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Abstract: Objectives: To evaluate the predictive value of procalcitonin (PCT) in assessing the therapeutic response of
patients with uroseptic shock. Methods: This retrospective case-control study included 220 patients treated for uro-
septic shock at Liyang People’s Hospital between January 2018 and December 2023. Patients were classified into
high-risk (HR) (n = 116) and low-risk (LR) (n = 104) groups based on their Sepsis-related Organ Failure Assessment
(SOFA) scores after 14 days of treatment. Demographic, clinical, and laboratory data were collected, and PCT levels
were measured using chemiluminescence. Correlation analysis and receiver operating characteristic (ROC) curve
analysis were used to assess the predictive value of PCT. Results: The HR group had significantly higher PCT lev-
els (25.33 + 5.32 ng/mL) compared to the LR group (18.47 + 2.88 ng/mL, P < 0.001). Elevated PCT levels were
strongly correlated with poor therapeutic response (rho =-0.635, P < 0.001). Other markers, including hypertension
(rho =-0.207, P = 0.002), CRP (rho =-0.224, P < 0.001), IL-6 (rho =-0.200, P = 0.003), TNF-a (rho = -0.151, P =
0.025), NEUT% (rho =-0.208, P = 0.002), GGT (rho =-0.160, P = 0.017), and BUN (rho =-0.198, P = 0.003), also
showed significant negative correlations with treatment outcome. Conversely, PLT (rho = 0.156, P = 0.021) and the
CD4+/CD8+ ratio (rho = 0.242, P < 0.001) were positively correlated with better treatment outcome. ROC analysis
revealed an area under the curve (AUC) of 0.867 for PCT, indicating its strong predictive value. Conclusions: PCT
level is a robust predictor of therapeutic response in uroseptic shock patients and may be integrated into clinical
protocols for sepsis management.
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Introduction Procalcitonin (PCT) has gained attention as a
promising biomarker for diagnosing and manag-
ing systemic bacterial infections and sepsis [5].
Produced primarily by extrathyroidal tissues in
response to pro-inflammatory cytokines and
bacterial endotoxins, PCT rises significantly in
severe bacterial infections and sepsis, correlat-
ing with infection severity and systemic inflam-
mation [6]. Despite its diagnostic utility, the
prognostic value of PCT for predicting treatment
responses, particularly in uroseptic shock,

Sepsis is a leading cause of global morbidity
and mortality, particularly when it progresses
to septic shock and multiple organ failure [1].
Among the various forms of sepsis, urosepsis -
originating from urinary tract infections - pres-
ents a unique clinical challenge due to its rapid
progression and high morbidity [2]. Timely diag-
nosis and effective management of septic
shock, characterized by persistent hypotension

and organ dysfunction despite adequate fluid
resuscitation, are critical for improving patient
outcome [3]. Identifying reliable biomarkers
that predict therapeutic response and guide
treatment decisions is of paramount impor-
tance [4].

remains uncertain [7].

The Sepsis-related Organ Failure Assessment
(SOFA) score is widely used to quantify organ
dysfunction in sepsis, providing an objective
measure of patient deterioration and recovery
[8]. Combining PCT level with SOFA score may
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enhance predictive accuracy for therapeutic
responses in uroseptic shock, enabling clini-
cians to better stratify risk and tailor interven-
tions [9]. However, few studies have systemati-
cally evaluated PCT as a predictive tool in this
context, particularly within case-control frame-
works that allow robust comparative analysis
[10].

Existing research has demonstrated that
dynamic monitoring of PCT levels reflects the
host’s response to antimicrobial treatment,
offering real-time insight into infection control
and systemic inflammation [11]. However,
most studies focus on septic populations with-
out considering the specific pathophysiologic
mechanisms of uroseptic shock, where urinary
tract obstruction and anatomical alterations
can influence immune responses and bacte-
rial proliferation differently from other sepsis
sources [12]. Thus, a focused investigation into
the predictive value of PCT in uroseptic shock
was needed to address these matters [13].

Our study aimed to retrospectively examine the
predictive value of PCT for assessing therapeu-
tic response in patients with uroseptic shock.
We integrated PCT with other clinical data
to provide a comprehensive assessment of
patient status, emphasizing the importance of
a multifactorial approach for guiding personal-
ized treatment strategy.

Materials and methods
Case selection

This study explored the predictive accuracy of
PCT in assessing therapeutic response in
patients with uroseptic shock. A retrospective
analysis was conducted on 220 patients tre-
ated for uroseptic shock at Liyang People’s
Hospital between January 2018 and Decem-
ber 2023. Treatment response was assessed
based on the SOFA score. Patients were classi-
fied into the high-risk (HR) group (116 cases,
SOFA score > 2) and the low-risk (LR) group
(104 cases, SOFA score < 2) based on their
SOFA score after 14 days of treatment. Demo-
graphic and laboratory data were collected
from the medical record system. Additionally,
83 patients were included as a test set for
external validation, following the same inclu-
sion and grouping criteria.

This study was approved by the Institutional
Review Board and Ethics Committee of Liyang
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People’s Hospital. As a retrospective study
using de-identified patient data with no risk to
patient care, informed consent was waived in
accordance with regulatory and ethical guide-
lines for retrospective research.

Inclusion and exclusion criteria

Inclusion criteria: 1) Diagnosis of urosepsis
based on the criteria established by the
European Association of Urology (EAU) in 2001
[14], with septic shock characterized by persis-
tent hypotension despite fluid resuscitation. 2)
Age between 40 and 85 years. 3) Complete
medical records.

Exclusion criteria: 1) Severe underlying con-
ditions such as end-stage renal diseaseor
advanced cancer. 2) Kidney transplant recipi-
ents. 3) Patients with an ICU stay of less than
24 hours. 4) Patients who have used immuno-
modulatory drugs in the past month or receiv-
ed antibiotic treatment in the past week. 5)
Patients with conditions that may cause abnor-
mal inflammatory marker changes, such as
systemic lupus erythematosus or rheumatoid
arthritis. 6) Incomplete clinical data.

