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Lactate and CO2-derived parameters are not predictive factors of major postoperative complications after cardiac surgery with cardiopulmonary bypass: a diagnostic accuracy study
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Purpose: This study aimed to compare the performance of lactate and CO2-derived parameters in predicting major postoperative complications (MPC) after cardiac surgery with cardiopulmonary bypass.



Methods: Lactate and CO2-derived parameters, including the venous-arterial difference in CO2 partial pressure (Pv-aCO2), the venous-arterial difference in CO2 partial pressure to arterial-venous O2 content ratio (Pv-aCO2/Ca-vO2), and the venous-arterial difference in CO2 content to arterial-venous O2 content ratio (Cv-aCO2/Ca-vO2) at ICU admission, 3 h, 6 h, and 12 h later were collected. Receiver-operating characteristics (ROC) curve analysis was carried out to assess the predictive performance. Univariate and multivariate logistic regression analyses were performed to identify independent predictors of MPC.



Results: MPC occurred in 77 (54.2%) of 142 patients. No significant difference was observed between the MPC and no-MPC groups regarding lactate and CO2-derived parameters. The area under the curves (AUCs) were 0.532 (0.446–0.616) for lactate, 0.559 (0.473–0.642) for Pv-aCO2, 0.617 (0.532–0.697) for Pv-aCO2/Ca-vO2, and 0.625 (0.540–0.705) for Cv-aCO2/Ca-vO2, respectively, and there was no significant difference between the parameters. In the post-hoc analysis, all parameters' AUCs were lower than 0.75 in predicting acute renal failure, and there was no significant difference between these parameters. Cv-aCO2/Ca-vO2 at 12 h yielded the highest AUC of 0.853 (0.784–0.907) in predicting mortality and the highest AUC of 0.808 (0.733–0.869) in predicting delirium. In multivariate analysis, hypertension, surgery duration, and PaO2/FiO2 were identified as independent predictors of MPC, while lactate and CO2-derived parameters lost statistical significance after adjustment for covariates.



Conclusions: Lactate and CO2-derived parameters cannot be used as reliable indicators to predict the occurrence of MPC after cardiopulmonary bypass. Instead, traditional clinical factors such as hypertension, extended surgical duration, and impaired oxygenation emerged as the most reliable risk indicators.
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Study registration

The study was registered on January 26th, 2020, at the Chinese Clinical Trial Registry (ChiCTR2000029365). URL of trial registry record: https://www.chictr.org.cn/bin/project/edit?pid=48744.



Introduction

The prompt response to tissue hypoxia following surgery is essential in preventing organ dysfunction and related complications. Biomarkers such as lactate have been proposed for the detection of tissue hypoxia (1–3). However, the presence of cardiopulmonary bypass (CPB) during cardiac surgery can complicate the interpretation of tissue hypoxia. Postoperative hyperlactatemia occurs in approximately 10%–20% of cardiac surgery patients, which may reflect either transient tissue hypoxia due to CPB (which is usually a benign phenomenon) or sustained tissue hypoxia resulting from postoperative circulatory failure (4). While numerous studies have established a link between elevated lactate levels and adverse outcomes post-cardiac surgery, the association is not definitive as elevated lactate levels are not always indicative of sustained tissue hypoxia and anaerobic metabolism (4, 5).

