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ABSTRACT

Introduction: Along with cardiopulmonary bypass time, aortic cross-clamping 
time is directly related to the risk of complications after heart surgery. The influence 
of the time difference between cardiopulmonary bypass and cross-clamping times 
(TDC-C) remains poorly understood.
Objective: To assess the impact of cardiopulmonary bypass time in relation to 
cross-clamping time on immediate results after coronary artery bypass grafting in 
the Registro Paulista de Cirurgia Cardiovascular (REPLICCAR) II.
Methods: Analysis of 3,090 patients included in REPLICCAR II database was 
performed. The Society of Thoracic Surgeons outcomes were evaluated (mortality, 
kidney failure, deep wound infection, reoperation, cerebrovascular accident, and 
prolonged ventilation time). A cutoff point was adopted, from which the increase of 
this difference would affect each outcome.
Results: After a cutoff point determination, all patients were divided into Group 1 

(cardiopulmonary bypass time < 140 min., TDC-C < 30 min.), Group 2 (cardiopulmonary 
bypass time < 140 min., TDC-C > 30 min.), Group 3 (cardiopulmonary bypass time > 
140 min., TDC-C < 30 min.), and Group 4 (cardiopulmonary bypass time > 140 min., 
TDC-C > 30 min.). After univariate logistic regression, Group 2 showed significant 
association with reoperation (odds ratio: 1.64, 95% confidence interval: 1.01-2.66), 
stroke (odds ratio: 3.85, 95% confidence interval: 1.99-7.63), kidney failure (odds 
ratio: 1.90, 95% confidence interval: 1.32-2.74), and in-hospital mortality (odds ratio: 
2.17, 95% confidence interval: 1.30-3.60).
Conclusion: TDC-C serves as a predictive factor for complications following coronary 
artery bypass grafting. We strongly recommend that future studies incorporate this 
metric to improve the prediction of complications.
Keywords: Coronary Artery Bypass. Cardiopulmonary Bypass, Reoperation. Risk 
Assessment, Severity of Illness Index. Treatment Outcome.

Abbreviations, Acronyms & Symbols

CABG  = Coronary artery bypass grafting

CCS = Canadian Cardiovascular Society

CI = Confidence interval

CPB = Cardiopulmonary bypass

CPBT = Cardiopulmonary bypass time

CVA = Cerebrovascular accident

IQR = Interquartile range

NYHA = New York Heart Association

OR = Odds ratio

REPLICCAR = Registro Paulista de Cirurgia Cardiovascular

STS = Society of Thoracic Surgeons

TDC-C = Time difference between cardiopulmonary bypass 
and aortic cross-clamping times

INTRODUCTION

Cardiopulmonary bypass time (CPBT), together with prolonged 
aortic cross-clamping time, is associated with increased intra 
and postoperative complications after cardiac surgery[1-4]. Those 
complications, caused by myocardial damage and the increased 
inflammatory response, can lead to low cardiac output syndrome, 
renal dysfunction, vasoplegia, neurological deficit, and increased 
ventilation time[5,6].
There is no consensus in the literature regarding the ideal time 
that leads to greater surgical safety. However, decreasing aortic 
cross-clamping time and CPBT is one of the most challenging 
issues in cardiac surgery[1,2]. Moreover, the patients’ clinical 
profile, often associated with prolonged surgery, make it difficult 
to understand what really affects the results of increasingly 
challenging procedures.
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A study conducted by Ruggieri et al.[1] showed that aortic cross-
clamping time was related to risk of mortality, atrial fibrillation, 
prolonged intensive care unit stay, and incidence of major adverse 
cardiac and cerebrovascular events. Nevertheless, the traditional 
risk scores used do not consider intraoperative variables, let alone 
the time difference between cardiopulmonary bypass (CPB) and 
aortic cross-clamping times (TDC-C).
In this regard, Al-Sarraf et al.[7] performed a study that analyzed 
low- and high-risk patients undergoing all types of cardiac surgery. 
The study concluded that both groups, low- and high-risk, had 
higher incidences of morbidity and mortality observed in patients 
with prolonged aortic cross-clamping time.
Special attention should be paid to TDC-C. The association of this 
parameter with post-surgical outcomes remains an area of interest 
that requires further research, prompting the authors to evaluate 
it in this study.
It is necessary to emphasize the current need for risk assessment 
of morbidity and mortality before and after cardiac surgery, since 
one third of the perioperative events that lead to patient’s death 
occur in the operating room[8,9]. Therefore, for better predictability 
regarding potential complications after surgery, the surgical risk 
stratification should always be updated according to the patient’s 
evolution.
CPBT reflects the complexity of the surgery itself along with 
technical difficulties in performing the planned surgery due to 
unfavorable anatomy or intraoperative complications, which can 
increase the planned time[10]. In turn, an increased TDC-C usually 
indicates intraoperative complications, that require longer CPB 
duration after removal of the aortic clamp. Therefore, it seems 
more logical to think that increased TDC-C would be more related 
to complications than increased CPBT.
Therefore, the aim of this study was to assess the association of 
CPBT and TDC-C with complications after coronary artery bypass 
grafting (CABG).

