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Background: The purpose of this study was to evaluate the accuracy of the lactate clearance rate (LCR) 
combined with the Acute Physiology and Chronic Health Evaluation II (APACHE II) score in the prediction 
of sepsis-associated acute kidney injury (SAKI).
Methods: Sepsis patients were divided into the SAKI group and non-SAKI group. Arterial blood lactate 
was collected at 0 h (before treatment), 2 h, 4 h, 6 h, and 8 h (after treatment), and the LCR was calculated. 
The physiological parameters and laboratory test results were used to calculate the APACHE II score and 
the Sequential Organ Failure Assessment (SOFA) score. The receiver operating characteristic (ROC) curves 
of LCR, APACHE II score and SOFA score for predicting patients with SAKI were drawn. Two single 
indicators with high areas under the curves (AUCs) were selected to calculate the joint probability through 
regression analysis, and the prediction efficiency corresponding to each curve was analyzed.
Results: There were significant differences in LCR between different groups and time periods 
(Fgroup=17.44, Pgroup ≤0.0001, Ftime =11.71, Ptime =0.0014). After 8 h of treatment, there was a significant 
difference in the overall compliance rate between the 2 groups (P<0.0001). In addition, after 24 h  
of treatment, the APACHE II score in the SAKI group was significantly higher than that in the non-SAKI 
group (P=0.0007), and SOFA score was also significantly higher than that in the non-SAKI group (P=0.0001). 
ROC curve showed that the 0–8 h LCR and APACHE II scores had a high predictive performance for the 
acute kidney injury (AKI) occurrence in sepsis patients, and AUCs were 0.7637 and 0.7517, respectively, 
while the combined AUC of the 2 indicators was 0.7975. 
Conclusions: The 0–8 h LCR combined with APACHE II score can improve the early predictive value of 
SAKI, reduce the risk of AKI in patients with sepsis/septic shock, and reduce the social and family burden, 
which is worthy of clinical application.
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Introduction 

Sepsis is one of the most common critical infections in 
intensive care units (ICUs), resulting in extremely high 
mortality, poor prognosis, and financial stress for patients. 
When a patient develops sepsis, the kidney is one of the 
most vulnerable target organs. Findings from a database 
of 500,000 patients in western Pennsylvania suggested 
that 40% of patients with sepsis had concomitant acute 
kidney injury (AKI). The real life percentage would be 
even higher due to the low rate of detection of AKI (1). 
With the continuous improvement of fluid management, 
internal environment monitoring, infection control, and 
renal replacement therapy in recent years, progress has 
been made in the treatment of septic AKI. Yet, when sepsis 
is complicated by AKI, the mortality rate is still as high 
as 70% (2). How to detect renal injury caused by sepsis in 
the early stages is key to improving the survival rate and 
prognosis of patients.

Lactic acid is a product formed by anaerobic glycolysis 
of glucose in a hypoxic environment. The production rate 
of lactic acid in the normal human body should be within 
15–30 mmoL/kg/d. The liver and kidney can remove 
lactic acid and maintain human arterial blood lactic acid at  
0.5–1.0 mmol/L. In patients with sepsis/septic shock, due to 
the severe impairment of microcirculation function, severe 
ischemia and hypoxia of cells lead to a large accumulation 
of lactic acid in the body (3,4). Serum lactate is an indicator 
used to reflect the perfusion and hypoxia of cells. In the 
ICU, serum lactate is often used to evaluate the resuscitation 
effect (5). Serum lactate has also been considered as an 
independent prognostic predictor of mortality in patients 
with sepsis (6). 