A series of parameters derived from CO₂ have emerged as alternative biomarkers for detecting tissue hypoxia and anaerobic metabolism. These include the venous-arterial difference in CO₂ partial pressure (Pv-aCO₂ or PCO₂ gap), the venous-arterial difference in CO₂ partial pressure to arterial-venous O₂ content ratio (Pv-aCO₂/Ca-vO₂), and the venous-arterial difference in CO₂ content to arterial-venous O₂ content ratio (Cv-aCO₂/Ca-vO₂) (6–9). Pv-aCO₂ primarily reflects the adequacy of cardiac output, as CO₂ accumulates in tissues when perfusion is inadequate, resulting in elevated venous CO₂. However, Pv-aCO₂ alone lacks specificity as a marker of tissue hypoxia and anaerobic metabolism (10). In contrast, both Pv-aCO₂/Ca-vO₂ and Cv-aCO₂/Ca-vO₂ ratios serve as surrogates for the respiratory quotient (RQ)—the ratio of CO₂ production to O₂ consumption—which increases above 1.0 during anaerobic metabolism (11). While the relationship between CO₂ content and CO₂ partial pressure follows a nearly linear relationship under physiological conditions (Pv-aCO₂ = κ × Cv-aCO₂, where κ represents the relationship factor), this linearity can be disrupted during metabolic acidosis, which is common after cardiac surgery (12–15). This potential Pv-aCO₂-Cv-aCO₂ decoupling has led to questions about whether Pv-aCO₂/Ca-vO₂ and Cv-aCO₂/Ca-vO₂ are truly interchangeable in clinical settings, particularly in cardiac surgery patients where acid-base disturbances are frequent. While these CO₂-derived parameters have been increasingly employed to identify low-flow states and guide resuscitation in septic shock, their clinical utility in cardiac surgery patients remains inadequately explored.

The CO2-derived parameters mentioned above, such as Pv-aCO2, Cv-aCO2/Ca-vO2, and Pv-aCO2/Ca-vO2, are increasingly employed to identify the low-flow status or anaerobic metabolism in septic shock for guiding fluid resuscitation (16, 17). However, limited investigation has been conducted on their application in patients undergoing cardiac surgery. This study aims to assess the efficacy of lactate and CO2-derived parameters in predicting major postoperative complications (MPC) following cardiac surgery with CPB.



Methods


Study design and population

The present study is a prospective, single-center diagnostic accuracy study involving patients undergoing elective cardiac surgery. The study protocol and consent forms were approved by the Ethics Committee of Fujian Provincial Hospital (Approval # K2020-01-022). The study was registered on January 26th, 2020, at the Chinese Clinical Trial Registry (ChiCTR2000029365). Informed consent was obtained from all subjects and/or their legal guardians. The study protocol was published on October 1st, 2021 (18). The major change in the protocol was that we also compared the performance of lactate and CO2-derived parameters in predicting mortality, acute kidney injury (AKI), and delirium, respectively, which are the potential consequences of tissue hypoxia.

Patients who received cardiac surgery with CPB were screened. The inclusion criteria were (1) Age ≥ 18; (2) Elective cardiac surgery with CPB; (3) Admitted into the cardiosurgical intensive care unit (ICU) after the operation; (4) With an arterial and a central venous catheter in place. Exclusion criteria were: (1) Known acute or chronic kidney disease according to international diagnostic standards (19–21); (2) Known hepatic insufficiency prior to surgery; (3) Malpositioning of the central venous catheter confirmed by chest x-ray; (4) History of alcohol abuse; (5) Pregnant; (6) Unwilling to provide consent.



Data collection and follow-up

Baseline characteristics were collected, including demographic data, medical history, preoperative ejection fraction, and the New York Heart Association (NYHA) functional classification. Intraoperative data were also recorded, including the type of surgery, duration of operation, CPB and aortic clamping, transfusion, fluid balance, and the doses of vasopressors and inotropic agents. The sequential organ failure assessment score (SOFA) and Acute Physiology and Chronic Health Evaluation (APACHE) II score at enrollment and the daily highest score during the follow-up period were recorded. Arterial and venous blood samples were collected at ICU admission (T0), and 3 h (T3), 6 h (T6), and 12 h (T12) after admission for the measurement of lactate and the calculation of CO2-derived parameters, by using the bedside blood gas analyzer (GEM 3500, Instrumentation Laboratory Co., MA, USA). CO2 content was calculated according to the Douglas formula (22), formulas were also provided in our published protocol (18) and the Supplementary File.