METHODS

This study is a subanalysis of the Registro Paulista de Cirurgia 
Cardiovascular (REPLICCAR) II database. REPLICCAR II was a 
prospective, observational, multicenter study that included five 
centers in the state of São Paulo, Brazil. Patients were operated on 
consecutively, from July 2017 to June 2019.
The REPLICCAR II database[11] has patients aged ≥ 18 years 
who underwent elective or urgent primary isolated CABG. The 
platform for data collection was created in REDCap (http://www.
project-redcap.org) especially for the project. Data collection was 
made online, and the database contains the same variables and 
definitions as the Society of Thoracic Surgeons (STS) collection 
system version 2.9.
Due to the type of study, the patients’ clinical profile, as well as 
surgery complexity, were not adjusted. Patients who underwent 
emergency surgery, off-pump surgery, or died in the operating 
room were not included in this analysis.
Through univariate logistic regression, cutoff point was determined 
as 30 minutes in TDC-C and 140 minutes in CPBT.
The primary outcome of this study is in-hospital mortality. 
Secondary outcomes were reoperation, cerebrovascular accident 
(CVA), acute kidney failure, prolonged ventilation time, and surgical 
wound infection.

Definition of Groups

For a better understanding, four groups were created based 
on the CPBT and TDC-C cohort levels related to the increase in 
complications after CABG.
The definition of the groups was carried out as follows:

 Group 1: CPBT < 140 minutes and TDC-C < 30 minutes.
 Group 2: CPBT < 140 minutes and TDC-C > 30 minutes.
 Group 3: CPBT > 140 minutes and TDC-C < 30 minutes.
 Group 4 CPBT > 140 minutes and TDC-C > 30 minutes.

Statistical Analysis

R software version 4.0.2 was used to perform statistical analysis.
In the descriptive analysis, continuous variables were expressed 
as mean and standard deviation, and asymmetric continuous 
variables were described through median and interquartile range 
(IQR), while categorical variables were expressed in terms of 
frequencies and percentages. Categorical independent variables 
and outcomes were analyzed by comparing proportions using 
chi-square or Fisher’s exact test, as appropriate. Continuous 
independent variables and outcomes were evaluated by 
comparing the means using Kruskal-Wallis test.
For the definition of the cutoff point, a univariate logistic regression 
of the outcomes (primary and secondary) was performed on the 
CPBT and TDC-C; it was defined when the time obtained a relative 
risk referring to most of the outcome variables.
All outcomes were analyzed using univariate logistic regression 
to evaluate the odds ratio (OR) and the performance of the 
four groups. The OR and the 95% confidence interval (CI) were 
expressed. P-values < 0.05 were considered significant.

Ethics and Informed Consent

The current study is a subanalysis of the REPLICCAR II project, 
approved by the Research Ethics Committee (CAPPesq) of 
the Hospital das Clínicas of the Universidade de São Paulo, 
opinion number 5,603,742, under CAAE registration number 
66919417.6.1001.0068 and SDC number 4506/17/006. Informed 
consent was waived due to the study design (the study used 
in-hospital information system).