There are many novel molecular markers, such as: 
neutrophil gelatinase-associated lipocalin (NGAL), kidney 
injury molecule (KIM-1), liver fatty acid binding protein 
(L-FABP), interleukin-18 (IL-18), insulin-like growth 
factor binding factor 7 (IGFBP7), tissue inhibitor of matrix 
metalloproteinase 2 (TIMP-2), in the field of predicting 
sepsis associated AKI, but these molecular markers have 
limitations. First of all, current studies on these molecular 
markers are mainly aimed at patients with AKI with a 
relatively single disease type. However, for ICU patients 
with sepsis related organ dysfunction or frequently 
complicated with other systemic diseases, it is uncertain 
whether these indicators still have good sensitivity and 
specificity. Second, cutoff values for new biomarkers are 
difficult to determine in cases of normal, abnormal or 

unknown baseline renal function. Taking into account the 
patient’s clinical status, such as non-renal conditions and 
severity of systemic disease, lactate clearance rate (LCR) 
and Acute Physiology and Chronic Health Evaluation II 
(APACHE II) were superior to these markers in predicting 
AKI.

In addition, because the monitoring of lactate is 
easier to perform in daily clinical practice, serum lactate 
concentration is also a readily available and inexpensive 
clinical marker for patients with sepsis/septic shock. 
However, a single serum lactate value will be affected by 
many factors, and it could be misleading in the clinical 
assessment of the resuscitation status of patients with sepsis/
septic shock, as well as the perfusion and hypoxia of cells. 
LCR reflects dynamic changes in lactate concentration and 
has been shown to be superior to absolute lactate values in 
predicting outcomes and evaluating quality (7). This study 
is the first attempt to combine the LCR and APACHE 
II score, using the Sequential Organ Failure Assessment 
(SOFA) score as a reference, to predict sepsis-associated 
acute kidney injury (SAKI), that is, whether patients with 
sepsis will develop renal injury in the future and improve 
the early prediction value of SAKI. Moreover, we attempt to 
evaluate the effectiveness of early lactate, LCR, APACHE 
II score, and SOFA score in predicting the prognosis of 
patients with sepsis/septic shock and SAKI. We present the 
following article in accordance with the STARD reporting 
checklist (available at https://tau.amegroups.com/article/
view/10.21037/tau-22-225/rc)

Methods

Subjects 

According to the cluster sampling method, perform 
descriptive analysis and predictive performance analysis. 
80 patients with sepsis/septic shock admitted to ICU, The 
Affiliated Hospital of Hangzhou Normal University from 
January 2019 to September 2021 were selected. All patients 
signed the informed consent. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). The study was approved by the ethics committee of 
The Affiliated Hospital of Hangzhou Normal University (No. 
2019-HS-37). Patients who developed SKI within 7 days  
after admission were included in the SAKI group (39 
cases), and those who did not develop SKI within 7 days 
after admission were included in the non-SAKI group (41 
cases). The inclusion criteria were as follows: (I) Met 

https://tau.amegroups.com/article/view/10.21037/tau-22-225/rc
https://tau.amegroups.com/article/view/10.21037/tau-22-225/rc
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the diagnostic criteria for sepsis and septic shock issued 
by the Save Sepsis Campaign (SCC) in 2016; (II) clearly 
diagnosed with sepsis/septic shock; (III) aged 18–90 years 
old; (IV) survival time after clear diagnosis >24 h; (V) the 
patient received all necessary treatments deemed necessary 
by the ICU physician; (VI) the information of the patient 
was not lost within 90 days. The exclusion criteria were 
as follows: (I) patients <18 years old or >90 years old; (II) 
pregnant women, with congenital metabolic diseases; 
(III) patients who died within 24 h after admission; (IV) 
patients who discontinued treatment and were discharged 
suddenly, and patients (or their family members) who 
refused to participate; (V) patients with end-stage diseases 
such as malignant tumors; (VI) patients with underlying 
kidney disease or other potential kidney damage factors; 
(VII) patients with incomplete clinical data; (VIII) patients 
with non-infectious acute diseases (cardiogenic shock, 
myocardial infarction, pulmonary embolism) and patients 
with severe chronic diseases (respiratory failure, heart 
failure, and end-stage liver disease) accompanied by organ 
dysfunction; (IX) long-term use of drugs that affect blood 
lactate levels (hydroxyacids, biguanides), and a large 
number of catecholamines were used before admission. The 
AKI diagnostic criteria were as follows: According to the 
Kidney Disease Improving Global Outcomes (KDIGO) AKI 
diagnostic criteria guideline developed by the KDIGO in 
2012, AKI can be diagnosed if one of the following conditions 
is met: (I) Serum creatinine (SCr) rises ≥0.3 mg/dL  
within 48 h (≥26.5 μmol/L); (II) confirmed or presumed that 
the SCr increased to ≥1.5 times the baseline value within  
7 days; (III) the urine output was less than 0.5 mL/kg/h, and 
lasted for more than 6 h. The diagnostic criteria of SAKI 
were as follows: According to the KDIGO AKI guideline 
diagnostic criteria formulated by the KDIGO in 2012, the 
occurrence of SAKI was judged according to the occurrence 
of AKI.

