associated with
early postoper ative ejection fraction.
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Although outcomesfrom cardiac surgery haveimpro-
ved significantly over the last few years, myocardia dys-
functionremainsacommon problemafter cardiopulmonary
bypass®. Cardiopulmonary bypassactivatesaproinflamma-
tory cascade, rel easing severa inflammatory mediatorsthat
may bein part associated with the devel opment of left ven-
tricular dysfunctionfollowing cardiac surgery, alsoknown
as post-perfusion syndrome 25,

Inflammatory mediatorsidentified in postcardiopul -
monary bypass syndrome, include tumor necrosis factor
(TNF)-o andinterleukins(IL)-1, 2, 6,8and 1023 Thetime-
course of therelease of these markersin this setting, espe-
cially TNF-o, remainscontroversial, perhapsdueto diffe-
rent assays used and to different study protocols?22. In ad-
dition, TNF-« isthought to beinfluenced by its soluble
receptors(sr) | and I1; thus. additional studiesincluding
thesemay helptofurther clarify thisquestion®.

Cytokines have been associated with depressed
myocardial function to different conditions such as heart
failureand sepsis™®. Itisconsideredthat TNF-ormay leadto
increased nitric oxide production that in turn may, through
inhibition of B,-receptorsin myocytes, cause reduced
contractility ®1°. Additionally, because TNF-a may be
related to myocyte damage, it is possible that myocardial
dysfunction associated with cytokinerelease could inturn
berelatedtocell injury %°.

Troponin (Tn)-l isamyocyte-contractile apparatus
protein released following myocytedamage. L evelsof Tn-I
are considered sensitive markers of myocardial infarct
associated or not with cardiac surgery 2. However, itis
unknown whether the Tn-| release pattern istemporally
related to myocardial dysfunction after coronary artery
bypass grafting with cardiopulmonary bypass.

Theobjectiveof thisstudy wasto describethetempo-
ral pattern of TNF-¢, itssolublereceptors| and 11, and Tn-I
in patients undergoing coronary artery bypass grafting
with cardiopulmonary bypass who have preserved myo-
cardia function prior to surgery. Inaddition, thesemarkers
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were correlated with serial measures of left ventricular
function postoperatively.

Methods

Patients undergoing coronary artery bypass grafting
with cardiopulmonary bypassat theHospital deClinicasde
Porto Alegre (atertiary carecenter) from February 1997to
January 1998 were considered for enrollment inthisstudy.
Patientswere excluded if cardiopulmonary bypass was
previously used, acute myocardial infarction had occurred
within 3 months, or the need existed for simultaneous
cardiac surgery procedure (valvar replacement, repair of
congenital heart defects). In addition, patientswith chronic
renal failure, acquired immunodeficiency syndrome,
infectious disease status, unstable angina, heart failure
NYHA class !l or IV, in use of steroids chronically or
perioperatively, with gjection fraction <40% were also not
included. Exclusion criteriain the postoperative period
were: perioperative myocardial infarction (according to
standard criteria), systolic blood pressure <80mmHg, low
cardiac output signswith oligo-anuriaor impaired tissue
perfusionor cardiac arrhythmiasrequiring electric cardio-
versionwithin 24h postoperation. Thisstudy wasapproved
by the Ethics and Research Committee of Hospital de
Clinicas de Porto Alegre, and prior to enrollment patients
signed an informed consent to participate.

Patients were prepared according to standard proce-
dures. General anesthesiawascarried out using abalanced
anesthetic technique with midazolam, fentanyl, and
pancuroniumintravenously, and maintenance of anesthesia
was performed using i sofluranewith 50% oxygen. Monito-
ring included: continuous electrocardiogram, pulse
oximetry, invasive mean arterial pressure, central venous
pressure(Hewlett Packard, mode 66S, Weltham, MA, USA),
and rectal and nasopharyngeal temperature by electronic
thermometers. The cardiopulmonary bypass system was
constituted of anarterial roller pump (Macchi Model 5, Sdo
Paulo, SP, Brazil) and an extracorporeal circuit mountedwith
membrane oxygenator (BraileBiomédica, Sdo Josédo Rio
Preto, SP, Brazil). Arrest wasmaintained withintermittent
antegradecrystalloid cold (4°C) cardioplegic St Thomasl |
solution (B Braun solution, S8 Gongal o, RJ, Brazil) given
every 20min. Body temperaturewasmaintained between 28
and 32° C. Coronary artery bypassgrafting wasperformed
following standard protocol s®. Vasodilators were used as
part of routinepostsurgical carethat wascarried out without
interference of the study protocol.