Treatment approach

All patients received treatment according to
established sepsis guidelines [15].

Fluid Resuscitation: In the initial phase, fluid
administration was based on central venous
pressure (CVP) readings. Patients received at
least 1000 mL of crystalloid or 300-500 mL of
colloid solution within the first 30 minutes until
the CVP reached 8-12 mm H,0. For patients on
mechanical ventilation with reduced ventricular
compliance, the CVP target was set at 12-15
mm H_,0.

Antibiotic Therapy: For patients with high fever,
blood and midstream urine samples were col-
lected for culture and susceptibility testing.
Intravenous broad-spectrum antibiotics were
administered initially, with adjustments made
based on culture results.

Oxygenation Support: Oxygen saturation (Sa0,/
Sp0,) was maintained between 88% and 95%
using mechanical ventilation or high-flow oxy-
gen therapy.

Renal Support: Patients with stable blood pres-
sure but renal impairment were treated with
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Table 1. SOFA scores

SOFA score 1 2 3 4
Respiration <400 <300 <200 <100
Pa0,/Fi0,, mmHg

Coagulation <150 <100 <50 <20
Platelets x 103/mm?3

Liver 1.2-1.9 2.0-5.9 6.0-11.9 >12.0
Bilirubin, mg/dL (umol/L) (20-32) (33-101) (102-204) (< 204)

Cardiovascular Hypotension MAP < 70 mmHg

Central nervous system Glasgow Coma Score 13-14
Renal 1.2-19
Creatinine, mg/dl (umol/L) or urine output (110-170)

Dopamine <5 or
dobutamine (any

dose)?
10-12

2.03.4
(171-299)

Dopamine > 5 or
epinephrine < 0.1 or
norepinephrine < 0.1

6-9

3.5-4.9

(300-440) or < 500 ml/day

Dopamine > 15 Or
epinephrine > 0.1 or
norepinephrine > 0.1
<6

>5.0

(> 440) or < 200 ml/day

Note: a, Adrenergic agents administered for at least 1 h (doses given were in gg/kg-min). Note: SOFA, Sepsis-related Organ Failure Assessment; Pa0O,, Partial Pressure of
Oxygen in Arterial Blood; FiO,, Fraction of inspiration O,; MAP, mean arterial pressure.

intravenous furosemide (20-69 mg/day; App-
roval No. H41020310, Henan Runhong Phar-
maceutical Co., Ltd., China) to maintain urine
output. Other patients received deslanoside
(0.2-0.4 mg/day; Approval No. H31021178,
Shanghai Xudong Haipu Pharmaceutical Co.,
Ltd., China) and hydrocortisone (200-300 mg/
day; Approval No. H41020789, Henan Runhong
Pharmaceutical Co., Ltd., China) until blood
pressure stabilized.

Hemoglobin and Coagulation Management: If
hemoglobin levels dropped below 90 g/L, red
blood cell transfusions (600-1200 mL) were
administered to improve coagulation function.

Post-Stabilization Care: After vital signs stabi-
lized, patients received treatments focused
on preventing complications and supporting
rehabilitation.

Each patient underwent SOFA scoring for four-
teen consecutive days [16].

Organ Limitation: The SOFA assessment fo-
cused on six key organs. While gastrointestinal
dysfunction/failure was considered important,
it was excluded due to its complexity.

Scoring System: Each organ was evaluated and
assigned a score (0-4: normal to severe). The
worst daily values were recorded.

Risk Group Stratification: On day 14, patients
were categorized into two groups based on
their SOFA scores: those with scores greater
than 2 were placed in the HR group (n = 116),
and those with scores of 2 or less were placed
in the LR group (n = 104). The SOFA score is
presented in Table 1.
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Data collection

Basic clinical information was extracted from
the electronic medical record system of Liyang
People’s Hospital and included the following:

General Information: Age, gender, smoking and
alcohol history, etiology, number of comorbidi-
ties, oral medications, and any surgical proce-
dures related to urinary tract infections after
admission.

Laboratory data on PCT, C-reactive protein
(CRP), white blood cell (WBC) count, neutro-
phil percentage (NEUT%), platelet count (PLT),
serum albumin (ALB), total bilirubin (TBIL), ala-
nine aminotransferase (ALT), aspartate amino-
transferase (AST), gamma-glutamyl transfer-
ase (GGT), blood urea nitrogen (BUN), and se-
rum creatinine (Scr) were collected. The most
adverse values for each measurement were
recorded.

Blood data

A 5 mL fasting blood sample was collected
from the antecubital vein in the morning. After
centrifugation at 3000 rpm for 5 minutes, the
supernatant was analyzed for the following indi-
cators [17]. PCT levels were measured by che-
miluminescence on the iFlash3000 instru-
ment (AutoBi Fengxiang Medical Technology
Co., Ltd., Shenzhen, China). CRP was assessed
using nephelometry with a Siemens BNII or
BN Pro analyzer (Siemens, Germany), employ-
ing reagents (batch number 16573C). WBC,
NEUT%, PLT, monocytes, lymphocytes, and nat-
ural killer (NK) cells were analyzed via flow
cytometry on a BC-6800 Plus hematology ana-
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lyzer (Mindray, Shenzhen, China). ALB, TBIL,
ALT, AST, GGT, BUN, and Scr were measured
by scattering on an AU5800 automated bio-
chemistry analyzer (Beckman Coulter, Brea,
CA, USA).

Commercial enzyme-linked immunosorbent as-
say (ELISA) kits (R&D Systems, Minneapolis,
MN, USA) were used to quantify IL-1B (ab21-
4025, Abcam, UK), IL-6 (ab178013, Abcam,
UK), IL-8 (@b214030, Abcam, UK), TNF-a (ab18-
1421, Abcam, UK), IP-10 (ab289906, Abcam,
UK), and MCP-1 (ab179886, Abcam, UK).

