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Abstract

Introduction: Coronary artery bypass grafting is a safe
procedure performed worldwide with low rates of mortality
and morbidity in general population.

Objective: To investigate risk factors for mortality of pa-
tients undergoing coronary artery bypass grafting coronary
artery bypass grafting surgery.

Methods: A total of 1,628 consecutive patients undergoing
on-pump coronary artery bypass grafting were retrospectively
studied from December 1999 to February 2012. Data analysis
involved paired Student t test, Mann-Whitney test and Fisher’s
exact test for the categorical data. Logistic regression, Odds
Ratio and 95%CI were used for definition of risk factors for
mortality.

Results: Of a total of 1,628 patients undergoing on-pump
coronary artery bypass grafting, 141 (8.7%) died. The fol-
lowing risk factors for mortality were identified after logistic
regression: dialysis (OR=7.61; 95%CI 3.58-16.20), neurologic
dysfunction type I (OR=4.42; 95%CI 2.48-7.81), use of IABP
(OR=3.38; 95%CI 1.98-5.79), cardiopulmonary bypass time
(OR=3.09; 95%CI 2.04-4.68), serum creatinine on admission
and peak values > 0.4mg/dL (OR=2.67; 95%CI 1.79-4.00), age
> 65 years (OR=2.31; 95%CI 1.55-3.44), and time between
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hospital admission and and surgical procedure (OR=1.53;
95%CI 1.03-2.27).

Conclusion: Dialysis, type I neurologic dysfunction, use of
TIABP, cardiopulmonary bypass time (>115 minutes), serum cre-
atinine on admission and peak values>0.4mg/dL, age > 65 years
and time between hospital admission and surgical procedure
were considered as risk factors for mortality in patients under-
going on-pump coronary artery bypass grafting surgery.

Descriptors: Risk Factors. Myocardial Revascularization.
Mortality.

Resumo

Introducgdo: Cirurgia de revascularizacio do miocardio é
um procedimento seguro realizado em todo o mundo com taxas
baixas de mortalidade e morbidade na populacio geral.

Objetivo: Estudar fatores de risco para mortalidade de pa-
cientes submetidos a revasculariza¢io miocardica com circulag¢io
extracorpoérea.

Métodos: Foram estudados retrospectivamente e de forma con-
secutiva 1.628 pacientes submetidos a revascularizacio com circu-
lacdio extracorpdrea no periodo de dezembro de 1999 a fevereiro
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Abbreviations, acronyms and symbols

AF Atrial fibrillation

AKIN Acute Kidney Injury Network

BMI Body mass index

CABG Coronary Artery Bypass Grafting

CAD Coronary artery disease

CI Confidence interval

CPB Cardiopulmonary bypass

FAMERP Faculdade de Medicina de Sao José do Rio Preto
HB Hospital de Base

IAB Intra-aortic balloon

ICU Intensive Care Unit

OR Odds Ratio

P significance level

ROC Receiver Operating Characteristics

SIRS Systemic inflammatory response syndrome
STS Society of Thoracic Surgeons

SUS Unified Health System

de 2012. A analise de dados foi efetuada por meio dos testes t de
Student ndo pareado, Mann-Whitney e exato de Fisher para dados
categoricos. Regressao logistica, Odds Ratio e IC95% foram utili-
zados para definicio de fatores de risco para mortalidade.

INTRODUCTION

Cardiovascular diseases are the leading causes of death in
the population, including cerebrovascular, cardiac ischemic,
hypertensive diseases, atherosclerosis, rheumatic fever and
other heart diseases. According to the World Health Organi-
zation data in 2008 there were 17.3 million deaths world-
wide!'!, and 7.3 million were due to coronary artery disease
(CAD)®. In Brazil, in 2009 totaled 209,029 admissions for
CHD patients, occurring 12,619 deaths with a mortality rate
of 6.04%P.

The treatment of CAD may be clinical/medical or surgi-
cal. Despite advances in medical therapy and PCI, coronary
artery bypass grafting (CABG) is a safe procedure performed
worldwide with low rates of mortality and morbidity in the
general population™ and it is still excellent option for treat-
ment of obstructive CADP!, even in diabetic patients!®, the
elderlyt and in patients with low left ventricular ejection
fraction®. In addition, the CABG can control the persistent
ischemia and progression to acute myocardial infarction, in
addition to provide symptomatic relief and prevent ischemic
complications®.

