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Development and validation of a
lactate and procalcitonin-based
nomogram model for predicting
prognosis in ICU sepsis patients

Kai-Xi Tian?, Jie-Xuan Dong?, Juan Du!, Xu-Bing Huang! and
Yi Liu®*
tBaoshan Traditional Chinese Medicine Hospital, Baoshan, China, 2Department of Emergency

Medicine, The First Affiliated Hospital of Tianjin University of Traditional Chinese Medicine, Tianjin,
China

Objective: A nomogram model for predicting the prognosis of patients with
sepsis in the intensive care unit (ICU) was developed based on lactate and
procalcitonin (PCT) and externally validated.

Methods: From the anonymous medical database of the First Affiliated Hospital
of Tianjin University of Traditional Chinese Medicine, 55 patients with sepsis
admitted to the ICU of the First Affiliated Hospital of Tianjin University of
Traditional Chinese Medicine were retrospectively collected. Demographic data,
admission leukocyte count, lactate, PCT, and other clinical parameters were
collected. Based on 28-day outcomes, patients were stratified into survival
and mortality groups. Independent prognostic risk factors were identified
In review through multivariate logistic regression analysis, and a nomogram
prediction model was subsequently developed and internally validated. From the
anonymous medical database of the First Affiliated Hospital of Tianjin University
of Traditional Chinese Medicine, an additional 45 ICU sepsis patients were
collected to form an independent cohort for external validation.

Results: The cohort comprised 55 patients (37 male, 18 female), with 41 survivors
and 14 non-survivors. No statistically significant differences were observed
between survival and mortality groups in sex, age, White Blood Cell (WBC) Counts
on Admission, Underlying Diseases, admission lactate,72-h lactate levels, 72-
h lactate clearance rate, 24-h PCT levels, 24-h PCT clearance rate, or 72-h
PCT levels (all P > 0.05). Significant differences were identified in 24-h lactate
levels, 24-h lactate clearance rate, admission PCT levels, and 72-h PCT clearance
rate (P < 0.05). Multivariate analysis confirmed 24-h lactate clearance rate
and 72-h PCT clearance rate as independent prognostic risk factors for sepsis
outcomes. The prognostic value of 24-h lactate clearance rate and 72-h PCT
clearance rate in ICU sepsis patients was evaluated. The area under the ROC
curve (AUC) for the 24-h lactate clearance rate was 0.709 (P = 0.02). For the
72-h PCT clearance rate, the AUC was 0.908 (P = 0.039). The combined model
yielded an AUC of 0.920 (P = 0.036). Internal validation of the nomogram
model incorporating both 24-h lactate clearance In review rate and 72-h PCT
clearance rate demonstrated an AUC of 0.9012453, with a sensitivity of 0.539507
and specificity of 0.8985287. The calibration curve analysis shows that there
is a certain correlation between the prediction probability of the model and
the observation results, indicating that it has a certain prediction accuracy and
reliability. Decision curve analysis (DCA) demonstrated some clinical net benefit
across a range of threshold probabilities, supporting the model's utility in sepsis
management. External validation of the nomogram model (incorporating 24-
h lactate clearance rate and 72-h PCT clearance rate) using an independent
cohort showed an AUC of 0.681, with sensitivity 0.510 and specificity 0.742.
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Conclusion: Both 24-h lactate clearance rate and 72-h PCT clearance rate
may serve as independent prognostic risk factors for predicting outcomes in
ICU sepsis patients. The combination of two independent prognostic risk factors
may demonstrate superior predictive value for the prognosis of ICU sepsis
patients compared to individual factors alone. A nomogram prediction model
integrating these two independent risk factors may exhibits enhanced accuracy,
reliability, and clinical utility. However, due to the limited sample size (n =
55) and single-center cohort design, these findings require validation through
multicenter prospective studies with larger cohorts to strengthen the evidence

level and confirm In review generalizability.