Patients were followed-up for seven days starting from the time of ICU admission. MPC was recorded, as previously defined in the protocol (18). Briefly, we defined the MPC as any of the following conditions: (1) AKI; (2) acute respiratory distress syndrome (ARDS) or respiratory failure; (3) cardiac arrest; (4) neurological dysfunction (including delirium); (5) myocardial infarction; (6) circulatory failure; (7) abdominal compartment syndrome; (8) reoperation; (9) death from any cause. Delirium was assessed daily during the 7-day follow-up period using the Confusion Assessment Method for the Intensive Care Unit (CAM-ICU), a validated tool for detecting delirium in critically ill patients. Assessments were performed by trained ICU nurses or physicians (23). The following postoperative data were also collected: the duration of mechanical ventilation and length of ICU stay; results of C-reactive protein, N-terminal pro-B type natriuretic peptide and procalcitonin; and the daily highest vasoactive-inotropic score (VIS) (24).



Statistical analysis

Perioperative characteristics were compared according to the occurrence or not of MPC. Continuous variables were presented as means and standard deviations (for normal distribution) or medians and interquartile ranges (for non-normal distribution). Student's t-test was used for normally distributed variables, and the Mann–Whitney U-test was used for non-normally distributed variables. Categorical variables were presented as numbers and percentages and analyzed using the χ2-test or Fisher's exact tests as appropriate. Changes over time were examined using Friedman RM-ANOVA on ranks where group distribution was not normal or the two-way ANOVA where distribution was normal and variance equal.

Receiver-operating characteristics (ROC) curve analyses were used to assess the predictive performance of lactate and CO2-derived parameters. The optimal thresholds for predicting the outcomes were determined by maximizing the Youden index. Sensitivity, specificity, predictive values, and likelihood ratios were calculated. The performance of the ROC curves was compared using DeLong's method (25).

Model 1 employed univariate Cox proportional hazards regression to assess the independent association of each variable with the outcome without covariate adjustment. Model 2 used a forced entry Cox proportional hazards model, retaining key variables and adjusting for additional covariates via forward selection. Model 3 applied forward stepwise multivariate logistic regression, incrementally including variables meeting significance thresholds (p < 0.05 for entry, p > 0.10 for removal), adjusted for the same covariates as Model 2. A p-value < 0.05 (two-tailed) was considered significant. Analyses were performed using SPSS Statistical Software (Ver. 23.0, IBM Co., NY, USA) and MedCalc Statistical Software (to compare ROC curves).




Results

A total of 142 patients were included between October 1st, 2021 and January 1st, 2024 (Figure 1). MPC occurred in 77 (54.2%) patients. The three leading MPC components were respiratory failure or ARDS, AKI, and shock (n = 54, 20, and 16, respectively, Figure 2). The baseline pre- and perioperative patient characteristics are summarized in Table 1. In brief, patients with MPC had greater body mass index, more hypertension, and worse NYHA cardiac functional classification at baseline. Preoperative blood gas analysis showed no significant difference between the MPC and no-MPC groups, except for a slightly but significantly lower PaO2 and PaO2/FiO2 ratio in patients with MPC (although both were within the normal range in both groups). Patients with MPC had longer surgery duration [310 (270, 405) vs. 290 (242.5, 338.8) min, p = 0.006], but there was no difference in the CBP duration and aortic clamping duration. Patients with MPC had higher SOFA scores at ICU admission [12 (11, 13) vs. 11 (10, 12.8), p = 0.022]. The median (QL, QU) mechanical ventilation duration was 16 (10, 21) hours, with a longer duration in the MPC group [19 (15, 48) h] compared to the no-MPC group [10 (7, 16) h, p < 0.001]. The length of ICU stay was 2 (1, 3) days, with a longer stay in the MPC group [3 (2, 4) days] compared to the no-MPC group [1 (1, 2) day, p < 0.001]. All deaths occurred in the ICU, and the mortality rate was 4.9% (n = 7).


