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Purpose: Central venous oxygen saturation (ScvO,) has been reported as a prognostic marker of in-hospital mortality when it is
below 60% in certain situations. Nevertheless, it has not been widely reported in patients undergoing coronary artery bypass graft
(CABG). The study determined the association between ScvO, and in-hospital mortality in patients undergoing CABG in a high-
complexity health institution in Santiago de Cali, Colombia.

Patients and Methods: A retrospective cohort study was conducted with patients undergoing isolated CABG. The subject sample
included 515 subjects aged 18 years or older. Exposure was defined as ScvO, <60% upon admission to the intensive care unit (ICU)
following surgery. The major outcome was mortality rates after 30 days. Furthermore, exposure variables were measured at
preoperative, intra-operative, and postoperative time points.

Results: A total of 103 exposed and 412 unexposed subjects were included. The final model revealed a higher mortality risk in
individuals with ScvO, <60% upon ICU admission compared with those with higher saturation levels (relative risk 4.2, 95%
confidence interval: 2.4-7.2; p = 0.001). Values were adjusted using variables such as age (>75 years), low socioeconomic stratum,
chronic kidney failure before surgery, unstable angina before surgery, ischemia time (>60 min), and intra-operative inotrope use. The
primary cause of death was cardiogenic shock (54.7%), followed by sepsis (25.0%) and postoperative bleeding (17.2%).
Conclusion: The study identified an association between ScvO, <60% and in-hospital mortality in patients undergoing CABG.
Keywords: coronary artery bypass, postoperative complications, mortality, critical care, risk factor

Introduction

Coronary artery bypass graft (CABG) is the most effective revascularization approach for stenotic coronary arteries.’
However, evidence has shown that in-hospital mortality after surgery between 2% and 3% is mainly due to shock.> * This
physiological condition is characterized by significant tissue hypoperfusion because of decreased oxygen supply (DO,),
which results in cell dysfunction and death by different mechanisms and biochemical processes.”

Similarly, scales have been designed to predict mortality in the short and long terms in patients with ST-segment
elevation myocardial infarction with cardiogenic shock undergoing percutaneous coronary intervention, such as the
SINTAX score II and the IMS score;’ lactate and central venous oxygen saturation (ScvO,) measurements could detect
patients at high risk of mortality and morbidity after CABG. Tissue hypoperfusion should be monitored in patients
undergoing cardiovascular surgery, where ScvO, is involved as a DO, indicator. ScvO, monitoring reflects the balance
between DO, and oxygen consumption. This is a systematic way of monitoring the perfusion and hemodynamics of

patients, which are associated with possible postoperative outcomes, for predicting morbidity and mortality.®’
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Ina 2011 cohort of 2755 patients undergoing coronary bypass grafting, Holm et al used ScvO, as a prognostic short- and
a long-term marker. They reported that patients with ScvO, <60% indicated higher mortality rates after 30 d and lower
survival rates 5 years after surgery.'® Following this, Svenmarker et al in 2018 characterized a cohort of 6945 patients
undergoing cardiovascular surgery. They monitored them for 10 years and revealed that ScvO, >75% decreases the risk of
acute kidney injury (AKI) after surgery and increases short-term survival rates.'' In contrast, Miranda et al in a prospective
observational study involving 273 patients undergoing cardiac surgery in 2019 discovered that patients with an intraopera-
tive ScvO2 of 70% had a greater mortality risk.'* Recently, a case—control study was conducted in the city of Cali,
Colombia, to identify factors associated with intrahospital mortality following CABG and revealed a significant association
between postoperative variables, such as cardiogenic shock, use of vasopressors, tracheal reintubation, surgical site
infection, mediastinitis and AKI with dialysis, and ScvO, <60% upon admission into the intensive care unit (ICU)."

These studies concur that a factor, such as ScvO2, is a good predictor of mortality in individuals undergoing coronary bypass
surgery. However, as we conducted in this study, only one of these investigations achieved ScvO2 <60% as a cut-off point.

