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Abstract: Objective To analyze the blood lactate levels and lactate clearance rate in septic patients undergoing continuous 

renal replacement therapy (CRRT) with different clinical outcomes, and to explore the prognostic value of blood lactate levels 

and lactate clearance rate on the prognosis of such patients. Methods A retrospective analysis was conducted on the clinical 

data of 60 septic patients who received CRRT treatment at Renmin Hospital of Wuhan University from January 2019 to November 

2022. Based on discharge survival status, patients were divided into the survival group and the death group. Arterial blood 

lactate levels and lactate clearance rates were compared after treatment between the two groups. Results Of the 60 patients, 

45 survived (75.00%), and 15 died (25.00%). Compared with the survival group, the death group had older age, longer hospital 

stay, and higher APACHE II and SOFA scores (P<0.05); The death group had a higher respiratory rate, longer CRRT treatment 

time, and higher admission blood lactate levels, CRP levels, and neutrophil percentage (P<0.05); The blood lactate levels in the 

death group were higher at 0 and 24 hours after treatment, and the blood lactate clearance rate decreased at 24 and 48 hours 

after treatment, with statistical significance (P<0.05). Conclusion CRRT is an effective treatment for sepsis. The 48-hour lactate 

clearance rate has significant prognostic value for septic patients undergoing CRRT. 
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Sepsis is a systemic inflammatory response syndrome 

caused by severe infections, typically occurring in patients 

who have experienced severe burns, severe pneumonia, or 

extensive skin injuries [1]. Sepsis-induced inflammation 

can lead to varying degrees of dysfunction or even failure 

of multiple important organs such as the heart, liver, and 

kidneys. The mortality rate for septic patients is 30% to 

70%, making it the leading cause of death in critically ill 

patients in the intensive care unit (ICU) [2]. 

Continuous renal replacement therapy (CRRT) is 

currently one of the main treatments for sepsis [3-4]. CRRT 

involves circulating blood outside the body and using a 

device to remove toxic substances from the blood, thereby 

maintaining metabolic functions at normal levels [5-6]. It 

can replace renal function and, to some extent, compensate 

for renal dysfunction caused by conditions such as sepsis. 

The use of CRRT can reduce the burden on the kidneys and 

help restore renal function. However, the extracorporeal 

circulation process of CRRT requires sterile conditions; if 

the circuit becomes contaminated by the environment or 

human error, the patient may experience reinfection, 

worsening their condition [7]. Studies have shown that 

CRRT treatment for septic patients in the ICU can reduce 

mortality and shorten the duration of sepsis-related 

treatments and hospital stays. It also helps improve 

indicators such as blood urea nitrogen, creatinine, C-

reactive protein (CRP), procalcitonin (PCT), prothrombin 

time (PT), activated partial thromboplastin time (APTT), 

and Acute Physiology and Chronic Health Evaluation II 

(APACHE II) score [8]. Patients with severe sepsis often 

exhibit unstable vital signs, and controlling the treatment 

speed during CRRT while monitoring heart rate and blood 

glucose levels can help improve patient outcomes [9]. 

Blood lactate is an intermediate product of glucose 

metabolism produced by striated muscle, red blood cells, 

and brain tissue. The lactate level in the blood is related to 

the synthesis and metabolic rates of the kidneys and liver 

and can reflect insufficient organ perfusion and diseases 

like sepsis, aiding in the prognosis evaluation of critical 

conditions [10]. Research has found that elevated blood 

lactate is an independent risk factor for the occurrence of 

sepsis-associated acute kidney injury (AKI) and mortality, 

and it is closely related to the prognosis of septic patients 

[11]. Currently, there is limited research on the impact of 

blood lactate levels on the prognosis of septic patients 

receiving CRRT. 

This study aims to explore the prognostic value of 

blood lactate levels and blood lactate clearance rate on the 

prognosis of septic patients undergoing CRRT by 

analyzing blood lactate levels and clearance rates in 

patients with different clinical outcomes. 

 

1 Materials and methods 
 

1.1 Data sources 
 

The clinical data of septic patients who were admitted 
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to the ICU of Renmin Hospital of Wuhan University and 

received CRRT treatment from January 2019 to November 

2022 were retrospectively collected. Patients were divided 

into the survival group and the death group based on their 

outcomes at discharge. 

Inclusion criteria: The diagnostic criteria for sepsis 

were based on “The third international consensus 

definitions for sepsis and septic shock (sepsis-3)” [10]. 

Sepsis is defined as life-threatening organ dysfunction 

caused by a dysregulated host response to infection. For 

patients with suspected or confirmed infections, sepsis can 

be diagnosed if the Sequential Organ Failure Assessment 

(SOFA) score increases by ≥2 points from baseline. Due 

to the complexity of SOFA score operations, the quick 

SOFA (qSOFA) score can also be used clinically to identify 

critically ill patients. If at least two of the qSOFA criteria 

are met, further evaluation is required to determine if the 

patient has organ dysfunction. 