Treatment methods 

Patients who met the inclusion criteria were immediately 
treated in accordance with the 2016 SCC and 2018 SCC 
bundle guidelines, which included the following contents: 
(I) monitoring blood lactate level, taking blood culture 
specimens before using antibiotics, and taking broad-
spectrum antibiotic treatment empirically in the ICU for 
1 h. Targeted anti-infective treatment was taken according 
to the etiological basis after 48–72 h; (II) when low blood 
pressure or blood lactate ≥4 mmol/L, a crystalloid solution 

was administered at 30 mL/kg. For patients with septic 
shock, within 6 h of initial resuscitation, if the central 
venous pressure (CVP) was 8–12 mmHg (12–15 mmHg 
for mechanically ventilated patients), the average arterial 
pressure ≥65 mmHg, urine output ≥0.5 mL/kg/h, central 
venous oxygen saturation (ScvO2) or mixed venous oxygen 
saturation (SvO2) was greater than or equal to 0.7 or 
0.65, fluid resuscitation should be used, with first choice 
of crystalloid solution. For patients with severe infection 
or septic shock and CVP reached the target within the 
first 6 h, but ScvO2 or SvO2 did not meet the target 
requirements, packed red blood cells would be transfused 
to make hematocrit (HCT) ≥30%, and/or dobutamine 
should be given (≤20 ug/kg/min); (III) if the patient 
needed mechanical ventilation, the initial upper limit of 
the airway plateau pressure was set to 30 cm H2O to avoid 
ventilator-related lung injury; (IV) after the hemodynamics 
were stable, early nutritional support was provided first. 
Enteral nutrition was combined with parenteral nutrition if 
necessary; (V) for severe patients with stress hyperglycemia, 
the level of blood sugar was controlled at 8.0–10.0 mmol/L; 
(VI) water and electrolyte balance were maintained.

Observation indicators 

The arterial blood lactate of patients at 0h (before treatment) 
and 2, 4, 6, and 8 h (after treatment) was collected, and the 
LCR was calculated. Whether the LCR met the standard was 
determined, the APACHE II and SOFA scores of patients 
were collected, then patients were tracked after the diagnosis 
of sepsis. Descriptive analysis and predictive power analysis 
were performed on whether AKI occurred within 7 days and 
mortality occurred within 7 days and 28 days.

For arterial blood lactate, arterial blood samples were 
collected from patients at 0h (before treatment) and at 2, 4, 
6, and 8 h (after treatment). The GEM Premier3000 blood 
gas analyzer was used to measure arterial blood lactate. For 
LCR, the patient’s LCR was calculated based on the lactate 
values collected above: 2, 4, 6, or 8 h LCR = [(lactate value 
in the Department of Intensive Medicine ‒ lactate value 
in the Department of Intensive Medicine 2 or 4 or 6 or  
8 h)/lactate value in the Department of Intensive Medicine 
×100%]. According to the patient’s arterial lactate value and 
LCR value, it was determined whether the patient’s LCR was 
up to the standard. The criterion was as follows: if the initial 
lactate was >2.0 mmoL, it would decrease by ≥10%; or the 
initial and repeated lactate levels were both <2.0 mmoL.

Using the APACHE II scoring scale as a measuring tool, 
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all patients were scored by a third-party specialist 24 h after 
admission, and the scores were recorded. The raters were 
not members of the study and had conflicts of interest.

