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Background: The lactate to hematocrit ratio (LHR) has not been assessed for predicting all-cause death in sepsis patients. This study aims to evaluate the relationship between LHR and 30-day all-cause mortality in sepsis patients.

Methods: This retrospective study used the data from Medical information mart for intensive care IV (MIMIC-IV, version 2.0). Our study focused on adult sepsis patients who were initially hospitalized in the Intensive care unit (ICU). The prognostic significance of admission LHR for 30-day all-cause mortality was evaluated using a multivariate Cox regression model, ROC curve analysis, Kaplan–Meier curves, and subgroup analyses.

Results: A total of 3,829 sepsis patients participated in this study. Among the cohort, 8.5% of individuals died within of 30 days (p < 0.001). The area under the curve (AUC) for LHR was 74.50% (95% CI: 71.6–77.50%), higher than arterial blood lactate (AUC = 71.30%), hematocrit (AUC = 64.80%), and shows no significant disadvantage compared to qSOFA, SOFA, and SAPS II. We further evaluated combining LHR with qSOFA score to predict mortality in sepsis patients, which shows more clinical significance. ROC curve analysis showed that 6.538 was the optimal cutoff value for survival and non-survival groups. With LHR ≥6.538 vs. LHR <6.538 (p < 0.001). Subgroup analysis showed significant interactions between LHR, age, sex, and simultaneous acute respiratory failure (p = 0.001–0.005).

Conclusion: LHR is an independent predictor of all-cause mortality in sepsis patients after admission, with superior predictive ability compared to blood lactate or hematocrit alone.
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1 Introduction

Sepsis is considered a life-threatening organ dysfunction caused by a dysregulated response to infection (1). It results in 11 million deaths globally every year, accounting for one-fifth of all death causes (2). In China alone, 1,025,997 deaths related to sepsis were reported in 2015 (3), imposing a substantial burden on public health and economic development. Therefore, effective early prediction of prognosis in sepsis patients holds excellent value.

Previous studies have proposed various parameters for predicting early prognosis in sepsis patients. Blood lactate, an easily accessible laboratory parameter, has been widely used in clinical practice to predict risk factors for mortality in sepsis patients (4, 5). Generally, patients with blood lactate >2 mmol/L within 24 h of admission have an increased mortality rate during ICU stay (6). High lactate can be treated by treating systemic tissue hypoxia, thereby reducing mortality (7). Hence, monitoring lactate levels is crucial in sepsis treatment. Lactate levels not only promptly assess the severity of the condition but also guide treatment adjustments, improving treatment outcomes and reducing mortality rates (8). Recent studies have shown that lactate plays a significant role in predicting patient survival and resuscitation markers (9).

In sepsis patients, intense inflammatory reactions caused by bacterial infections can lead to changes in blood components, such as white and red blood cells (10). Studies have shown that changes in hematocrit (HCT) in sepsis patients are closely related to disease severity and prognosis (11). These changes may be due to red blood cell damage and dissolution caused by inflammatory reactions and blood dilution caused by fluid resuscitation. Therefore, monitoring hematocrit changes is crucial during sepsis treatment, allowing timely assessment of treatment efficacy and adjustment of treatment plans to avoid fluid overload or inadequate volume. Changes in hematocrit can also serve as an important prognostic indicator for sepsis patients. Low HCT levels are an independent risk factor for increased 30-day mortality in sepsis patients, serving as an important predictive indicator for clinical outcomes in sepsis (11).

Recently, many studies have proposed new composite indices to predict the inpatient mortality rate of sepsis patients, such as the lactate/albumin ratio (12), glucose/lymphocyte ratio (13), neutrophil/lymphocyte ratio (14), and platelet/lymphocyte ratio (15).

Given the above information, using lactate and hematocrit levels as combined parameters to predict mortality in sepsis patients may be more meaningful. Previous studies have preliminarily demonstrated the role of lactate to hematocrit ratio (LHR) in predicting mortality rates in patients with severe thoracoabdominal trauma (16). However, no study has evaluated the prognostic value of blood LHR in sepsis patients. Therefore, this study aims to investigate whether the LHR can be a reliable and accurate indicator for predicting 30-day all-cause mortality in sepsis patients upon admission.



2 Methods


2.1 Database introduction

The data for this study were obtained from the Medical Information Mart for Intensive Care IV (v2.0) database, an extensive publicly accessible database developed and managed by the MIT Laboratory for Computational Physiology1 (17). This database covers all patients admitted to Beth Israel Deaconess Medical Center between 2008 and 2019, including hospitalization duration, laboratory tests, medication treatments, and nursing information. All personal information has been de-identified to protect patient confidentiality, with random codes replacing patient identifiers, thus eliminating the need for patient-informed consent and ethical approval. The MIMIC-IV (v2.0) database is available for download from the PhysioNet online forum.2 To access this database, the first author of this study, WD, completed the Collaborative Institutional Training Initiative course and passed the “Conflicts of Interest” and “Only Data or Specimen Research” exams (ID: 51905188). Consequently, the research team obtained the qualifications to use and extract data from the database.



