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Abstract. – OBJECTIVE: The aim of this 
study was to elucidate the relationship between 
venous lactate levels and the severity of acute 
pancreatitis (AP). 

PATIENTS AND METHODS: Retrospective 
data analysis was conducted on patients diag-
nosed with acute pancreatitis. The comparative 
assessment encompassed baseline characteris-
tics, laboratory data, illness severity, local conse-
quences, and organ failure instances. This com-
parison was performed between patients exhib-
iting normal serum lactic acid levels (HL) and 
those displaying elevated HL levels. The associ-
ation between serum HL levels and other perti-
nent clinical markers was investigated using lin-
ear regression. Logistic regression analysis was 
employed to evaluate the utility of elevated se-
rum lactate levels in identifying high-risk groups. 

RESULTS: Significantly elevated serum HL lev-
els were observed in patients with moderately se-
vere acute pancreatitis (MSAP) and severe acute 
pancreatitis (SAP) in contrast to those with mild 
acute pancreatitis (MAP) (p<0.01). Multivariate logis-
tic analysis demonstrated that higher lactate levels 
independently predicted organ failure (95% CI 0.738-
0.902, p<0.05). Receiver operating characteristic 
(ROC) curve analysis indicated that the lactate (LAC) 
cut-off value of 2.45 mmol/L yielded sensitivity and 
specificity values of 76.5% and 79.1%, respectively, 
for predicting AP-associated organ failure. The cor-
responding area under the curve (AUC) was 0.820. 

CONCLUSIONS: In AP patients, elevated serum 
HL levels signify disease severity and hold predic-
tive potential for assessing the risk of organ failure.
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pancreatitis.

Introduction

Acute pancreatitis (AP) precipitates both local 
and systemic inflammatory response syndromes 

(SIRS), culminating in the potential for ho-
spitalization due to gastrointestinal disorders1. 
This condition is categorized into three distinct 
classes: mild AP (MAP), moderately severe AP 
(MSAP), and severe AP (SAP)2. 

In the event of an early determination of the se-
verity of AP, medical practitioners can implement 
targeted interventions such as fluid resuscitation, 
enteral nutrition3,4 and antibiotic therapy5. These 
interventions hold the potential to substantially 
mitigate the incidence of complications, enhan-
ce overall prognosis, and curtail mortality rates6. 
Previous investigations7-9 have underscored the as-
sociation between elevated serum markers and the 
severity of AP, including but not limited to white 
blood cell count (WBC), C-reactive protein (CRP), 
procalcitonin (PCT), blood urea nitrogen (BUN), 
age, lactate dehydrogenase (LDH), and hematocrit. 
Furthermore, the predictive efficacy pertaining to 
localized pancreatic complications and organ fai-
lure remains suboptimal, necessitating the identi-
fication of novel markers. Lactic acid (HL), an end 
product of glycolysis, is regarded as a pivotal indi-
cator of tissue hypoxia. The elevation of HL levels 
might be attributed to heightened mucosal permea-
bility in patients10. The release of HL within the in-
testines may manifest earlier in specific segments 
of the gastrointestinal tract11. Severe acute pancre-
atitis (SAP) patients often experience pronounced 
intra-abdominal pressure, a factor that frequently 
exerts an impact on intestinal blood circulation. 
The impairment of intestinal wall metabolism can 
be attributed to the overarching influence of syste-
mic inflammation11,12. Consequently, this can pave 
the way for bacterial translocation, a pivotal event 
believed to be instrumental in instigating pancre-
atic tissue necrosis and eventual organ failure13,14. 