L eft ventricul ar ejection fraction waseval uated preo-
peratively, at 24h postcardiopulmonary bypass, and at day
seven postoperation with rest radioisotopic ventricu-
lography. Red cellswere|abeled with Tc-99m pyrophos-
phate andimageswereacquiredintheleft anterior oblique
projectionat 30°Cwithal.6 zoomusing 25-30mci inagam-
ma camerawith automatic software processing (General
Electric Company Starcam 400i, Milwaukee, Wisconsin,
USA). Anindependent observer unaware of patient status
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or other laboratory dataperformed theanalysisof ventricu-
lography data.

Fifteenmillilitersof arterid blood samplesweredrawninto
tubes contai ning ethylenediaminetetraacetic acid and 5mL of
bloodintubeswithout anti coagul ationfor posterior determingtion
of TNF-o, 91 TNF-o, 91 TN, and T, respectively, et timezero
(TO) (anesthesiainduction), T3, T8, and T24 (3, 8, and 24h &fter
initiationof cardiopulmonary bypass regpectivey). Sampleswere
immediately cold-centrifugedat 2000rpmfor 20min, andplasma
andserumweregtoredat - 70°Cfor pogterior s multaneousenzyme-
linkedimmunoabsorbent assay (EL | SA) assessment of markers
withcommercidly availablekits(TNFo anditssolublereceptors
-R& Sysems Minnegpolis MN, USA) and Tl (OpusBehring
Diagnogticsinc, Westwood, MA, USA). Sensitivity and range
vauesfor normal contral individua sexpected according tothe
manufecturerwere TNFa- fromnondetectableupto4.12pg/mL,
1 TNF-from484t01407pg/mL, 31 TNF-from829to2262pg/mL,
andTn- -lessthan0.5ng/mL.

Datawereanalyzed withcommercially avail able soft-
ware(SPSS). Continuousvariableswith norma distribution
are presented asmeans+ standard error or standard devia-
tion where appropriate. Datawith nonparametric distribu-
tionwerelogtransformed. Patientsweredividedinto 2 grou-
ps according to ejection fraction at 24h postoperation:
group 1 - unchanged € ection fraction and group 2 - decrea-
sed gjection fraction. The Student t test or Fisher’s exact
test was used to compare clinical characteristics between
groups. Analysis of variance for repeated measures (MA-
NOVA)wasusedtoanayzebiological markersand gjection
fractionindifferent time pointswithin groupsand between
groups. Spearman correl ation coefficient wasused to study
associ ationsbetween clinical and laboratory variables. The
level of significancewasestablished at p<0.05.

Results

Nineteen patients were enrolled in the study. No
cardiac eventsoccurred in any of the patients studied, and
all received dopamine 5mg/kg/min after withdrawal from
cardiopulmonary bypass until termination of the surgery.
No patient needed inotropic support in the postoperative
period. Routine postoperative careincluded use of intrave-
nous sodium nitroprusside as needed and mechanical
ventilationuntil extubationthat occurred usually within8to
12h postoperatively. Clinical characteristicsof thepatients
arepresentedintablel.

At the time of left ventricular function assessment,
patients were extubated, hemodynamically stablewithout
inotropic support or use of vasodilators. Left ventricular
gjectionfractionwasunchanged at 24h and 7 dayspostope-
ratively compared with baselinein 10 patients (group 1).
However,in9 patients(group 2) asignificant decreaseoc-
curredintheegjectionfractionat 24hfollowed by almost full
recovery at day 7 comparedtowithbaseline(fig. 1).