There are insufficient studies assessing the relationship between ScvO, and mortality rates in patients undergoing
coronary bypass grafting, especially in Latin America, which is the hypothesis of this study. Considering that this surgery
is still a better option than percutaneous coronary intervention in patients with multivessel disease, our region should
examine this association. Additionally, ScvO, is a readily available marker, and it can be out quickly at the end of cardiac
surgery or upon patient admission to the ICU.

Thus, our study analyzed the in-hospital mortality associated with ScvO2 <60% in patients undergoing CABG to
describe the sociodemographic and clinical characteristics and establish a connection to postoperative complications.''

Materials and Methods

Study Design

This retrospective observational cohort study was conducted in a high-complexity health institution in Santiago de Cali,
Colombia. Subjects older than 18 who had undergone isolated CABG from January 1, 2006, to December 31, 2015, were
included. Subjects with missing medical records, those who were in a coma, and those with prior cardiac surgery were also
excluded.

Exposure consisted in subjects admitted to the ICU following coronary bypass grafting with ScvO, <60% based on
blood samples collected from their central venous catheter.

Sample size estimates yielded 103 exposed patients and 412 unexposed patients, with a 1:4 ratio, 95% confidence level (a =
0.05), and 80% statistical power (§ = 0.2). This estimation was based on a study by Holm et al,'® who indicated that patients with
ScvO, <60% have higher mortality rates after 30 d compared with those with values greater than 60% (5.4% vs 1.0%; p=0.0001).

Data were obtained from medical records, clinical laboratory results, diagnostic imaging reports, and perfusion
registries. Each individual was identified with an ID code to maintain confidentiality; data were consolidated in a master
database that included the variables of the data collection instrument. Concordance assessment and statistical validation
of the database were then performed, and data were entered twice, allowing the final data to be organized.

This study was conducted following international recommendations for clinical research included in the Declaration
of Helsinki.'* Additionally, resolution 8430 issued by Ministerio de Salud de Colombia (Ministry of Health of Colombia)
in 1993 classified this study as risk-free research'® since data were collected from secondary sources, such as medical
records. The Research and Ethics Committee approved this project of the study’s institutions.

Data Collection

Sociodemographic and clinical variables were measured at preoperative, intra-operative, and postoperative time points.
The primary outcome variable or event was in-hospital mortality <30 days after surgical intervention. Other outcome

variables included cardiorespiratory complications, such as pulmonary edema, acute myocardial infarction, acute

respiratory distress syndrome, hemothorax, pneumothorax, pleural effusion requiring drainage, tracheal reintubation,

tracheostomy, postoperative bleeding, ventilator-associated pneumonia, surgical reintervention, and atelectasis; neurolo-

gical complications, such as ischemic cerebrovascular accident and delirium; infectious complications such as sepsis,
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mediastinitis, and surgical site infection; kidney complications, such as kidney failure with or without dialysis; and
hematological complications, such as coagulopathy.

Data Analysis

A descriptive analysis of the variables of the general population and the exposed and unexposed subjects was followed.
First, this description was performed for categorical data by distributing relative and absolute frequency values. Next,
a numerical analysis of central tendency and dispersion measures was conducted for quantitative data, followed by the
corresponding categorization. Finally, statistical differences were determined using the chi-square test for proportions and
Student’s #-test for numerical data, with their respective 95% confidence intervals (95% CI).

General and group-based survival rates were determined; based on the data obtained, a Kaplan—-Meier curve was
created, and the Log rank test was estimated. Additionally, a prediction model was built based on Poisson’s multiple
regression analysis to determine the association between ScvO, and in-hospital mortality, adjusting for possible
confounding variables. Finally, the strength of association was measured based on the raw and adjusted relative risk
(RR), with a 0.05 significance level and 95% confidence level.

