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Abstract: Objective To explore the effects of dynamic monitoring of plasma procalcitonin (PCT)levels in patients with sepsis in
guiding antibiotic treatment on course of treatment and drug resistance, and to evaluate its significance in predicting patient
prognosis. Methods A retrospective analysis was performed on the clinical data of 200 patients with sepsis in ICU of Xingtai
Central Hospital from December 2020 to October 2024. Among all patients, there were 100 cases in control group (routine
empirical antibiotics treatment, December 2020 to November 2022) and 100 cases in guidance group (antibiotics treatment
under the guidance of dynamic PCT monitoring, December 2022 to October 2024). The dynamic changes of PCT levels, as well
as antibiotics course, drug-resistance and prognosis were compared between the two groups. According to prognosis, patients
in control group were divided into survival group(n=85) and death group(n=15). The predictive value of dynamic PCT for death
of sepsis patients in ICU was analyzed by receiver operating characteristic (ROC)curves. Results After 3 d, 5 d and 7 d of
treatment, PCT levels in guidance group were(1.20+0.24)ng/mL, (0.24+0.14)ng/mL and(0.15+0.07)ng/mL, lower than those in
control group [(1.44+0.25)ng/mL, (0.85+0.20)ng/mL, (0.25+0.18)ng/mL] , the differences were statistically significant(£<0.05).
After 5 d of treatment, control rate of antibiotics use in guidance group was higher than that in control group (75.00% vs 55.00%,
X2=8.791, P=0.003). ICU treatment time and cumulative mortality rates after 7 d, 21 d and 28 d of treatment in guidance group
were(12.22 + 2.35)d, 2.00%, 4.00% and 6.00% , significantly lower than those in control group [(14.55 + 2.56)d, 9.00%, 12.00%,
15.00%] (P<0.05). After 1d, 3d,5d and 7 d of treatment, PCT levels in survival group were lower than those in death group,
with statistical significance(P<0.05). ROC curves analysis showed that areas under the curve (AUC)values of PCT after 1 d, 3d, 5
d and 7d of treatment for predicting death of sepsis patients were 0.714, 0.768, 0.770 and 0.775, respectively. Conclusion
Dynamic monitoring of PCT levels in ICU patients with sepsis to guide antibiotic treatment can significantly shorten course of
antibiotics and reduce incidence of multi-drug resistance, and enable patients to achieve better prognosis.
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Sepsis, a life-threatening organ dysfunction caused by
a dysregulated host response to infection, is associated with
high morbidity and mortality [1-2]. Although the 2021
Surviving Sepsis Campaign (SSC) Guidelines [3]
recommend initiating broad-spectrum antibiotic therapy
within 1 hour as a core intervention, the overreliance on
empirical treatment has led to a worsening crisis of antibiotic
abuse, exacerbating the prevalence of various multidrug-
resistant organisms. In traditional sepsis management,
antibiotic courses are mostly based on empirical judgment
or fixed durations, lacking guidance from objective
biomarkers. Despite the widespread use of inflammatory
indicators such as C-reactive protein (CRP) and white blood
cell (WBC) count, they are severely interfered by non-
infectious factors (e.g., trauma, surgical stress), making it
difficult to accurately distinguish between infection control
and persistent inflammatory states. Additionally, clinical
signs are confounded by sedative therapy and organ support
measures, further reducing the reliability of assessments [4].
Against this backdrop, procalcitonin (PCT), a highly
specific biomarker for bacterial infections, whose dynamic
changes are closely associated with infection severity and
treatment efficacy, has provided a new direction for

personalized antibiotic management [5]. Although previous
studies have confirmed that a single PCT test can assist in
the diagnosis of sepsis, the clinical utility of its dynamic
monitoring in treatment remains unclear. This study aimed
to explore the impact of dynamic PCT monitoring-guided
antibiotic therapy on treatment duration and antimicrobial
resistance in sepsis, as well as its prognostic value.