Exclusion criteria: (1) Age <18 years; (2) Pregnant 

or lactating women; (3) Participation in other studies; (4) 

Diseases that could affect immune-related indicators, such 

as systemic lupus erythematosus and other autoimmune 

diseases, leukemia, or recent use of immunosuppressive 

drugs; (5) Diseases that could affect the observation of 

prognostic indicators, such as severe brain injury, post-

cardiopulmonary resuscitation, or late-stage malignancies; 

(6) Death or discharge within 24 hours of treatment; (7) 

Severe chronic organ dysfunction present at admission; (8) 

Severe renal insufficiency requiring maintenance 

hemodialysis; (9) Patients unable to sign informed consent 

or with poor compliance. 

This study was approved by the Ethics Committee of 

Renmin Hospital of Wuhan University (2022NL-11-01), 

and all patients and their families signed informed consent. 

 

1.2 CRRT treatment 
 

Patients underwent CRRT using the Plasauto E-type 

blood purification device (manufactured by Asahi Kasei 

Corporation, Japan). The preferred vascular access for 

CRRT was the femoral vein or right internal jugular vein 

using a double-lumen catheter. The continuous 

venovenous hemodialysis filtration mode was selected, 

with the blood flow rate maintained at 180-200 mL/min. 

Anticoagulation methods included regional citrate 

anticoagulation (RCA), systemic heparin anticoagulation, 

or no anticoagulation, depending on the protocol 

determined by the treating physician. Filters were replaced 

within 72 hours as recommended by the manufacturer, 

provided there was no clotting. CRRT indications and 

treatment parameters were based on existing guidelines 

and individualized adjustments for each patient. 

 

1.3 Data collection 

 
Retrospective data collection included demographic 

information (gender, age), APACHE II score, SOFA score, 

treatment outcomes, CRRT treatment duration, and various 

clinical indicators such as heart rate, temperature, 

respiratory rate, PCT, CRP, white blood cell count, 

neutrophil percentage before CRRT treatment. 

Additionally, blood lactate levels and lactate clearance 

rates before and after CRRT treatment were measured, 

with a decrease of >35% defined as a significant reduction. 

Lactate clearance rate was calculated as follows: (blood 

lactate value before CRRT - blood lactate value after 

CRRT) / blood lactate value before CRRT × 100%. 

 

1.4 Statistical methods 
 

Data were collected using Excel 2019 and analyzed 

with SPSS 26.0 software. Normally distributed continuous 

data were expressed as mean ± standard deviation (�̅�±s), 

and comparisons were made using independent sample t-

tests. Categorical data were expressed as case (%), and 

comparisons were made using the chi-square test or 

Fisher's exact test. A P-value of <0.05 was considered 

statistically significant. 

 

2 Results 

 

2.1 General characteristics of patients  

 
The general characteristics of the patients were shown 

in Table 1. A total of 60 patients were included, of whom 

34 were male (56.7%) and 26 were female (43.3%). There 

were 45 patients in the survival group (75.0%) and 15 

patients in the death group (25.0%). There was no 

statistically significant difference in gender between the 

two groups (P > 0.05). Compared with the survival group, 

the death group had older age, longer hospital stays, and 

higher APACHE II and SOFA scores (P < 0.05). 

 

 
Tab. 1 Comparison of general data between two groups（�̅�±s） 

Group n Male/female（case） 
Hospital stays  

（d） 

Age 

（year） 

APACHE Ⅱ score 

（point） 

SOFA score 

（point） 

Survival group  45 25/20 25.55 ± 3.25 51.68 ± 15.34 12.15 ± 3.24 6.28 ± 1.25 

Death group 15 9/6 28.65 ± 2.45 63.12 ± 18.29 17.24 ± 4.51 8.35 ± 2.66 

2/t value  0.090 3.380 2.383 4.758 2.909 

P value  0.764 <0.001 0.020 <0.001 0.010 
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2.2 Vital signs and some biochemical test results 
 

The vital signs and biochemical test results of septic 

patients receiving CRRT treatment were shown in Table 2. 

There was no statistically significant difference in heart 

rate, temperature, PCT, or white blood cell count between 

the two groups (P > 0.05). However, compared with the 

survival group, the death group had higher respiratory rate, 

longer CRRT treatment duration, and higher blood lactate 

levels, CRP levels, and neutrophil percentage at admission 

(P < 0.05). 
 

Tab. 2 Comparison of vital signs and some laboratory results 

between two groups （�̅�±s） 

Indicator 
Survival group

（n=45） 

Death group

（n=15） 
t 

value 

P 

value 

Heart rate(beats/min) 78.85 ± 8.24 81.33 ± 5.28 1.090 0.280 

Body temperature (℃) 36.94 ± 1.54 37.12 ± 1.53 0.393 0.696 

Respiratory rate 

(times/min) 
15.24 ± 1.58 19.25 ± 5.43 2.821 0.013 

CRRT treatment time 

(d) 
3.75 ± 1.25 5.25 ± 2.25 2.459 0.025 

Blood lactate level 

(mmol/L) 
4.47 ± 1.34 5.82 ± 1.01 3.570 0.001 

PCT（ng/mL） 9.65 ± 2.15 10.26 ± 2.54 0.909 0.367 

CRP（mg/L） 82.23 ± 16.54 96.37 ± 18.18 2.798 0.007 

White blood cell count

（×109/L） 
14.25 ± 5.67 16.44 ± 6.29 1.261 0.212 

Percentage of 

neutrophils (%) 
33.26 ± 3.25 38.58 ± 2.96 5.607 <0.001 

 

2.3 Comparison of arterial blood lactate levels and 

lactate clearance rates 
 

Compared with the survival group, the death group 

had higher blood lactate levels at 0 hours and 24 hours 

post-treatment, and lower lactate clearance rates at 24 

hours and 48 hours post-treatment. These differences were 

statistically significant (P < 0.05). See Table 3. 