Data cleaning and management

A standardized data cleaning process was
applied before analysis to identify and correct
any inconsistencies, errors, or missing values.
This involved reviewing the dataset for dupli-
cates, correcting data entry errors, and addre-
ssing missing values. Missing data were imput-
ed using the Impyute library in Python 3.6.0
with the K-nearest neighbors (KNN) method.
Initially, basic mean imputation was applied,
followed by constructing a KDTree to calculate
nearest neighbors and their weighted avera-
ges.

To minimize selection bias, missing data ac-
counted for less than 5% of the dataset.
Sensitivity analyses were performed by treating
missing outcomes as both the worst and best
possible cases. No significant differences were
found in the conclusions, indicating minimal
effect from the missing data. The final dataset
was produced with imputed values.

Statistical analysis

A post hoc analysis was conducted using
G*Power 3.1.9.7 with the “Means: Difference
between two independent means (two groups)”
option under t tests. The following settings
were used: two-tailed mode, effect size d = 0.5,
o = 0.05. The sample sizes of the two groups
were input, yielding a Power of 0.958.

Data analysis was performed using SPSS 29.0
software (SPSS Inc., Chicago, IL, USA). Cate-
gorical data were presented as [n (%)]. The chi-
square test was used when the sample size
was > 40 and T > 5 (test statistic: x?). For L <T
< b, a corrected chi-square test was applied.
For sample sizes < 40 or T < 1, Fisher’s exact
test was used.
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Continuous variables were first tested for nor-
mality using the Shapiro-Wilk test. Normally dis-
tributed data were expressed as mean * stan-
dard deviation (X * s), with statistical signifi-
cance defined as P < 0.05.

Pearson correlation analysis was used for as-
sessing the relationship between continuous
variables, while Spearman correlation analysis
was used for categorical variables. Initial cor-
relation analysis was performed to evaluate
relationships between variables.

Independent predictors were identified through
logistic regression analysis. The accuracy of
PCT for predicting the treatment response in
patients with uroseptic shock was evaluated
using receiver operating characteristic (ROC)
analysis to calculate the area under the curve
(AUC).

Results
Comparison of baseline characteristics

The mean ages of the two groups were similar,
with the HR group averaging 69.83 + 12.98
years and the LR group 70.36 + 13.24 years (P
= (0.765) (Table 2). Gender distribution was not
significantly different, with males comprising
50.00% of the HR group and 40.38% of the LR
group (P = 0.153). Body mass index (BMI) was
also similar between the groups, with averages
of 22.11 + 2.35 kg/m? in the HR group and
22.36 +2.44 kg/m?in the LR group (P = 0.430).
There were no significant differences in lifestyle
factors, including smoking and alcohol con-
sumption, as well as marital status (all P >
0.05).

Conditions contributing to uroseptic shock,
such as urinary tract infections, abscesses,
skin or soft tissue infections, benign prostatic
hyperplasia, urinary calculi, and urinary cathe-
ter placement, were also similar between the
two groups. The SOFA scores prior to treatment
were slightly higher in the HR group (3.56 *
0.73) than the LR group (3.37 + 0.80), though
this difference did not reach significance (P =
0.064).

Comparison of comorbidities
Among comorbidities, a significant difference

was observed in the prevalence of hyperten-
sion, with the HR group having a higher inci-
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Table 2. Comparison of baseline characteristics

ltem HR group (n = 116) LR group (n = 104) t/x? P
Age (years) 69.83 £ 12.98 70.36 + 13.24 0.300 0.765
Gender (Male/Female) 58 (50.00%) 42 (40.38%) 2.045 0.153
Body Mass Index (kg/m?) 2211 +2.35 22.36£2.44 0.790 0.430
Drinking history [n (%)] (Y/N) 37 (31.90%) 29 (27.88%) 0.420 0.517
Smoking history [n (%)] (Y/N) 42 (36.21%) 37 (35.58%) 0.009 0.923
Marital status 0.477 0.788
Unmarried [n (%)] 2 (1.72%) 1 (0.96%)
Married with spouse [n (%)] 103 (88.79%) 95 (91.35%)
Divorced or widowed [n (%)] 11 (9.48%) 8 (7.69%)
Conditions causing urosepsis shock
Urinary tract infection [n (%)] 58 (50.00%) 50 (48.08%) 0.081 0.776
Abscess [n (%)] 22 (18.97%) 18 (17.31%) 0.101 0.750
Skin or soft tissue infection [n (%)] 8 (6.90%) 8 (7.69%) 0.051 0.820
BPH [n (%)] 28 (24.14%) 23 (22.12%) 0.126 0.723
Urinary calculi [n (%)] 42 (36.21%) 33 (31.73%) 0.489 0.484
Placement of urinary catheter [n (%)] 61 (52.59%) 55 (52.88%) 0.002 0.965
Unknown or other [n (%)] 5 (4.31%) 3 (2.88%) 0.041 0.839
SOFA score before treatment 3.56+0.73 3.37 £ 0.80 1.859 0.064

Note: BPH, Benign Prostatic Hyperplasia; SOFA, Sepsis-related Organ Failure Assessment; HR, high risk; LR, low risk.

Table 3. Comparison of comorbidities

Item HR group (n = 116) LR group (n = 104) X2 P

Diabetes [n (%)] 71 (61.21%) 55 (52.88%) 1.552 0.213
Hypertension [n (%)] 63 (54.31%) 35 (33.65%) 9.472 0.002
CKD [n (%)] 19 (16.38%) 20 (19.23%) 0.306 0.580
CAD [n (%)] 33 (28.45%) 40 (38.46%) 2.480 0.115
CHF [n (%)] 23 (19.83%) 17 (16.35%) 0.447 0.504
Pulmonary disease/COPD [n (%)] 16 (13.79%) 11 (10.58%) 0.527 0.468

Note: CKD, chronic kidney disease; CAD, coronary artery disease; CHF, congestive heart failure; COPD, chronic obstructive

pulmonary disease; HR, high risk; LR, low risk.