1 Materials and Methods

1.1 General Information

A retrospective study was conducted on 200 sepsis
patients admitted to the Intensive Care Unit (ICU) of Xingtai
Central Hospital from December 2020 to October 2024.
Among them, 100 patients admitted from December 2020 to
November 2022 were assigned to the control group, and 100
patients admitted from December 2022 to October 2024
were included in the guidance group (Table 1). All patients
underwent  microbiological culture or etiological
examination during hospitalization and required long-course
antibiotic therapy. This study was approved by the Ethics
Committee of Affiliated Hospital of Xingtai Medical
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College (Approval No.: 2020-KY-07).

1.2 Inclusion and Exclusion Criteria

Inclusion criteria: (1) Diagnosed with sepsis according
to the Expert Consensus on Early Prevention and Blockade
of Sepsis in Emergency Medicine of China [6],
characterized by inflammatory changes in body tissues or
local organs caused by pathogenic microorganisms within a
short period, with a Sequential Organ Failure Assessment
(SOFA) score [7] = 2 points, and meeting the indications
for antibiotic therapy; (2) Aged > 18 years; (3) Disease
duration < 5 days at admission; (4) Informed consent
obtained from patients or their family members with signed
documentation. Exclusion criteria: (1) Chronic infection,
special bacterial infection, or history of MDRO colonization;
(2) History of glucocorticoid, immunosuppressant, or
antibiotic use within 7 days; (3) Immunocompromised
status or concurrent malignant tumors with an expected
survival time of less than 3 months.

1.3 Study Methods

1.3.1 Dynamic PCT Detection

Venous blood (3 mL) was collected from patients in
both groups within 24 hours of admission, centrifuged at
2000 r/min (centrifugal radius: 15 cm) for 10 minutes, and
the supernatant was separated. PCT levels were measured
using quantitative immunochromatography with a colloidal
gold  immunochromatographic  analyzer  (Haigede
Biotechnology Co., Ltd., Model: HG-300GMS5). Dynamic
monitoring was further performed on days 1, 3, 5, and 7 after
admission.

1.3.2 Control Group

Routine antibiotic therapy was administered in
accordance with the Guidelines for the Treatment of Severe
Sepsis and Septic Shock in China (2014) [8]. Empirical
broad-spectrum antibiotic therapy was initiated within 1
hour of admission. For non-resistant patients with Gram-
negative bacterial infections confirmed by etiological testing,
intravenous piperacillin/tazobactam (Sichuan
Pharmaceutical Preparation Co., Ltd., National Medical
Product Administration (NMPA) Approval No.: H20203746;
Specification: 2.0 g; Dosage: 4.5 g every 6 hours) or
ceftazidime (Jiangxi Dongfeng Pharmaceutical Co., Ltd.,
NMPA Approval No.: H20073140; Specification: 1.5 g;
Dosage: 2 g every 8 hours) was preferred. For patients with
abdominal or pelvic infections requiring coverage of
Bacteroides  fragilis, metronidazole (Jilin Dubang
Pharmaceutical Co., Ltd., NMPA Approval No.: H22023068;
Specification: 0.5 g; Dosage: 500 mg every 8 hours) was
added. Meanwhile, fluid resuscitation and infection source
control were performed: an initial 30 mL/kg crystalloid
infusion was administered to maintain a mean arterial
pressure (MAP) target = 65 mmHg, and abscess drainage
and debridement of necrotic tissue were completed within 6-
12 hours.

1.3.3 Guidance Group

Antibiotic therapy was guided by dynamic PCT
monitoring in accordance with the Expert Consensus on the
Rational Clinical Application of Antibacterial Agents
Guided by Procalcitonin [9]. The principles for antibiotic
use based on dynamic PCT results were as follows: (1)
Discontinue antibiotics if PCT < 0.1 ng/mL; (2) Determine
antibiotic use based on comprehensive clinical indicators
(e.g., fever, neutrophil count, WBC count) if PCT is 0.1-0.25
ng/mL; (3) Mandate antibiotic use if PCT is 0.26-10 ng/mL;
(4) Recommend immediate antibiotic use if PCT > 10
ng/mL; reduce antibiotic dosage based on clinical indicators
if PCT decreases by = 80% in subsequent tests; consider
discontinuing antibiotics if PCT < 0.25 ng/mL after 48
hours of continuous antibiotic therapy.