Resultados: Do total de 1.628 pacientes submetidos a cirur-
gia de revascularizacio do miocardio com circulacio extracor-
porea, 141 (8,7%) foram a ébito. Apos regressio logistica, foram
identificados como fatores de risco para mortalidade as vari-
aveis dialise (OR=7,61; IC 95% 3,58-16,20), lesdo neurolégica
tipo I (OR = 4,42; IC 95% 2,48-7,81), uso de BIA (OR=3,38; I1C
95% 1,98-5,79), tempo de CEC (OR = 3,09; IC 95% 2,04-4,68),
creatinina pico - admissiao > 0,4 mg/dL (OR=2,67; IC 95% 1,79-
4,00), idade > 65 anos (OR=2,31; IC 95% 1,55-3,44) e tempo
entre admissdo hospitalar e procedimento cirtirgico (OR =1,53;
IC 95% 1,03-2,27).

Conclusdo: Dialise, lesdo neurolégica tipo I, uso de baldo in-
tra-aortico, tempo de circulacio extracorporea (> 115 minutos),
creatinina pico-admissdo > 0,4 mg/dL, idade > 65 anos e tempo
entre admissiio hospitalar e procedimento cirirgico foram con-
siderados como fatores de risco para mortalidade em pacientes
submetidos a cirurgia de revasculariza¢do do miocardio com
circulacio extracorporea.

Descritores: Fatores de Risco. Revascularizacio Miocardica.
Mortalidade.

The CABG is the most practiced cardiac surgery in our
country, most of which performed by Unified Health Sys-
tem (SUS) both in public hospitals as in philanthropic or pri-
vate [10]. In the period 2005 to 2007 63,272 CABG were
performed in Brazil, with a mortality rate of 6.2%!'"% higher
than in countries like the United States (2.9%)!'] and Canada
(1.7%) 121 probably due to the high prevalence of cardiovas-
cular risk factors among Brazilian who underwent CABG!!3l.
Currently, there is a higher prevalence of poor cardiac condi-
tions and associated comorbidities*.

The CABG mortality rate may have variation depending
on several factors related to pre-, peri- and postoperative.
Postoperative variables as length of stay in intensive care
unit, atrial fibrillation, acute kidney injury, neurological dam-
age type I and dialysis are related to increased postoperative
mortality!!*!7.,

Considering the importance of CABG in the correction of
myocardial ischemia consequent to the obstruction of the cor-
onary arteries, seeking for the relief of symptoms, improved
quality of life, patient return to work, as well as increased life
expectancy, we can justify this research, because long-term
studies on preoperative, intraoperative and postoperative that
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can influence the mortality of patients undergoing CABG
with CPB are scarce. Furthermore, it is important to note that
all cardiac surgeries were performed by the same team and
in a university hospital, with medical residency program in
cardiovascular surgery.

The aim of this research was to study risk factors for
mortality in the postoperative period in patients undergo-
ing coronary artery bypass grafting with cardiopulmonary
bypass (CPB), considering preoperative, intraoperative and
postoperative variables and its influence on mortality.

METHODS

1,674 patients undergoing cardiac surgery for coronary
artery bypass grafting with cardiopulmonary bypass (CPB)
were retrospectively and consecutively studied, regardless of
gender and race at Hospital de Base (HB), Sao José do Rio
Preto, from December/1999 to February/2012. This study
was approved by the Research Ethics Committee under opin-
ion 454,518 of 11/12/2013.

Of these, 46 (2.7%) were excluded because of failure in
the information record in their forms. Patient data were re-
viewed prospectively by collecting in computerized system.

Were considered as exclusion criteria patients undergoing
OPCAB or associated with other cardiac surgery (valvular,
ventricular aneurysms, acquired ventricular septal defects,
congenital heart diseases) or vascular, in addition to CABG
and who died during the intraoperative period.