dence (54.31%) compared to the LR group
(33.65%; P =0.002) (Table 3). Other comorbidi-
ties did not show significant differences. The
prevalence of diabetes was 61.21% in the HR
group and 52.88% in the LR group (P = 0.213),
while chronic kidney disease was present in
16.38% of the HR group and 19.23% of the LR
group (P = 0.580). Coronary artery disease was
found in 28.45% of the HR group and 38.46%
of the LR group (P = 0.115). The prevalence of
congestive heart failure was 19.83% in the HR
group and 16.35% in the LR group (P = 0.504),
and pulmonary diseases, including COPD, were
observed in 13.79% of the HR group and
10.58% of the LR group (P = 0.468).
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Comparison of inflammatory markers

The HR group exhibited significantly elevated
levels of PCT, with a mean of 25.33 + 5.32 ng/
mL, compared to the LR group (18.47 + 2.88
ng/mL; P < 0.001) (Figure 1). CRP was also
higher in the HR group (12.17 + 3.36 mg/L)
than of the LR group (11.02 + 2.14 mg/L; P =
0.002).

Levels of interleukin-6 (IL-6) were significantly
higher in the HR group (124.88 + 15.26 pg/mL)
compared to the LR group (119.70 + 13.52 pg/
mL; P = 0.009). Tumor necrosis factor-alpha
(TNF-c) levels were also significantly higher in
the HR group (15.31 + 2.36 pg/mL) compared

Am J Transl Res 2025;17(2):992-1004



Procalcitonin predicts uroseptic shock response

A 40 Hekk B Hk C ns D ok
20 150
30 10 & ,;:V
5 - v i
= o ) ) - o
£ e ) 3 £ E 100 ¥
20 is £ g 2
—_— -~
5 7y & 10 = g
T e o 2 =
50
10
5
0 0 0 0
\ N Ny Ny N N\ 4 P
o " \ " " N © o
49 & <\9‘<‘Q' (\e*g {@“‘Q‘ RS e (\5“‘9 ,(\e“*g \e*g
\3\\%‘\ \O Q;\Q‘\ \,o‘“ \,\\Q‘\ \,o\“ \)\\Q‘\ \O
E ns F *k G ns H ns
15
: 20 400
-2, 90
—_7:'?}—
B 15 —_
—~ — 300
=10 TE‘ 3 E
£ = £ >
5 2 2 2
& r 10 2 a
= % z 5 200
5
30
5 100
0 0 0 0
Q N 0 N o0 3 N
O o <O <O <O <O <O <O
e et® <8 ® 4et® < t® °
QS oV o oV o oV A oV

Figure 1. Comparison of inflammatory markers between the two groups of patients. A. PCT (ng/ml); B. CRP (mg/L);
C. IL-1B (pg/mL); D. IL-6 (pg/mL); E. IL-8 (pg/mL); F. TNF-a (pg/mL); G. IP-10 (pg/mL); H. MCP-1 (pg/mL). Note: PCT,
Procalcitonin; CRP, C-reactive protein; IL-1j3, Interleukin-1 beta; IL-6, Interleukin-6; IL-8, Interleukin-8; TNF-a, Tumor
Necrosis Factor alpha; IP-10, Interferon gamma-induced Protein 10 kDa; MCP-1, Monocyte Chemoattractant Pro-
tein-1; ns, no significant difference; **, P < 0.01; ***, P < 0.001.

to the LR group (14.39 + 2.65 pg/mL; P =
0.007).

However, there were no significant differences
in interleukin-1 beta (IL-1B), interleukin-8 (IL-8),
interferon gamma-induced protein 10 kDa (IP-
10), or monocyte chemoattractant protein-1
(MCP-1) levels between the two groups (all P >
0.05).

Comparison of blood cell counts

The HR group had a significantly higher NEUT
with a mean of 80.33 + 5.40%, compared to
77.86 £ 6.24% in the LR group (P = 0.002)
(Figure 2). PLT was significantly lower in the HR
group (98.11 + 10.38 x 10%/L) compared to the
LR group (102.26 + 12.55 x 10°%/L; P = 0.009).

The CD4+/CD8+ ratio was also significantly
reduced in the HR group (0.96 + 0.21) com-
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pared to the LR group (1.08 + 0.30; P = 0.001).
There were no significant differences in white
blood cell (WBC) count, monocyte count, lym-
phocyte count, CD4+ percentage, or NK cell
levels between the groups. These results sug-
gest that NEUT%, PLT, and the CD4+/CD8+
ratio differentiated between the HR and LR
groups.

Comparison of liver and renal function

The HR group had significantly higher levels of
GGT (70.01 + 10.75 U/L) and BUN (11.32 *
3.00 mmol/L) compared to the LR group (GGT:
67.09 + 8.37 U/L, P = 0.025; BUN: 10.27
2.15 mmol/L, P = 0.003) (Table 4). However, no
significant differences were observed between
the groups for other liver and renal function
markers, including ALB, TBIL, ALT, AST, and Scr
(all P > 0.05).
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Figure 2. Comparison of blood cell counts between the two groups of patients. A. WBC (103/mm?); B. NEUT (%); C.
PLT (10°/L); D. Monocytes (103/uL); E. lymphocytes (103/uL); F. CD4+ (%); G. CD4+/CD8+; H. Natural Killer Cells (/
uL). Note: WBC, white blood cell count; NEUT%, neutrophil percentage; PLT, platelet count; CD4+, Cluster of Differ-
entiation 4 Positive; CD8+, Cluster of Differentiation 4 Positive; ns, no significant difference; **, P < 0.01.

Table 4. Comparison of liver and renal function indicators

Item HR group (n = 116) LR group (n = 104) t P

ALB (g/L) 27.86 + 3.22 28.30 + 4.02 0.882 0.379
TBIL (umol/L) 24.36 + 4.15 23.87 £ 3.65 0.930 0.353
ALT (U/L) 55.73 + 10.61 53.36 + 8.69 1.821 0.070
AST (U/L) 57.35 +9.83 56.06 + 5.97 1.195 0.233
GGT (U/L) 70.01 +10.75 67.09 + 8.37 2.264 0.025
BUN (mmol/L) 11.32 £ 3.00 10.27 + 2.15 3.005 0.003
Scr (umol/L) 107.58 + 10.24 105.33+11.86 1.509 0.133

Note: ALB, serum albumin; TBIL, total bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-
glutamyl transferase; BUN, blood urea nitrogen; Scr, serum creatinine; HR, high risk; LR, low risk.