2.2 Patient selection criteria

The MIMIC-IV database contains records of 454,324 hospitalized patients, of whom 76,943 were admitted to the ICU. Sepsis was defined as a ≥2-point increase in Sequential Organ Failure Assessment (SOFA) score, accompanied by a confirmed or suspected infection (details in Supplementary material). Following the sepsis diagnostic criteria of the SPESIS-3 international standard, hospitalization information of sepsis patients, including 34,899 ICU admission patients, was extracted. Following further screening, patients meeting the following criteria were excluded: (1) patients aged below 18 or above 85 at initial admission; (2) sepsis patients with multiple admissions, retaining data from the first admission only; (3) patients with ICU stay durations of less than 24 h; (4) patients with no recorded data for blood lactate and hematocrit within 24 h of admission. The final cohort included 3,829 patients, as illustrated in Figure 1, depicting the inclusion flowchart.
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FIGURE 1
 Patient selection flowchart, MIMIC, Medical information mart for intensive care; ICU, Intensive care unit.




2.3 Data extraction

The included variables comprise age, gender; nursing information (systolic blood pressure, diastolic blood pressure, mean arterial pressure, heart rate, respiratory rate, CVP, intake and output volume), laboratory results (glucose, white blood cell count, hemoglobin, hematocrit, platelet count, sodium, potassium, bicarbonate, lactate, blood urea nitrogen, creatinine), severity at admission [assessed by simplified Acute Physiology Score (SAPS) II], Charlson comorbidity index (CCI), SOFA score, qSOFA score, interventions [mechanical ventilation, continuous renal replacement therapy (CRRT), use of vasoactive medications (dopamine, dobutamine, norepinephrine, epinephrine and vasopressin) at admission], comorbidities (acute heart failure, acute respiratory failure, acute kidney failure, septic shock) and infection site (categorized as unknow, respiratory system infection, abdominal infection, skin or surface infection, bone or joint infection, bloodstream infection, nervous system infection, urinary system infection, intravenous catheter related infection, unclassifiable infection and mixed infection). Additionally, we determined the sites of infection primarily based on specimens collected for pathogen analysis. Due to the inability to classify some specimens into specific systems, we categorized them as unclassifiable infections (Supplementary Table S1 for details). We extracted nursing information (including SBP, DBP, MAP, RR, HR, intake and output volume), laboratory results, and scoring system values (SOFA and qSOFA) recorded within 24 h of admission. Due to the high rate of missing values for central venous pressure (CVP), we used the first recorded CVP measurement to minimize missing data. LHR is calculated using lactate (mmol/L) divide by hematocrit (%). The data was extracted using Navicat Premium software (version 15), employing SQL (Structured Query Language) for the process. All codes used for statistical analysis of patient characteristics, laboratory indicators, complications, and severity scores were obtained from the GitHub repository (MIT-LCP/mimic-iv). For the latest MIMIC-IV code, please refer to the GitHub page: https://github.com/MIT-LCP/mimic-code.



2.4 Statistical analysis

The baseline characteristics of the study population were grouped according to different outcome events. Continuous variables are presented as mean ± standard deviation or median (interquartile range), while categorical variables are presented as numbers (percentages). A one-way ANOVA analysis of variance or rank-sum test was used to compare continuous variables in the baseline characteristics analysis of study subjects; the chi-square test and Fisher’s test were used to compare categorical variables.

Univariate Cox regression analysis was used in this study to determine potential risk factors, and variables with p-values less than 0.05 were included in the multivariate Cox regression analysis to identify independent risk factors for inpatient mortality. Subsequently, receiver operating characteristic (ROC) analysis was used to evaluate the predictive ability of lactate, hematocrit, LHR, SOFA, qSOFA and SAPS II at admission for mortality rate, as well as the sensitivity and specificity of each indicator, and the area under the curve (AUC) was calculated. Using the Youden index, the optimal cutoff value of LHR was determined; LHR was divided into high and low groups. The Kaplan–Meier (KM) Curve method was then used to plot unadjusted survival curves, and the log-rank test was used to compare the two curves. Subgroup analysis investigated whether LHR impacted different subgroups (including age, acute heart failure, acute respiratory failure, septic shock, obesity, etc.). All analyses were performed using the Free Statistics Software v1.7.1,3 the statistical package R v4.2.2 (http://www.R-project.org, the R Foundation) and MedCalc® Statistical Software version 20 (MedCalc Software Ltd., Ostend, Belgium; https://www.medcalc.org; 2021). A two-tailed test with p < 0.05 was considered statistically significant.



2.5 Management of missing data and outliers

For missing value data, the missing rates of variables such as systolic blood pressure, diastolic blood pressure, mean arterial pressure, heart rate, respiratory rate, platelet count, and creatinine were shallow (0.8, 0.8, 0.15, 0.15, 0.15, 0.23, 0.05%, respectively). However, there were relatively high missing rates for CVP (40.1%), CRRT (94%), vasoactive medications [such as dobutamine (33%), dopamine (33%), epinephrine (33%), norepinephrine (33%), and vasopressin], so they were not included in further analysis and only presented in the baseline characteristics table. As for outliers, we excluded data from one patient with a negative survival time. In the extracted intake and output data, 5.8% of patients had a first-day intake exceeding 10,000 mL, while 62.9% had an intake of 0 mL. These discrepancies made it difficult to assess the patients’ actual fluid therapy accurately. Additionally, 0.71% of patients had first day output exceeding 10,000 mL. Based on our data extraction, approximately 68.9% of patients were diagnosed with anuria and 5.06% with oliguria, assuming output was roughly equivalent to urine output. Therefore, we should have excluded intake and output data in further analysis.