Using the SOFA score scale as a measuring tool, all 
patients were scored by a third-party specialist immediately 
after admission and 24 h after admission, and the scores 
were recorded. The raters were not members of the study 
and had no conflicts of interest.

Statistical analysis 

SPSS 26.0 statistical software was used for data processing. 
Measurement data conforming to a normal distribution 
were expressed as mean ± standard deviation. Non-
normally distributed measurement data were expressed as 
median and interquartile range. Categorical variables were 
expressed as a percentage of the total sample. The overall 
difference of LCR at each time point was analyzed by the 
repeated measures method. Intra-group comparisons were 
performed by the LSD t-test. Inter-group comparisons 
of other indicators were performed by the independent 
t-test. Enumeration data was analyzed by the chi-square 

test. Receiver operating characteristic curve (ROC) analysis 
of the predictive efficacy of LCR (0–6 h), LCR (0–8 h), 
APACHE II score, SOFA score research variables on the 
occurrence of AKI in patients with sepsis. The area under 
the curve (AUC), its 95% confidence interval, standard 
error and P value were calculated, and the Youden index 
was used to find the best cutoff point. P<0.05 indicated that 
the difference was statistically significant.

Results

Descriptive analysis of the clinical data of SAKI and  
non-SAKI patients

In this study, 39 of the 80 patients had SAKI, with an 
incidence rate of 48.75%, while 41 did not have SAKI, 
accounting for 51.25% of the total. Statistical analysis was 
performed on the age, gender, past medical history, and 
source of infection of the 2 groups of patients, and the 
results showed that there were no significant differences 
(P>0.05), and the 2 groups were considered to be equal at 
baseline (Table 1).

Statistical analysis of clinical data such as ICU admission 

Table 1 Comparison of general data between the SAKI group and non-SAKI group

Subjects SAKI group (n=39) Non-SAKI group (n=41) t/χ2 P

Age (x±s, year) 72.10±16.67 67.13±16.99 1.320 0.1907

Gender, n (%)

Male 19 (48.72) 24 (58.54)
0.8804 0.3786

Female 20 (51.28) 17 (41.46)

Underlying conditions

Hypertension, n (%) 17 (43.59) 11 (26.93) 2.468 0.1162

Diabetes, n (%) 2 (5.13) 2 (4.88) 0.0026 0.9591

Coronary atherosclerotic heart disease, n (%) 1 (2.56) 0 (0.00) 1.065 0.3200

Combined underlying disease (≥2), n (%) 11 (28.21) 9 (21.95) 0.4169 0.5185

Source of infection, n (%)

Abdominal and intestinal origin 3 (7.69) 8 (19.51) 2.355 0.1249

Lung infection 12 (30.77) 11 (26.93) 0.1515 0.6971

Bloodstream infection 2 (5.13) 3 (7.32) 0.1643 0.6860

Urinary tract infection 2 (5.13) 1 (2.44) 0.4005 0.5268

Liver abscess, cyst secondary infection 2 (5.13) 0 (0.00) 2.156 0.1420

Multi-origin: (≥2 sources), n (%) 18 (46.15) 18 (43.90) 0.0409 0.8397

SAKI, sepsis-associated acute kidney injury.
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time, mean arterial pressure (MAP), albumin level, 
oxygenation index, mechanical ventilation time, vasoactive 
drug use type and time, albumin level, and other clinical 
data of the 2 groups of patients was conducted. It was found 
that vasoactive drug use time was significantly different 
between the 2 groups (P<0.05; Table 2).

LCR, LCR compliance rate, APACHE II score, and SOFA 
score between the 2 groups

The LCR, compliance rate, APACHE II score, and SOFA 
score were compared between the 2 groups at 2, 4, 6, and 
8 h (after treatment). The results showed that there were 
significant differences in the LCR between different groups 
and different time periods (Fgroup=17.44, Pgroup ≤0.001, Ftime 
=11.71, Ptime =0.0014), but there was no interaction effect 
between the 2 factors of group and time (Finteraction =1.776, 
Pinteraction =0.1516). The LCR of each time period was further 
compared, and the results showed that the 0–6 h LCR 
and 0–8 h LCR of the non-SAKI group were significantly 
higher than those of the SAKI group (P<0.05), but no 
difference between the LCR of the 2 time periods of 0–2 h 
and 0–4 h in the 2 groups was found (P>0.05). After 8 h of 
treatment, there was a significant difference in the overall 
compliance rate between the 2 groups (P<0.05). In addition, 
after 24 h of treatment, the APACHE II score in the SAKI 
group was significantly higher than that in the non-SAKI 

group (P<0.05), and the SOFA score was also significantly 
higher than that in the non-SAKI group (P<0.05; Table 3, 
Figure 1).