Comparison of medication use

Furosemide was administered to 46.55% of the
HR group and 50.00% of the LR group (P =
0.609) (Table 5). Hydrocortisone use was near-
ly identical between the groups (HR: 45.69%,
LR: 45.19%; P = 0.941), and Lanatoside C was
used by 14.66% of HR patients versus 12.50%
in LR patients (P = 0.642).
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Comparison of tolerance to treatment (adverse
reactions)

Adverse reactions were comparable between
the groups. Rigor, chills, and a temperature
elevation exceeding 1°C were reported in
17.24% of the HR group and 15.38% of the LR
group (P = 0.710) (Table 6). Vomiting occurred
in 3.45% of HR patients compared to 1.92% in
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Table 5. Comparison of medication use

Medication HR group (n = 116) LR group (n = 104) X2 P

Furosemide [n (%)] 54 (46.55%) 52 (50.00%) 0.261 0.609
Hydrocortisone [n (%)] 53 (45.69%) 47 (45.19%) 0.005 0.941
Lanatoside C [n (%)] 17 (14.66%) 13 (12.50%) 0.216 0.642

Note: HR, high risk; LR, low risk.

Table 6. Comparison of adverse reactions

ltem

HR group (n = 116) LR group (n=104) X2 P

Rigor, chills, and elevation of temperature (> 1°C) [n (%)]

Vomiting [n (%)]

Anaphylactic/allergic reactions [n (%)]
Severe haemolytic complications [n (%)]
TRALI [n (%)]

TACO [n (%)]

20 (17.24%) 16 (15.38%) 0.138 0.710
4 (3.45%) 2 (1.92%) 0.078 0.780
2 (1.72%) 0 (0.00%) 0.402 0.526
3 (2.59%) 1 (0.96%) 0.156 0.693
1 (0.86%) 2 (1.92%) 0.009 0.924
2 (1.72%) 0 (0.00%) 0.402 0.526

Note: TRALI, Transfusion associated acute lung injury; TACO, Transfusion associated circulatory overload; HR, high risk; LR, low

risk.

Table 7. Correlation analysis of each factor
and patients’ response to treatment

Iltem rho P
Hypertension [n (%)] (Y/N) -0.207 0.002
PCT (ng/ml) -0.635 <0.001
CRP (mg/L) -0.224  <0.001
IL-6 (pg/mL) -0.200 0.003
TNF-a (pg/mL) -0.151 0.025
NEUT% -0.208 0.002
PLT (10°%/L) 0.156 0.021
CD4+/CD8+ 0.242 <0.001
GGT (U/L) -0.160 0.017
BUN (mmol/L) -0.198 0.003

Note: PCT, Procalcitonin; CRP, C-reactive protein; IL-6, In-
terleukin-6; TNF-o, Tumor Necrosis Factor alpha; NEUT%,
neutrophil percentage; PLT, platelet count; CD4+, Cluster
of Differentiation 4 Positive; CD8+, Cluster of Differentia-
tion 4 Positive; GGT, gamma-glutamyl transferase; BUN,
blood urea nitrogen; Scr, serum creatinine.

the LR group (P = 0.780). Anaphylactic reac-
tions were observed in 1.72% of HR patients,
with no occurrences in the LR group (P = 0.526).
Severe hemolytic complications were noted in
2.59% of HR patients versus 0.96% of LR
patients (P = 0.693), while transfusion-associ-
ated acute lung injury and transfusion-associ-
ated circulatory overload were rare and show-
ed no significant differences between groups
(both P > 0.05).
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Correlation analysis

Correlation analysis revealed significant asso-
ciations between various factors and treatment
response in uroseptic shock patients. Higher
levels of PCT, CRP, IL-6, and TNF-o« were nega-
tively correlated with treatment response (PCT:
rho =-0.635, P < 0.001; CRP: rho =-0.224, P <
0.001; IL-6: rho =-0.200, P = 0.003; TNF-a: rho
=-0.151, P =0.025). Additionally, NEUT% (rho =
-0.208, P = 0.002), GGT (rho = -0.160, P =
0.017), and BUN (rho = -0.198, P = 0.003)
showed negative correlations with treatment
response. Conversely, the PLT and CD4+/CD8+
ratio were positively correlated with treatment
response (PLT: rho = 0.156, P = 0.021; CD4+/
CD8+: rho = 0.242, P < 0.001). Hypertension
also showed a significant negative correlation
(rho =-0.207, P = 0.002) (Table 7).

ROC analysis

ROC analysis was conducted to assess the pre-
dictive value of various markers on therapeutic
response in uroseptic shock patients (Figure
3). PCT exhibited a high AUC of 0.867, indicat-
ing that it was a strong predictor of treatment
response. This suggests that PCT could serve
as a valuable biomarker for assessing the
efficacy of therapeutic intervention in these
patients.
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Figure 3. Prognostic value of each
index for treatment response of pa-
tients with urogenic septic shock.
A. PCT, B. CD4+/CD8+; C. CRP; D.
NEUT%; E. IL-6; F. BUN; G. Hyperten-
sion; H. GGT; I. PLT; J. TNF-a. Note:
PCT, Procalcitonin; CD4+, Cluster of
Differentiation 4 Positive; CD8+, Clus-
ter of Differentiation 4 Positive; CRP,
C-reactive protein; NEUT%, neutrophil
percentage; IL-6, Interleukin-6; BUN,
blood urea nitrogen; GGT, gamma-glu-
tamyl transferase; PLT, platelet count;
TNF-a, Tumor Necrosis Factor alpha.