3 Result


3.1 Baseline demographic and clinical characteristics

Table 1 presents the baseline characteristics of the survival and non-survival groups at 30 day post-admission. A total of 3,829 patients met the inclusion criteria, including 1,371 females (35.8%) and 2,458 males (64.2%). The median age of the patients was 66.5 years (interquartile range, 56.8–75.0 years). The 30-day mortality rate after admission was 8.5%. Compared to the 30-day survival group, we observed that patients in the sepsis non-survival group had lower systolic and mean arterial pressures but higher heart rate, respiratory rate, SAPS II, qSOFA and SOFA scores. CRRT, dobutamine, dopamine, epinephrine, norepinephrine, vasopressin, and mechanical ventilation were used in 89.5, 8.7, 10.5, 27.5, 80.8, 54, and 74.8% of the death group patients, respectively. Additionally, acute heart failure, acute respiratory failure, acute kidney injury, and septic shock were present in 13.5, 51.4, 94.2, and 32% of the non-survival group patients, respectively. Laboratory indicators showed that the LHR at admission was higher in the non-survival group than in the survival group [7.4 (4.4, 14.6) vs. 4.0 (3.0, 5.7), p < 0.001]. Blood glucose, CVP, white blood cell count, creatinine, urea nitrogen, lactate, and potassium were significantly higher in the death group (p < 0.05). In contrast, hemoglobin, hematocrit, platelets, blood sodium, and bicarbonate were significantly lower in the non-survival group (p < 0.05). Additionally, we found that the majority of sepsis patients died from bloodstream infections and mixed infections. The two groups had no statistically significant differences in other covariates (p > 0.05).



TABLE 1 Baseline characteristics of participants and outcome parameters.
[image: Table1]



3.2 Univariate and multivariate Cox regression analysis

We conducted univariate Cox regression analysis for covariates with significant differences (p < 0.05) in Table 1. We found that unadjusted LHR was significantly associated with all-cause mortality within 30 days post-admission [hazard ratios (HR) = 1.62, 95% CI: 1.53–1.70, p < 0.001]. Additionally, covariates with p < 0.05 (Table 2) and potential risk factors were included in the multivariate Cox regression analysis, constructing three models to study the independent impact of LHR on inpatient mortality (more details in multivariable Cox regression models, Table 3). In all three models, both unadjusted and adjusted HRs demonstrated robustness (p < 0.05). The unadjusted model showed that with each unit increase in LHR, the difference in inpatient mortality increased by 62% (HR = 1.62, 95% CI: 1.53–1.70). In the minimally adjusted model (Model 1), with each unit increase in LHR, the difference in inpatient mortality increased by 42% (HR = 1.42, 95% CI: 1.34–1.51). In the fully adjusted model (Model 3) (adjusting for covariates including sex, systolic blood pressure, mean arterial pressure, heart rate, respiratory rate, white blood cell count, hemoglobin, blood urea nitrogen, creatinine, blood sodium, blood potassium, bicarbonate, blood glucose, SOFA, SAPS II, CCI, use of mechanical ventilation, comorbidities such as acute heart failure, acute respiratory failure, acute kidney injury, and septic shock and infection site), with each unit increase in LHR, the difference in inpatient mortality increased by 10% (HR = 1.10, 95% CI: 1.01–1.20).



TABLE 2 Univariate Cox regression analysis of risk factors for death within 30 days in patients.
[image: Table2]



TABLE 3 Multivariate Cox regression analysis of risk factors for death in patients within 30 days.
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3.3 ROC curve analysis and survival curve

To further assess the predictive value of LHR, we conducted a ROC curve analysis of the 30-day mortality of sepsis patients, including LHR, blood lactate, hematocrit, SOFA, qSOFA and SAPS II socre. The specific ROC curve information is listed in Table 4, and Figure 2 displays the relevant data. The ROC curves (Figure 2) revealed an AUC of 74.5% for LHR (95% CI: 71.6–77.5%), surpassing that of lactate (71.3%), hematocrit (64.8%), both with p < 0.001 and LHR showed no significant disadvantage compared to traditional prognostic indicators for sepsis, including qSOFA, SOFA, and SAPS II (p-values were 0.1351, 0.9536, and 0.5970, respectively). Therefore, LHR shows a clear predictive advantage. Our study primarily explores the impact of LHR on early mortality in sepsis patients, with ROC curve analysis highlighting the high sensitivity and computational simplicity of the qSOFA score. Thus, combining LHR with qSOFA score to predict mortality in sepsis patients may offer more clinical significance. Further analysis of combined LHR and qSOFA, as well as LHR, SOFA, qSOFA, and APS II scores for prognostic evaluation in sepsis patients (Supplementary Figure S1), showed that LHR combined with qSOFA significantly outperformed using LHR, SOFA, qSOFA, and APS II alone (p < 0.001, 0.0028, 0.001, and 0.002, respectively). Moreover, we determined the optimal threshold for LHR to be 6.538, with a sensitivity of 58.15% and specificity of 80.13%. Using this optimal threshold, we categorized sepsis patients into a high LHR group (LHR ≥6.538, n = 889) and a low LHR group (LHR <6.538, n = 2,940). By plotting KM survival analysis curves (Figure 3), we observed a significantly higher mortality rate in the high LHR group compared to the low LHR group (p < 0.001). In addition, we further assessed the impact of LHR on the mid-(Supplementary Figure S2) and long-term (Supplementary Figure S3) prognosis of sepsis patients.