[image: Figure 1]
FIGURE 1
Flowchart showing a step-by-step selection of patients included in the study.
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FIGURE 2
Incidence of major postoperative complications components. Showing the number and percentage of patients. ARDS, acute respiratory distress syndrome.



TABLE 1 Preoperative and intraoperative patient characteristics.
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No statistically significant difference was observed between the MPC and no-MPC groups in terms of lactate and CO2-derived parameters. However, a significant difference was observed between the time points, except for Cv-aCO2/Ca-vO2 (Table 2 and Figure 3). Similar time effects were observed in arterial pH, PaCO2, PvCO2, arterial and venous blood CO2 content, Cv-aCO2, and hemoglobin, and no group effect was observed except hemoglobin. On the other hand, O2-derived parameters (i.e., PaO2, PvO2, and PaO2/FiO2) showed a significant difference between the MPC and no-MPC groups, but there was no intra-group difference in Ca-vO2 (Table 2).


TABLE 2 Results of postoperative blood gas analysis.
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FIGURE 3
Lactate and CO₂-derived parameters in the first 12 postoperative hours according to major postoperative complications groups. (A) Lactate levels over time. (B) Venous-arterial difference in CO₂ partial pressure (Pv-aCO₂) over time. (C) Venous-arterial difference in CO₂ partial pressure to arterial-venous O₂ content ratio (Pv-aCO₂/Ca-vO₂) over time. (D) Venous-arterial difference in CO₂ content to arterial-venous O₂ content ratio (Cv-aCO₂/Ca-vO₂) over time. All parameters were assessed in patients with and without major postoperative complications (MPC).


For the ROC analysis, we only considered the time points with the highest AUCs for comparing different parameters. AUCs of all the time points are presented in the Supplementary File (S1, Table S1). Lactate and CO2-derived parameters had the greatest AUCs at 0 h in predicting MPC, and there was no significant difference between these four parameters. Generally, lactate and CO2-derived parameters had poor performance in predicting MPC, with AUCs of 0.532 (95% CI: 0.446–0.616) for lactate, 0.559 (0.473–0.642) for Pv-aCO2, 0.617 (0.532–0.697) for Pv-aCO2/Ca-vO2, and 0.625 (0.540–0.705) for Cv-aCO2/Ca-vO2, respectively (Figure 4A and Table 3).
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FIGURE 4
Comparisons of the receiver-operating characteristics curves. For each parameter, only the curve with the highest AUC among different time points is presented. Panel (A) Major postoperative complications (MPC) as the outcome; Panel (B) Acute renal failure (AKI) as the outcome; Panel (C) Death as the outcome; Panel (D) Delirium as the outcome.



TABLE 3 Comparisons of receiver-operating characteristics curves of postoperative lactate and CO2-derived parameters.
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In addition, we conducted a post-hoc analysis to examine how well lactate and CO2-derived parameters can predict MPC components that are more likely related to tissue hypoxia, including AKI, delirium, and death. Lactate levels in patients with AKI significantly differed over time and between groups. Pv-aCO2 levels only had a significant difference over time, while no significant differences were observed in Pv-aCO2/Ca-vO2 and Cv-aCO2/Ca-vO2 between groups or over time (Supplementary File S1, Figure S1). In the ROC analysis, all parameters had the greatest AUCs at 0 h in predicting AKI. However, all AUCs were lower than 0.75, and these parameters had no significant difference (Table 3 and Figure 4B).