Discussion

The present retrospective case-
control study investigated the
predictive value of PCT in assess-
ing therapeutic responses in pa-
tients with uroseptic shock, offer-
ing new insights that contribute to
the ongoing discourse in critical
care and infectious disease man-
agement. Given the complexity
of sepsis, particularly uroseptic
shock, early identification and
monitoring of disease progres-
sion and therapeutic response
are crucial for improving patient
outcomes.

Several studies have explored the
role of PCT in sepsis [18, 19]. For
example, an analysis by Kyria-
zopoulou et al. [20] found PCT to
be a reliable marker for distin-
guishing long-term infections. As
a precursor of the hormone calci-
tonin, PCT increases significantly
in response to systemic bacterial
infections and sepsis [21]. In line
with this, our study found elevat-
ed PCT levels were significantly
associated with suboptimal ther-
apeutic responses in patients.
This is consistent with the under-
standing that PCT is released in
response to pro-inflammatory sti-
muli, particularly those triggered
by bacterial endotoxins and cyto-
kines such as interleukin-1p and
TNF-a. The marked elevation of
PCT likely mirrors the systemic
inflammatory response syndrome
seen in sepsis, where the body
initiates a widespread inflamma-
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tory response to combat bacterial proliferation
and dissemination [22].

This study also reveals significant associations
between PCT levels and other inflammatory
markers, such as CRP, IL-6, and TNF-a. These
cytokines and acute-phase proteins play inte-
gral roles in the host’s immune response, and
their elevated levels further underscore the
heightened inflammatory state in patients with
poor therapeutic outcome [23]. The interplay
between these markers and PCT may be ex-
plained by their roles in the inflammatory cas-
cade [24, 25]. For instance, IL-6 is a key media-
tor that stimulates the liver to produce acute-
phase proteins like CRP and induces PCT pro-
duction in various tissues [26, 27]. This inter-
connectedness of inflammatory markers high-
lights the complexity of the immune response
and suggests that PCT may serve as a down-
stream indicator of primary immune responses
[28, 29].

Interestingly, the correlation analysis highlights
a negative relationship between PCT and treat-
ment response, suggesting that elevated PCT
levels could signal treatment failure or an
increased risk of progression to severe out-
comes. This finding is supported by Godinez-
Vidal et al. [30], who demonstrated that persis-
tently elevated PCT levels are associated with
higher mortality in septic patients. This under-
scores the clinical importance of PCT, as it
could reflect the efficacy of interventions aimed
at controlling the underlying infection and man-
aging systemic inflammation in real-time [31].
Moreover, the high AUC for PCT in the receiver
operating characteristic (ROC) analysis sup-
ports its significant prognostic value, reinforc-
ing the utility of serial PCT measurements in
dynamic monitoring strategies for critically ill
patients. In contrast to the general sepsis pop-
ulation studied by Zaki et al. [25], our focus on
uroseptic shock provides more specific insight
into this subset of patients, where pathophysi-
ology may differ due to the infection’s origin
and possible anatomic obstructions.

It is noteworthy that hypertension emerged as
a significant negative predictor of treatment
response in this cohort. This association can
be explained by the fact that systemic hyper-
tension alters vascular structure and func-
tion, impairing microcirculation and exacerbat-
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ing organ dysfunction in septic contexts. Hy-
pertensive patients may also experience differ-
ential expression of inflammatory responses,
potentially influencing the progression and
severity of septic shock [32].

Despite these clear associations, the study
also highlighted other less commonly discu-
ssed factors, such as GGT and BUN, which
were negatively correlated with treatment re-
sponse. Elevated GGT levels, often indicative
of liver dysfunction, may reflect hepatic stress
or broader systemic oxidative stress respons-
es. Similarly, increased BUN can indicate renal
impairment, a common complication of severe
sepsis and septic shock [33, 34], which impairs
the body’s ability to eliminate metabolic waste,
further worsening the patient’'s overall con-
dition.

In addition to the inflammatory markers, the
study found a positive correlation between
PLT and the CD4+/CD8+ ratio with treatment
response. Platelets play a critical role in hemo-
stasis and are increasingly recognized for their
role in the immune response to sepsis, possibly
through interaction with leukocytes and mo-
dulation of microvascular inflammation. The
CD4+/CD8+ lymphocyte ratio has been pro-
posed as a marker of immune status, where
a normal or elevated ratio suggests better
immune surveillance and a more robust capac-
ity to respond to infection, enhancing prognosis
[35, 36].

The findings of this study emphasize the im-
portance of integrating PCT with other clinical
meaurements in the multifactorial context of
sepsis. While elevated PCT levels serve as a
valuable biomarker for assessing infection and
inflammation, understanding patient-specific
factors, such as comorbidities and immune
status, is equally crucial for optimizing person-
alized treatment strategy.

While our study offers valuable insight into the
predictive value of PCT in assessing therapeu-
tic responses in patients with uroseptic shock,
several limitations must be acknowledged.
First, the retrospective nature of the study lim-
its control over data collection and the poten-
tial influence of confounding variables, which
may affect the generalizability of the findings.
The reliance on a single-center dataset may
not represent broader populations or diverse
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healthcare settings. Additionally, variability in
treatment protocols and timing of PCT mea-
surements could influence the observed asso-
ciations. Finally, the study did not account for
the effects of concurrent infections or underly-
ing conditions that may independently alter
PCT levels. Further research is needed to
establish causal relationships and validate
these findings in diverse and prospective
cohorts.

In conclusion, our study supports the predic-
tive value of PCT levels for assessing therapeu-
tic responses among patients with uroseptic
shock. These findings suggest that PCT mea-
surement should be incorporated into standard
practice for managing sepsis, aiding in the
differentiation between responders and non-
responders to therapy and guiding timely adju-
stments in treatment strategy. Future research
should focus on prospective studies to validate
these relationships in larger populations, ex-
ploring the mechanistic pathways through
which PCT correlates with disease severity and
treatment outcome.

Disclosure of conflict of interest

None.