Confusion, effect modification, or interaction tests were conducted using the adjusted regression model variables. The
model was validated with Pearson’s chi-square goodness-of-fit test and the likelihood ratio test. STATA 16.0 statistical
software was used to analyze the data.

Results

The retrospective cohort included 515 patients, of which 103 had ScvO, <60%; the mean age was 68.3 (SD = 11), and
72.8% (n = 75) patients were male. The following were the main and statistically significant preoperative clinical
characteristics of exposed subjects: history of sepsis, chronic kidney failure (CKF), creatinine level <2.3 mg/dL,
peripheral vascular disease, prior use of intra-aortic balloon pump (IABP), angina, left coronary trunk injury, and
hemoglobin level <12 g/dL (Supplementary Table 1). Subsequently, it was discovered that some transurgical factors,

such as ischemic time over 60 min, cardiogenic shock occurrence, and need for vasopressor agents, were mainly
observed in exposed subjects (Supplementary Table 2).

It was noticed that exposed individuals required higher levels of red blood cell transfusion, hemodynamic support
with vasopressors, and inotrope and IABP use in the postoperative stage. Additionally, they were prone to present heart
arrhythmia such as atrial fibrillation (Supplementary Table 3). ScvO, <60% was associated with a higher risk of invasive

mechanical ventilation for more than 2 days, postoperative bleeding, surgical reintervention, sepsis, mediastinitis, AKI
with dialysis, and coagulopathy (Table 1).

In-hospital mortality was observed in 39.8% of exposed subjects as opposed to 5.72% of unexposed subjects. The average
number of days following surgery in which subjects with ScvO, <60% died was 6.8 d (SD + 9.5). The most common cause
was cardiogenic shock (54.7%), followed by sepsis (25.0%) and bleeding (17.2%) (Supplementary Table 4).

Several predictive models were created using Poisson multiple regression analysis and the theoretical framework, as

well as statistical criteria for identifying variables with statistical significance and theoretical importance that allowed the
most parsimonious model to be constructed. Ultimately, the final model indicated a higher mortality risk in subjects
undergoing CABG and reporting ScvO, <60% upon ICU admission, as opposed to those with higher saturation levels
(RR 4.2, 95% CI: 2.4-7.2; p = 0.001), adjusted by variables, such as age >75, low socioeconomic stratum (SES), CKF
before surgery, angina before surgery, ischemia time more than 60 min, and intra-operative inotrope use.

As a result, six variables were obtained from the final regression model: age >75, low SES, CKF before surgery,
angina before surgery, ischemia time more than 60 min, and intra-operative inotrope use. Based on this analysis, it is
possible to conclude that these variables are responsible for 26% of the event onset (Table 2). The estimated survival
function and its corresponding Kaplan—Meier curve revealed a significant difference between the survival rates of the
higher mortality groups, consisting of subjects with ScvO, <60% (log rank test, chi-square test = 4.26; p = 0.0390).
Moreover, 48 hr after ICU admission, the number of deaths in the exposed group was three-fold higher than that in the
unexposed group (30 vs 9), with 26.8% and 60.9% survival rates, respectively (Figure 1). The goodness-of-fit test for
model validation showed that the observed data have a Poisson distribution (Pearson’s chi-square: 366.15, p > 0.05).
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Table | Postsurgical Complications and In-Hospital Mortality in Patients with Central Venous Oxygen Saturation (ScvO,) <60%

Variable Exposed Unexposed Total p value RR 95% CI p value
SvO, < 60% SvO, > 60% n=5I5
n=103 n =412
n (%) n (%) n (%)

Cardiorespiratory complications:
Duration of invasive mechanical ventilation:

<2 days 69 67.0% 348 84.5% | 417 | 81.0% | <0.001 2.12 1.47-2.93 <0.001
>2 days 34 33.0% 64 15.5% 98 | 19.0%