1.4 Outcome Measures

(1) Dynamic changes in PCT levels: Comparison of
PCT levels between the two groups on days 1, 3, 5, and 7
after treatment. (2) Antibiotic course shortening and
antimicrobial resistance: Comparison of antibiotic-related
outcomes (compliance rate of antibiotic use at day 5, time to
compliance, antibiotic costs) and resistance-related
outcomes (resistance types, treatment costs of drug-resistant
infections) between the two groups. Compliance with
antibiotic use was defined as PCT <X 0.25 ng/mL based on
dynamic monitoring results. The monitored drug-resistant
types included carbapenem-resistant  hypervirulent
Klebsiella pneumoniae (CR-hvKP), multidrug-resistant
Acinetobacter baumannii (MDRO), methicillin-resistant
Staphylococcus aureus (MRSA), vancomycin-resistant
enterococci (VRE), and carbapenem-resistant Acinetobacter
baumannii (CR-PA). (3) Prognostic outcomes: Duration of
ICU stay and 28-day survival rate, with comparison of
survival differences between the two groups. (4) PCT level
analysis in patients with different prognoses: Patients in the
control group were divided into the survival subgroup (n=385)
and the non-survival subgroup (n=15) based on survival
status. Dynamic PCT levels on days 1, 3, 5, and 7 after
treatment were compared between the two subgroups, and
receiver operating characteristic (ROC) curve analysis was
used to evaluate the value of dynamic PCT in predicting
mortality in ICU sepsis patients.

1.5 Statistical Methods

SPSS 25.0 software was used for data analysis.
Measurement data conforming to a normal distribution were
expressed as X+s and compared using the t-test. Multi-time
point comparisons were performed using repeated-measures
analysis of variance (ANOVA), with pairwise comparisons
using the SNK-q test. Categorical data were expressed as n
(%) and compared using the ¥? test. Survival curves were
plotted using the Kaplan-Meier method, and differences
were compared using the Log-rank test. ROC curve analysis
was used to assess the prognostic value of dynamic PCT for
mortality in sepsis patients. P<0.05 was considered
statistically significant.
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2 Results

2.1 Comparison of Baseline Data Between the Two
Groups

No statistically significant differences were observed in
gender, age, infection site, disease duration, initial SOFA
score, or initial PCT level between the two groups (P> 0.05)
(Table 1).

2.2 Dynamic Changes in PCT Levels Between the Twwo
Groups

PCT levels in both groups showed a decreasing trend
with prolonged treatment duration, and the PCT levels in the
guidance group were significantly lower than those in the
control group on days 3, 5, and 7 after treatment (P < 0.05)
(Table 2).

2.3 Analysis of Antibiotic Course and Antimicrobial

Tab.1 Comparison of baseline data between the two groups

Resistance Between the Two Groups

The compliance rate of antibiotic use at day 5 in the
guidance group (75.00%) was significantly higher than that
in the control group (55.00%) (P < 0.05). The time to
compliance, antibiotic costs, treatment costs of drug-
resistant infections, and the incidence of MDRO, VRE, and
CR-PA in the guidance group were significantly lower than
those in the control group (P < 0.05) (Table 3).

2.4 Comparison of Prognostic Outcomes Between the
Two Groups

The duration of ICU stay and the cumulative mortality
rates at days 7, 21, and 28 in the guidance group were
significantly lower than those in the control group (P < 0.05)
(Table 4). Survival curve analysis showed that the 28-day
mortality rate in the guidance group (6.00%) was
significantly lower than that in the control group (15.00%)
(Log-rank ¥*=4.390, P < 0.05) (Figure 1).