Address correspondence to: Liangping Zhang, In-
tensive Care Unit, Liyang People’s Hospital, No. 70,
Jianshe West Road, Liyang 213300, Jiangsu, China.
E-mail: 18505192428@163.com

References

[1] Alhamad FS, Alathel A, Aljaafri ZA, Alhadlag
KH, Alghamdi A, AlHoshan YS and Alfraidi O.
Predictors of urosepsis post percutaneous
nephrolithotomy at King Abdulaziz Medical
City, Riyadh. Cureus 2023; 15: e39542.

[2] Broderick C, Lebedevs T and Hazelton B.
Treating carbapenemase-producing entero-
bacterales urosepsis with ceftazidime/avibac-
tam in pregnancy. Int J Antimicrob Agents
2023; 62: 106903.

[3] Cao JD, Wang ZC, Wang YL, Li HC, Gu CM, Bai
ZG, Chen ZQ, Wang SS and Xiang ST. Risk fac-
tors for progression of urolith associated with
obstructive urosepsis to severe sepsis or sep-
tic shock. BMC Urol 2022; 22: 46.

[4] Chan JY, Wong VK, Wong J, Paterson RF, Lange
D, Chew BH and Scotland KB. Predictors of
urosepsis in struvite stone patients after per-
cutaneous nephrolithotomy. Investig Clin Urol
2021; 62: 201-209.

1002

(5]

(6]

(7]

(10]

(11]

[12]

[14]

Di J, Li X, Xie Y, Yang S and Yu X. Procalcitonin-
guided antibiotic therapy in AECOPD patients:
overview of systematic reviews. Clin Respir J
2021; 15: 579-594.

Baboudjian M, Gondran-Tellier B, Di Bisceglie
M, Abdallah R, Michel F, Sichez PC, Al-Balushi
K, Akiki A, Gaillet S, Delaporte V, Karsenty G,
Lechevallier E, Guieu R and Boissier R. The
prognostic value of serum procalcitonin in
acute obstructive pyelonephritis. World J Urol
2021; 39: 1583-1589.

Canat HL, Can O, Atalay HA, Akkas F and
Otlingtemur A. Procalcitonin as an early indica-
tor of urosepsis following prostate biopsy.
Aging Male 2020; 23: 431-436.

Bolanaki M, Winning J, Slagman A, Lehmann T,
Kiehntopf M, Stacke A, Neumann C, Reinhart
K, Mockel M and Bauer M. Biomarkers im-
prove diagnostics of sepsis in adult patients
with suspected organ dysfunction based on
the quick sepsis-related organ failure assess-
ment (qSOFA) score in the emergency depart-
ment. Crit Care Med 2024; 52: 887-899.

Cui N, Yu Z, Chen Z and Chen N. Research on
the correlation of serum PCT and plasma GSN
levels with the prognosis of urosepsis patients.
Pak J Med Sci 2020; 36: 1011-1014.

Cui N, Zhang YY, Sun T, Lv XW, Dong XM and
Chen N. Utilizing procalcitonin, C-reactive pro-
tein, and serum amyloid A in combination for
diagnosing sepsis due to urinary tract infec-
tion. Int Urol Nephrol 2024; 56: 2141-2146.
Jiang L, Lin SH, Wang J and Chu CK. Prognostic
values of procalcitonin and platelet in the pa-
tient with urosepsis. Medicine (Baltimore)
2021; 100: e26555.

Liu M, Zhu Z, Cui Y, Zeng H, Li Y, Huang F, Cui Z,
Zeng F, Chen Z, LiY, Zhang X, Chen J and Chen
H. Correction to: the value of procalcitonin for
predicting urosepsis after mini-percutaneous
nephrolithotomy or flexible ureteroscopy based
on different organisms. World J Urol 2022; 40:
537-538.

Liu M, Zhu Z, Cui Y, Zeng H, Li Y, Huang F, Cui Z,
Zeng F, Chen Z, Li Y, Zhang X, Chen J and Chen
H. The value of procalcitonin for predicting uro-
sepsis after mini-percutaneous nephrolithoto-
my or flexible ureteroscopy based on different
organisms. World J Urol 2022; 40: 529-535.
Naber KG, Bergman B, Bishop MC, Bjerklund-
Johansen TE, Botto H, Lobel B, Jinenez Cruz F
and Selvaggi FP; Urinary Tract Infection (UTI)
Working Group of the Health Care Office (HCO)
of the European Association of Urology (EAU).
EAU guidelines for the management of urinary
and male genital tract infections. Urinary Tract
Infection (UTl) Working Group of the Health
Care Office (HCO) of the European Association
of Urology (EAU). Eur Urol 2001; 40: 576-588.

Am J Transl Res 2025;17(2):992-1004


mailto:18505192428@163.com

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

Procalcitonin predicts uroseptic shock response

Singer M, Deutschman CS, Seymour CW,
Shankar-Hari M, Annane D, Bauer M, Bellomo
R, Bernard GR, Chiche JD, Coopersmith CM,
Hotchkiss RS, Levy MM, Marshall JC, Martin
GS, Opal SM, Rubenfeld GD, van der Poll T,
Vincent JL and Angus DC. The third internation-
al consensus definitions for sepsis and septic
shock (sepsis-3). JAMA 2016; 315: 801-810.
Law YXT, Shen L, Khor VWS, Chen W, Chen
WJK, Durai P, Gauhar V, Lie KY and Lee KCJ.
Choosing the best way for urinary decompres-
sion and developing a novel predictive model
for septic shock using SOFA in these patients.
Int J Urol 2022; 29: 1488-1496.

Krélicki T, Bardowska K, Koscielska-Kasprzak
K, Mazanowska O, Krajewska M and Kaminska
D. Systemic inflammatory markers predict det-
rimental outcome of urosepsis in kidney trans-
plant recipients. Transplant Proc 2020; 52:
2382-2387.

Pierrakos C, Velissaris D, Bisdorff M, Marshall
JC and Vincent JL. Biomarkers of sepsis: time
for a reappraisal. Crit Care 2020; 24: 287.
Cabral L, Fernandes M, Marques S, Meireles R,
Caetano M and Afreixo V. PCT kinetics in the
first week postburn for sepsis diagnosis and
death prognosis-an accuracy study. J Burn
Care Res 2021; 42: 545-554.