With death as the grouping factor, lactate significantly changed over time (time effect), while no group effect or time×group interaction was observed. No significant time or group effect was observed in Pv-aCO2, Pv-aCO2/Ca-vO2, or Cv-aCO2/Ca-vO2 (Supplementary File S1, Figure S2). In the ROC analysis, Pv-aCO2/Ca-vO2 and Cv-aCO2/Ca-vO2 at 3 h, and lactate and Pv-aCO2 at 12 h had the greatest AUCs in predicting mortality (Figure 4C). Cv-aCO2/Ca-vO2 yielded the highest AUC of 0.853 (95% CI: 0.784–0.907) among these parameters with a cut-off value of 1.3, the sensitivity was 100% (95% CI: 59.0–100.0%), and the specificity was 69.6% (95% CI: 61.1–77.2%); however, the difference of the AUCs did not reach the significance level (Table 3). With delirium as the grouping factor, a significant time effect was observed in all these four parameters. Meanwhile, a significant group effect and time×group interaction was observed in Cv-aCO2/Ca-vO2 (Supplementary File S1, Figure S3). In the ROC analysis, Pv-aCO2/Ca-vO2 and Cv-aCO2/Ca-vO2 at 3 h, lactate at 12 h, and Pv-aCO2 at 0 h had the greatest AUCs in predicting delirium (Figure 4D). Cv-aCO2/Ca-vO2 yielded the highest AUC of 0.808 (95% CI: 0.733–0.869) among these parameters with a cut-off value of 1.4, the sensitivity was 81.8% (95% CI: 48.2–97.7%), and the specificity was 77.1% (95% CI: 68.9–84.0%); a significant difference was observed between the AUCs of Pv-aCO2/Ca-vO2 and Cv-aCO2/Ca-vO2 (p = 0.042, Table 3).

Hypertension was significantly associated with the outcome across all models, with hazard ratios (HRs) ranging from 2.03 (95% CI: 1.45–13.89, p = 0.001) in Model 1 to 1.40 (95% CI: 1.40–11.21, p = 0.01) in Model 3. Surgery Duration also showed a consistent association, with HRs of 1.002 (95% CI: 1.002–1.011, p = 0.003) in Model 1 and 1.001 (95% CI: 1.001–1.011, p = 0.015) in Model 3. PaO2/FiO2 was significantly predictive in all models, with HRs of 0.98 (95% CI: 0.98–0.994, p = 0.001) in Model 1 and 0.982 (95% CI: 0.982–0.997, p = 0.007) in Model 3. Lactate 0 h and CO2-derived parameters (e.g., Pv-aCO2/Ca-vO2 0 h) did not show significant associations in Models 2 and 3 (p > 0.05), except for Pv-aCO2/Ca-vO2 0 h in Model 1 (HR: 0.45, 95% CI: 0.45–0.98, p = 0.039, Table 4).


TABLE 4 Univariate and multivariate modeling for prediction of major postoperative complications.
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Discussion

The main findings of the present study were: (1) there was no difference in lactate and CO2-derived parameters between patients with or without MPC, and these parameters had limited predictive performance; (2) the performance of lactate and CO2-derived parameters improved in predicting delirium and death; (3) Cv-aCO2/Ca-vO2 had the best predictive performance in predicting delirium and mortality.

Complications after cardiac surgery are associated with high morbidity and mortality (26–28). Although multifactorial, one crucial factor of postoperative organ dysfunction is the mismatch of oxygen delivery and consumption (29, 30). The imbalance of oxygen delivery and consumption leads to tissue hypoxia, which eventually leads to organ injury and dysfunction if uncorrected. In this regard, parameters reflecting tissue hypoxia may help manage patients undergoing cardiac surgery, and there is increasing interest in these indicators of hypoxia. The majority of previous studies focused on Pv-aCO2/Ca-vO2 (31–34). Cv-aCO2/Ca-vO2 was investigated in one prospective observational study involving adult postoperative cardiac surgery patients. However, the aim was to evaluate the ability of Cv-aCO2/Ca-vO2 and Pv-aCO2/Ca-vO2 to predict an increase in oxygen consumption upon fluid challenge rather than organ dysfunctions or clinical outcomes (27). To the best of our knowledge, this study is the first to compare the performance of Cv-aCO2/Ca-vO2 and Pv-aCO2/Ca-vO2 in predicting outcomes directly.