ROC curve of LCR, APACHE II score, and SOFA score in 
predicting AKI in patients with sepsis

Based on the previous descriptive analysis, it is known 
that the 0-6 h LCR, 0–8 h LCR, APACHE II score, and 
SOFA score (at 24 h) have a greater correlation with the 
occurrence of AKI in sepsis patients, and can be used as 
predictive factors for whether sepsis patients will develop 
AKI. Therefore, ROC curves of the above 4 indicators in 
predicting AKI occurrence in patients with sepsis were 
drawn, and the 2 single indicators with higher AUCs were 
selected to calculate the joint probability through regression 
analysis. The ROC curve of the joint prediction was drawn 
to analyze the corresponding prediction performance of 
each curve.

The ROC curve showed that the use of LCR and 
APACHE II scores had high predictive performance in 
predicting AKI occurrence in patients with sepsis, and their 
AUCs were 0.6310 for 0–6 h LCR, 0.7637 for 0–8 h LCR, 
0.7517 for APACHE II score, and 0.7367 for SOFA score, 
with significant differences (P<0.05). The AUC of the 0–8 h 
LCR combined with the APACHE II score for predicting 
AKI occurrence in sepsis patients was 0.7975, which was 

Table 2 Comparison of clinical data between the SAKI group and non-SAKI group

Subject SAKI group (n=39) Non-SAKI group (n=41) t P

ICU admission time (d) 13.33±8.91 12.78±9.54 2.662 0.7908

MAP (mmHg)

Immediately in ICU 71.95±19.02 82.95±19.56 2.548 0.0128

8 h of treatment 76.67±11.88 77.20±11.57 0.8403 0.2021

Oxygenation index

Immediately in ICU 230.32±112.53 238.71±158.18 2.721 0.7862

8 h of treatment 228.06±114.79 216.93±106.83 0.6546 0.6546

Mechanical ventilation time (h) 12.58±9.94 9.65±8.35 1.430 0.1567

Types of vasoactive drugs (types) 2.33±1.13 2.05±1.36 0.9989 0.3210

Vasoactive drug use time (d) 7.86±7.19 3.19±2.76 3.871 0.0002

Albumin level (g/L)

Immediately in ICU 28.73±4.80 26.81±6.24 1.537 0.1284

SAKI, sepsis-associated acute kidney injury; MAP, mean artery pressure; ICU, intensive care units.
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significantly higher than that of LCR, APACHE II score, 
and SOFA score separately. The Youden index suggested 
that the best cut-off points of the 0–6 h LCR, 0–8 h LCR, 
APACHE II score, and SOFA score for predicting AKI 
occurrence in sepsis patients were 1.32, 32.57, 18.50, and 
10.50, respectively (Figure 2, Table 4).

Comparison of blood lactate level and LCR in patients with 
different prognosis

The lactate levels in the survival group and the death group 
were analyzed, and the results showed that there was no 
significant difference in blood lactate levels in different 
groups and at different times (Fgroup =4.390, Pgroup =0.2680; 
Ftime =4.390, Ptime =0.6650). There was no interaction 
effect between group and time (Finteraction =0.3036, Pinteraction 
=0.8755). The LCR of the patients in the survival group 
and the death group was analyzed, and the results showed 
that the LCR of the death group was significantly lower 
than that of the survival group (Fgroup =10.22, Pgroup <0.0001), 
but there was no significant difference between different 
times (Ftime =2962, Ptime =0.5867). In addition, no difference 
in interaction effect between group and time was observed 
(Finteraction =1.736, Pinteraction =0.1596). Further analysis found 
that the 0–8 h LCR of the death group was significantly 
lower than that of the survival group (P=0.0351; Table 5, 
Figure 3).