Kyriazopoulou E, Liaskou-Antoniou L, Adamis
G, Panagaki A, Melachroinopoulos N, Drakou
E, Marousis K, Chrysos G, Spyrou A, Alexiou N,
Symbardi S, Alexiou Z, Lagou S, Kolonia V,
Gkavogianni T, Kyprianou M, Anagnostopoulos
I, Poulakou G, Lada M, Makina A, Roulia E,
Koupetori M, Apostolopoulos V, Petrou D,
Nitsotolis T, Antoniadou A and Giamarellos-
Bourboulis EJ. Procalcitonin to reduce long-
term infection-associated adverse events in
sepsis. A randomized trial. Am J Respir Crit
Care Med 2021; 203: 202-210.

Lu X, Zhou B, Hu D and Ding Y. Emergency de-
compression for patients with ureteral stones
and SIRS: a prospective randomized clinical
study. Ann Med 2023; 55: 965-972.

Mihalova M, Supéikova N, KovalGikova AG,
Breza J Jr, T6thova L, Celec P and Breza J Sr.
Dynamics of urinary extracellular DNA in uro-
sepsis. Biomolecules 2023; 13: 1008.
Eichberger J, Resch E and Resch B. Diagnosis
of neonatal sepsis: the role of inflammatory
markers. Front Pediatr 2022; 10: 840288.
Groeneveld NS, Olie SE, Visser DH, Snoek L,
van de Beek D, Brouwer MC and Bijlsma MW;
NOGBS study group. Cerebrospinal fluid in-
flammatory markers to differentiate between
neonatal bacterial meningitis and sepsis: a
prospective study of diagnostic accuracy. Int J
Infect Dis 2024; 142: 106970.

1003

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

Zaki HA, Bensliman S, Bashir K, Iftikhar H,
Fayed MH, Salem W, EImoheen A and Yigit Y.
Accuracy of procalcitonin for diagnosing sepsis
in adult patients admitted to the emergency
department: a systematic review and meta-
analysis. Syst Rev 2024; 13: 37.

Kim B, Yu JE, Yeo 1J, Son DJ, Lee HP, Roh YS,
Lim KH, Yun J, Park H, Han SB and Hong JT.
(E)-2-methoxy-4-(3-(4-methoxyphenyl)prop-1-
en-1-yl)phenol alleviates inflammatory re-
sponses in LPS-induced mice liver sepsis
through inhibition of STAT3 phosphorylation.
Int Immunopharmacol 2023; 125: 111124.
Orange ST, Leslie J, Ross M, Mann DA and
Wackerhage H. The exercise IL-6 enigma in
cancer. Trends Endocrinol Metab 2023; 34:
749-763.

Nagaraju M, Kalahasti KK, Reddy KP, Addi UR,
Satyavani M, Reddy GB and Reddy SS. Anti-
inflammatory potential of turmeric, amla, and
black pepper mixture against sepsis-induced
acute lung injury in rats. J Food Sci Technol
2023; 60: 252-261.

Xu HG, Tian M and Pan SY. Clinical utility of pro-
calcitonin and its association with pathogenic
microorganisms. Crit Rev Clin Lab Sci 2022;
59:93-111.

Godinez-Vidal AR, Alcantara-Gordillo R, Aguirre-
Rojano VI, Lopez-Romero SC, Gonzalez-Cala-
tayud M, Gonzalez-Pérez LG, Pulido-Cejudo A
and Gracida-Mancilla NI. Evaluation of C-
reactive protein, procalcitonin and the PCR/
PCT index as indicators of mortality in abdomi-
nal sepsis. Cir Cir 2020; 88: 150-153.
Velissaris D, Zareifopoulos N, Lagadinou M,
Platanaki C, Tsiotsios K, Stavridis EL, Ka-
sartzian DI, Pierrakos C and Karamouzos V.
Procalcitonin and sepsis in the emergency de-
partment: an update. Eur Rev Med Pharmacol
Sci 2021; 25: 466-479.

Ammar MA, Ammar AA, Wieruszewski PM,
Bissell BD, T Long M, Albert L, Khanna AK and
Sacha GL. Timing of vasoactive agents and
corticosteroid initiation in septic shock. Ann
Intensive Care 2022; 12: 47.

Dimopoulos MA, Merlini G, Bridoux F, Leung N,
Mikhael J, Harrison SJ, Kastritis E, Garderet L,
Gozzetti A, van de Donk NWCJ, Weisel KC,
Badros AZ, Beksac M, Hillengass J, Mohty M,
Ho PJ, Ntanasis-Stathopoulos |, Mateos MV,
Richardson P, Blade J, Moreau P, San-Miguel J,
Munshi N, Rajkumar SV, Durie BGM, Ludwig H
and Terpos E; International Myeloma Working
Group. Management of multiple myeloma-re-
lated renal impairment: recommendations
from the International Myeloma Working
Group. Lancet Oncol 2023; 24: €293-e311.
Gherghina ME, Peride |, Tiglis M, Neagu TP,
Niculae A and Checherita IA. Uric acid and oxi-

Am J Transl Res 2025;17(2):992-1004



[35]

1004

Procalcitonin predicts uroseptic shock response

dative stress-relationship with cardiovascular,
metabolic, and renal impairment. Int J Mol Sci
2022; 23: 3288.

Ron R, Moreno E, Martinez-Sanz J, Branas F,
Sainz T, Moreno S and Serrano-Villar S. CD4/
CD8 ratio during human immunodeficiency vi-
rus treatment: time for routine monitoring?
Clin Infect Dis 2023; 76: 1688-1696.

[36] YinY, Qin J, Dai Y, Zeng F, Pei H and Wang J.
The CD4+/CD8+ ratio in pulmonary tuberculo-
sis: systematic and meta-analysis article. Iran
J Public Health 2015; 44: 185-193.

Am J Transl Res 2025;17(2):992-1004



