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Purpose: The principal objective of this study was to investigate the potential risk
factors contributing to the development of postoperative systemic inflammatory
response syndrome (SIRS) after percutaneous nephrolithotomy (PCNL), with a
key focus on a novel subpopulation of PD-1NCXCR5-CD4* T cells, termed
peripheral T helper (Tph) cells.

Methods: A comprehensive retrospective analysis was undertaken on 399
patients with kidney stones who underwent PCNL at two hospitals between
January 2022 and December 2023. The core outcome of interest was the
occurrence of post-PCNL SIRS. Univariate and multivariate logistic regression
analysis were performed to elucidate independent risk factors for post-PCNL
SIRS. A precise nomogram was constructed, integrating the independent risk
factors, including Tph cell levels, and receiver operating characteristic (ROC)
curves and calibration curves were generated.

Results: Among the patients, 142 (35.59%) developed post-PCNL SIRS.
Univariate analysis highlighted eight potential risk factors. Notably, multivariate
analysis identified five independent risk factors for post-PCNL SIRS: high stone
density (odds ratio [OR], 5.96; p < 0.001), prolonged operation time (OR, 2.26; p =
0.005), absence of hydronephrosis (OR, 0.37; p < 0.001), positive urine detection
for bacteria (OR, 2.13; p = 0.003) and low percentage of circulating Tph cells (OR,
0.39; p < 0.001).

Conclusion: Patients presenting with low circulating Tph cell levels, high stone
density, prolonged operation time, absence of hydronephrosis, and positive
urine bacteria are at an elevated risk of developing post-PCNL SIRS. For
these individuals, careful consideration of preoperative evaluations, heightened
vigilance, and appropriate treatment strategies are essential.

KEYWORDS

peripheral T helper cell (Tph), kidney stone, nephrolithiasis, percutaneous
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Introduction

Nephrolithiasis is a prevalent and recurrent urological disorder,
with a global incidence spanning 1% to 13% (1, 2). Over half
of the afflicted individuals experience relapse within a decade,
frequently culminating in colic, infection, compromised renal
function, and occasionally, renal failure. The therapeutic landscape
for nephrolithiasis has transitioned from traditional open surgery
to minimally invasive endoluminal urological interventions, with
percutaneous nephrolithotomy (PCNL) emerging as the foremost
treatment modality for patients harboring staghorn calculi,
complex stones, and most upper urinary tract stones exceeding
20mm in diameter. PCNL boasts advantages over traditional
open surgery, including minimal invasiveness, expedited hospital
discharge, shortened operative durations, and heightened stone
clearance rates.

Nonetheless, the intricate nature of PCNL procedures and its
protracted learning curve contribute to a heightened postoperative
complication rate, notably postoperative infection and hemorrhage,
with sepsis standing as a particularly pernicious and prevalent
complication. Sepsis is defined as a life-threatening condition
characterized by organ dysfunction stemming from a dysregulated
host response to infection (3). Systemic inflammatory response
syndrome (SIRS) is a critical complication following PCNL,
with reported incidence rates ranging from 22.1% to 43.0%
in various studies (3). SIRS not only increases the risk of
progression to sepsis, a life-threatening condition characterized
by organ dysfunction, but also significantly prolongs hospital
stays, escalates healthcare costs, and adversely affects patient
outcomes (4-6). The development of post-PCNL SIRS is associated
with a higher likelihood of requiring intensive care, extended
antibiotic therapy, and additional interventions, which can further
strain healthcare resources. Moreover, patients who develop SIRS
are at an increased risk of long-term renal impairment and
other systemic complications, underscoring the importance of
early identification and intervention (6). Despite advances in
surgical techniques and perioperative care, the incidence of
post-PCNL SIRS remains substantial, highlighting the need for
reliable preoperative biomarkers to identify high-risk patients and
implement targeted preventive strategies.

Recent research endeavors have implicated C-reactive
protein, stone culture, stone burden, and operative duration
as potential risk factors for post-PCNL SIRS (7). However,
their predictive accuracy has proven inconsistent across various
studies. Moreover, certain indicators, such as stone composition
analysis and stone culture, present preoperative accessibility
challenges. Therefore, the identification of efficacious preoperative
biomarkers capable of accurately predicting post-PCNL SIRS holds
paramount significance.

Peripheral T helper (Tph) cells, a newly delineated subset of
CD4™ T cells, have garnered attention for their pathogenic role
in rheumatoid arthritis (RA) (8). These cells, initially identified
by mass cytometry in RA joint tissue and distinguished by their
PD-1MCXCR5™ phenotype, exhibit potent B-cell-helper function.
Tph cells sorted from peripheral blood, synovial fluid and synovial
tissue alike have been shown to induce co-cultured memory B cell
differentiation into plasma cells and augment IgG production in
vitro, suggesting a role in combating bacterial and viral infections
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(9). This B-cell-helper function is hypothesized to be mediated by
cytokine IL-21, as evidenced by inhibited plasma cell differentiation
upon IL-21 neutralization in co-culture systems (8, 10). Notably,
increased circulating PD-1"MCXCR5-CD4" Tph cells have been
observed in patients with IgG4-related disease (11), systemic lupus
erythematosus (10), type 1 diabetes (12), IgA nephropathy (13),
psoriasis vulgaris (14) and active ulcerative colitis (15), further
underscoring their significance.