TABLE 4 Information of ROC curves in Figure 2.
[image: Table4]
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FIGURE 2
 ROC curves for predicting in-hospital mortality. The blue solid line indicates the ROC curve of the lactate. The yellow dotted line indicates the ROC curve for hematocrit. The red dotted line indicates the ROC curve of LHR. The Green dotted line indicates the ROC curve of SOFA. The pink dotted line indicates the ROC curve of qSOFA. The orange solid line indicates the ROC curve of the SAPSII. LHR, lactate to hematocrit ratio. SOFA, Sequential Organ Failure Assessment. qSOFA, quickly Sequential Organ Failure Assessment. SAPS II, simplified Acute Physiology Score II.


[image: Figure 3]

FIGURE 3
 Kaplan-Meier survival analysis curves for all-cause 30-day mortality.




3.4 Subgroup analysis

Figure 4 displays a robust correlation between LHR and all-cause mortality in sepsis patients across different subgroups at 30 days of hospitalization. We conducted a stratified analysis based on factors such as age, gender, acute kidney injury, septic shock, acute heart failure, and acute respiratory failure. The forest plot (Figure 4) shows significant interactions between LHR and age, gender, and acute respiratory failure (interaction p-values were 0.005, 0.001, and 0.003, respectively). Additionally, the subgroup analysis results show a robust correlation between LHR and all-cause mortality across different subgroups.

[image: Figure 4]

FIGURE 4
 Forest plot for subgroup analysis of the relationship between all-cause mortality and LHR.





4 Discussion

Using multivariate Cox regression analysis, the study found that LHR is an independent factor for predicting 30-day all-cause mortality in sepsis patients after admission. LHR demonstrated higher predictive accuracy than lactate, hematocrit and combining LHR with qSOFA ROC analysis shows more clinical significance. Furthermore, our KM survival analysis illustrated that patients with LHR ≥6.538 had a significantly higher all-cause mortality within 30 days of admission than those with LHR <6.538; subgroup analysis results supported our findings.

Recently, researchers have extensively explored indicators for predicting prognosis in sepsis patients, including lactate/albumin ratio (12), glucose/lymphocyte ratio (13), neutrophil/lymphocyte ratio (14), and platelet/lymphocyte ratio (15).

Previous studies have preliminarily confirmed the role of lactate and hematocrit ratio in predicting mortality rates in severely injured patients (16). However, using LHR to predict outcomes for sepsis patients remains unreported.

Lactate is an important indicator of tissue oxygenation, blood perfusion, and metabolism, widely used in clinical practice to predict mortality risk in sepsis patients (4, 5). Generally, patients with blood lactate levels exceeding 2 mmol/L within 24 h have an increased mortality rate during ICU admission (6). Early lactate clearance during treatment may indicate alleviation of systemic tissue hypoxia and is associated with reduced mortality rates (7). However, the blood lactate level can be affected by different factors, such as liver disease, malignant tumors, or certain medications (e.g., metformin, catecholamines), However, these factors were not considered in our study. Additionally, some critically ill patients may have lower venous blood lactate levels, reducing the reliability of lactate levels alone in predicting patient outcomes (18).

Sepsis patients often experience microcirculatory disturbances, and fluid resuscitation can prolong patient survival (19). Current guidelines recommend giving at least 30 mL/kg of crystalloid fluids within the first 3 h of sepsis onset for fluid resuscitation (20). However, the intense inflammatory response caused by sepsis can alter vascular permeability (21), leading to progressive tissue and cavity edema, thus increasing the risk of fluid overload with fluid resuscitation. Although fluid resuscitation is adequate for many patients, personalized fluid therapy may be more appropriate, especially for critically ill patients, where the association between fluid administration and mortality rates is more pronounced (22). As an easily obtainable laboratory parameter, hematocrit can reflect blood dilution to a certain extent; however, its association with red blood cells constrains its predictive value as a single factor due to influences from chronic diseases, nutritional support, and inflammation. Therefore, we used the LHR as a composite indicator to more accurately analyze the impact of blood lactate on the prognosis of sepsis patients while considering changes in blood components.