Data from each patient were obtained in perfusion records
of Cardiac Surgery Service of Hospital de Base, including de-
mographic or non-cardiac variables such as gender, age and
body mass index (BMI), whereas cardiac variables included
time between hospital admission and surgery, use of intra-
aortic balloon (IAB), cardiopulmonary bypass (CPB) time,
total number of grafts, acute atrial fibrillation, respiratory in-
fections, creatinine peak-admission (mg/dL), dialysis, deep
surgical site infection (mediastinitis), neurological damage
type I, length of stay in the coronary unit up to 30 days and
30-day mortality.

Were defined as postoperative variables:

Creatinine peak-admission (mg/dL): change in serum
creatinine defined as the difference between admission cre-
atinine in the Intensive Care Unit (ICU) and the highest value
obtained during the stay on this unit.

Cardiac arrhythmias: acute atrial fibrillation lasting long-
er than 1 hour.

Pulmonary complications: tracheal reintubation due to
respiratory failure due to mechanical changes of the ventila-
tion or respiratory infection.

Mediastinitis: mediastinal secretion associated with clini-
cal signs (fever, chest pain) and laboratory (leukocytosis) of
infection with or without sternal instability and with secre-
tions culture and positive blood culture. Type I neurological

Table 1. Descriptive statistics for pre-, intra- and postoperative
variables in patients undergoing CABG from December/1999 to
February/2012 (n=1.628).

Variable mean sd median min max
age (years) 60.7 94 61 25 91
BMI (Kg/m?) 27 42 26.6 153 493
time of surgery-admission 6.2 5.8 4 0 38
(d) 4.1 52 2 0 30
Ucor stay up to 30 days (d)

Creatinine peak - Intake 0.4 0.7 0.1 -02 75
(mg/dL)

Total of grafts 2.7 0.7 3 1 5
CPB time (min) 944 255 92 24 218

Table 2. Percentage distribution of pre- and postoperative variables in
patients undergoing CABG from December/1999 to February/2012
(n=1.628).

Variables N (%) N (%)
M F
Gender 1125 (69.1) 503 (30.9)
Presence Absence

IAB 114 (7) 1514 (93)
Acute FA 141 (8.7) 1487 (91.3)
PC 227 (14.4) 1351 (85.6)
Dialysis 40 (2.5) 1588 (97.5)
mediastinitis 25 (1.5) 1603 (98.5)
neurological lesions I 71 (4.4) 1557 (95.6)

N=number of subjects; M=male; F=female;, PC=pulmonary
complications; IAB=intra-aortic balloon; AF=atrial fibrillation

lesion: new and persistent deficit focal motor, coma, seizures
or brain damage.
Deaths: mortality from all causes within 30 days.

Statistical Analysis

The data were submitted to normality Kolmogorov-
Smirnov test and, subsequently, the parametric analysis by
the Student t test or unpaired nonparametric Mann-Whitney
test and Fisher’s exact test for categorical data. Numerical
variables were submitted to the ROC curve for definition
of the cutoff point of each in relation to death in the post-
operative period. Logistic regression, odds ratio (OR) and
95% CI were used to define risk factors for mortality in the
postoperative period. For other tests, P<0.05 was considered
significant. We used the program of statistical calculations
GraphPad InStat version 3.00 (GraphPad Software, San Die-
go, California, United States).
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RESULTS

The results for the preoperative, intraoperative and
postoperative variables found in patients undergoing on-
pump CABG (n=1,628) are in Tables 1 and 2. The most
common included males (69.1%), pulmonary complica-
tions (14.4%), acute atrial fibrillation (8.7%) and use of
intra-aortic balloon (7%).

Analytical Variables in Patients who died

Of the 1,628 patients undergoing CABG with CPB, 141
(8.7%) died. The results for the preoperative, intraoperative
and postoperative found in these patients are shown in Tables
3 and 4. The main were male (67%), pulmonary complica-
tions (40%), use of intra-aortic balloon (21%) and neurologi-
cal damage type I (19%).

Variables influencing the mortality

The results of the ROC curve for age, time between hos-
pital admission and surgery, creatinine peak-admission and
CPB time are shown in Figure 1.

Age (years) showed cutoff value of 65.128, sensitivity
54%, specificity 69%, and area under the curve of 0.670
(95% CI 0.620 to 0.721).

With respect to the time between hospital admission and
surgery (days) the cutoff value was 5.016, sensitivity 54%,
specificity of 59% and area under the curve of 0.558 (95%
CI 0.506 to 0.609).