TNF-oplasmalevelsvaried significantly inall patients
studied in al time-points analyzed, with peak valuesat 3h
after cardiopulmonary bypassinitiation. The temporal
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Tablel - Perioperativevariables

Variable Group 1 Group 2 P
(n=10) (n=9)

Age (years) * 58+ 7.8 59+ 9.2 NS
Weight (kg)* 816+ 14.3 711+193 NS
Sex (M/F) 9/1 6/3 NS
Number of grafts* 28+09 26+05 NS
Mammary arteries used 6 (60%) 5 (55.6%) NS
Bypass time (minutes)* 66.1+21.7 61.1+ 182 NS
Cross-clamp 459+ 20.1 383+ 15.7 NS

time (minutes)*

* Variables are given as mean = SD; group 1 refers to patients with
unchanged ejection fraction after surgery; group 2 refersto patientswith
decreased gjection fraction after surgery. M denotes male; F denotes
female; NS- not significant (p=0.05).

profilefor both srITNF and srlI TNF was similar to that of
TNF-a. For the 3 markers, level sremained abovebaseline
values up to the 24h time-point. Similar results were
observed for Tn-I because all patients had significantly
increased levelsin all time-pointswith peak values obser-
ved 24h after starting cardiopulmonary bypass(tablell).

A trend towardshigher plasmalevelsof TNF-o at 3h
was observed in patients who had significantly lower
gjection fraction postoperatively compared with patients
who had unchanged ejection fraction after surgery (log

EJECTION FRACTION (%)

40

PREOP 24HOURS 7DAYS
TIME

—a—group 1 —e— group 2

Fig. 1- Baseline, 24 hour and day 7 postoperative values of ejection fraction as
assessed by radioisotopic ventriculography in groups 1 and 2. Values are given as
mean = SEM. *p= 0.015 refers to comparison between baseline and 24 hours
postoperation.
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3.11+0.15pg/mL versuslog 2.56+0.23pg/mL ; p=0.07) (fig.
2A). Profilesof srlITNFand Tn-1 did not differ between the
two groups of patientsin any of the time-points analyzed,
whereas srI TNF at 3h had significantly higher valuesin
patientswith decreased g ectionfraction (Figure2B, CandD).
However, levelsof Tn-1 at 8h after cardiopulmonary bypass
showed an inverse correl ation with gjection fraction mea-
sured at 24h for all patients, irrespective of individual
groups(r=-0.44; p=0.06).

Inal patients, baseline Tn-1 levelswere within the
normal range (<0.05pg/mL), andin all aserial increase
occurred in subsequent measurements, although without
meeting criteriafor perioperative myocardial infarct .
Troponin | plasmalevels measured at 8h and 24h cardio-
pulmonary bypassstart correlated positively with duration
of cardiopulmonary after bypass and aortic clamping
duration(figs.3A,B, C, D).

Discussion

Cardiopulmonary bypassis associated with immu-
noinflammatory activation and different levels of cardiac
injury, which can beidentified by increased cytokine and
troponin levels, respectively. Moreover, cardiac dysfunc-
tion iscommon in patients who undergo coronary artery
bypass grafting with cardiopulmonary bypass. In this
study, patientswith preserved cardiac function undergoing
myocardial revascul arization were studied to eval uate | eft
ventricular function, and cytokine and troponin levels,
serially inthepostoperative period.