The study by Demir et al. (16) (including 106 patients, AUC for LHR was 0.886, lactate was 0.846) demonstrated that LHR is more predictive of inpatient mortality in severely injured patients than lactate alone. Additionally, the study by Staziaki et al. (23) (including 804 patients) showed that patients with higher blood lactate levels and lower hematocrit levels had higher ICU admission rates and more extended hospital stays in a trauma setting, indirectly reflecting the correlation between changes in blood lactate and hematocrit levels with disease severity. These conclusions are consistent with our study results, where patients in the non-survival group had higher blood lactate levels and lower hematocrit levels than the survival group; based on cutoff value analysis, higher LHR values were associated with increased mortality rates.

Sepsis is defined as a life-threatening organ dysfunction caused by a dysregulated host response to infection. The accompanying maladaptive inflammatory response activates the complement, coagulation, and endothelial systems, leading to microcirculatory disturbances (24), thereby increasing lactate production from anaerobic glycolysis (25). Simultaneously, bacterial and complement activation during sepsis causes intravascular hemolysis (26). Inflammatory cytokines, such as TNF-α, IL-1, IL-2, IL-6, and IL-8, trigger the adhesion of neutrophils and endothelial cells, leading to microthrombus formation (10), thereby reducing the number of red blood cells entering the circulation. Hematocrit levels are affected by the inflammatory response, oxidative stress, and fluid resuscitation-induced blood dilution. Therefore, based on these studies, we further propose a hypothesis regarding the prognostic significance of LHR in sepsis patients.

There are certain constraints in our study. First, the MIMIC-IV database’s overall mortality rate for first-time hospitalized sepsis patients is approximately 17.8% (3,795/21,382). Due to the significant amount of missing data for variables required in this study, such as blood lactate and hematocrit, we employed a method of deleting missing data. This led to the exclusion of some deceased patients, resulting in a lower overall mortality rate in our study cohort. This introduces a selection bias. Additionally. further analysis was not possible due to the substantial amount of missing and anomalous data related to fluid management variables. Although biomarkers such as alanine aminotransferase (ALT) and aspartate aminotransferase (AST) are also proven to be associated with poor prognosis, they were not included in this study due to data inconsistencies and omissions. These factors may reduce the credibility of the study.

In this study, LHR was an independent predictor of all-cause mortality in sepsis patients after admission. Its predictive capability was superior to standalone arterial blood lactate or hematocrit and comparable to SOFA, qSOFA, and SAPS II scores. This indicates that LHR may be a valuable supplement to SOFA in clinical decision-making. Additionally, combining LHR with qSOFA may enhance predictive significance. However, large-scale multicenter prospective studies are still needed to evaluate the effectiveness of LHR comprehensively. Such studies would more accurately validate the role of LHR in sepsis prognosis assessment and provide more reliable evidence for clinical practice.

Lastly, our study data are derived from the MIMIC-IV (v2.0) database, which includes patient information from 2008 to 2019. Due to continuous advancements in medical treatments and optimization of treatment protocols, the extended period may result in inconsistencies in patient treatment plans, potentially biased the study results.



5 Conclusion

In this study, LHR was an independent predictor of all-cause mortality in sepsis patients after admission. Its predictive capability was superior to standalone arterial blood lactate or hematocrit and comparable to SOFA, qSOFA, and SAPS II. Additionally, combining LHR with qSOFA may enhance predictive significance. However, large-scale multicenter prospective studies are still needed to evaluate the effectiveness of LHR comprehensively. Such study designs would more accurately validate the role of LHR in sepsis prognosis assessment and provide more reliable evidence for clinical practice.



Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in the article/Supplementary material.



Ethics statement

The studies involving humans were approved by the Institutional Review Board of the Massachusetts Institute of Technology and Beth Israel Deaconess Medical Center. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.



Author contributions

WD: Conceptualization, Data curation, Resources, Software, Validation, Visualization, Writing – original draft, Writing – review & editing. FY: Formal analysis, Methodology, Software, Visualization, Writing – review & editing. HL: Investigation, Project administration, Supervision, Writing – original draft. QL: Data curation, Project administration, Supervision, Writing – review & editing. XD: Conceptualization, Funding acquisition, Investigation, Supervision, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This work was supported by grants from the Natural Science Foundation of Hunan province (2022JJ30092) and the Scientific Research Project of the Hunan Provincial Health Commission (B202317017622).



Acknowledgments

We thank the Ascetic Practitioners in Critical Care (APCC) team, and the easy Data Science for Medicine (easyDSM) team for sharing their knowledge and codes in big data of critical care, along with the cross-platform Big Data Master of Critical Care (BDMCC) software (https://github.com/ningyile/BDMCC_APP). We especially appreciate the MIMIC official team’s efforts to open-source the database and codes.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2024.1422883/full#supplementary-material



Footnotes

1   https://physionet.org/content/mimiciv/2.0/

2   https://physionet.org/

3   http://www.clinicalscientists.cn/freestatistics



References

 1. Singer, M, Deutschman, CS, Seymour, CW, Shankar-Hari, M, Annane, D, Bauer, M , et al. The third international consensus definitions for sepsis and septic shock (sepsis-3). JAMA. (2016) 315:801–10. doi: 10.1001/jama.2016.0287 