We found no difference in lactate and CO2-derived parameters between patients with or without MPC, and these parameters had limited performance in predicting MPC. One potential explanation is the complex relationship between MPC and anaerobic metabolism. An impaired function of oxygenation of the lung (for example, ARDS or respiratory failure, which is the component of MPC) or an impaired ability of the heart to deliver blood flow to tissues (e.g., shock, circulatory failure, etc.) is the cause of the imbalance of oxygen delivery and consumption rather than the result.

Our finding is consistent with recently published studies (32, 34). A retrospective study found that Pv-aCO2 was associated with postoperative adverse outcomes but showed poor diagnostic performance (34). Zhang and colleagues found that Pv-aCO2 and Pv-aCO2/Ca-vO2 cannot be used as reliable indicators to predict the occurrence of organ dysfunction in a prospective observational study (32). In contrast to these negative findings, Mukai et al. reported that postoperative Pv-aCO2 was an independent predictor of major organ morbidity and mortality with an AUC of 0.804 (95% CI: 0.688–0.921) (35). However, it is worth noting that the measurements were obtained right at the end of the surgery in their study, which may be a reason for the inconsistent findings. In addition, selected outcomes vary from one study to the other, which is another factor of the discrepancy.

We conducted a post-hoc analysis using mortality, AKI, and delirium as the outcome, respectively. The reason for choosing these outcomes was that they are more likely the consequences than the cause of tissue hypoxia. We hypothesized that biomarkers of tissue hypoxia and anaerobic metabolism could have better performance in predicting the consequences of tissue hypoxia. Biomarkers are considered to have good discriminative performance when the AUC is greater than 0.75 (36). Our data suggest that lactate, Pv-aCO2/Ca-vO2, and Cv-aCO2/Ca-vO2 had good performance in discriminating mortality and delirium. However, statistical significance was not observed in pairwise comparisons except for the comparison between Pv-aCO2/Ca-vO2 and Cv-aCO2/Ca-vO2 in delirium. This finding could be attributed to the limited statistical power of the test, as the number of positive cases was small. On the other hand, lactate and CO2-derived parameters had limited performance in predicting AKI. Post-cardiac-surgery AKI is multifactorial, with the spectrum of insults involving micro-embolism, neurohormonal activation, endogenous and exogenous nephrotoxins, metabolic and hemodynamic factors, inflammation, ischemia-reperfusion injury, and oxidative stress (37). A single biomarker of tissue hypoxia may be insufficient to predict AKI.

One aim of the study was to compare the performance of Pv-aCO2/Ca-vO2 and Cv-aCO2/Ca-vO2. Our data demonstrate that although Cv-aCO2/Ca-vO2 had numerically higher AUCs than Pv-aCO2/Ca-vO2 in predicting MPC, AKI, and mortality, these differences did not reach statistical significance. The only statistically significant difference was observed in predicting delirium (p = 0.042). These findings should be interpreted with caution, particularly for the non-significant differences, which should not be over-interpreted as evidence of superiority. The clinical relevance of these statistical differences also warrants consideration. Even for the statistically significant difference observed in predicting delirium, the actual clinical benefit of using Cv-aCO2/Ca-vO2 over Pv-aCO2/Ca-vO2 may be modest. While the calculation of Cv-aCO2/Ca-vO2 does not require additional blood samples compared to Pv-aCO2/Ca-vO2, the minimal improvement in predictive performance needs to be balanced against the added complexity of calculation in routine clinical settings. Further studies with larger sample sizes are needed to confirm whether the observed trends in favor of Cv-aCO2/Ca-vO2 represent clinically meaningful advantages over Pv-aCO2/Ca-vO2, and to establish whether these differences are substantial enough to warrant changes in clinical practice.