Several studies have demonstrated |eft ventricular
dysfunction following cardiac surgery with cardiopulmo-
nary bypass?. Inpatientswith preserved cardiac function, it
usually occurs2to 6h after surgery and may recover almost
completely within 4h*. In our study, according to left
ventricular values obtained at 24h postoperation, patients
weredivided into 2 groups: patientswith normal and with
decreased gjection fraction compared to baseline. Both
groupswere similar regarding all other variables, such as
cardiopulmonary bypassdurationand aortic clampingtime.
In prior studies, these 2 factors have been associated with
cardiopulmonary bypass-induced inflammatory activation
and degree of myocardial dysfunctionfollowing cardiopul-
monary bypass*®. AlImost half of patientsin the present
study had reduced ejection fraction at 24 compared with

Table Il - Plasma levels of biological markersin different time-points

Markers TO T3 T8 T24 P

Log TNF-a. (pg/ml) 157 + 011 2.83+ 0.15 237+ 018 228+ 011 <0.05
Log srITNF (pg/ml) 454+ 0.09 571+ 0.10 551+ 0.11 5.45+ 0.09 <0.05
Log srIITNF (pg/ml) 598+ 0.08 6.46+ 0.11 6.47+ 0.12 6.57+ 0.10 <0.05
Tn-1 (ng/ml) <05 3.66 + 0.57 13.31+ 2.20 21.87 + 6.94 <0.05

and its receptors and as SEM for Tn-I.

TNF-o:: tumor necrosisfactor; srI TNF-o.: soluble tumor necrosis factor alphareceptor I; sriI TNF-o.: soluble tumor necrosis factor aphareceptor I1; Tn-I: troponin—
I; Time-points: TO: after anestheticinduction, T3, 8, 24: 3, 8 and 24 hours after the beginning of cardiopulmonary bypass. Values are expressed as|ogarithm for TNF
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Fig. 2- Comparisonof plasmalevelsof TNF-o. (A), srITNF-o.(B) and sl TNF-c. (C)
and of serumlevelsof Tn-1 (D) between groups. Time-points: TO: after anestheticin-
duction; T3, T8, T24: 3, 8 and 24 hours after the beginning of cardiopulmonary
bypass.

*p=0.048group 1versus2in T3 (figure2B). TNF-o.: tumor necrosisfactor, st TNF-o:
soluble tumor necrosisfactor alphareceptor |, srlI TNF-o: soluble tumor necrosis
factor alphareceptor |1, Tn-1: troponin-I.

baseline. It ispossible that additional patients could also
have had depressed cardiac function, had the evaluation
beencarriedout earlier, ie, 2to4hfollowing surgery, which
is considered the timing of highest cardiac dysfunction.
Nonethel ess, we may speculate that patients experiencing
left ventricular dysfunction at 24h could have amore
pronounced and persistent compromisein cardiac function.

Cytokinepr ofile- Tumor necrosisfactor-o: isawell-
knowninflammatory mediator with multiplecardiovascul ar
effects, including hypotension and depressed myocardial
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function. Itsprofilein cardiac surgery with cardiopulmo-
nary bypassand itsrolein cardiac dysfunction following
cardiopulmonary bypass remains controversial. Different
studieshave attempted to addressthisissue, but disparities
inclinical conditions and in study designs make results
difficult to interpret 23. In this study, highly sensitive
commercial kitsfor TNF-o detectionwereused, andasigni-
ficantincreasein TNF-o was observed in all time-points
following cardiopulmonary bypassstart, with peak values
at 3h. These observations confirm the results from others
that demonstrated increased TNF-alevels after cardiac
surgery, reinforcing the concept that immunoinflammatory
activation induced by cardiopulmonary bypass occurs®.

Although TNF-o isawell-described cytokine, recen-
tly, much interest has emerged from studying its cellular
receptors. Indeed, TNF-a exertsitsactionsthrough 2 mem-
brane-bound receptors (srl and srll) that are cleaved from
thecell surfaceafter TNF-o; action hastaken place 4. After
being released fromthe cell surface, thesereceptorsmay act
both asblockers of TNF-¢ activity by bindingtoitinthe
circulationor stabilizing it forming ahomodimer compound
that could serve asareservoir for later TNF-o¢ activity .
Elevated levels of solublereceptors of TNF-o have been
described in different clinical conditions, including heart
failure and sepsis ", We have recently demonstrated that
increased srl TNFlevel swereassociated with higher mortali-
ty in septic shock . Few studies, however, haveinvestigated
theprofileof TNF-o solublereceptorsincardiac surgery with
cardiopulmonary bypass?. In this study, we demonstrate that
both srl and st TNF had asimilar behavior to TNF-¢, with
peak valuesat 3h and progressivedecay at 24h.