 
Tab. 3 Comparison of blood lactate levels and 

lactate clearance （�̅�±s） 

 

 

3 Discussion 
 

Sepsis is a severe, life-threatening disease 

characterized by a systemic inflammatory response 

syndrome (SIRS) leading to multiple organ dysfunction. 

Approximately 20% of global deaths annually are 

associated with sepsis [13]. Despite decades of research, 

the treatment of sepsis remains supportive rather than 

curative. The measurement of blood lactate levels is widely 

used in sepsis and septic shock. Yang et al. [14] found that 

changes in microcirculatory blood flow and tissue 

perfusion parameters, as well as fluctuations in blood 

lactate levels, were closely related to the prognosis of 

patients with sepsis and septic shock, and these changes 

were of significant value in assessing the prognosis of 

septic shock patients. Suo et al. [15] conducted a 

retrospective analysis showing that serum lactate, PCT, 

brain natriuretic peptide, and APACHE II scores were all 

higher in sepsis patients compared to non-sepsis patients, 

with even higher expression levels observed in the 

deceased group. This study found a lower blood lactate 

levels at admission in the survival group than in the death 

group. Therefore, real-time monitoring of blood lactate 

levels in the clinical management of sepsis may allow for 

better tracking of disease progression, aiding physicians in 

making timely interventions, preventing further 

deterioration, and improving patient outcomes. 

CRRT is a slow and steady form of continuous 

extracorporeal blood purification that can simulate renal 

function. It is typically implemented over a period of 24 

hours to several days, with the goal of gently removing 

fluid overload and excess toxins. Currently, CRRT is 

commonly used in ICU settings for the treatment of 

critically ill and hemodynamically unstable adult and 

pediatric patients due to its precise volume control, stable 

acid-base and electrolyte correction, and hemodynamic 

stability [16]. CRRT treatment has become the preferred 

choice for clinicians and patients, especially when the 

patient has acute kidney injury and/or multiple organ 

failure, sepsis/shock, acute brain injury, or other causes of 

increased intracranial pressure or systemic brain edema in 

the ICU, and when the patient cannot tolerate the relatively 

rapid removal of fluids (and solutes) via conventional 

hemodialysis). 

A retrospective analysis divided 92 septic patients 

into early and late groups, with the early group starting 

CRRT treatment within 24 hours of ICU admission, and 

the late group starting CRRT between 24 and 48 hours of 

ICU admission. The results indicated that early initiation 

of CRRT in septic patients effectively improved symptoms, 

enhanced treatment outcomes, and contributed to better 

prognosis [17]. Huang et al. [18] identified poor prognosis 

risk factors for septic patients with severe pulmonary 

infections, including high APACHE II scores, PCT levels, 

blood lactate, endotoxin levels, and low albumin levels. 

The construction of a nomogram model based on these risk 

factors demonstrated good predictive accuracy and can 

provide a reference for clinicians in screening high-risk 

populations and formulating relevant preventive and 

therapeutic measures. This study found that, compared to 

the death group, the survivors had lower arterial blood 

lactate levels after CRRT treatment. The lactate clearance 

rate was also reduced in the survivors (P < 0.05). This 

suggests that the dynamic changes in blood lactate levels 

following CRRT treatment are of significant importance 

for predicting the prognosis of septic patients. 

This study confirmed that CRRT treatment had a 

Group 

Blood lactate level after 

treatment (mmol/L) 

Lactate clearance rate after 

treatment (%) 

0 h 24 h  24 h 48 h 

Survival group 4.22±1.23 3.06±0.81  26.5±5.2 45.3±2.6 

Death group 5.62±1.09 4.87±0.62  12.4±6.1 16.5±3.3 

t value 3.921 7.900  8.708 34.684 

P value <0.001 <0.001  <0.001 <0.001 
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significant effect on the prognosis of septic patients, with 

75% of patients successfully weaned from mechanical 

ventilation after CRRT treatment. In this study, the arterial 

lactate clearance rates at 24 and 48 hours after CRRT can 

serve as one of the early indicators for assessing the 

prognosis of septic patients, providing a timely and 

accurate reflection of changes in organ function. However, 

the study included a relatively small number of cases and 

was a single-center study. The small sample size may lead 

to selection bias, and most of the patients were transferred 

from general wards to the ICU, with some not undergoing 

early bundle therapy during the onset of shock. This may 

affect the accuracy of the results. Future studies will further 

explore these findings through large-scale, prospective, 

randomized trials. 
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