For medical practitioners, the early detection of 
intestinal hypoperfusion or metabolic alterations 

European Review for Medical and Pharmacological Sciences 2024; 28: 2179-2185

S.-X. XU1,2, N.-Z. WANG2, G.-H. YAO2, Y.-B. DING2, C.-F. XU1

1Department of Gastroenterology, The First Affiliated Hospital of Soochow University, Suzhou, 
Jiangsu, China
2Department of Gastroenterology, Affiliated Hospital of Yangzhou University, Yangzhou University, 
Yangzhou, Jiangsu, China

Corresponding Author: Chunfang Xu, MD; e-mail: xuchunfang@suda.edu.cn

Elevated venous lactate level as an early  
predictive marker of organ failure in acute  
pancreatitis: a retrospective study



S.-X. Xu, N.-Z. Wang, G.-H. Yao, Y.-B. Ding, C.-F. Xu

2180

during the clinical course of the disease holds 
profound significance. Notably, serum venous 
lactate levels have demonstrated the potential to 
prognosticate SAP, mortality, and admission to 
the intensive care unit (ICU)15. However, com-
prehensive insights pertaining to the relationship 
between serum venous lactate levels and the oc-
currence of organ failure remain limited.

Patients and Methods

Definitions
At least 2 of the following 3 points were used to 

diagnose acute pancreatitis: (1) persistent abdomi-
nal pain, (2) serum amylase at least three times the 
upper limit of the normal value, (3) findings consi-
stent with AP on contrast-enhanced CT (CECT), 
magnetic resonance imaging (MRI), or ultrasound. 

Patients
Consecutive patients diagnosed with acute 

pancreatitis at the Affiliated Hospital of Yan-
gzhou University from January 2013 to October 
2018 were enrolled. To be eligible for the study, 
patients had to meet the following criteria: abdo-
minal pain starting no more than 72 hours before 
hospital admission, age 18 or older, venous HL 
levels measured within 2 hours of collecting other 
blood samples within 24 hours, and comprehensi-
ve medical records available. The primary outco-
mes under investigation encompassed the occur-
rence of local complications and organ failure.

The typical range for serum lactic acid is betwe-
en 0.5 and 1.5 mmol/L. Patients whose lactic acid 

levels were ≤1.5 mmol/L were categorized into 
the normal lactic acid group, while those with 
levels >1.5 mmol/L were classified into the hi-
gh lactic acid level group.

Statistical Analysis
The statistical analyses were performed using 

IBM SPSS, version 26.0 (IBM Corp., Armonk, NY, 
USA). Student’s t-tests and Mann-Whitney U tests 
were employed for continuous variables, and results 
are presented as means accompanied by their corre-
sponding standard deviations (SD). For categorical 
variables, Chi-square tests were utilized. The pre-
dictive accuracy of laboratory tests was evaluated 
through the area under the curve (AUC) analysis, 
sensitivity, and specificity tests, along with the cal-
culation of a 95% confidence interval (CI). Logistic 
regression analyses were conducted to investigate 
the various indicators further. Multivariate analysis 
was carried out using a Cox regression model. A 
significance level of p<0.05 was deemed statisti-
cally significant. Significance levels are denoted as 
follows: *p<0.05, **p<0.01, ***p<0.001.

Results

Demographic Characteristics of 
Participants

A total of 446 patients diagnosed with AP were 
included in the study (Table I). Within the normal 
serum HL group, the mean age was 51.9 years, 
with 63.2% of the patients being males. In contrast, 
the high serum HL group had an average age of 
52.6 years, with 87.6% of the patients being males.

Table I. Demographic characteristics of participants.

Variable Total (N=446) Normal LAC (N=204) High LAC (N=242) p-value

Sex, male, N (%) 341 (76.5%) 129 (63.2%) 212 (87.6%) 0.493
Age, years (S±D) 52.23±16.37 51.88±16.06 52.62±16.76 0.415
Smoke, N (%) 141 (31.6%) 58 (28.4%) 83 (34.3%) 0.834
Alcohol, N (%) 95 (21.3%) 43 (21.1%) 52 (21.5%) 0.089
Comorbidities, N (%)    
Fatty liver disease N (%) 275 (61.7%) 117 (57.4%) 158 (65.3%) 0.098
Diabetes, N (%) 72 (16.1%) 28 (13.72%) 44 (18.2%) 0.135
Hypertension, N (%) 35 (7.8%) 16 (7.8%) 19 (7.9%) 0.237
CHD, N (%) 14 (3.1%) 11 (5.4%) 3 (1.2%) 0.058
Preclinical pancreatitis, N (%) 106 (23.8%) 47 (23.0%) 59 (24.4%) 0.565
Chronic pancreatitis, N (%) 4 (0.9%) 2 (1.0%) 2 (0.8%) 0.335
Pathogenesis    0.138
Biliary, N (%) 140 (31.4%) 67 (32.8%) 73 (30.2%) 
Alcoholic, N (%) 44 (9.9%) 21 (10.3%) 23 (9.5%) 
HTG, N (%) 168 (37.7%) 62 (30.4%) 106 (43.8%)

