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Predictors of perioperative myocardial infarction
In surgical myocardial revascularization
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Abstract

Objective: To evaluate which preoperative and trans-
operative variables are predictors for the occurrence of
myocar dial infarction in the perioperative period of surgical
myocardial revascularization in a general hospital in Porto
Alegre, Brazil.

Method: A retrospective cohort study was made of the
database of heart surgery in the Hospital Sdo Lucas of the
Pontificia Universidade Catdlica in Rio Grande do Sul
analyzing 1471 consecutive patientswho underwent on-pump
surgical myocardial revascularization from January 1998 to
December 2002.

Results: Fourteen percent of the patients presented with
perioperativemyocar dial infarction. Thevariablesthat proved
to be independent predictors of perioperative myocardial
infarction in surgical myocardial revascularization in this
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study were: prior surgical myocardial revascularization (OR:
2.070 — p=0.036), left main coronary artery lesion (OR: 1.692
— p=0.006), female (OR: 1.572 — p=0.034), preoperative
unstableangina (OR: 1.533 —p=0.011), high number of grafts
(OR: 1.336—p=0.001) and prolonged car diopulmonary bypass
time (OR: 1.013 — p<0.001).

Conclusions: Prior surgical myocardial revascularization,
left main coronary artery lesion, female, preoperative
unstable angina, high number of grafts and prolonged
cardiopulmonary bypass time proved to be independent
predictors of perioperative myocardial infarction in surgical
myocardial revascularization in this study of patientsfrom a
general hospital from Porto Alegre, Brazil.

Descriptors: Myocardial infarction. Myocardial
revascularization. Risk assessment. Coronary disease.
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Resumo

Objetivos: Determinar quais variaveis pré e
transoper atérias sao preditoras independentes de infarto do
miocardio (IAM) no periodo perioperatorio de Cirurgia de
Revascularizagdo do Miocérdio (CRM), em um hospital geral
dacidade de Porto Alegre, RS, Brasil.

Método: Estudo de coorte retrospectivo com analise do
banco dedadosdecirurgia cardiacadoHospital Sdo Lucasda
Pontificia Universidade Catdlica do Rio Grande do Sul, com
1471 pacientes consecutivos que realizaram CRM com
circulagdo extracorporea (CEC), entre janeiro de 1998 e
dezembro de 2002.

Resultados: Quatorze por cento dos pacientes da amostra
apresentaram |AM perioperatério. As variaveis que se
mostraram preditoras independentes para |AM

INTRODUCTION

Thrombotic complications are considered the main
causes of mortality in myocardial revascularization surgeries
(MR). Among them, acute myocardial infarction (AMI) is
stressed dueto its high incidence, which varies from 5% to
15%, according to published data[1,2]. The consequences
of perioperative AMI can vary from minor enzymatic
increases without clinical relevance to states of low heart
output or malignant tachyarrhythmias, followed by death
or reduced survival over thelongterm [1]. Thisexplainsthe
amount of effort out in to attempt to avoid this complication.

Many North-American and European studies have
demonstrated the main pre- and trans-operative factorsthat
predict perioperative AMI; however, in Brazil, this datais
unknown. Thus, this information is of great importance
because, if thisrisk isidentified and adequately controlled
inthe pre- and trans-operative periods, it will be possibleto
reduce this severe complication.

The purpose of this study isto determine which factors,
among the main factors associated with perioperative AMI
in on-pump MR as described in literature, are independent
predictors for this outcome in a population of operated
patientsin ageneral hospital in Porto Alegre, Brazil.

METHOD
This is a retrospective cohort study, with prospective

data collection for database organization. The studied
population was patients submitted to MR in isolation in
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perioperatorionestaamostraforam: reoperacgéo (RC: 2,070—
p=0,036), lesdo de tronco de coronéria esquerda (TCE) (RC:
1,692 —p=0,006), sexo feminino (RC: 1,572 —p=0,034), angina
instavel pré-operatéria (RC: 1,533 — p=0,011), maior nimero
deenxertos(RC: 1,336 —p=0,001) etempo de CEC prolongado
(RC: 1,013 - p<0,001).