Comparing the 7-day and 28-day deaths of the 2 groups, 
the SAKI group had 2 deaths in 7 days (5.13%) and 15 

deaths in 28 days (38.46%), while the non-SAKI group had 
1 death in 7 days (2.44%) and 7 deaths in 28 days (17.07%). 
There was a significant difference in the 28-day mortality 
between the 2 groups (P=0.0332; Table 6).

Discussion

Lactic acid can be used as a useful indicator of perfusion, 
but there are many causes of non-perfusion due to elevated 
lactate concentrations, such as muscle hyper-function, 
accelerated aerobic glycolysis, systemic diseases, and 
inhibition of pyruvate dehydrogenase, among others. 
Moreover, a single serum lactate value will be affected by 
many factors and may mislead physicians when drawing 
a clinical judgment of the resuscitation status of patients 
with sepsis/septic shock, as well as the accurate assessment 
of cell perfusion and hypoxia. LCR, that is, the ratio of 
the difference between the initial arterial blood lactate 
concentration and the observation point arterial blood 
lactate concentration, can dynamically reflect the changes in 
blood lactate concentration. In sepsis/septic shock-related 
AKI, especially at high levels of intrarenal oxygen shunt, 
lactate levels are more reflective of arterial perfusion than 
oxygen supply, and lactate is a strong independent predictor 
of mortality in SAKI patients. Compared with traditional 
perfusion parameters and oxygen-derived variables, blood 
lactate concentration and LCR have certain advantages in 
predicting effectiveness in different populations (8). This 
conclusion was also verified in this study, in that LCR 

Table 3 Comparisons of LCR, APACHE II score, and SOFA score between the SAKI group and non-SAKI group

Index SAKI group (n=39) Non-SAKI group (n=41) t/χ2 P

LCR (x±s, %)

0–2 h –16.82±58.17 –13.99±67.53 0.2004 0.8417

0–4 h –31.43±69.98 –15.69±72.07 0.9903 0.3251

0–6 h 2.41±54.99 26.40±20.15 2.616 0.0107

0–8 h 10.85±51.21 53.10±23.37 4.786 <0.0001

LCR, n (%) 31 (79.49) 39 (95.12) 4.467 0.0346

APACHE II score (x±s, points) 24.95±6.24 19.49±7.46 3.541 0.0007

SOFA score (x±s, points)

Immediately in ICU 9.05±3.42 7.64±3.51 1.819 0.0728

24 h of treatment 9.90±3.94 6.58±3.32 5.083 0.0001

LCR, lactate clearance rate; APACHE II, Acute Physiology and Chronic Health Evaluation II; SOFA, Sequential Organ Failure Assessment; 
SAKI, sepsis-associated acute kidney injury; ICU, intensive care units.
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Figure 1 Comparison of LCR, APACHE II score, and SOFA score between the 2 groups. (A) The LCR of the 2 groups of patients at 0-2h, 
0-4h, 0-6h, and 0-8 h after treatment. (B) The lactate clearance of the 2 groups of patients at 8 h after treatment. (C) The APACHE II 
scores of the 2 groups of patients after 24 h of treatment. (D) The SOFA scores of the 2 groups of patients immediately after admission and 
24 h after treatment. LCR, lactate clearance rate; SAKI, sepsis-associated acute kidney injury; APACHE II, Acute Physiology and Chronic 
Health Evaluation II; SOFA, Sequential Organ Failure Assessment.

better reflects renal perfusion compared with ScvO2, and 
improving LCR can improve the prognosis of patients. 
Hsu and Hsu (9) have suggested that higher blood lactate is 
associated with the progression of AKI. In a recent animal 
experiment, Tan et al. (10) reported that lactate-directed 

treatment reduced the occurrence of AKI in mice. Zhao and 
Duan (11) proposed that lactic acid is an independent risk 
factor for death in patients with septic shock. However, it 
cannot accurately predict the death of the patients without 
integrating LCR, SOFA score, APACHE II score, and 
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Figure 2 ROC curves. (A) 0–6 h LCR; (B) 0–8 h LCR; (C) APACHE II score; (D) SOFA score (24 h); (E) 0–8 h LCR combined with SOFA 
score (24 h). The diagonals in the figure are reference lines. ROC, receiver operating characteristic; LCR, lactate clearance rate; APACHE 
II, Acute Physiology and Chronic Health Evaluation II; SOFA, Sequential Organ Failure Assessment.