KEYWORDS

sepsis, lactic acid, procalcitonin, line chart prediction model, external verification,

prognosis

1 Background

Sepsis is a life-threatening organ dysfunction caused by a
dysregulated host response to infection (1). Sepsis is a relatively
common critical illness in the ICU. Currently, due to its persistently
high morbidity and mortality rates, the diagnosis and treatment of
sepsis have become a significant public health concern. Gaieski et al.
(2) reported that over 1 million patients are diagnosed with sepsis
annually in the United States, with its incidence continuing to rise.
A substantial proportion of sepsis patients require intensive care,
with mortality rates ranging from 20% to 50% (3, 4)° According
to 2018 epidemiological data, China reports up to 32.38 million
sepsis cases annually, with a mortality rate of 66.7%, exceeding the
global average (5). A study on Chinese ICUs revealed that sepsis
patients account for 20.6% of ICU admissions, among whom 53.3%
have septic shock, while severe sepsis and uncomplicated sepsis
account for 43.6% and 3.1%, respectively. Regarding mortality,
septic shock patients—the largest subgroup—exhibit the highest
90-day mortality rate (51.94%), whereas uncomplicated sepsis
patients—the smallest subgroup—have the lowest (2.75%), and
severe sepsis patients show a In review 90-day mortality rate of
17.69% (6). Additionally, studies indicate that the daily medical cost
for severe sepsis patients in China reaches $502 (7). Given its high
incidence, mortality, and substantial financial burden on families,
sepsis poses a major global threat to public health.

To address these challenges in clinical practice, accurately
predicting disease progression and prognosis in sepsis is critical.
In current diagnostic protocols, lactate and PCT are widely
used to assess sepsis progression and outcomes. This study
employs a retrospective analysis to identify independent risk factors
associated with lactate-and PCT-related indicators that influence
sepsis prognosis. It further compares the predictive value of
combined risk factors vs. individual factors and constructs a 28-day
prognostic nomogram model for sepsis patients. This nomogram
may assist clinicians in rapidly and accurately evaluating disease
progression and prognosis based on dynamic biomarker changes,
enabling timely adjustments to treatment plans, personalized
care, reduced overtreatment, and lower medical costs. The model
will undergo internal and external validation, with calibration
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plots and clinical DCA to enhance its reliability, accuracy, and
clinical applicability.

2 Methods

2.1 Case selection

Both internal and external validation data must meet the
following inclusion and exclusion criteria.

(1) Diagnostic criteria: Sepsis diagnosis followed the Third In
review International Consensus Definitions for Sepsis and Septic
Shock (Sepsis-3) (8).

(2) Inclusion criteria: Aged 18-85 years; Meets diagnostic
criteria for sepsis.

(3) Exclusion criteria: Patients with pre-existing hematological
disorders, malignancies, hepatic/renal insufficiency, or immune
diseases; those who underwent continuous renal replacement
therapy (CRRT) within 72h of admission; non-mechanically
ventilated patients; and patients with incomplete clinical data for
accurate assessment.

2.2 Clinical data

A total of 55 mechanically ventilated sepsis patients aged 18-85
years, treated at The First Affiliated Hospital of Tianjin University
of Traditional Chinese Medicine from January 2022 to January
2024, were included. The cohort comprised 37 males and 18
females, with 14 non-survivors and 41 survivors.

2.3 Study design

This study employed a single-center, retrospective case-control
design. All patient data in this study were obtained from
anonymous data from the medical database of Tianjin University of
Traditional Chinese Medicine, and were retrospectively enrolled.
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2.4 Observational parameters

Both internal and external validation data were collected via
anonymous data from the medical database of Tianjin University
of Traditional Chinese Medicine: patient demographics: age, sex;
History of In review underlying diseases: diabetes, hypertension,
coronary heart disease; Laboratory markers: admission WBC
count, Lactate levels at admission, 24h , and 72 h, Lactate clearance
rates at 24h and 72h, PCT levels at admission, 24 h, and 72h,
PCT clearance rates at 24h and 72h, Clinical outcome: 28-
day prognosis.

2.5 Statistical analysis

Statistical analysis was performed using SPSS 21.0.
Measurement data conforming to a normal distribution were
expressed as mean =+ standard deviation (mean + SD), while
non-normally distributed measurement data were expressed as the
interquartile range (IQR; Q25, Q75).

For intergroup comparisons: normally distributed data
between two groups were analyzed using the independent
samples t-test. Non-normally distributed data between two
groups were analyzed using the Mann-Whitney U-test (rank-
sum test). Multi-group comparisons were performed using the
Kruskal-Wallis H-test.

Categorical variables were expressed as frequencies and
percentages, and comparisons between categorical variables were
conducted using the chi-square (%) test.

These statistical methods (independent samples t-test,
MannWhitney U-test, and chi-square test) were applied to
compare clinical parameters between groups, aiming to identify
risk factors influencing In review the prognosis of sepsis patients.