Pulmonary edema 24 23.3% 10 2.4% 34 | 6.6% 0.181 9.60 | 474-19.43 | <0.001
AMI | 1.0% 4 1.0% 5 1.0% 0.999 1.00 0.11-8.85 0.673

ARDS | 1.0% 3 0.7% 4 0.8% 0.999 1.25 0.22-3.60 0.591

Hemothorax 4 3.9% 5 1.2% 9 1.7% 0.064 227 0.95-3.92 0.083

Pneumothorax | 1.0% 4 1.0% 5 1.0% 0.999 1.00 0.11-8.85 0.673

Pleural effusion requiring drainage 16 15.5% 50 12.1% 66 | 12.8% 0.409 1.28 0.77-1.93 0.221

Tracheal reintubation 9 8.7% 19 4.6% 28 | 54% 0.140 1.66 0.90-2.73 0.084
Tracheostomy | 1.0% 6 1.5% 7 1.4% 0.999 0.71 0.12-2.60 0.576
Postsurgical bleeding 25 24.3% 27 6.6% 52 | 10.1% | 0.494 2.85 1.97-3.95 | <0.001
VAP | 1.0% 9 2.2% 10 1.9% 0.695 0.49 0.08-2.03 0.373

Surgical reintervention 27 26.2% 44 10.7% 71 | 13.8% | 0.002 222 1.52-3.13 <0.001
Atelectasis 14 13.6% 40 9.7% 54 | 105% | 0279 1.34 0.80-2.11 0.165
Neurological complications:

Ischemic CVA | 1.0% 5 1.2% 6 1.2% 0.999 | 0.8317 | 0.14-2.87 0.739
Delirium 13 12.6% 44 10.7% 57 | I1.1% | 0.598 I.161 0.68-1.86 0.341

Gastrointestinal complications:

Intestinal bleeding 4 3.9% 10 9.7% 14 | 2.7% 0.494 1.446 | 0.58-2.85 0.300
Infectious complications:

Sepsis 8 7.8% 8 2.0% 16 | 3.1% 0.006 2.626 1.43-4.00 0.006
Mediastinitis I 10.7% 13 3.2% 24 | 47% 0.003 2.446 1.44-3.66 0.003
Surgical site infection 8 7.8% 39 9.7% 47 | 9.1% 0.704 | 0.8385 | 0.42-1.53 0.376
Kidney complications:

Kidney failure without dialysis 9 8.7% 22 5.5% 31 6.0% 0.243 1.495 | 0.80-2.49 0.143
Kidney failure with dialysis 8 7.8% I 2.7% 19 | 3.7% 0.005 2.198 1.18-3.49 0.021

Hematologic complications:

Coagulopathy 9 8.7% 16 4.0% 25 | 4.9% 0.067 1.877 1.02-3.02 0.042
Mortality after 30 days 41 39.8% 23 5.7% 64 | 12.4% | <0.001 4.66 3.43-6.21 <0.001

Abbreviations: AMI, acute myocardial infarction; ARDS, acute respiratory distress syndrome; CVA, cerebrovascular accident; VAP, ventilator-associated pneumonia; Cl,
confidence interval; RR, Relative Risk.

Table 2 Relative Mortality Risk in Subjects with ScvO, <60%, 95% Cl, Based on Poisson

Regression

Variable RR p value 95% CI

ScvO, <60% 4.18 <0.001 2.44 -7.17
Age >75 years 1.93 0.012 1.15 -3.23
Low socioeconomic stratum 1.72 0.021 1.08 -2.74
Chronic kidney failure before surgery 1.78 0.040 1.02 -3.12
Angina before surgery 2.29 0.004 1.30 —4.03
Ischemia time >60 min 1.90 0.032 1.05 -3.44
Transurgical inotrope use 2.77 0.002 1.45 -5.26

R? = 0.265, Chi* = 104.87

Abbreviations: RR, Relative risk; Cl, confidence interval.
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Figure | Kaplan—Meier’s survival function according to ScvO,.