Conclusdes: As variaveis reoperacao, lesdo de TCE, sexo
feminino, angina instavel pré-operatéria, maior nimero de
enxertosetempo de CEC prolongado mostr aram-se preditor as
independentes para a ocorréncia de IAM no periodo
perioperatorio de CRM, nesta amostra de pacientes oper ados
em um hospital geral da cidade de Porto Alegre, RS, Brasil.

Descritores: Infarto do miocardio. Revascularizagéo
miocardica. Medicdo derisco. Coronariopatia.

Hospital Sao Lucas of the PontificiaUniversidade Catélica
do Rio Grande do Sul (HSL-PUCRS) —Brazil. Out of the
2102 consecutive patients who performed heart surgery in
HSL-PUCRS, between January 1998 and December 2002,
1580 patients performed MR and out of these, 1471 were
submitted to MR in isolation, which made up the study
group. The sample was agood representative of the cohort
of patients submitted to MR, with an average age of 60.8 +
10.1yearsand 15.6% women. Diabetes mellituswas present
in 27.5% of the cases; arterial hypertension in 67.9%;
lesions of |eft coronary artery trunk (LCT) in 20.9%; and,
on average, each patient received 2.96 + 0.96 grafts. The
average left ventricle ejection fraction (LVEF) in the
preoperative period was47.5+ 12.1%; 2.5% of the patients
had previously undergone MR; 1.4 % required emergency
surgery; 0.6% performed coronary endarterectomy with
the surgery and, finally, a high rate (40.6%) of patients
suffered from unstable angina (UA) in the preoperative
period (Table 1).

The criteria utilized to define AMI in the perioperative
period of MR werethose amply describedin literature[1,2]:
(1) new and persistent Q-waves on the electrocardiogram
(ECG) within 48 hours of surgery associated with maximum
serum CK-MB level > 30 U/L; (2) new and persistent blocks
of theleft branch seen on the ECG within 48 hours of surgery
associated with maximum serum CK- MB level >30U/L; (3)
maximum serum CK-MB level >80 U/L, inisolation. The
enzymatic sampling was performed at hoursO0, 4, 8, 16, 24, 36
and 48 in the postoperative period; ECGswere performed at
hours 0, 24 and 48 in the postoperative period.
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Tablel. General Characteristics of the sample

Characteristic n= 1471
Gender (female) (%) 15.6
Age (mean + SD) 60.8 £ 10.1
Age > 60 years (%) 56.8
Diabetes Mellitus (%) 27.5
Arterial hypertension (%) 67.9
Preoperative LVEF (mean £ SD - %) 475+ 12.1
Ventricular dysfunction (LVEF < 40% - %) 25.1
Number of grafts (mean + SD) 2.96 £ 0.96
Three vessel involvement (%) 72.3
Involvement of LCT (%) 20.9
Preoperative unstable angina (%) 40.6
Emergency surgery (%) 1.4
Reoperation (%) 2.5
Coronary endarterectomy (%) 0.6
CPB Time (mean + SD — minutes) 83.7 £ 29.8

The data are expressed as percentages or means + standard
deviations SD = standard deviation; LV EF= |eft ventricle gjection
fraction; LCT = left coronary trunk; CPB= cardiopulmonary
bypass

Analysis of the database of the Postoperative Heart
Surgery Unit of HSL-PUCRS was undertaken verifying the
variables and the clinical outcomes of AMI. The following
variables, that have been described in the literature as the
main predisposing factors of perioperative AMI, that is,
possible confounding factors, were controlled: age, gender,
LVEF, lesions of the LCT, UA, coronary endarterectomy,
emergency surgery, reoperation, number of grafts and
cardiopulmonary bypass (CPB) time. The time of aortic
clamping was not included in the analysis, asitisavariable
withasimilar pattern asCBPtime(r=0.82). The occurrence of
three-vessel lesionswas not evaluated asit isdirectly related
tothenumber of graftsintheanaytic model (r=0.88).