 2. Tirupakuzhi Vijayaraghavan, BK, and Adhikari, NKJ. Sepsis epidemiology and outcomes in Asia: advancing the needle. Am J Respir Crit Care Med. (2022) 206:1059–60. doi: 10.1164/rccm.202207-1257ED 

 3. Weng, L, Zeng, XY, Yin, P, Wang, LJ, Wang, CY, Jiang, W , et al. Sepsis-related mortality in China: a descriptive analysis. Intensive Care Med. (2018) 44:1071–80. doi: 10.1007/s00134-018-5203-z


 4. Borthwick, HA, Brunt, LK, Mitchem, KL, and Chaloner, C. Does lactate measurement performed on admission predict clinical outcome on the intensive care unit? A concise systematic review. Ann Clin Biochem. (2012) 49:391–4. doi: 10.1258/acb.2011.011227 

 5. Liu, G, Lv, H, An, Y, Wei, X, Yi, X, and Yi, H. Early lactate levels for prediction of mortality in patients with sepsis or septic shock: a meta-analysis. Int J Exp Med. (2017) 10:37–47.


 6. Houwink, AP, Rijkenberg, S, Bosman, RJ, and van der Voort, PH. The association between lactate, mean arterial pressure, central venous oxygen saturation and peripheral temperature and mortality in severe sepsis: a retrospective cohort analysis. Crit Care. (2016) 20:56. doi: 10.1186/s13054-016-1243-3 

 7. Nguyen, HB, Rivers, EP, Knoblich, BP, Jacobsen, G, Muzzin, A, Ressler, JA , et al. Early lactate clearance is associated with improved outcome in severe sepsis and septic shock. Crit Care Med. (2004) 32:1637–42. doi: 10.1097/01.CCM.0000132904.35713.A7 

 8. Rehman, F, Zafar, SB, Aziz, A, Aziz, A, Memon, PS, Ejaz, T , et al. Early lactate clearance as a determinant of survival in patients with sepsis: findings from a low-resource country. J Crit Care Med. (2023) 9:30–8. doi: 10.2478/jccm-2023-0005 

 9. Wardi, G, Brice, J, Correia, M, Liu, D, Self, M, and Tainter, C. Demystifying lactate in the emergency department. Ann Emerg Med. (2020) 75:287–98. doi: 10.1016/j.annemergmed.2019.06.027


 10. Fagerberg, SK, Patel, P, Andersen, LW, Lui, X, Donnino, MW, and Praetorius, HA. Erythrocyte P2X1 receptor expression is correlated with change in haematocrit in patients admitted to the ICU with blood pathogen-positive sepsis. Crit Care. (2018) 22:181. doi: 10.1186/s13054-018-2100-3 

 11. Luo, M, Chen, Y, Cheng, Y, Li, N, and Qing, H. Association between hematocrit and the 30-day mortality of patients with sepsis: a retrospective analysis based on the large-scale clinical database MIMIC-IV. PLoS One. (2022) 17:e0265758. doi: 10.1371/journal.pone.0265758 

 12. Lichtenauer, M, Wernly, B, Ohnewein, B, Franz, M, Kabisch, B, Muessig, J , et al. The lactate/albumin ratio: a valuable tool for risk stratification in septic patients admitted to ICU. Int J Mol Sci. (2017) 18:1893. doi: 10.3390/ijms18091893 

 13. Cai, S, Wang, Q, Ma, C, Chen, J, Wei, Y, Zhang, L , et al. Association between glucose-to-lymphocyte ratio and in-hospital mortality in intensive care patients with sepsis: a retrospective observational study based on Medical Information Mart for Intensive Care IV. Front Med. (2022) 9:922280. doi: 10.3389/fmed.2022.922280 

 14. Liu, S, Li, Y, She, F, Zhao, X, and Yao, Y. Predictive value of immune cell counts and neutrophil-to-lymphocyte ratio for 28-day mortality in patients with sepsis caused by intra-abdominal infection. Burns. Trauma. (2021) 9:tkaa040. doi: 10.1093/burnst/tkaa040


 15. Kriplani, A, Pandit, S, Chawla, A, de la Rosette, JJMCH, Laguna, P, Jayadeva Reddy, S , et al. Neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR) and lymphocyte-monocyte ratio (LMR) in predicting systemic inflammatory response syndrome (SIRS) and sepsis after percutaneous nephrolithotomy (PNL). Urolithiasis. (2022) 50:341–8. doi: 10.1007/s00240-022-01319-0 

 16. Demir, B, Şaşmaz, Mİ, Saglam Gurmen, E, and Bilge, A. Prognostic value of lactate to hematocrit ratio score in patients with severe thoracoabdominal trauma. Ulus Travma Acil Cerrahi Derg. (2022) 28:927–32. doi: 10.14744/tjtes.2021.51189 

 17. Johnson, A, Bulgarelli, L, Pollard, T, Horng, S, Celi, LA, and Mark, R. MIMIC-IV. Version 2.0. PhysioNet. (2022). doi: 10.13026/7vcr-e114