SPSS21.0 was used to complete univariate and multivariate
logistic regression analysis, identify independent risk factors
affecting the prognosis of patients with sepsis in ICU, construct
ROC curves, and complete the Hosmer and Lemeshow Test. The
predictive value of individual independent risk factors vs. combined
risk factors for ICU sepsis prognosis was compared. Based on
the identified independent risk factors, the collinearity analysis of
independent risk factors was completed using the car package,
corrplot package, and Hmisc package of R software (version 4.3.1
(2023-06-16 ucrt), and then the nomogram model was developed
using the rms package, rmda package, dcurves package, etc., and
the clinical decision curve and Bootstrap internal validation (1,000
iterations) were generated. External validation was performed
using clinical data from an additional 45 ICU sepsis patients to
evaluate the accuracy, reliability, and clinical applicability of this
model. Difference difference is defined as P < 0.05.

3 Results

3.1 Comparison of baseline characteristics
A total of 55 septic patients from the ICU of Tianjin University
of Traditional Chinese Medicine were enrolled in this study.

There were no statistically significant differences in baseline
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TABLE 1 Comparison of patient age between the two groups.

Age ‘ 65

10.3389/femer.2025.1612093

TABLE 2 Comparison of WBC counts on admission between the

two groups.

WBC counts on admission

12.42 & 6.00 ‘

0.498

TABLE 3 Comparison of underlying diseases between the two groups.

ltem Survival Death Total

Gender

Male 29 (78.4%) 8 (21.6%) 37

Female 12 (66.7%) 6 (33.3%) 18
x 7= 0.367 P =0.545

Hypertension

YES 28 (73.7%) 10 (26.3%) 38

NO 13 (76.5%) 4(23.5%) 17
%= 0.000 P =1.000

Diabetes

YES 20 (83.3%) 4(16.7%) 24

NO 21 (67.7%) 10 (32.3%) 31
x’=1733 P=0.188

Coronary heart disease (CHD)

YES 25 (71.4%) 10 (28.6%) 35

NO 16 (80.0%) 4(20.0%) 20
x°=0.493 P =0.483

characteristics between the two groups (P > 0.05). For details, see
Tables 1-3.

3.2 Comparison of lactate and
procalcitonin (PCT)-related indicators
between groups

In the comparison of lactate and PCT-related indicators
between the two groups, statistically significant differences were
observed in 24-h lactate levels, 24-h lactate clearance rate,
admission PCT levels, and 72-h PCT clearance rate (P < 0.05).
Detailed results are shown in Table 4.

3.3 Analysis of independent risk factors
affecting the prognosis of septic patients

Statistically significant differences were observed between the
survival and death groups in 24-h lactate levels, 24-h lactate

clearance rate, admission PCT levels, and 72-h PCT clearance

frontiersin.org


https://doi.org/10.3389/femer.2025.1612093
https://www.frontiersin.org/journals/disaster-and-emergency-medicine
https://www.frontiersin.org

Tian et al.

rate (P < 0.05). These variables were subjected to univariate
logistic regression analysis. Results showed that 24-h lactate levels,
24-h lactate clearance rate, and 72-h PCT clearance rate were
significantly associated with prognosis (P < 0.05), while admission
PCT levels showed no significance (P = 0.104, P > 0.05; see
Table 5).

Subsequently, multivariate logistic regression analysis was
performed using these three risk factors as independent variables.
Results demonstrated that 24-h lactate clearance rate and 72-h
PCT clearance rate remained statistically significant (P < 0.05; see
Table 6), identifying them as independent risk factors for 28-day
prognosis in septic patients.

3.4 Comparison of prognostic value
between single and combined independent
risk factors in septic patients

ROC curves were generated to evaluate the predictive value
of individual and combined independent risk factors. The area

TABLE 4 Comparison of lactate and PCT-related indicators between the
two groups.

10.3389/femer.2025.1612093

value under the ROC curve is the core index to evaluate the
discrimination ability of the prediction model, and the numerical
size can reflect the model’s ability to correctly distinguish between
“true positive” and “true negative.” A higher AUC value represents
a higher predictive value of the prediction model. The results
showed: 24-h lactate clearance rate: AUC = 0.709, standard error
(SE) = 0.091, P = 0.020, 95% confidence interval (CI): 0.531-
0.887 (Figure 1); 72-h PCT clearance rate: AUC = 0.908, SE =
0.039, P < 0.001, 95% CI: 0.830-0.985 (Figure 2); Combined two
independent risk factors: AUC = 0.920, SE = 0.036, P < 0.001, 95%
CI: 0.850-0.990 (Figure 3).