Discussion

Once the final model was built, the results show a positive association between ScvO, and mortality, as well as with the
preoperative variables age >75, low SES, CKF, and angina; and intra-operative variables ischemia time more than 60 min
and inotrope use. In this context, it is worth noting that research on mortality associated with ScvO, mostly focused on
septic shock and was precariously conducted for patients undergoing cardiovascular surgery and isolated CABG.
Although the IABP did not remain in the final model, it has been determined that in individuals managed in the ICU
with acute coronary syndrome who require support with IABP, factors such as chronic renal failure and elevated lactate
and glycemia levels can predict higher mortality.'®

ScvO, and Mortality

In 2010, Pope et al conducted a case—control study. They measured ScvO, in 619 patients with sepsis and found a mean
baseline ScvO, of 73% and a baseline mortality rate due to hypoxia of 25% of the sample. Subjects who still presented
with this condition after 6 hr indicated a 40% mortality rate.'” Similar findings were observed in this study, where 39.8%
mortality was reported for exposed subjects. Nevertheless, our population consisted of patients undergoing isolated
CABG.

Miranda et al reported a prospective observational study in 2020 that evaluated intra-operative ScvO2 values in 273
patients undergoing heart surgery, finding that ScvO2 70% is an independent risk factor for in-hospital mortality (OR =
2.94, 95% CI: 1.10-7.89, p = 0.032).'* Alternatively, a retrospective cohort study with subjects undergoing isolated
CABG reported a higher number of patients with ScvO, <60% dying during the next 30 days, with a statistically
significant association (RR 6.8, 95% CI: 3.0-15.6, p = 0.0001)."" Likewise, Lozada et al recently conducted a case—
control study and showed the factors associated with intrahospital mortality following CABG; among other variables,
a significant connection to SvO, <60% upon ICU admission was reported.'® In this sense, it is important to understand
that ScvO2 is determined by changes in oxygen supply and consumption, which is associated with the physiopathological
features of shock states. As a result, its levels should be monitored in high-risk patients following surgery to reverse the

triggering causes of tissue hypoxia and prevent morbimortality.'®
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Other Related Risk Factors

Age

This is certainly a factor with the closest association with mortality in CABG patients, also showing the closest
connection to coronary disease onset and mortality.'” Gabe et al conducted a prospective study on senile patients
undergoing coronary surgery (>80 years), who indicated a higher risk of hospital mortality (OR 1.26, 95% CI: 1.06—1.49;
p = 0.009).%°

SES

Some results of this study include an association between low SES and mortality in subjects with ScvO, <60%, which
corroborated with what was reported by Hanna et al, who evidenced a negative impact of SES as measured by the area
deprivation index in short-term mortality in patients undergoing CABG.?' Moreover, Nielsen et al studied the relation-
ship between social factors and mortality risk after CABG and described a strong connection with the low-income
population.?? Alternatively, a recent study evaluated the family income and educational level of 5243 subjects undergoing
isolated CABG. No significant differences in mortality after 30 days were observed for those who reported lower income
levels; however, a connection to mortality after 5 years and postoperative complications, such as mediastinitis and
bleeding, was found.>® These results indicate the influence of social determinants of health on the clinical outcomes of

patients undergoing coronary bypass grafting.

CKG
This has been linked to short- and long-term mortality, considering its direct association with cardiovascular diseases. In
their study, Alramadan et al found that the adjusted mortality risk after 30 days in CABG patients increased as their mild
kidney disease worsened (OR 1.6; 95% CI: 1.4-1.8, p = 0.001).>* These findings are consistent with what was published
by Giinday et al, who described how subjects with mild CKF before surgery have a significantly lower mean coronary
flow reserve after CABG surgery as opposed to normal kidney function before surgery (2.09 + 0.08 vs 2.37 + 0.06, p <
0.05), which may be explained by the microvascular bed deterioration observed in this population.”> However, Wang
et al concluded that mild CKF before surgery resulted in a long-term decrease in survival in CABG patients with no
extracorporeal circulation and did not show strong evidence of fatal hospital outcomes.?