We utilized a composite endpoint (MPC) in our study. This approach has both strengths and limitations. First, composite endpoints are well-established in cardiovascular research as they capture the overall burden of morbidity, which is particularly relevant in cardiac surgery populations where patients often experience multiple complications with shared underlying mechanisms of tissue hypoperfusion and oxygen supply-demand imbalance (6). Second, composite endpoints provide greater statistical efficiency when individual complications may be relatively uncommon, enhancing statistical power while maintaining clinical relevance. The composite endpoint enhances statistical efficiency and captures the overall burden of morbidity, which is clinically relevant in the cardiac surgical setting where tissue hypoperfusion may manifest in multiple organ systems. However, the heterogeneity within our composite endpoint should be considered when interpreting our findings. The stronger associations observed for certain complications suggest that lactate and CO2-derived parameters may be particularly useful for predicting and potentially preventing specific complications rather than the entire spectrum of postoperative morbidity. Future research may benefit from more targeted approaches focusing on homogeneous pathophysiological pathways or organ-specific complications, potentially enhancing both biological plausibility and clinical application of these parameters.

The multivariate analysis identified three independent predictors of MPC after cardiac surgery: preexisting hypertension, extended surgery duration, and reduced PaO₂/FiO₂ ratios. These associations persisted after rigorous adjustment for confounding variables, suggesting their robust prognostic value. Interestingly, while CO₂-derived parameters—specifically Pv-aCO₂/Ca-vO₂ ratio—demonstrated potential predictive capacity in univariate analysis, they failed to maintain statistical significance in multivariate models. This pattern of attenuated association after covariate adjustment suggests that tissue hypoxia biomarkers may reflect downstream consequences of other pathophysiological processes rather than serving as independent causal factors for MPC.

The loss of statistical significance for CO₂-derived parameters in multivariate models should not entirely negate their clinical relevance. Instead, it suggests that these biomarkers may provide complementary information within specific clinical contexts, particularly when interpreted alongside traditional risk factors. Their limited independent predictive value may reflect the complex, multifactorial nature of postoperative complications, which likely extend beyond tissue hypoxia alone.

There were several limitations of the study. The primary limitation was the sample size issue. While our sample size (n = 142) was calculated based on a previously reported major postoperative complication rate of 56.5% and provided adequate statistical power (β = 0.1, power 90%) for evaluating the ability of lactate and CO2-derived parameters to predict MPC, it was evidently insufficient for rare secondary outcomes such as mortality (n = 7). This creates a risk of type II errors and, consequently, results regarding these secondary outcomes should be interpreted with caution and considered primarily hypothesis-generating rather than definitive conclusions. The original sample size calculation was based on an expected area under the ROC curve (AUC) of 0.7, a type I error probability (α) of 0.05, a type II error probability (β) of 0.1, and an anticipated incidence rate of approximately 56.5% for the primary outcome (18). This calculation was appropriate for analyzing the primary outcome but inadequate for secondary endpoints with lower incidence rates. Future research should consider larger multi-center studies to validate our findings, particularly those related to rare outcomes such as mortality. Second, although one important purpose of the study was to compare the performance of the surrogates of the respiratory quotient, no “gold standard” method for measuring respiratory quotient, such as indirect calorimetry (38), was used. Third, central venous rather than mixed venous blood samples were taken to calculate all the CO2-derived parameters. Fourth, the current study was a single-center study, which limits the external validity of the results.