RESULTS

The study evaluated 3,090 patients who underwent CABG. The 
median age was 63 (57-70) years, 25.79% were females, and 
19.16% of patients had an urgent admission status. The mean 
surgery time was 4.52±1.43 hours, and the mean CPBT and aortic 
cross-clamping time were 76.78±27.53 minutes and 58.22±23.36 
minutes, respectively. The TDC-C was 18.56 ±12.0 minutes.
Table 1 shows the characteristics of the four groups evaluated.
Group 3 had a higher prevalence of urgently admitted patients, 
representing 46.88% (Group 1: 18.53%; Group 2: 20.19%; Group 4: 
26.09%; P=0.001); Group 4 had a higher incidence of previous CVA, 
representing 13.04% of patients (Group 1: 8.71%; Group 2: 10.82%; 
Group 3: 9.38%; P<0.001). Patients in Groups 2 and 3 had similar 
incidences of previous kidney failure, with 15.63% and 15.22%, 
respectively (P<0.001). Group 4 patients had a higher incidence of 
Canadian Cardiovascular Society grade 4 angina compared to the 
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other groups, with 13.04% (Group 1: 9.71%; Group 2: 9.86%; Group 
3: 9.38%), but with no significant difference (P=0.83). Groups 2 and 
4 had similar incidences of New York Heart Association functional 
classes III and IV, with 15.38% and 15.22%, respectively (P=0.03). 
The STS mortality score had the highest median in Group 3 with 
0.78% (IQR 0.40-1.49) and Group 4 with 0.74% (IQR 0.54-1.33) 
(P=0.04).
Regarding intraoperative variables, the mean time of surgery was 
longer in Group 3 (6.64±1.00 hours), close to the time found in 
Group 4 (6.28±1.13 hours). Groups 1 and 2 had time of surgery 
similar to the total sample (4.43±1.43 and 4.85±1.26 hours, 
respectively; P<0.001). The mean CPBT was longer in Group 4 
(Group 1: 71.06±23.30 minutes; Group 2: 97.51±18.81 minutes; 
Group 3: 149.84±10.81 minutes; Group 4: 161.04±21.65 minutes; 
P<0.001). Mean aortic cross-clamping time was longer in Group 
3 (Group 1: 56.5±22.1 minutes; Group 2: 58.49±17.11 minutes; 
Group 3: 130.53±11.48 minutes; Group 4: 102.52±24.53 minutes; 
P<0.001). The mean TDC-C was longer in Groups 2 and 4 (39.02±9 
and 58.52±27.74 minutes, respectively; P<0.001).
As for the outcomes, reoperation was more prevalent in Groups 3 
and 4 (9.38% and 8.70%, respectively; P=0.01). Postoperative CVA 
was higher in Group 3, with 9.38% (Group 1: 0.89%; Group 2: 3.37%; 
Group 4: 2.17%; P<0.001). There was a high prevalence of kidney 
failure in Group 4, with 17.39% of cases (Group 1: 5.43%; Group 
2: 9.86%; Group 3: 9.38%; P<0.001). Prolonged ventilation (over 
24 hours) showed a higher incidence in Group 3, with 6.25% of 
patients (Group 1: 1.23%; Group 2: 0.72%; Group 4: 4.35%; P=0.02). 
Deaths were more representative in Group 4, occurring in 15.22% 
of patients (Group 1: 2.93%; Group 2: 5.05%; Group 3: 9.38%; 

P<0.001). There was no significant difference between the groups 
in terms of surgical wound infection.

Cutoff Point

The > 140 minutes on CPBT cutoff point showed risk in reoperation 
(OR: 2.67; 95% CI: 1.20-5.95; P=0.01), CVA (OR: 4.34; 95% CI: 1.51-
12.50; P=0.006), kidney failure (OR: 2.55; 95% CI: 1.32-4.91; P=0.005), 
prolonged ventilation (OR: 4.59; 95% CI: 1.59-13.26; P=0.004), and 
in-hospital mortality (OR: 5.18; 95% CI: 2.58-10.43; P<0.001) (Table 2).
The > 30 minutes on TDC-C cutoff point showed risk in reoperation 
(OR: 1.72; 95% CI: 1.09-2.69; P=0.02), CVA (OR: 3.35; 95% CI: 1.76-6.39; 
P<0.001), kidney failure (OR: 2.04; 95% CI: 1.45-2.87; P<0.001), and 
in-hospital mortality (OR: 2.54; 95% CI: 1.61-4.00; P<0.001) (Table 3).

Association of Outcomes with Groups

Group 1 was used as the reference group (Table 4).
Group 2 had a significant association with reoperation (OR: 1.64; 
95% CI: 1.01-2.66), CVA (OR: 3.85; 95% CI: 1.99-7.63), kidney failure 
(OR: 1.90; 95% CI: 1.32-2.74), and in-hospital mortality (OR: 2.17; 
95% CI: 1.30-3.60).
Group 3 was significantly associated with CVA (OR: 11.27; 95% CI: 
3.29-40.69), prolonged ventilation (OR: 5.34; 95% CI: 1.22-23.30), 
and in-hospital mortality (OR: 4.22; 95% CI: 1.25-14.25).
Group 4 was significantly associated with kidney failure (OR: 3.66; 
95% CI: 1.67-8.00) and in-hospital mortality (OR: 7.33; 95% CI: 3.15-
17.04).

Table 2. Cutoff point definition in CPBT (REPLICCAR II, São Paulo, Brazil, 2023).

