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Risk Stratification with Troponin I in Patients Undergoing
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Objective - To determine the immediate behavior and
the prognostic value in terms of late survival of serum
troponin I measurement in patients undergoing myocardial
revascularization surgery with extracorporeal circulation.

Methods - We studied 88 random patients, 65 (73.8%)
of the male sex, who underwent myocardial revasculariza-
tion surgery with extracorporeal circulation. Troponin
measurements were performed as follows. in the preopera-
tive period, right after intensive care unit admission, and on
the first and second postoperative days. Values below 0.1
nanogram per milliliter (ng/mL) were considered normal.
The cut points for late prognostic assessment were 0.5 ng/
mL; 1 ng/mL; 2.5 ng/mL; and 5 ng/mL.

Results - The serum troponin I levels were elevated on
the first postoperative day, suggesting the occurrence of
specific myocardial damage. Patients with a poor prog-
nosis could be identified, because the serum levels above
2.5 ng/mL and 5 ng/mL in the postoperative period resul-
ted, respectively, in mortality rates of 33% and 50% in a
maximum 6-month follow-up.

Conclusion - Troponin I values around 2.5 ng/mL in
the postoperative period should call attention to the need
formore aggressive diagnostic or therapeutical measures.
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Recently, thetroponinshavereceivedincreasing attention
as highly specific markersin acute myocardia infarction®2.
Inpatientswith acutemyocardial infarction, elevation of the
creatinephosphokinaseactivity abovenorma valuesisrardly
found within 4 to 6 hours after pain onset, and, therefore,
early diagnosis strongly depends on typical electrocar-
diographicalterations, whichisaproblem duetothefact that
the electrocardiogram isinconclusivein up to 40% of the
patients. Troponin | andtroponin T becomemeasurable3to
4 hours after the beginning of acute myocardia infarction.
Studies about the levels of troponin T measured in small
groups of selected patientswith precordial pain within the
first 24 hours after admission have reported an excess of
cardiac eventsinthosewith elevatedtroponin T levels, even
intheabsenceof eevationin CK-MB?,

Most cardiac surgeries require the heart to remain
static and without blood whilethe procedureisbeing perfor-
med. For this, theextracorporeal circulation circuits, which
providecardiac and pulmonary support during surgery, are
used. It hasbeenwell documented that, during thiscardiac
arrest period, the heart undergoes a controlled ischemic
processthat culminatesin greater or smaller myocardial
damage. Thisisthereason for the use of cardioprotective
solutionsduring cardioplegia, inanattempt to minimizethe
consequenceson cardiac function. Thediagnosisof perio-
perativeacutemyocardial infarctionisoften difficult dueto
patient’ ssedati on and i ntubation, which prevent theverbal
communication of symptoms, and the low sensitivity and
specificity provided by the regular electrocardiographic
monitors, whichareusually restrictedto 1 or 2 leads. Mair et
al “used troponin | to assess the occurrence of periopera-
tive acute myocardial infarction in patients undergoing
myocardial revascul arization with saphenousvein bypass
grafting, and showed that troponin | isan excellent marker
toassessmyocardial ischemiaduring cardiac surgeries.

In Braxzil, clinical and surgical studiesinvolving the
measurement of serumtroponinto assessmyocardial dama:
gearestill scarce, which motivated thisstudy. Theobjecti-
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ve of thisstudy wasto determine the immediate behavior
andtheprognosticvaueintermsof latesurvival of themea-
surement of serum troponin | in patientsundergoing myo-
cardial revascularizationwith extracorporeal circulation.

Methods

Westudied 88 random patients, 65 (73.9%) males, who
underwent myocardial revascul arization with extracorpo-
real circulation circuit, using the cardioplegiatechnique
with continuousanterograde/retrogradetepid low-volume
blood protection®.