The statistical analysis was achieved using the SPSS
11.0 program, with descriptive analysis of general data, the
Pearson’s correlation coefficient for the exclusion of
variables with similar patterns in the analytic model,
multivariable analysis using the chi-squared test for
categorical variables and by the Student t-test for
continuous variables and multivariable analysis by logistic
regression of the variables that presented a value of p<0.2.
Thefinal results were presented as ODDsratio (OR), with
95% confidenceintervas(Cl), which established astatistical
significance of p< 0.05 for the multivariable analysis.

Asthiswasasurvey of hospital records of patientswho
were difficult to locate, either because they were already
dead or their addresses unknown and, therefore, impossible

to be located, consent forms were not signed by the
participants. The heart surgery database in POUHS of the
HSL-PUCRS has the approval of the Research Ethics
Committee of thisinstitution. This study was approved by
the Research Ethics Committee of HSL-PUCRS and of the
Institute of Cardiology/Fundag@o Universitaria de
Cardiologia(IC- FUC).

RESULTS

Out of 1471 patients included in the study, 206 (14%)
patients presented perioperative AMI. In univariable
analysis, some statistically significant differences were
found between the groups with and without perioperative
AMI. In Group 1 (with AMI), the average number of grafts
washigher (3.21+0.96vs. 2.92+0.95—p-value<0.001), as
wasthepresenceof LCT injury (29.1%vs. 19.6%- p-value=
0.002), preoperative UA (50.5% vs. 39.0% - p-value=0.002)
andthe CPB time (95.7 + 32.8 minutesvs. 81.7 + 28.8 minutes
— p-value < 0.001). There were no statistically significant
differences between the groups with and without
perioperativeAM I inrespect to gender, age, LV EF, emergency
surgery, reoperations and associated coronary
endarterectomy (Table 2).

With the aim of obtaining independent predictors of
perioperative AMI, multivariable analysis was performed.
The variables included in the equation were gender, age,
presence of LCT injury, preoperative UA, associated
coronary endarterectomy, reoperation, number of vascular
graftsand CPB time. After logistic regression analysis, with
adjustment for possible confounding factors, six variables
were identified as independent predictors of perioperative
AMI in MR: reoperation, LCT injury, gender (female),
preoperative UA, number of graftsand CPB time.

COMMENTS

The sample, which is representative of a population of
patients who were submitted to MR, provides data similar
to those found in the MR database register of patients
operated on during 2000 in the American Society of Thoracic
Surgeons, thereby validating the selection of patients. In
the American sample, the average age was 65 years, with
19% of the participantsfemale, theincidenceof LCT injury
was 23%, reoperations 7%, and the average LVEF in the
preoperative period 49% [ 3].

However, some methodological problems must be
considered as potential limitations of the study. The
reliability of the data can be harmed in studies performed
retrospectively, however as the data was collected
prospectively to set up the database, the chance of
committing mistakesisminimized.
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Table2. Demographical characteristics of groups with and without perioperative AMI

consensus has not been

reached yet that definesacut-

Variable With AMI Without AMI p-value R - ~
Gender (female) (%) 18.4 15.1 0.226* Off_pOI nt I_n the diagnosis of
Age (mean) 61.67 60.71 0.215** perioperativeAMI.

Some authors already
LVEF (mean £ SD - %) 48.47 47.42 0,336** studied and described
Ventricular dysfunction (LVEF < 40%) 22.2% 25.6% 0.385* predi cti ng factors of
Number of grafts (mean = SD) 3.21 £ 0.96 2.92 £ 0.95 <0.001* perioperativeAMI. Bojaretal.
Involvement of LCT (%) 29.1 19.6 0.002* [1] described LCT injury,
Preoperative UA (%) 50.5 39.0 0.002* three-vessel involvement,
Emergency surgery (%) 1.9 1.3 0.437* preoperative unstable angina,
Reoperation (%) 4.4 2.2 0.067* left ventricular dysfunction,
Coronary Endarterectomy (%) 1.5 0.5 0.094* left ventricular hypertrophy,
CPB Time (mean + SD — min) 95.7 + 32.8 81.7 + 28.8 <0.001**  associated coronary