 18. Bou Chebl, R, Geha, M, Assaf, M, Kattouf, N, Haidar, S, Abdeldaem, K , et al. The prognostic value of the lactate/albumin ratio for predicting mortality in septic patients presenting to the emergency department: a prospective study. Ann Med. (2021) 53:2268–77. doi: 10.1080/07853890.2021.2009125 

 19. Hollenberg, SM, Dumasius, A, Easington, C, Colilla, SA, Neumann, A, and Parrillo, JE. Characterization of a hyperdynamic murine model of resuscitated sepsis using echocardiography. Am J Respir Crit Care Med. (2001) 164:891–5. doi: 10.1164/ajrccm.164.5.2010073 

 20. Evans, L, Rhodes, A, Alhazzani, W, Antonelli, M, Coopersmith, CM, French, C , et al. Surviving sepsis campaign: international guidelines for management of sepsis and septic shock 2021. Intensive Care Med. (2021) 47:1181–247. doi: 10.1007/s00134-021-06506-y 

 21. Lee, WL, and Slutsky, AS. Sepsis and endothelial permeability. N Engl J Med. (2010) 363:689–91. doi: 10.1056/NEJMcibr1007320


 22. Vincent, JL, Singer, M, Einav, S, Moreno, R, Wendon, J, Teboul, JL , et al. Equilibrating SSC guidelines with individualized care. Crit Care. (2021) 25:397. doi: 10.1186/s13054-021-03813-0 

 23. Staziaki, PV, Qureshi, MM, Maybury, A, Gangasani, NR, LeBedis, CA, Mercier, GA , et al. Hematocrit and lactate trends help predict outcomes in trauma independent of CT and other clinical parameters. Front Radiol. (2023) 3:1186277. doi: 10.3389/fradi.2023.1186277 

 24. van der Poll, T, van de Veerdonk, FL, Scicluna, BP, and Netea, MG. The immunopathology of sepsis and potential therapeutic targets. Nat Rev Immunol. (2017) 17:407–20. doi: 10.1038/nri.2017.36


 25. Garcia-Alvarez, M, Marik, P, and Bellomo, R. Sepsis-associated hyperlactatemia. Crit Care. (2014) 18:503. doi: 10.1186/s13054-014-0503-3 

 26. Janz, DR, Bastarache, JA, Peterson, JF, Sills, G, Wickersham, N, May, AK , et al. Association between cell-free hemoglobin, acetaminophen, and mortality in patients with sepsis: an observational study. Crit Care Med. (2013) 41:784–90. doi: 10.1097/CCM.0b013e3182741a54 


Copyright
 © 2024 Duan, Yang, Ling, Li and Dai. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association between lactate to hematocrit ratio and 30-day all-cause mortality in patients with sepsis: a retrospective analysis of the Medical Information Mart for Intensive Care IV database



		1 Introduction



		2 Methods



		2.1 Database introduction



		2.2 Patient selection criteria



		2.3 Data extraction



		2.4 Statistical analysis



		2.5 Management of missing data and outliers









		3 Result



		3.1 Baseline demographic and clinical characteristics



		3.2 Univariate and multivariate Cox regression analysis



		3.3 ROC curve analysis and survival curve



		3.4 Subgroup analysis









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		Footnotes



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Medicine

Association between lactate to
hematocrit ratio and 30-day
all-cause mortality in patients
with sepsis: a retrospective
analysis of the Medical
Information Mart for Intensive
Care IV database












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Medicine






OPS/images/fmed-11-1422883-t001.jpg
Variables Total Survival Non-survival

(n =3,829) (n =3,504) (n =325)
Age, year 665 (56.8,75.0) 66.5(56.9,74.8) 67.2(56.2,76.4) 0.236
Gender, n (%) 0.006
F 1,371 (35.8) 1,232(35.2) 139 (42.8)
M 2458 (64.2) 2272 (64.8) 186 (57.2)

Nursing information

SBE mmHg 1150£133 11542131 17147 <0001
DBE, mmHg 595489 595488 59.6210.1 0938
MAP, mmHg 768489 769488 754295 0.004
HR, bpm 8574142 8524138 9122169 <0001
RR, bpm 183233 181531 205545 <0.001
CVE mmHg 110/(8.0,140) 110 (8.0, 14.0) 13.0(9.0,16.0) 0.001
Intake Volume 0.0(0.0,2636.0) 0000, 2318.0) 675.1 (0.0, 4876.0) <0.001
Output volume 0.0(0.0,850.0) 00(00,776.5) 100 (0.0, 1367.0) <0.001
Laboratory results

Glucose, g/dL 1260 (1020, 163.0) 1260 (1020, 1620) 136.0 (107.0, 185.0) <0.001
WBC, *10°/L. 86(65,122) 85(65,118) 111(7.4,158) <0.001
Hemoglobin, g/L. 11922 120£22 107224 <0.001
Hematocrit, % 345465 348464 31472 <0.001
Platelet, *10°/L. 2030 (153.5, 256.0) 2030 (156.0, 255.0) 191.0 (1260, 257.0) 0.006
Sodium, mmol/L 1387440 1388438 1379460 <0.001
Potassium, mmol/L. 42206 42206 4309 0,003
Bicarbonate, mmol/L. 23443 245240 215257 <0.001
BUN, mg/dL 180 (14.0,25.0) 18.0 (140, 24.) 230(150,37.0) <0.001
Creatinine, mg/dL 10(08,13) 10(08,1.2) 11(08,1.7) <0.001
Lactate, mmol/L. 14(1.1,20) 14(10,19) 23(14,44) <0.001
LHR 41(30,62) 40(30,57) 74 (44,146) <0.001
Score system, points