Theduration of extracorpored circulationranged from
31 to 165 minutes, with mean and standard deviation of
76.4+24.4 minutes, and median of 72 minutes. Thetotal
duration of myocardial ischemiaranged from4to 36 minu-
tes, with mean and standard deviation of 16.8+7 minutes,
and median of 15minutes.

Troponin | was measured inthefollowing moments:
preoperativeperiod; on patient’ sadmissiontotheintensive
care unit (ICU); once aday, in the morning, on the first
postoperative day.

Themethod used to measuretroponin | waschemolu-
minescence with the Acess device from Sanofi-Pasteur;
values below 0.1 nanograms per milliliter (ng/mL) were
considerednormal.

Thepatientswerepostoperatively assessed, and their
evolution in months was recorded aiming at determining
the survival rates. The outcome considered relevant was
death due to ischemia, arrhythmia, or congestive heart
failure. Mean, standard deviation, confidenceinterval, and
medianwerecal cul ated. To assessthe prognostic val uesof
serum troponin I, the following cut points were adopted:
0.5ng/mL,1ng/mL,2.5ng/mL,and5ng/mL, andtherdative
risk and 95% confidenceinterval were calculated for each
situation. Actuarial curves (Kaplan-Meier) were used to
study long-term survival, and the resultswere compared by
alog-rank test or hazard ratewith a95% confidenceinterval.
The actuarial curveswere performed with the aid of the
Graphpad Prism statistical program. Analphaerror of 5%
was admitted, and p values below 0.05 were considered
significant.

Results

Serumtroponin| valuesinmedianareshownintablel.
Thevalues are presented in median, becauseit wasnot a
Gaussian distribution.

Asnoted inthe“Method” section, 4 cut pointswere
adopted for serumtroponin| (0.5ng/mL; 1 ng/mL; 2.5ng/
mL; and 5ng/mL) to serveasabasisinthe prognosticeva-
[uation of troponin | inregardto the event death throughout
evolution.

Theduration of extracorporeal circulationandthetotal
duration of ischemiawere correlated with serumtroponin|
levels, becauseit wasrel evant to the adequatefurther inter-
pretation of theresults(fig. 1to4).
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Information about thelate evol ution of the patientsin
regardtotheevent death allowedthecorrel ationwith serum
troponin| levelsof theacute postoperative phase, aiming at
establishing the prognostic value. The patientswerefollo-
wed up for amean period of 9.3+6.3 months (median of 10
months), whichranged from 0to 17 months.

Fivepatientsdied, whichresultedin an overall morta-
lity of 5.6%. Two patientsdied on the eighth day of follow-
up, 2 othersin thefourth month of follow-up, and another
patient inthe sixth month of follow-up (chart ).

Because 1 of the objectives of the study wasto inves-
tigate the late prognostic value of the serum troponin |
levels, the actuarial curve of survival was constructed,

Table I - Results of serum troponin I (median) in the preoperative
period, on ICU admission, and on the first postoperative day, in
nanograms per milliliter, in the 88 patients studied
Pre ICU 1st PO 2nd PO
operative  admission day day
Median (ng/mL) 0.02 0.41 0.55 0.39
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Fig. 1 — Correlation between duration of extracorporeal circulation and serum
troponin | levels (in nanograms per milliliter) on ICU admission.
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Fig. 2 - Correlation between duration of extracorporeal circulation and serum
troponin | levels (in nanograms per milliliter) on thefirst postoperative day.
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Fig. 3— Correlation between duration of ischemiaand serum troponin | levels (in
nanograms per milliliter) on ICU admission.
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Fig. 4 - Correlation between duration of ischemiaand serum troponin | levels(in
nanograms per milliliter) on thefirst postoperative day.

according to the cut points established. The correlations
were performedwiththetroponin| levelsonthefirst post-
operative day (PO1), because these were usually the
greatest values obtained. Figures5to 8 depict thefindings
of thisevaluation, respectively, for thecut points0.5 ng/mL,
Ing/mL,2.5ng/mL,and5ng/mL.