In this study, angina before surgery was a 2-fold risk factor for in-hospital mortality, which conformed to the cohort
study by STS, whose results included a similar relationship between both variables (RR 1.12, 95% CI: 1.07-1.17, p < 0.05)

adjusted for age.”’

Ischemia Time (Aortic Cross-Clamp Time)

Our study revealed a two-fold greater mortality risk in subjects with ischemia time more than 60 min as opposed to those
with lower ischemia time (RR 1.9, 95% CI: 1.04-3.44, p = 0.032), similar to that described by Ruggieri et al in their
multicenter prospective study conducted with patients undergoing CABG." In this research, the graft or ischemia time
was more than 60 min in 38.3% and more than 75 min in 20.9%, showing that the adjusted mortality risk after 30 days
was higher for PC >75 min (p = 0.002, OR 3.479; 95% CI: 1.609-7.520); likewise, a higher connection to early mortality
was observed. Similarly, patients with left ventricular ejection fraction (LVEF) <40% showed a higher correlation with

mortality,*®

as reported by Doenst et al, who reported that patients with low LVEF had higher mortality rates than
patients with standard values.?

Perioperative myocardial damage is considered a fundamental determinant in individuals undergoing cardiac surgery.
Prolonged aortic cross-clamp time (XCT) is associated with myocardial enzyme release in response to ischemia, leading
to several adverse events. This prolonged XCT is usually associated with prolonged cardiopulmonary bypass (CPB),
which worsens the prognosis. Additionally, a prolonged XCT could lead to the need to use inotropes longer, increased in-
hospital/30 days mortality, need for IABP support, prolonged stay in intensive care, presence of arrhythmias such as atrial

fibrillation, and use of extracorporeal membrane oxygenation.”®
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Inotrope Use
The study’s final model showed that intra-operative inotrope use is linked to in-hospital mortality in CABG patients,
which is congruent with the findings of Yamazki et al, who looked at vasoactive-inotropic scores (VIS), which define
how much circulatory support is needed. They developed a multivariate logistic regression analysis to determine the
association between VIS and unfavorable clinical outcomes, evidencing a correlation between high VIS at the end of
surgery and higher morbidity and mortality rates (adjusted odds ratio [OR] 4.87, 95% CI: 1.51-4.07, p = 0.007).°
Several studies suggest that inotropic drugs worsen ischemia, which is why they should be used cautiously.
Finally, we can state that the ScvO2 is a simple and easy-to-use instrument assessed upon ICU admission and allows
us to detect the mortality risk of persons undergoing CABG and associated complications, making it a useful prognostic
factor in predicting survival in this group of patients. Subsequently, early therapeutic actions could be carried out to
impact the outcomes favorably.

Study Limitations and Strengths

A strength of this study is that the researchers collected and processed the database, reducing the likelihood of
information bias, and the current international classifications were followed, as well as those suggested by other
publications on CABG patients. Finally, this study is one of the few to evaluate the association between ScvO, and
mortality in subjects undergoing isolated CABG. One of this study’s limitations is the measurement of the lactate
variable, which is useful as well as venous oxygen saturation for the detection of patients with a high risk of mortality,
which was not used in this study. Based on the results derived in this study, further multicenter research should be
conducted in Colombia and Latin America to boost the study goals with a sample size big enough to involve more
variables and further evaluate ScvO, as a predictor of clinical outcomes in subjects undergoing CABG.

Conclusion

Summarily, it could be said that patients undergoing CABG indicate a positive correlation between ScvO, <60% and in-
hospital mortality, which was adjusted for age <75, SES, KCF, and angina as preoperative variables; and ischemia time
<60 min, and inotrope use as intra-operative variables. The primary mortality causes are cardiogenic shock, sepsis, and
postsurgical bleeding.
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