* analysis using chi-square test
** analysis using Student t test

*** variablesincluded in thelogistic regression model are expressed in bold type.
LV EF = |eft ventricle gection fraction; SD= standard deviation; LCT= |eft coronary

Trunk; UA= unstable angina; CPB= cardiopulmonary bypass

A combination of anincreasein serum CK-MB and the
presence of new Q-waves seeninthe ECG examination were
criteriautilized to define the diagnosis of perioperative AMI
and arewidely accepted inthe medica world[1,2]. However,
it iswell known that the sensitivity and specificity of this
combination of parameters is not the gold standard.
Nevertheless, the practical logistic difficulty of transferring
all patients from the intensive care unit in the first few
postoperative days after heart surgery, when they are
frequently in severe conditions, with pleural and mediastinal
drains and sometimes with other apparatuses, such as
catheters to monitor pulmonary arterial pressure and
systemic arterial pressure, pacemakers and intra-aortic
balloons, to a nuclear medicine laboratory to perform
myocardial scintigraphy with pyrophosphate technetium,
is unfeasible. Even though recently there have been some
publications describing the use of troponinin MR [4-6], a

endarterectomy and extended
aortic clamping time as the
main predictors of
perioperativeAMI. Martins &
Guaragna [7] added to these
variables: advanced age,
extended CPB time, incomplete revascularization, high
number of vascular grafts, reoperation and thrombocytosis.
Costa et a. [8] described the predisposing factors for the
increases of CK-MB above upper reference limits in the
postoperative period of on-pump MR, even considering the
fact that the majority of these cases are secondary alterations
after myocardial manipulation. The variables that were
highlighted included: emergency surgery, preoperative
coronary occlusion, and thefirst marginal artery asthetarget
vessel, the use of short-acting nitrates, coronary angles
greater than 90° in targeted segments and extended aortic
clamping time. Eigel et al. [9] studied predicting factors of
the first occurrence of perioperative AMI (19 events) or
death (six events) in MR, with thetotal of 21 adverseresults
inthe 540 patientsevaluated. Thevariablesgender (female),
extended aortic clamping time and extended CPB timewere
demonstrated to be the predictors of the result in question.
In our study, a higher
number of patients was

Table3. Independent predictor variables for the occurrence of perioperative myocardial infarction evaluated, compared with
Variables included in the equation oDDS 95% Cl p-value the two aforementioned
Reoperation 2.070 1.050 — 4.080 0.036 studies and we found some
Involvement of LCT 1.692 1.160 — 2.467 0.006 variables in common with
Gender (female) 1.572 1.034 — 2.391 0.034 positive  correlations,
Preoperative UA 1.533 1.102 — 2.134 0.011 including gender (fem.ale)'
) the extended CPB time,
High number of grafts 1.336 1.118 — 1.596 0.001 .
Extended CPB ti 1.013 1.008 — 1.018 0.001 preoperative unstable
_ < . . .
xten 'me : ' : ) anginaand LCT injury. The
Coronary endarterectomy 2.314 0.550 — 9.730 0.252 number of grafts was
Age 0.996 0.979 - 1.012 0.594 evaluated in the studies of

* datathat presented statistical significance are expressed in bold type.

The results are expressed in ODDS ratio (ODDS) with 95% confidence intervals (Cl)
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a predicting factor was not found; on the other hand
‘reoperation’ was considered to bean exclusion criterionin
the aforementioned studies and therefore this factor was
not analyzed.

CONCLUSION

In conclusion, in this study we found that the being a
woman, LCT involvement, preoperative UA, reoperation,
extended CPB time and ahigh number of grafts proveto be
independent predictors of AMI in the perioperative period
of MR, in this sample of patients operated on in a genera
hospital of Porto Alegre, Rio Grande do Sul, Brazil.
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