Variable OR 95% CI P-value

Reoperation 2.67 1.20-5.95 0.01

CVA 4.34 1.51-12.50 0.006

Kidney failure 2.55 1.32-4.91 0.005

Prolonged ventilation 4.59 1.59-13.26 0.004

Surgical wound infection 1.19 0.29-4.96 0.80

In-hospital mortality 5.18 2.58-10.43 < 0.001

CI=confidence interval; CPBT=cardiopulmonary bypass time; CVA=cerebrovascular accident; OR=odds ratio; REPLICCAR=Registro 
Paulista de Cirurgia Cardiovascular

Table 3. Cutoff point definition in TDC-C (REPLICCAR II, São Paulo, Brazil, 2023).

Variable OR 95% CI P-value

Reoperation 1.72 1.09-2.69 0.02

CVA 3.35 1.76-6.39 < 0.001

Kidney failure 2.04 1.45-2.87 < 0.001

Prolonged ventilation 0.83 0.32-2.14 0.7

Surgical wound infection 1.38 0.74-2.54 0.30

In-hospital mortality 2.54 1.61-4.00 < 0.001

CI=confidence interval; CVA=cerebrovascular accident; OR=odds ratio; REPLICCAR=Registro Paulista de Cirurgia Cardiovascular; 
TDC-C=time difference between cardiopulmonary bypass and aortic cross-clamping times
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Table 4. Univariate logistic regression for each outcome and comparison between the groups.

Variable OR 95% CI P-value

Reoperation

   Group 2 1.64 1.01-2.66 0.02

   Group 3 3.05 0.91-10.22

   Group 4 2.81 0.98-8.02

CVA

   Group 2 3.85 1.99-7.63 < 0.001

   Group 3 11.27 3.29-40.69

   Group 4 2.48 0.32-18.80

Kidney failure

   Group 2 1.90 1.32-2.74 < 0.001

   Group 3 1.80 0.54-5.98

   Group 4 3.66 1.67-8.00

Prolonged ventilation

   Group 2 0.58 0.17-1.90 0.03

   Group 3 5.34 1.22-23.30

   Group 4 3.64 0.84-15.67

Surgical wound infection

   Group 2 1.42 0.75-2.69 0.07

   Group 3 1.54 0.21-11.54

   Group 4 1.07 0.14-7.87

In-hospital mortality

   Group 2 2.17 1.30-3.60 < 0.001

   Group 3 4.22 1.25-14.25

   Group 4 7.33 3.15-17.04

CI=confidence interval; CVA=cerebrovascular accident; OR=odds ratio

DISCUSSION

It is important to notice that the main interest for our study was 
Group 2, which had a short CPBT, but at the same time it had 
prolonged TDC-C. Despite this, we find it relevant to discuss all our 
findings.
Increased CPBT was associated with mortality within 90 days in 
the study by Jun Zheng et al.[12]. Thus, the decrease in CPBT and 
TDC-C proved to be beneficial for the patient, as well as in Group 1 
(Table 4), which was treated as a reference group for the regression 
analysis. This reinforces that the decrease in CPBT and TDC-C would 
be related to fewer complications and in-hospital mortality.
Bucerius et al.[13] identified that CPBT > 2 hours was an independent 
predictor of CVA, increasing the risk by 1.42 times. CPBT was also an 
independent predictor of early CVA in 2,972 patients undergoing 
CABG and/or valve surgery. Aortic cross-clamping time proved to be 
an independent predictor in the work by Svedjeholm et al.[14], with 
a significant association with post-surgical neurological events. 
In the present study, the groups showed significant differences 
in prediction of CVA. Group 3 with prolonged CBPT showed risk 

elevation of CVA (OR: 11.27; 95% CI: 3.29-40.69), but also Group 2 
with prolonged TDC-C and short CBPT showed elevated risk for 
stroke (OR: 3.85; 95% CI: 1.99-7.63). Group 4 in that case showed risk 
elevation as well, but at the same time the CI was too wide (OR: 2.81; 
95% CI: 0.32-18.80), which makes it non-significant.
Kidney dysfunction after cardiac surgery remains a common 
complication and an independent predictor of postoperative 
morbidity and mortality, which shows the significant association 
with CPBT[15]. In the current study, Groups 2 and 4 with increased 
TDC-C showed the significant association with postoperative 
kidney failure (OR: 1.90 and 3.66; 95% CI: 1.32-2.74 and 1.67-8.00, 
respectively) regardless of whether CPBT was greater or less than 
140 minutes.
Studies have shown that prolonged CPB use may increase the risk 
of prolonged ventilation after surgery[16]. In the present study, Group 
3 had a 5.34-fold risk of prolonged ventilation (95% CI: 1.22-23.30).
In case of surgical wound infection, none of the groups showed 
significant association with this postoperative complication.
A 2017 study showed that the increase in CPBT can have unfavorable 
consequences when > 180 minutes[17]. In another study by Salis et al.[3], an 
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