A significant differencewasfound betweenthesurviva
curvesfromthe2.5-ng/mL cut point of serumtroponin| on.

Thedataregarding therelativerisk of death over the
postoperative evolution period according to the cut points
of serumtroponin| areshownintablell.

Onceagain, the 2.5-ng/mL cut point of troponin| on

Chart I — Percentage of death over the follow-up period in regard to
the cut point of serum troponin I levels, in nanograms/milliliter, on
the first postoperative day

Cut point of Mortality over the Time of death
serum troponin | follow-up period (%)
(ng/mL)
Up to 0.5 3.5% 4 months/4 months
>1.0 12% 8 days
>2.5 33.3% 8 days
>5.0 50% 6 months
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Fig. 5- Survival curve (Kaplan-Meier) for the entire group up to 17 months of
follow-up according to serum troponin | levels on thefirst postoperative day at the
cut point of 0.5 ng/mL.
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Fig. 6- Survival curve (Kaplan-Meier) for the entire group up to 17 months of follow-
up according to serum troponin | levelson thefirst postoperative day at the cut point
of Lng/mL.
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Fig. 7 - Survival curve (Kaplan-Meier) for the entire group up to 17 months of follow-
up according to serum troponin | levelson thefirst postoperative day at the cut point
of 2.5ng/mL.

thefirst postoperativeday of myocardial revascularization
enabled the identification of agroup of patientswith a
significantly greater risk of evolving to death within 17
monthsof follow-up.

Discussion
The serum troponin | levels, both on ICU admission

and onthefirst postoperativeday, werevery elevated, sug-
gesting aharmful effect (rdativeischemia) duetotheartifi-
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Fig. 8- Survival curve (Kaplan-Meier) for the entire group up to 17 months of follow-
up according to serum troponin | levelson thefirst postoperative day at the cut point
of 5ng/mL.

Table II — Relative risk of death in regard to the cut points for serum
troponin I, in nanograms per mL, in the 88 patients who underwent
myocardial revascularization surgery

Cut point Mortality Relative risk 95% Cl
(ng/mL) (%)

>0.5 versus <0.5 59x37 1.59 0.28- 912
>1.0 versus <1.0 120x 25 4.80 0.85 - 27.13
>2.5 versus <2.5 333x30 11.00 2.25 - 53.84*
>5.0 versus <5.0 50.0x 39 12.88 2.38 - 69.52*

* p< 0.05

cial perfusion of theheart, even considering myocardial pro-
tectionwiththemodified cardioplegic solution. In addition,
no correlation was observed between the duration of
extracorporeal circulation or theduration of ischemiaand
themeasurementsof serumtroponin|. Thismay show that
themajor element to determinetheelevationintroponinl is
not extracorporeal circulation per se, but the occurrenceor
not of amoresignificant ischemicimpairment (myocardial
necrosisdueto occlusion of or prolonged decreased flow in
the native coronary artery, occlusion of the bypass graft,
embolicevent, etc). Hirsch et al © studied the pattern and the
potential valueof troponin | elevation after cardiac surgery
inchildrenwith congenital heart disease, and also reported
high values on ICU admission. The authorsrelated those
valuesto the extension of myocardial damage resulting
both fromincisiona injury and fromintraoperativefactors,
such asaortic clamp and extracorporeal circulation.

After thereturn of thenormal heart beats, aphenome-
non similar to that observed in infarcted patients under-
going successful thrombolysisoccurs: anearly elevationin
enzymatic levels, because they arerapidly carried to the
systemic circul ation dueto tissue perfusion.

Theserumtroponin| levels(in nanogramsper millili-
ter) onthefirst postoperative day inthe5 patientswho died
wereasfollows: 0.1;0.14; 1.53; 3.42; and 10.01.ng/mL.1n3
patients, thoselevel swereextremely elevated (15times, 34
times, and 100timesthenormal leve).