Lactate (LAC); hypertriglyceridemia (HTG).
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The Comparisons of Biochemical 
Parameters Between Normal HL Group 
and High HL Group

Regarding laboratory assessments, notable di-
stinctions were observed between the two groups 
concerning variables such as white blood cell 
count, neutrophil count, hematocrit, aspartate 
aminotransferase, lactate dehydrogenase, and 
CRP percentage (p<0.05) (Table II). In the realm 
of disease severity and prognostic implications, 
the high lactate group exhibited a heightened 
classification within the Atlanta Classification 
system, elevated BISAP and RANSON scores, an 
augmented susceptibility to SIRS, and an increa-
sed propensity for local pancreatic complications 
and organ failure (p<0.05). These disparities de-
monstrated statistical significance (Table III).

Correlation Between LAC and 
Clinical Indicators

Further linear regression analysis between 
lactate and other clinical indicators showed that 
lactate has a significant correlation with advanced 
age (age greater than 60 years) (95% CI 0.017-0.530, 
p=0.037), SIRS (95% CI 0.075-0.151, p=0.00002), 
local pancreatic complications (95% CI 0.047-
0.103, p=0.00002), organ failure (95% CI 0.068-
0.137, p=0.0004), Atlanta classification (95% CI 
0.120-0.200, p=0.0001), Bedside index for seve-
rity in acute pancreatitis (BISAP) score (95% CI 
0.225-0.382, p=0.00001), RANSON score (95% 
CI 0.206-0.365, p=0.0001), white blood cell count 
(95% CI 0.559-1.242, p=0.0001), neutrophils cell 
percentage (95% CI 1.231-3.069, p=0.0002) and 
LDH (95% CI 1.975-2.386, p=0.0001) (p<0.05).

Table II. The comparisons of biochemical parameters between groups.

Variable Normal LAC (N=204) High LAC (N=242) p-value

WBC*109/L (S±D) 9.7±4.0 13.5±5.0 <0.001***
NEUT% (S±D) 76.0±14.5 82.4±11.05 <0.001***
HCT% (S±D) 40.3±5.9 42.9±5.9 <0.001***
ALT, U/L (S±D) 93.2±147.5 105.3±153.3 0.399
AST, U/L (S±D) 92.7±159.6 124.8±182.3 0.048*
GGT, U/L (S±D) 153.1±222.8 194.5±266.2 0.079
ALP, U/L (S±D) 119.8±130.4 122.2±128.5 0.845
LDH, U/L (S±D) 229.8±194.9 273.4±174.6 0.013*
Cr, mmol/L 64.3±30.7 67.0±31.3 0.355
BUN, mmol/L (S±D) 4.8±1.77 4.7±2.30 0.595
GLU, mmol/L (S±D) 10.3±8.01 9.6±7.9 0.773
CRP (S±D) 42.8±66.9 87.5±117.4 <0.001***

White blood cell count (WBC), C-reactive protein (CRP), blood urea nitrogen (BUN), lactate dehydrogenase (LDH), hematocrit 
(HCT), aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma-glutamyl transferase (GGT), alkaline 
phosphatase (ALP), Lactate (LAC), Neutrophil (NEUT), Creatinine (Cr), Serum glucose (GLU). *p<0.05, ***p<0.001.

Table III. Biochemistry characteristics of participants.