Severa studies have suggested that cytokines could
be associated with left ventricular dysfunction following
coronary bypasswith cardiopulmonary bypass, however, it
remainsunclear inwhich manner and whether these obser-
vations are cause related #°. It has been shown experi-
mentally that cytokines can induce nitric oxide synthase
that will modulate myocyte response to muscarinic and
beta-adrenergic receptors leading to decreased contrac-
tility secondary to adrenergic stimuli °.

In this study, we could not demonstrate significant
associationsbetween cytokinelevel sand cardiac dysfunc-
tion, asonly levels of srITNF at its peak value were
significantly higher in patientswho developed | eft ventri-
cular dysfunction. Thus, although from our data some
degreeof cardiac dysfunction could berel ated toinflamma-
tory activity, other mechanisms ought to beinvolved.

Troponin | levels- Studies on troponins, markers of
cardiac injury, have been helpful to inidentifying risk
conditionsindifferent clinical settingsandtodeterminethe
prognosisafter cardiac eventsi®'’, In cardiac surgery, Tn-I
has been used to identify perioperative myocardia infarc-
tion, but littleisknown about whether it relatesto cardiac
dysfunction postoperatively #1°, Others have shown that
Tn-I levelsfollowing cardiac surgery for congenital repairs
wereassociated with theneed for inotropic support, cardio-
pulmonary bypassand aortic clamping duration, and astay
inintensivecareunit .
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Fig. 3 - Correlation between serum levels of Tn-1 at 8 and 24 hours with cardiopulmonary bypass duration (A, C) and with aortic cross-clamp duration (B, D),

respectively. r = Spearman’s correl ation coefficient; Tn-I: troponin-I.

In the present study, we demonstrate that, compared
with baselinevalues, increased Tn-I levelsoccurredin all
patients subsequently up to 24h following surgery with
peak valuesin 24h. Although Tn-1 valuesdid not correlate
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withTNF-o and TNF-o solublereceptor levels, it positively
correl ated with cardiopulmonary bypassdurationand aortic
clampingtime, and showed aninversecorrelationwith | eft
ventricular function. Our dataimply that in addition to
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inflammatory activity, some degree of cardiac injury may
contribute to left ventricular dysfunction after cardiac
surgery with cardiopulmonary bypass.

Study limitations - Results of this study should be
viewed considering potential study limitations. Theseobser-
vationsweremadein avery low-risk patient population, ie,
patientswith preserved | eft ventricular gectionfraction prior
tosurgery andwith no complicationsafterwards. It could be
speculatedthatinthepresenceof initial cardiac dysfunction,
therole of cytokines could be more evident in further
jeopardizing cardiac performance. Also, by performing the
first postoperative cardiac function assessment only 24h
following surgery, additional cases of cardiac dysfunction
may havebeen missed; however, by doing so, possibly more
severeand persistent presentationswerestudied. Finally, the
study objective was to determine associations between
cytokines and Tn-1 with left ventricular gjection fraction
following cardiac surgery with cardiopulmonary bypass;
thus, cause and effect assumptions cannot be made.

Conclusion

These observationsdemonstrate serial €l evationsof
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circulatinglevelsof TNFN-¢, srl,andsrIITNF, and Tn-1in
low-risk patients who underwent coronary bypass graf-
ting with cardiopulmonary bypass. Except for st TNF peak
levelsat 3h, no association was found between cytokine
profileand left ventricular function postoperatively. Tn-1
profile, however, showed more significant associations
with both cardiopulmonary bypass and aortic clamping
duration and with left ventricular dysfunction. Taken to-
gether these data suggest that both inflammatory activity
and cardiac injury contribute to the devel opment of car-
diac dysfunction following cardiac surgery with cardio-
pulmonary bypass.
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