(n=100, Xx*s)

Gender [case(%)]

Infection site [case (%)]

Disease Initial SOFA  Initial PCT

Group Male Female Age (years) PiLIlllt{: :trils;y Ai];lggclﬁgrl Unirfferyc tsii')iem course (d)  score (points) (ng/mL)
Guidance group 67(67.00) 33(33.00) 44.58+3.27  44(44.00) 28(28.00) 28(28.00) 2.49+0.40 5.11+0.22 1.85+0.35
Control group 59(59.00) 41(41.00) 45.16+2.89  51(51.00) 24(24.00) 25(25.00) 2.5240.42 5.16+0.24 1.82+0.33
x¥/tvalue 1.373 1.329 0.993 0.517 1.536 0.624
Pvalue 0.241 0.185 0.609 0.606 0.126 0.534

2.5 Analysis of PCT Changes Within 7 Days in Patients
with Different Prognoses

PCT levels in both subgroups decreased with
prolonged treatment duration, and the PCT levels in the
survival subgroup were significantly lower than those in the
non-survival subgroup on all days of treatment (P < 0.05)
(Table 5).

2.6 ROC Curve Analysis of Dynamic PCT Levels in
Predicting Mortality in Sepsis Patients

The area under the curve (AUC) of PCT levels on days

Tab.3 Analysis of antibiotic treatment duration and resistance between the two groups

1,3, 5, and 7 after treatment for predicting mortality in sepsis
patients was 0.714, 0.768, 0.770, and 0.775, respectively,
with optimal cut-off values of 1.71 ng/mL, 1.38 ng/mL, 0.85
ng/mL, and 0.30 ng/mL (Table 6, Figure 2).

Tab.2 Comparison of dynamic levels of PCT between the two

groups (ng/mL, xts)
Grou Day 1of  Day3of Day 5 of Day 7 of
P treatment  treatment treatment treatment
Guidance group 1.64+0.35 1.20+£0.24*  0.2420.14%®  0.15+0.07%°
Control group  1.70+£0.33  1.44+0.25*  0.85+0.20®  0.25+0.18%°

F/P group 227.500/<0.001
F/P time 1642.000/<0.001
FP interaction 55.980/<0.001

Note: Compared with day 1 of treatment, “P<0.05; compared with day 3 of
treatment, ®P<0.05,; compared with day 5 of treatment, *P<0.05.

(n=100, x+£s)

Antibiotic compliance

Drug-resistant species [case(%)] Treatment cost of drug-

Time to antibiotic Antibiotic cost

Group rate at day 5 of . resistant infection
treatment (%) compliance (d) (10,000 yuan)  CR-hvKP MDRO MRSA VRE CRPA (10,000 yuan)

Guidance group 75 (75.00) 7.15£1.25 1.75+0.46 5 (5.00) 7 (7.00) 4 (4.00) 4 (4.00) 2 (2.00) 0.78+0.15

Control group 55 (55.00) 8.94+1.35 2.11+0.62 7 (7.000 18 (18.00) 7 (7.00) 12 (12.000 10 (10.00) 0.84+0.14

){z/t value 8.791 9.729 4.663 0.355 5.531 0.866 4.348 5.674 2.924

Pvalue 0.003 0.000 0.000 0.552 0.019 0.352 0.037 0.017 0.004
Tab.4 Comparison of ICU treatment time and 28-day mortality between two groups (#n=100)

Group ICU treatment time Cumulative death [case(%)]

(d, x*s) Day 1 of treatment Day 7 of treatment Day 21 of treatment Day 28 of treatment
Guidance group 12.22+2.35 1 (1.00) 2 (2.00) 4 (4.00) 6 (6.00)
Control group 14.5542.56 1 (1.00) 9 (9.00) 12 (12.00) 15 (15.00)
X/t value 6.705 0.000 4.714 3.348 4310
Pvalue 0.000 1.000 0.030 0.037 0.038
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Tab.5 Analysis of PCT changes within 7 days in control group patients with different prognoses (ng/mL, X*s)
Group case Day 1 of treatment Day 3 of treatment Day 5 of treatment Day 7 of treatment
Survival group 85 1.68+0.24 1.35+0.202 0.80+0.20% 0.26+0.082b¢
Death group 15 1.7540.20 1.4340.28° 0.86+0.16® 0.32+0.10%¢
FIP group 24.460/<0.001
FIP time 2118.000/<0.001
FP interaction 0.123/0.947