L Uischer et al "had aready tried to determinetheappli-
cahility of troponins T and | to stratify therisk of the patien-
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tswith unstable coronary artery disease, and concluded
that both provide independent prognostic informationin
regardto cardiac deathand myocardia infarction. Tothose
authors, the predi ctive capacity of themarkersvaried accor-
ding to the cut points, but was already significant with
valuesof 0.05ug/L fortroponin T and 1.5 ug/L (thesameas
1.5pg/mL) for troponin |. Those authors stated that pros-
pective studies might be abletoindicate whether troponin
T andtroponin| canidentify patientswho may benefit from
the antithrombotic treatment or invasive procedures, or
both.

Mair et al “used troponin | to assessthe occurrence of
perioperativemyocardial infarction in patientsundergoing
myocardial revascul arization with saphenousvein bypass
graft. Troponin | increasedin 22 of the 26 el ective patients,
who showed no clinical or laboratory evidence of myocar-
dial infarction. The baseline valuein these patients was
1.7+1 pg/L. Two of the 22 patients with no perioperative
infarction showed troponin| levelsgreater than 3 ug/L (3.9
and 3.4 pg/L), indicating amore significant myocardial
impairment than that observed in the other 20 patients, but
with no significant elevation in CK-MB. Four of the 26
elective patientshad el ectrocardiographic, echocardiogra-
phic, and enzymatic findings (CK-MB) of perioperative
infarction. One of themwith Q infarction had atroponin |
peak of approximately 30 ug/L, and 3 patientswith non-Q
infarction had troponin | levels around 5 pg/L. Those
authors suggested that, after electivemyocardial revascu-
larization surgeries, troponin | peaksgreater than 3.7 ug/L,
concentrations greater than 3.1 pug/L after 12 hours, or
concentrationsaround 2.5 pg/L after 24 hoursindicate a
high probability of perioperativemyocardial infarction.

Our dataarevery similar tothoseintheliterature, and,
inour opinion, they seem to present sufficient evidenceto
indicateearly intervention (cineangiographic restudy, even-
tual surgica reintervention or intensive outpatient careunit
follow-up) in patientswith serum troponin | levels above
2.5ng/mL onthefirst postoperativeday.

Tocorrelatethefindingsof elevated level sof troponin
| with elevated level sof enzymes, suchasCK-MB, wasnot
an objective of our study. The alterationsin CK-MB are
already very well known, and, in addition, the times of
€elevation and maintenancein circulation of CK-MB levels
arevery different fromthoseof troponin |, whichmakesthe
comparison very difficult and unproductive.

I'n our understanding, the cost of troponin | measure-
ment, although greater than that of CK-MB, isnot enough
of ahindrancetoitsroutineuse, becauseit doesnot require
the concomitant measurement of other markersof myocar-
dial damage, aswehavealready showninour caseseries. In
addition, frequent and serial measurementsare not neces-
sary, because theisolated measurement on thefirst posto-
perative day isenough to select high-risk subgroups.

In conclusion, measurement of troponin | in patients
undergoing myocardial revascul arization surgery showed a
characteristicimmediatebehavior with animportant eleva-
tioninitsserum concentrationon 1CU admissionand onthe
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first postoperative day. No correl ation was observed with
the duration of ischemiaor the duration of extracorporeal
circulation, suggesting that troponin | elevationisduetoa
specific myocardial damage (native coronary obstruction,
bypassocclusion, etc) and not to extracorporeal circulation
or thetotal timeof ischemia

It waspossibleto determinethat the cut pointsestabli-
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shed separate the patients with a poor prognosis, because
valuesgresater than 2.5 ng/mL or 5ng/mL onthefirst post-
operative day resulted in mortality rates of 33% and 50%
withinthefirst 6 monthsof follow-up. Therefore, troponinl

levelsaround 2.5 ng/mL on the first postoperative day
should call attention to the need for more aggressive diag-
nostic or therapeutic measures.
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