The AUC value of the combination of two independent risk
factors is greater than that of any one risk factor alone, so the
combination of the two independent risk factors has a higher
predictive value for the prognosis of sepsis patients.

The Hosmer and Lemeshow Test is the core test method of
logistic regression model calibration, which is used to evaluate the
degree of match between the predicted probability of the model
and the actual observed outcome, if the test result is P > 0.05, and
¥?/d<2 indicates that the model is well calibrated and there is no
local calibration defect.

The Hosmer and Lemeshow test results of the logistic
regression model constructed with two independent risk factors
alone and the two independent risk factors combined all showed
P > 0.05 and x*/d<2, which supported the model fit well and the

lterm Q25 IQR Q75 z P model calibration degree was acceptable (see Tables 7-9 for details).
Admission 1.73 254 4.05 _0.638 0.524 The variance expansion factor (VIF) of the two predictors
lactate was 1.079493 less than 2, indicating that there was no significant
24-h lactate 141 1.81 235 2870 0.004 multicollinearity problem. The highest correlation coefficient
between variables was |r| = 0.08, which was much lower than the
24-h lactate 0.03 0.25 0.50 —2.319 0.020 . . .
collinearity alert threshold of 0.7 (see Table 10 for details).
Clearance rate
72-h lactate 1.58 1.86 2.57 —1.797 0.072
72-h lactate —0.16 0.32 0.53 —1.353 0.176
Clearance rate TABLE 6 Results of multivariate logistic regression analysis for risk
factors.
Admission PCT 0.17 0.72 5.29 —2.995 0.003
24-h PCT 0.32 1.97 7.63 —1.913 0.056 Variable B SE Wals df P (O]
24-h PCT —2.32 —0.23 0.10 —1.739 0.082 24-h lactate —0.561 | 0.408 1.884 1 | 0170 = 0571
Clearance rate 24-h lactate 2.318 1.118 4.300 1 0.038 | 10.152
72-h PCT 0.19 0.89 492 —0.135 0.892 Clearance rate
72-h PCT —1.27 0.10 0.62 —4.521 0.000 72-h PCT ‘ 0.679 ‘ 0.249 ‘ 7.406 ‘ 1 ‘ 0.007 ‘ 1.972
Clearance rate Clearance rate

TABLE 5 Results of univariate logistic regression analysis for factors with significant differences between groups.

Variable B S.E Wals df P Odds Ratio (OR)
Admission PCT —0.194 0.120 2.637 1 0.104 0.823

24-h lactate 0.862 0.321 7.194 1 0.007 2.368

24-h lactate —1.908 0.891 4.581 1 0.032 0.148
Clearance rate

72-h PCT —0.605 0.222 7.431 1 0.006 0.546
Clearance rate
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FIGURE 1

ROC curve for 24-h lactate clearance rate. The ROC curve showed a
good discrimination (AUC = 0.709, P = 0.020, 95% Cl: 0.531-0.887).
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FIGURE 2
ROC curve of 72-h PCT clearance rate .The ROC curve showed a
good discrimination (AUC = 0.908, P < 0.001, 95% ClI: 0.830-0.985).
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FIGURE 3

Combined ROC curve of the two independent risk factors. The ROC
curve showed a good discrimination (AUC = 0.920, P < 0.001, 95%
Cl: 0.850-0.990).

TABLE 7 Hosmer and lemeshow test results for 24-h lactate clearance.

Hosmer and Lemeshow test

Chi-square df

1 8.624 7 0.281

TABLE 8 Hosmer and Lemeshow test results for 72-h PCT clearance.

Hosmer and Lemeshow test

Chi-square df

1 10.924 7 0.142

TABLE 9 The results of the Hosmer and Lemeshow test combined with
two independent risk factors.

Hosmer and Lemeshow test

Chi-square df

1 8.510 7 0.290

3.5 Construction of a nomogram model
combining twoindependent risk factors for
predicting sepsis prognosis

A nomogram model for predicting the prognosis of sepsis
patients was developed using R language, based on the combination
of two independent risk factors, as illustrated in Figure 4. In the
nomogram, the 24-h lactate clearance rate and 72-h PCT clearance
rate are displayed according to their respective weights. Each
variable value corresponds to a point score, and the sum of all

Frontiers in Disaster and Emergency Medicine

TABLE 10 Multicollinearity diagnostic results.