SOFA 60(4.0,80) 50(40,80) 13.0(9.0,16.0) <0.001
qSOFA 10(0.0,1.0) 00(00,1.0) 10(10,2.0) <0.001
SAPSII 360 (29.0,45.0) 35.0/(280,44.0) 47.0(38.0,57.0) <0.001
ccr 50(40,7.0) 50(40,7.0) 7.0(50,90) <0.001
Ges 140 (10.0,15.0) 140 (11.0,15.0) 100 (3.0,15.0)

Intervention

CRRT, n (%) <0.001
No 86(31.2) 76 (42) 10(105)

Yes 190 (68.8) 105 (58) 85(89.5)

Ventilator use, n (%) <0.001
No 1310(342) 1,228 (35) 82(25.2)

Yes 2,519 (65.8) 2,276 (65) 243 (74.8)

Dobutamine use, n (%) <0.001
No 2,495 (97.3) 2,243 (98.1) 252(91.3)

Yes 68(2.7) 44(1.9) 24(87)

Dopamine use, 7 (%) <0.001
No 2,468 (96.3) 2221 97.1) 247 (89.5)

Yes 95 (3.7) 66 (2.9) 29(105)

Epinephrine use, 1 (%) 0011
No 2009 (78.4) 1809 (79.1) 200(725)

Yes 554(21.6) 478 (209) 76 (27.5)

Norepinephrine use, 1 (%) <0001
No 1629 (63.6) 1,576 (68.9) 53(19.2)

Yes 934(36.4) 711 (31.1) 223(80.8)

Vasopressin use, 1 (%) <0001
No 2,142 83.6) 2015 (88.1) 127 (46)

Yes 421(164) 272(11.9) 149 (54)

Comorbidity

Acute heart failure, 1 (%) 0025
No 3,447 (90.0) 3,166 (90.4) 281 (86.5)

Yes 382(10.0) 338 (9.6) 44(1355)

Acute respiratory failure, 1 (%) <0.001
No 3,231 (84.4) 3,073 (87.7) 158 (48.6)

Yes 598 (15.6) 431 (123) 167 (51.4)

Acute kidney failure, 1 (%) <0.001
No 755 (19.7) 736 (21) 19(538)

Yes 3,074 (80.3) 2,768 (79) 306 (94.2)

Septic shock, 1 (%) <0.001
No 3,547 (92.6) 3,326 (94.9) 221 (68)

Yes 282(7.4) 178 (5.1) 104(32)

Infection site.

Infection foci, n (%) <0001
Unknow 1(0) 1(0) 0(0)

Respiratory system 51(13) 39(L1) 1267)

Abdominal infection 17(0.4) 16(05) 1(03)

Skin or surface infection 7(02) 7002 0(0)

Bone or joint infection 2(00) 201 00

Bloodstream infections 27(65) 188 (5.4) 59(182)

Nervous system 300 2001 1003)

Urinary system 549 (14.3) 543(15.5) 6(18)

Intravenous catheter related 100) 10 000)

infections

Unclassifiable 1913 (50) 1821 (52) 92(28.3)

Mixed infection 1,038 27.1) 884(25.2) 154 (47.4)

Data are presented as the mean  standard deviation (SD), median (IQR) for skewed variables, and numbers (proportions) or categorical variables. SBP, systolic blood pressure; DB, diastolic
blood pressure; MAP, mean arterial pressures HR, heart rate; RR, respiratory rate, bpm, beats per minute; WBC, white blood count; BN, blood urea nitrogen; LHR, lactate to hematocrit ratio;
SOFA, Sequential Organ Failure Assessment; GSOFA, quickly Sequential Organ Failure Assessment; SAPS I simplified Acute Physiology Score I1; CCI, Charlson comorbidity index; GCS,
Glasgow Coma Scale; CRRT, continuous renal replacement treatment.
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Variable Unadjusted Model 1 Model 2 Model 3

HR_95CI% p-value HR_95CI% p-value HR_95CI% p-value HR_95CI% p-value

LHR 162 (1.53-1.7) <0001 142 (1.34-1.51) <0.001 1.27 (1.17-137) <0.001 110 (101-1.20) <0.001

Model 1 adjusted for gender, SBP, MAR, HR, and RR. Model 2 adjusted for Model 1 (+WBC, hemoglobin, bun, creatinine, sodium, potassium, bicarbonate, glucose). Model 3 adjusted for
Model 2 (+SOFA, qSOFA SAPS II, CCI, GCS, ventilator use, acute heart failure, acute lung failure, acute kidney failure, septic shock and infection foci).
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Sequential Organ Failure Assessment; SAPS 11, simplified Acute Physiology Score I
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