The change in creatinine peak-admission (mg/dL) showed
cutoff of 0.400, sensitivity 57%, specificity 82%, and area
under the curve of 0.682 (95% CI 0.631 to 0.732).

The CPB time (min) showed cutoff value of 115.18, sen-
sitivity 38%, specificity of 84% and area under the curve of
0.640 (95% CI1 0.589 to 0.691).

Analyzing risk factors for mortality in patients undergo-
ing CABG with CPB (Table 5), it was observed that the rela-
tive risk of patients who used BIA go to death is 238% higher
than those who did not need that type of device for ventricu-
lar assistance (OR=3.38, 95% CI 1.98 to 5.79; P<0.0001).

Regarding the need for dialysis, the relative risk of death
in patients in need of such treatment in the postoperative
period is 661% higher than those not undergoing dialysis
(OR=7.61, 95% CI 3.58 to 16.20; P<0.0001).

In patients with neurological injury type I, the relative
possibility of death is 342% higher than those without such
lesions (OR=4.42, 95% CI 2.48 to 7.81; P<0.0001).

Considering the age of the patients, the relative chance
of subjects > 65 years to die is 131% higher than those <65
years (OR=2.31, 95% CI 1.55 to 3.44; P<0.0001).

The analysis of time between hospital admission and sur-
gery showed that the relative risk of death is 53% higher than
when this time was > 5 days (OR=1.53, 95% CI 1.03 to 2.27,
P=0.0352).

Table 3. Descriptive statistics for pre-, intra- and postoperative variables
in patients undergoing CABG who died from December/1999 to
February/2012 (n=141).

Variables Mean sd  Median Min Max
age (years) 65.89 8.96 66 35 91
BMI (Kg/m?) 2646 4.89 2622 15.27 40.35
time of surgery-admission (d) 7.28  6.59 6 0 38
Ucor stay up to 30 days (d) 6.09 7.15 2 0 29
Creatinine peak -Intake

(mg/dL) 1.07 1.28 0.6 0 63
Total of grafts 2.80 0.74 3 1 4
CPB time (min) 108.58 33.01 101 24 191

sd=standard deviation, min=minimum value;, max=maximum
value; BMI=body mass index; d=day; Ucor=coronary unit;
CPB=cardiopulmonary bypass

Table 4. Percentage distribution of pre- and postoperative variables
in patients undergoing CABG who died from December/1999 to
February/2012 (n=141).

Variables N (%) N (%)
M F
Gender 95 (67) 46 (33)
Presense Absence
IAB 30 (21) 111 (79)
Acute AF 23 (16) 118 (84)
PC 56 (40) 85 (60)
Dialysis 23 (16) 118 (84)
mediastinitis 6(4) 135 (96)
Neurological lesions I 27 (19) 114 (81)

N=number of individuals; M=male; F=female; IAB=intra-aortic
balloon; AF=atrial fibrillation, CP=pulmonary complications

Table 5. Results of the logistic regression risk factors for mortality in
patients undergoing CABG from December/1999 to February/2012
(n=1.628).

Risk factors OR CI195% P
IAB 3.38 1.98-5.79  <0.0001*
Dialysis 7.61 3.58-16.20  <0.0001*
Neurological lesions I 4.42 2.48-7.81 <0.0001*
Diabetes 1.38 0.92-2.08 0.1168
age > 65 years 2.31 1.55-3.44 <0.0001*
BMI > 23,4 Kg/m? 0.67 0.43-1.05 0.0807
time of surgery-admission 1.53 1.03-2.27 0.0352%
> 5 days

Creatinine peak - Intake > 2.67 1.79-4.00  <0.0001*
0.4 mg/dL

CPB time >115 min 3.09 2.04-4.68  <0.0001%*

OR=o0dds ratio; Cl=confidence interval;, N=number of individuals;
M=male; F=female; IAB=intra-aortic balloon; AF=atrial
fibrillation; BMI=body mass index; UCor=Coronary Unit; CPB =
cardiopulmonary bypass; *statistically significant
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Fig. 1 - ROC curves (receiver operating characteristics) of age, time between hospital admission and surgery,
cardiopulmonary bypass time and creatinine peak-admission for death up to 30 days.