Correlation coefficient matrix

1.079493 —0.08

variable scores yields the total score. The total score is then mapped
to a predicted probability, representing the survival probability of
sepsis patients.
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FIGURE 4

Nomogram model for predicting sepsis prognosis. Each predictor indicates a certain score. A total score was generated by a summary of the score of
each predictor. The total score is then mapped to a predicted probability, representing the survival probability of sepsis patients.
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Calibration curve of the predictive model. The x-axis and y-axis of the calibration curve represent the predicted probability and the actual survival
probability of the nomogram, respectively. The diagonal dotted line represents a perfect prediction by an ideal model. The solid line represents the
performance of the nomogram. It represents a better prediction that a solid line is close to a diagonal dotted line. The calibration curve of the model
roughly coincides with the ideal curve in its overall trajectory, indicating that the model has certain predictive value.
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3.6 Evaluation of the prognostic nomogram
model for sepsis patients

The calibration curve and clinical decision curve of the
nomogram model were plotted, and Bootstrap internal validation
was performed. External validation was conducted using clinical
data from an additional 45 ICU sepsis patients to assess the model’s
accuracy, reliability, and clinical applicability. In Figure 5, the x-
axis and y-axis of the calibration curve represent the nomogram-
predicted and actual survival probabilities, respectively. The ideal
curve is a 45° diagonal line, where closer proximity to the diagonal
indicates better agreement between model predictions and actual
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observations, reflecting higher reliability. The results of this study
show that the calibration curve of the model roughly coincides with
the ideal curve in its overall trajectory, indicating that the model has
certain predictive value.

In Figure 6, when the DCA curve lies above and to the right of
the two extreme lines, it indicates superior predictive performance
and clinical value. The DCA of this model suggests that this
predictive model may provide some clinical net benefit for patients
with sepsis.

For internal validation, the model achieved an AUC value
of 0.901, sensitivity of 0.540, and specificity of 0.899. External
validation yielded an AUC value of 0.681, sensitivity of 0.510, and
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FIGURE 6
DCA of the nomogram. Black-solid line: The patient does not apply
the nomogram and the net benefit is zero; Red-solid line: All
patients are treated by the nomogram. The area enclosed by the
three lines presents the clinical utility of the nomogram.

specificity of 0.742. The large difference between the AUC values
of internal and external validation indicates that there may be
some overfitting or data heterogeneity in the nomogram prediction
model, which may be caused by the small sample size of the
prediction model and the systematic differences in the included
population, which limits the generalizability of the nomogram
prediction results.

4 Discussion

This study aimed to retrospectively investigate independent
risk factors affecting sepsis prognosis through lactate and PCT-
related indices and to develop a nomogram model for predicting
28-day outcomes in sepsis patients. The results demonstrated
that 24-h PCT clearance rate and 72-h lactate clearance rate
were independent risk factors influencing 28-day prognosis. The
combined predictive value of these two factors surpassed that of
either factor alone.

Compared with the traditional project of evaluating the
complex Sofa score of sepsis patients and the APACH-II score of
critically ill patients, the nomogram prediction model constructed
using lactate and PCT indicators can accurately cover the
dual characteristics of sepsis “infection + organ damage;” and
has the advantage of visualization to intuitively reflect the
prognosis of patients. Nomogram models constructed using these
independent risk factors have shown some clinical applicability.
It may aid in prognostic assessment, early detection of clinical
deterioration, and personalized treatment adjustments, potentially
improving treatment outcomes, alleviating patient suffering,
reducing healthcare costs, guiding treatment optimization, and
enhancing outcomes.

However, due to the small sample size of this study (n =
55 in the main cohort and n = 45 in the external validation
cohort), limited evidence strength, and all patients were from
the ICU medical database of the First Affiliated Hospital of
Tianjin University of Traditional Chinese Medicine, resulting in
the homogeneity of the enrolled population. The above reasons
lead to the large difference in the AUC value of internal and
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external verification of the prediction model, and there is a certain
overfitting and data heterogeneity of the prediction model. There
may be selection bias in the analysis of conclusions, and generality
cannot be guaranteed, and the generalization of the model needs
to be re-verified. Therefore, multicenter, larger sample clinical
studies are needed to improve the quality and generalizability of
the evidence and to minimize estimation errors by improving
population diversity and statistical power.
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