Table 4 Area under the curve of each index for predicting AKI in patients with sepsis

Index Cut-off AUC P
95% CI

Upper bound Lower bound

LCR (0–6 h) 1.32 0.6310 0.0438 0.5002 0.7618

LCR (0–8 h) 32.57 0.7637 <0.0001 0.6567 0.8705

APACHE II score 18.50 0.7139 0.0010 0.6009 0.8268

SOFA score (24 h) 10.50 0.7340 0.0003 0.6242 0.8438

LCR (0–8 h) combined with SOFA score (24 h) – 0.7975 0.0013 0.6571 0.9379

AKI, acute kidney injury; AUC, areas under the curves; LCR, lactate clearance rate; APACHE II, Acute Physiology and Chronic Health 
Evaluation II; SOFA, Sequential Organ Failure Assessment.
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Table 5 Comparison of blood lactate levels and LCR in patients with different prognoses (x±s)

Time
Blood lactate level (mmol/L) LCR (%)

Survival group (n=58) Death group (n=22) t P Survival group (n=58) Death group (n=22) χ2 P

0 h 2.81±2.62 2.68±2.31 0.2044 0.8386

2 h 2.86±2.06 2.34±2.09 1.004 0.3184 –20.73±65.92 –1.23±52.65 1.244 0.2174

4 h 2.88±2.36 2.63±2.24 0.4288 0.6692 –23.76±70.70 –22.31±73.54 0.0810 0.9356

6 h 2.16±1.97 2.32±2.28 0.3105 0.7570 18.27±34.75 5.33±57.75 1.225 0.2243

8 h 1.96±1.76 1.57±1.52 0.4500 0.6540 38.93±42.42 15.56±46.35 2.145 0.0351

LCR, lactate clearance rate.
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Figure 3 Comparison of blood LC levels and LCR in patients with different prognoses. (A) Blood LC levels of patients with different 
prognoses at 0 h, 2 h, 4 h, 6 h, and 8 h; (B) LCR of patients with different prognoses at 0–2 h, 0–4 h, 0–6 h, and 0–8 h. LC, lactic acid; LCR, 
lactate clearance rate.

Table 6 Comparison of prognosis between the SAKI group and non-SAKI group

Subject SAKI group Non-SAKI group χ2 P

7 d mortality, n (%) 2 (5.13) 1 (2.44) 0.4005 0.5268

28 d mortality, n (%) 15 (38.46) 7 (17.07) 4.586 0.0332

SAKI, sepsis-associated acute kidney injury.

other indicators. The APACHE II score is a scoring system 
for critically ill patients proposed by Knaus in 1985. Its 
reliability has resulted in its widespread recognition by 
the medical community. After various calculations of the 
patient’s disease state, it can predict the mortality rate of 
the patient. A higher APACHE II score indicates a more 
critical condition, greater damage to various organs and 
systems of the body, and is more likely to cause kidney 
damage leading to concurrent AKI (12). Sadaka et al. (13) 
conducted a retrospective analysis using the APACHE 
database to predict the prognosis of organ function in 
patients with sepsis by using an ROC curve. The results 
suggested that elevated APACHE II scores and the mortality 

of patients with sepsis were significantly correlated, with an 
AUC of 0.80 (95% CI: 0.78–0.82) for APACHE II. Asada 
et al. (14) proposed that although APACHE II has high 
predictive performance, the APACHE II score consists of 
3 components, each of which represents the corresponding 
score. It is impossible to know the particular impact of 
each system component on the kidneys. Therefore, when 
applying APACHE II for AKI prediction, the clinical 
environment, such as non-renal conditions and severity of 
systemic disease, should be considered. Novel molecular 
markers for predicting AKI can be combined with other 
clinical monitoring indicators such as lactate or LCR, 
thereby improving prediction performance for better 
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clinical application prospects.
In this study, the2, 4, 6, and 8 h (after treatment) LCR, 