Variable Normal LAC (N=204) High LAC (N=242) p-value

Atlanta Classification MAP, N (%) 169 (82.8%) 156 (64.3%) <0.001***
MSAP, N (%) 24 (11.9%) 66 (27.3%) 
SAP, N (%) 11 (5.3%) 20 (8.4%) 
BISAP scores   <0.001***
<2, N (%) 180 (88.2%) 168 (69.4%) 
≥2, N (%) 24 (11.8%) 74 (30.6%) 
RANSON scores   <0.001***
<3, N (%) 184 (90.2%) 176 (72.7%) 
≥3, N (%) 20 (9.8%) 66 (27.3%) 
Outcome   
SIRS, N (%) 27 (13.2%) 70 (28.9%) <0.001***
Local complications, N (%) 11 (5.4%) 37 (15.3%) <0.001***
Organ failure, N (%) 9 (4.4%) 31 (12.8%) <0.001***

Lactate (LAC), Mild AP (MAP), moderately severe acute pancreatitis (MSAP) and severe acute pancreatitis (SAP), systemic 
inflammatory response syndromes (SIRS). ***p<0.001.
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Lactate and the Severity of APs
Serum venous HL levels were positively cor-

related with the Atlanta grade and were higher in 
patients with SIRS and organ failure (Figures 1-3).

Lactate as an Independent Risk Factor 
for Organ Failure

Logistic regression analysis was performed on 
all laboratory data. It was found that lactate level 
>2.45 mmol/L was an independent risk factor 
for organ failure (Figure 4). The AUC of >2.45 
mmol/L at admission for predicting AP organ fai-
lure was 0.820 (95% CI 0.738-0.902), with a sen-
sitivity of 76.5% and a specificity of 79.1%. The-
refore, in this study, a lactate level >2.45 mmol/L 

Figure 1. Serum LAC levels between patients with 
different disease severity.

Figure 3. Serum LAC levels in patients without organ 
failure (NO-OF) and organ failure (OF).Figure 2. Serum LAC levels in NO-SIRS and SIRS.

Figure 4. AUROC analysis of LAC in pa-
tients with AP and organ failure. AUC=0.820; 
p<0.001; 95% CI 0.738-0.902.
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was identified as the cutoff value for diagnosing 
organ failure in AP (Table IV).

Discussion

Our investigation underscores a statistically 
significant differentiation in serum venous HL 
levels among the MAP, MSAP, and SAP groups, 
thereby signifying the capability of HL levels to 
reflect the severity of AP. Furthermore, serum 
venous HL levels exhibited a positive correlation 
with the Atlanta classification grade and were no-
tably elevated in patients afflicted with SIRS and 
those experiencing organ failure. Moreover, our 
findings reveal that serum venous HL levels hold 
the potential as a straightforward yet efficacious 
predictor of organ failure in individuals presen-
ting with acute pancreatitis upon admission.

In the current study, in approximately 80% 
of cases, AP presents with a mild form cha-
racterized by edema. However, nearly 20% of 
patients develop a severe or intricate trajectory 
of the disease, marked by either delayed or 
early systemic and local complications. The 
mortality rate associated with severe pancrea-
titis can ascend to 50%, whereas the collective 
mortality rate encompassing all forms of pan-
creatitis ranges between 2% and 5%16.

One of the pivotal determinants impacting 
mortality in AP is the occurrence of organ failure 
and tissue infection in the peripancreatic region17. 
Illustrative instances of localized complications 
encompassing pancreatic pseudocyst, walled-off 
necrosis (WON), and pancreatic duct disruption 
syndrome (DPDS) have the potential to signifi-
cantly contribute to elevated morbidity and mor-
tality rates18. Nevertheless, the dearth of optimal 

early prognostic indicators remains conspicuous 
in predicting organ failure. Recent years have wi-
tnessed investigations19 into predictors of pancre-
atic infection occurrence and progression in AP, 
with markers such as CRP, PCT, and LDH levels 
garnering attention. Our study underscores the 
substantial association between elevated venous 
HL levels and the severity of pancreatitis, as well 
as their prognostic relevance for organ failure.