Conclusions

Lactate and CO2-derived parameters including Pv-aCO2, Pv-aCO2/Ca-vO2, and Cv-aCO2/Ca-vO2 cannot be used as reliable indicators to predict the occurrence of MPC after CBP. Instead, traditional clinical factors such as hypertension, extended surgical duration, and impaired oxygenation emerged as the most reliable risk indicators. Future research should focus on developing multimodal approaches that combine traditional risk factors with novel biomarkers to better identify patients at risk for specific complications in cardiac surgical populations.
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Cv-aC0,/Ca-v0; (ml) 11(09,14) | 0906, 13) 11 (07, 1.4) 1.1(09,1.4) 11(09,14) | 1109, 14) 1(07,13) 1.1(09,1.3) 0.179 0555 0127
(g/d)) 1.2#15 1.2£16 121+17 116+2 122+18 11418 12+18 112%2 <0001 0047 0.001
Hematocrit (%) 34(313,376) | 342 (314, 375) 372153 356+6 374%54 34956 369+53 345+63 0790 0581 0.155
Lactate (mmol/L) 55 (43, 8) 51(35,87) 8235 81%42 85(61,10) | 86(56,112) | 56(38 84) 5.8 (37, 86) <0.001 0954 0.691

P-value 1 was the significance of the time effect, p-value 2 was the significance of the group effect, and p-value 3 was the significance of timexgroup interaction.
MBC. malor Sostoserative comiiations:







OPS/images/fcvm-12-1504431-g002.jpg
77 (542%)

2 (1.4%)
Acute kidney injury =fmm——] 20 (14.1%)
Arrhythmia=g 1 (0.7%)
Death =222 7 (4.9%)
Delirium —fam==] 11 (7.8%)

Myocardlal infarction=4 0(0)

Pneumonia=f=] 4 2.8%)
Reoperafion=fz2] 5 3.5%)

Respiratory 54(38.0%)
Sepsis=fz] 9 (6.3%)
Shock=fmmmm] 16 (11.3%)
Stroke=f] 2 (1.4%)
1 T 1
20 40 60

Percentage of Patients (%)






OPS/images/fcvm-12-1504431-g001.jpg
174 patients screened 22 pationts oxcludod
s

h hromc kndnoy disease

3 malposmomng of central line
4 emergency surger,
(: " " % T 8 denied to consent

|
'Iof blood gas analysis

142 patients anaylized

No ma,or postoperanve With mz]or postoperahve
omplication ll l
(n=65) (







OPS/images/fcvm-12-1504431-g004.jpg
Sensitivity

Sonsitivity

100

100

MPC

— Lactate_0h
— PvaC02_0n

—— Pv-aC02/Ca-v02_0h
Cv-aC02/Ca~v02_0h

40
100 - Specificity

60 80 100

Death

— Lactate_12h
— Pv-aC02_12h

—— Pv-aC02iCa~v02_3h
---- Gv-aCO2/Ca-v02_3h

100 - Specificity

Sensitivity

Sensitivity

100

40

100

40

AKI

— Lactate_0h

—— Pv-aC02_0h

—— Pv-aC02/Ca-v02_0h
- Cv-aC02/Ca-v02_0h

100 - Specificity

Delirium

— Lactate_12h

— Pv-aC02_0h

—— Pv-aC02/Ca-v02_3h
Cv-aC02/Ca-vO2_3h

100 - Specificity





OPS/images/fcvm-12-1504431-g003.jpg
Lactate (mmol/L)

Pv-aC0,/Ca-vO,

Lactate
20. -8~ With MPC
-8 Without MPC
15
10 Time: p<0001
Goup p=0954
5 Time x group: p =0.691
T T T T
oh 3h 6h 12h
Time
Pv-aC0O,/Ca-vO,
s -e- With MPC
-8 Without MPC
4
3
2 Time: p<0.001
. Group: p=0.618
Time x growp: p=0.134
o
E! T T T T
oh 3h 6h 12h

Time

Pv-aCO, (mmHg)

o

Cv-ac0/Cav0,

Pv-aCO,
P -6~ With MPC
-8 Without MPC
10
Time: p=0.007
B Group: p=0.864
Time x group: p=0434
T T T
oh 3h 6h 12h
Time
Cv-aC0,/Ca-vO,
@ -~ With MPC
-8 Without MPC
3
2
Time: p=0.179
1 Group: p=0555
. Time xgroup p=0.127
T T T
oh 3 e 12n
Time





OPS/images/ld.jpg





OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Cardiovascular Medicine