APACHE II score, and SOFA score were compared between 
the 2 groups. The results showed that there were significant 
differences in LCR between groups and time periods (Fgroup 
=17.44, Pgroup ≤0.001, Ftime =11.71, Ptime =0.0014). Further 
comparison of LCR in each time period showed that the 
0–6 h LCR and 0–8 h LCR of the non-SAKI group were 
significantly higher than those of the SAKI group (P<0.05). 
After 8 h of treatment, there was a significant difference in 
the overall compliance rate between the 2 groups (P<0.05). 
In addition, the APACHE II score of the SAKI group 
was significantly higher than that of the non-SAKI group 
(P<0.05). After 24 h of treatment, the SOFA score of the 
SAKI group was significantly higher than that of the non-
SAKI group (P<0.05). The above results suggest that 
LCR, APACHE II score, and SOFA score are significantly 
correlated with the occurrence of AKI in sepsis patients.

There are still some limitations in this study. Firstly, 
due to the cumbersomeness of extracting lactic acid in the 
experiment, it is impossible to measure the lactic acid value 
at 10, 12, 14, and 24 h. The results of this experiment can 
only explain the best LCR and lactate acid values within 
0 to 8 h. For the prediction of the occurrence of AKI in 
sepsis patients by the clearance compliance rate of LCR 
and APACHE II, we cannot know whether results within 
10, 12, 14, and 24 h are better than the results obtained 
in this experiment. Secondly, Due to the relatively short 
study period of this subject, the relatively small sample size 
made it impossible to compare the severity of renal injury 
in the SAKI group. It was only concluded that the LCR 
and APACHE II scores had predictive potential for the 
subsequent occurrence of AKI in patients with sepsis. If the 
study period can be extended and the number of cases can 
be increased in the follow-up study, the LCR and APACHE 
II scores may be more valuable in predicting septic AKI. 
It was impossible to explore whether this prediction factor 
could indicate the severity of AKI for patients with sepsis. 
Thirdly, the patients included in this experiment were 
relatively older, and possible organ insufficiency may be 
associated with the development of the disease. The damage 
of liver and kidney function may lead to the increase of 
lactic acid, while sepsis/septic shock itself will inhibit lactate 
scavenging enzyme and pyruvate dehydrogenase, resulting 
in impaired lactate clearance. The influence of these 
possible error factors on the experiment was not considered 
in the study. Lastly, for the prediction of AKI occurrence, 
continuous research into new molecular markers of sepsis 

may further improve the predictive effectiveness of AKI 
occurrence in sepsis patients if further tests can be carried 
out in combination with single or multiple molecular 
markers. Therefore, based on the above viewpoints, we 
expect more countries and regions to join forces with critical 
care medicine departments to conduct multi-center joint 
experiments to explore the combination of LCR, APACHE 
II score, SOFA score, and new molecular markers. This 
will be one of the key research topics of AKI occurrence in 
patients with sepsis/septic shock.

In conclusion, the LCR combined with the APACHE II 
score has high predictive effectiveness for SAKI, making it 
worthy of clinical application. For patients with sepsis/septic 
shock, in addition to early lactate and other test indicators 
for the routine treatment of sepsis, more attention should 
be paid to LCR, APACHE II score, and SOFA score in 
patients with sepsis. Their utility for the early prediction of 
sepsis and the evaluation of prognosis in patients with sepsis 
might improve the patient’s LCR and reduce the patient’s 
APACHE II score, leading to the reduction of the risk of 
subsequent AKI occurrence in patients with sepsis/septic 
shock. This will ultimately improve the patient’s survival 
rate, reduce the patient’s risk of death, and reduce the 
burden on society and families.
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