Tab.6 ROC analysis of dynamic PCT levels to predict mortality in sepsis patients

Indecx AUC SE P 95%CI Cut-off Sensitivity Specificity
PCT after 1 day treatment 0.714 0.052 0.001 0.612~0.816 1.71 0.684 0.619
PCT after 3 days treatment 0.768 0.052 <0.001 0.666~0.869 1.38 0.645 0.742
PCT after 5 days treatment 0.770 0.055 <0.001 0.661~0.878 0.85 0.671 0.710
PCT after 7 days treatment 0.775 0.045 <0.001 0.687~0.863 0.30 0.711 0.645
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3 Discussion

Studies have shown that approximately 35% of broad-
spectrum antibiotic prescriptions in ICU patients lack clear
evidence of infection, directly exacerbating the prevalence
of various MDROs [10]. The World Health Organization
(WHO) has listed antimicrobial resistance as one of the top
ten global public health threats, highlighting the urgent need
to establish precise treatment strategies to balance anti-
infective efficacy and resistance prevention and control [11].

The results of this study showed that PCT levels
decreased in both groups with prolonged treatment, and the
decrease was more significant in the guidance group,
indicating that dynamic PCT monitoring can effectively
reduce PCT levels in sepsis patients. PCT levels reflect the
degree of inflammatory response to infection, and dynamic
PCT monitoring can real-time reflect changes in the patient's
inflammatory status, thereby providing accurate basis for
adjusting antibiotic therapy [12]. In the guidance group,

antibiotic dosage was appropriately adjusted based on
dynamic PCT changes, which alleviated the inflammatory
response, controlled infection, and further promoted the
decrease in PCT levels. A study by Ding et al. [13] also
found in clinical practice that adjusting antibacterial agents
guided by dynamic PCT monitoring is more conducive to
reducing the body's inflammatory response and improving
prognosis, which is consistent with the results of this study.

The guidance group had a higher compliance rate of
antibiotic use, shorter time to compliance, lower antibiotic
costs and treatment costs of drug-resistant infections, and a
lower incidence of MDRO, VRE, and CR-PA resistance,
indicating that dynamic PCT monitoring is beneficial for
shortening the antibiotic course and reducing the incidence
of multidrug resistance. As a specific biomarker for bacterial
infections, PCT has a half-life of only 25-30 hours, and its
pharmacokinetics is highly synchronized with the progress
of infection control. After dynamic monitoring, the state of
host-pathogen interaction can be accurately identified.
When the PCT decrease rate is = 80% or the absolute
value is < 0.25 ng/mL, it indicates that the inflammatory
response is effectively controlled. Discontinuing antibiotics
at this time can avoid excessive exposure, reduce antibiotic
dosage and costs, and effectively lower the incidence of
multidrug resistance caused by overuse of antibiotics [14].
However, a study by Wang et al. [15] pointed out that the
clinical benefits of PCT monitoring are highly dependent on
protocol compliance: when the compliance rate is > 80%,
the effects of resistance prevention and control and cost
savings are maximized; conversely, if the compliance rate is
< 60%, the clinical benefits may be offset by increased
testing costs. Therefore, it is necessary to improve the
standardization of implementation through
multidisciplinary ~ collaboration  to  ensure  the
implementation of dynamic monitoring strategies.

The duration of ICU stay and mortality in the guidance
group were significantly lower than those in the control
group, indicating that antibiotic use guided by dynamic PCT
monitoring is more conducive to improving patient
prognosis. Through dynamic PCT monitoring, the endpoint
of antibiotic therapy can be more accurately judged,
ensuring the precision of the course and the effectiveness of
treatment, reducing drug-related adverse reactions and
complications, and thus may shortening the duration of ICU
stay. Effective treatment helps reduce the occurrence of
multiple organ dysfunction syndrome, resulting in a
significant decrease in patient mortality [16]. In addition,
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reducing antibiotic exposure also lowers the risk of
healthcare-associated infections in patients, further
improving their prognosis.