Regarding change in serum creatinine (peak-admission),
the relative risk of death is 167% higher when this variation
is >0.4 mg/dL (OR=2.67, 95% CI 1.79 to 4.00; P<0.001).

As for the CPB time, the relative risk of death is 209%
higher when it is above 115 minutes (OR=3.09, 95% CI 2.04
to 4.68; P<0.001).

DISCUSSION

This study identified seven risk factors for mortality in
patients undergoing coronary artery bypass grafting with car-
diopulmonary bypass. In patients who died, the most com-
mon variables included male, pulmonary complications, use
of intra-aortic balloon and type I neurological lesion. After
logistic regression, risk factors for mortality were as follows:
dialysis (OR=7.61 ), neurological damage type I (OR=4.42),
use of intra-aortic balloon (OR=3.38), cardiopulmonary by-
pass time (OR=3.09), creatinine peak - Intake> 0.4 mg/dL

(OR=2.67), age> 65 years (OR=2.31) and time between hos-
pital admission and surgery (OR=1.53).

In this research, the mortality rate was 8.7%, close to that
recorded by DATASUS for CABG, or that is, 7%!"¥]. In the
period 2005-2007, Piegas et al.l'V analyzed 63,272 CABG
surgeries performed in 191 hospitals and found that the mor-
tality rate was 6.2%. Cadore et al.'Y, investigating 2,809
patients undergoing CABG alone or combined with valve
replacement reported that the mortality rate was 10%. It is
noteworthy that the performance of combined surgery in-
creases the risk of mortality.

These mortality rates are higher than in countries like the
United States (2.9%)!"" and Canada (1.7%)!"%, possibly due
to the high prevalence of cardiovascular risk factors among
Brazilian who underwent CABG!3. On the other hand, the
comparison of surgical results in national centers for Euro-
pean and North American centers is inadequate, because both
the registration of the Society of Thoracic Surgeons (STS)
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as the UK Cardiac Surgical Register are volunteers, while
DATASUS is administrative.

In this study, the peak-admission creatinine > 0.4 mg/
dL was considered a risk factor for death. This finding was
similar to that found by Machado et al.'* who studied 817
patients with acute kidney injury (AKI), and found that the
creatinine peak-admission >0.3 mg/dl was an independent
predictor of death in 30 days after on-pump CABG. How-
ever, these authors used the criterion proposed by Acute Kid-
ney Injury Network (AKIN) classification, or that is, percent-
age increase (> 50%) or absolute (> 0.3 mg/dL) of serum
creatinine characterizes AKI. In this research, the value of
creatinine peak-admission > 0.4 mg/dL was considered as the
cutoff point for death by the ROC curve.

The assessment of renal function by serum creatinine in
patients undergoing CABG with CPB is essential because
even a subclinical increase is considered independent predic-
tor of death within 30 days after CABG in patients with nor-
mal renal function or preoperative renal injury!®. In addition,
AKI after CABG is common complication that increases the
length of hospital stay and ICU and is associated with high
morbidity and mortality rates!'®?% with prognostic impor-
tance.

Of the 1,628 patients undergoing CABG with CPB, 40
(2.5%) required dialysis postoperatively. The need for dialy-
sis is observed in up to 30.6% of cases!!*21, Yehia et al.l?!,
assessing 104 patients undergoing CABG, found that 41.3%
of them developed AKI after surgery, requiring dialysis in
up to 9.6%, mainly in those with preoperative renal injury.
Santos et al.l' found that of 223 patients undergoing CABG
with CPB, dialysis was required in 4.9% of them.

In this series, of 40 patients requiring dialysis postopera-
tively, 23 (57.5%) died, close to the mortality rate recorded
by Santos et al.l'yand Chertow et al.?”! 63 6% (n=223) and
63.7% (n=460), respectively. Despite this proximity, the
comparison between the studies is complex because it is re-
lated to the number and characteristics of hospitals involved
in each study, patient profiles and sample size.

The relative risk of death in patients requiring dialysis
postoperatively was significantly higher (OR=7.61, 95% CI
3.58 to 16.20; P<0.0001). This finding is consistent with the
literature. According Chertow et al.?” the need for dialysis
increases by 7.9 times the odds ratio of death among these
patients. When there is severe renal injury enough to require
dialysis, a sharp increase in mortality occurs®”. Therefore,
the identification of preoperative risk factors for AKI may
contribute to the use of preventive strategies to minimize risk
and improve treatment of this injury.