In addition, serum HL levels hold the potential 
to foster the creation of novel predictive scores. 
Notably, they exhibit an AUC of 0.79 for the pre-
diction of SAP and an impressive AUC of 0.8710 
for prognosticating mortality, as demonstrated in 
the year 2017. A study conducted in 2019 by Shu 
et al20 discovered a significant correlation. In the 
context of MSAP, patients with elevated arterial 
HL levels displayed an augmented incidence of 
pancreatic infection in comparison to those with 
normal arterial HL levels (p<0.01).

Moreover, we determined that venous lactate le-
vels exceeding 2.45 mmol/L [Hazard Ratio (HR): 
5.27, 95% CI 0.738-0.902; p<0.01] constituted an 
independent risk factor for organ failure. Elevated 
venous HL levels represent a crucial hallmark of 
ischemia and hypoxia. In the context of AP patien-
ts, the primary mechanism underlying the translo-
cation of intestinal flora hinges on the impairment 
and dysfunction of the intestinal barrier, spurred 
by ischemia and hypoxia-induced damage21,22. 
Evidently, numerous experimental investigations23 
underscore that pancreatic tissue infection pri-
marily stems from the translocation of intestinal 
bacteria. Furthermore, emerging research24 allu-
des to the blood HL level as a potential marker for 
SIRS severity within the context of sepsis. This 
systemic inflammation curtails immune function 
and the body’s capacity to eradicate pathogens, 

Table IV. Multivariate analysis of risk factors for organ failure in AP.

Multivariate analysis OR Odds Ratios (95% CI) p-value

Age  1.013 0.996,1.031 0.140
Male sex 1.478 0.876,2.491 0.143
Smoking 0.979 0.522,1.838  0.948
Alcohol 0.962 0.461,2.011 0.919
Diabetes on admission 1.001 0.990,1.012 0.854
WBC  0.975   0.883,1.075 0.607
NEUT 0.959 0.905,1.015 0.150 
LAC 0.749 0.562,0.998 0.048** 
LDH 1.000 0.997,1.003 0.768
HCT 1.021 0.971,1.073 0.418 

White blood cell count (WBC), lactate dehydrogenase (LDH), hematocrit (HCT), Neutrophil (NEUT), Lactate (LAC). **p<0.01.
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consequently rendering pancreatic tissue suscep-
tible to infection by intestinal bacteria25. Notably, 
in the presence of an infection, white blood cells 
escalate anaerobic glucose metabolism, thereby 
further elevating lactate levels26,27.

Recommendations
First, the extensive scope of our sample selection 

spans a duration of 7 years, effectively mitigating 
the influence of selection bias. Second, this study 
pioneers the examination of the correlation betwe-
en serum venous HL levels and the severity of AP. 
Importantly, we have established HL levels as an 
independent risk factor for the onset of organ fai-
lure. Third, the equivalence in baseline HL levels 
between the normal and high HL groups, without 
any statistically significant disparity, significantly 
attenuated selection bias. Fourth, to circumvent 
the influence of confounding factors such as CRP, 
LDH, white blood cell count, neutrophil percenta-
ge, etc., we conducted a comprehensive multiva-
riate logistic regression analysis. 

Nonetheless, our study is not devoid of limi-
tations. Firstly, the retrospective nature of our 
investigation renders it susceptible to selection 
bias. In response, we adopted rigorous inclusion 
criteria and augmented our sample size to ame-
liorate this bias. Secondly, as lactate levels at 
the time of admission were not available for all 
AP patients, their data were excluded from our 
analysis. Despite these inherent limitations, the 
findings remain a valuable predictive indicator 
for early identification of the risk of organ failu-
re in individuals with AP.

Conclusions

Our findings underscore the potential of blo-
od HL as an early predictive marker for organ 
failure within the realm of AP. Nevertheless, to 
establish the robustness of this discovery, further 
comprehensive studies are imperative.
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