PCT levels in the survival subgroup were lower than
those in the non-survival subgroup on days 1, 3, 5, and 7
after treatment, indicating that dynamic PCT changes have
significant prognostic value for patients. This study found
that PCT levels in the two subgroups showed a
differentiation trend in the early stage, but the difference was
greater at 5-7 days, suggesting that the dynamic decrease
amplitude is more predictive. Persistently high PCT levels
reflect the dual pathological processes of host-pathogen
imbalance and immune disorders: on the one hand,
pathogens continuously release toxic products such as
lipopolysaccharide, which activate myeloid cells through
Toll-like receptor 4 (TLR4) to promote PCT synthesis; on
the other hand, uncontrolled inflammatory response leads to
delayed polarization of macrophage M1 phenotype, forming
a vicious cycle of "cytokine storm-persistent elevation of
PCT", which promotes the occurrence of multiple organ
failure in patients, thus more obviously reflecting the
prognosis [17-19]. In addition, ROC analysis in this study
found that the AUC of PCT levels on days 5 and 7 after
treatment for predicting prognosis (0.770, 0.775) was
significantly higher than that in previous time periods,
which also highlights this point. Therefore, in clinical
practice, the single-test mode should be abandoned, and
multiple dynamic monitoring standards should be adopted
to achieve the synergistic optimization of precise treatment
and resistance prevention and control [20].

In conclusion, dynamic monitoring of PCT levels in
ICU sepsis patients can better assist clinicians in adjusting
antibiotic use, shortening the antibiotic course, reducing the
incidence of multidrug resistance and associated medical
costs, and improving patient prognosis, thus having high
clinical application value.
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Abstract: Objective To explore the effects of dynamic monitoring of plasma procalcitonin (PCT) levels in patients
with sepsis in guiding antibiotic treatment on course of treatment and drug resistance, and to evaluate its significance in
predicting patient prognosis. Methods A retrospective analysis was performed on the clinical data of 200 patients with
sepsis in ICU of Xingtai Central Hospital from December 2020 to October 2024. Among all patients, there were 100
cases in control group (routine empirical antibiotics treatment, December 2020 to November 2022) and 100 cases in
guidance group (antibiotics treatment under the guidance of dynamic PCT monitoring, December 2022 to October
2024). The dynamic changes of PCT levels, as well as antibiotics course, drug-resistance and prognosis were compared
between the two groups. According to prognosis, patients in control group were divided into survival group (n=85) and
death group (n=15). The predictive value of dynamic PCT for death of sepsis patients in [CU was analyzed by receiver
operating characteristic (ROC) curves. Results After 3 d, 5 d and 7 d of treatment, PCT levels in guidance group
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were (1.20+0.24) ng/mL, (0.24+0.14) ng/mL and (0.15+0.07) ng/mL, lower than those in control group [ (1.44+
0.25) ng/mL, (0.85+0.20) ng/mL, (0.25+0.18) ng/mL], the differences were statistically significant (P<0.05). After

5 d of treatment, control rate of antibiotics use in guidance group was higher than that in control group (75.00% vs

55.00%, x’=8.791,P=0.003). ICU treatment time and cumulative mortality rates after 7 d, 21 d and 28 d of treatment in

guidance group were (12.22+2.35) d, 2.00% , 4.00% and 6.00% , significantly lower than those in control group
[(14.55+2.56) d, 9.00% , 12.00% , 15.00% ] (P<0.05). After 1 d, 3 d, 5 d and 7 d of treatment, PCT levels in

survival group were lower than those in death group, with statistical significance (P<0.05). ROC curves analysis

showed that areas under the curve (AUC) values of PCT after 1 d, 3 d, 5 d and 7d of treatment for predicting death of

sepsis patients were 0.714, 0.768, 0.770 and 0.775, respectively. Conclusion Dynamic monitoring of PCT levels in

ICU patients with sepsis to guide antibiotic treatment can significantly shorten course of antibiotics and reduce

incidence of multi-drug resistance, and enable patients to achieve better prognosis.

Keywords: Dynamic monitoring; Procalcitonin; Sepsis; Course of antibiotic; Prognosis; Multi-drug resistance
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R3 WAPUERI TR (n=100,%+5)

Tab.3  Analysis of antibiotic treatment duration and resistance between the two groups (n=100,%s)
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Fig.2 ROC curve of dynamic PCT levels to predict death in

sepsis patients
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