In this series, age> 65 years was considered a risk factor
for mortality. This finding was similar to that found by Rocha
et al.??! in patients aged > 70 years. Naughton et al.?* studied
3,683 patients undergoing CABG and found that age > 75
years was an independent risk factor for mortality within 30

days. However, Aikawa et al.l¥! investigating the impact of
CABG on 253 elderly patients, found that age > 65 years was
not associated with death variable.

Considering the increased prevalence of CAD with age®¥,
it is possible that an increasing number of elderly patients
are candidates to CABG in the coming years. Therefore, a
careful assessment of cardiac and non-cardiac variables dur-
ing pre-, intra- and post-operative patients over 65 years is
necessary because age can be associated with other severe
comorbidities such as renal and neurological injuries in the
postoperative period.

In this study, the CPB time was identified as a risk fac-
tor for mortality. The average time in patients undergoing
CABG was 94.4 min. In the literature, this time varies from
65.8 to 120 min!'*!%24l In patients who died, the mean CPB
time was higher (118.58 min), confirming the findings of
Oliveira et al.l"*.

The relative risk of death is 209% higher when the CPB
time is higher than 115 minutes (OR=3.09, 95% CI 2.04 to
4.68; P <0.001). A major concern related to cardiopulmonary
bypass is systemic inflammatory response syndrome (SIRS),
characterized by clinical changes in ventricular function,
lung and kidney, coagulation disorders, susceptibility to in-
fections, abnormal vascular permeability and fluid accumu-
lation in the interstitium, leukocytosis, vasoconstriction and
hemolysis®. It is noteworthy that despite these changes, the
body’s ability to reverse this situation, and the use of corti-
costeroids, an effective alternative in reducing the systemic
effects caused by the release of cytokines during and after
CPBP¢, can reduce morbidity and mortality rate.

On the other hand, the CPB substitutes the cardiopul-
monary functions, seeks to maintain cell integrity, structure,
function and metabolism of organs and individual systems,
enabling more complex and longer surgeries?” such as coro-
nary artery bypass grafting.

In this study, the patients studied (n=1,628) 4.4% had
neurological damage type I. This finding was consistent with
the two largest series in the literature that assessed more than
16,000 patients undergoing CABG with incidences of 2 to
4.6%%1, In our country, Guaragna et al.l'’ assessing 1,760
patients undergoing CABG with CPB found this lesion in
3% of them.

Among the patients who died (n=141), 19% had neuro-
logical injury type 1. This result is consistent with previous
studies that showed high mortality (13-41%) in patients who
have had this injury after CABGE.,

The relative risk of death in patients with type I neu-
rological injury postoperatively was significantly higher
(OR=4.42,95% C12.48 to 7.81; P<0.0001). This finding was
similar to that observed by Guaragna et al.l'”), and the relative
risk of death was 4.6 times higher in patients with this injury.
Considering the severity of this type of injury in postopera-
tive patients undergoing CABG with CPB, some preventive
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measures can be adopted as an individualized management
strategy for patients with previous cerebrovascular disease,
including minimal manipulation of the aorta and mainte-
nance of the highest pressure gradient during CPB.

Among the 141 patients undergoing CABG with CPB who
died, 21% of them used intra-aortic balloon. This rate was con-
sistent with the literature. In a review of 27 years of [AB use by
the Massachusetts General Hospital, mortality among patients
who received IAB ranged from 13.6 to 35%/3".

According to Christenson et al.®?), the preoperative pro-
phylactic use of IAB has great value to prevent trans- and
postoperative complications. In this sample, the relative like-
lihood of patients who used this type of device for ventricular
assistance to die was significantly high. The use of IAB is
related to the existence of low left ventricular ejection frac-
tion and or severe coronary lesions, indicating poor heart
condition, which can increase morbidity and mortality rate in
patients undergoing CABG with CPB.

In patients who died, the median time between hospital
admission and surgery was 6 days. Oliveira et al.'*! found
that mortality was higher among patients with time of preop-
erative stay less than 3 days.

Importantly, the hospital stay before surgery may be re-
lated to the clinical severity, suggesting an advanced degree
of coronary involvement that may result in increased morbid-
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