Given the robust B-cell-helper function of Tph cells, their
potential as predictive biomarker for post-PCNL SIRS is intriguing.
However, to date, no study has examined the association between
this Tph subset and post-PCNL SIRS. Consequently, the present
investigation retrospectively analyzed the feasibility of utilizing Tph
cells as a biomarker for post-PCNL SIRS.

Materials and methods

Study population

The retrospective analysis in this study encompassed all
adult patients who underwent PCNL at the General Hospital
of Central Theater Command and the First Affiliated Hospital
of Guangzhou Medical University, spanning from January 2022
and December 2023. Eligibility criteria for inclusion were:
(1) attainment of an age threshold of 18 years or older,
(2) undergoing PCNL as the primary surgical intervention,
and (3) availability of preoperative hematological parameters
and computed tomography (CT) imaging. Conversely, exclusion
criteria were devised to exclude: (1) patients with a prior or current
diagnosis of malignancy, (2) those suffering from hematopathy,
immune dysfunction, or undergoing/having undergone immune-
modulatory therapies, (3) the presence of active infectious diseases
or fever at the time of intervention, and (4) recent use of antibiotics
within 1 month prior to blood sampling. This study adhered
rigorously to the principles outlined in the Declaration of Helsinki
and received ethical clearance from the Medical Ethical Committee
of the General Hospital of Central Theater Command (No: 2023-
016-01). Furthermore, all participants provided written informed
consent, in accordance with the mandates of the Declaration
of Helsinki.

Data collection

Routine blood and urine analysis, as well as biochemical
evaluations, were performed prior to PCNL. Lymphocyte subsets
were meticulously assessed using flow cytometry. Peripheral
blood mononuclear cells (PBMCs) were isolated from heparinized
peripheral venous blood obtained from nephrolithiasis patients
prior to PCNL, employing density gradient centrifugation with
Lymphprep™ (STEMCELL). For analyzing Tph and follicular
helper T (Tth) cells, the isolated PBMCs were labeled with a panel
of antibodies: anti-CD3-PE/Cy7 (HIT3a; Biolegend), anti-CD4-
PerCP/Cy5.5 (OKT4; Biolegend), anti-CD45RO-FITC (UCHLI;
Biolegend), anti-PD1-APC (EH12.2H7; Biolegend), anti-CXCR5
(J252D4; Biolegend) and LIVE/DEAD fixable near-IR dead cell
dye (Thermofisher). Sample acquisition was conducted on a
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FACSCanto II flow cytometer (BD Biosciences, San Jose, CA, USA),
data were analyzed using FlowJo software version 10. Additionally,
all patients underwent CT to confirm stone characteristics. The
stone burden was estimated using Ackermann’s formula (16).

Surgical technique and treatment strategy

Patients with nephrolithiasis were managed according to
the most recent guidelines issued by the European Association
of Urology (17). For patients with a negative uring culture,
1g of ceftriaxone was administered intravenously 1h prior to
anesthetic induction. Conversely, patients with a positive urine
culture received antibiotics tailored to the antibiotic susceptibility
map, commencing 5 days before surgery and reiterated 1h
before anesthesia (18). All surgical procedures were executed by
two experienced surgeons proficient in PCNL, working across
two hospitals. A brief overview of the surgical process is as
follows: under general anesthesia, a ureteral catheter was inserted
into the ureter of the patient in the lithotomy position via
ureteroscopy. Subsequently, the patient was positioned prone, and
the optimal percutaneous access was established by puncturing
the appropriate renal calyx under ultrasound guidance. This was
followed by dilation of the percutaneous tract using a fascial
dilator to accommodate an 18-Fr sheath. A perfusion flow
rate of approximately 400 ml/min was maintained, and stone
fragmentation was achieved using either a pneumatic device or
a holmium laser. postoperatively, a 6-Fr double-]J stent and a
16-Fr nephrostomy tube were routinely placed in accordance
with standard protocols. Operation time was defined as the
interval from renal calyx puncture to nephrostomy tube placement.
On the second postoperative day, the nephrostomy tube was
clamped and, if tolerated (i.e., mild or no pain), removed after
24h. The double-J stent was removed cystoscopically four weeks
after surgery. Follow-up evaluations, conducted 2-3 months
postoperatively, encompassed assessment of stone-free status,
routine urine analysis, and renal function. Patients requiring a
second-stage procedure underwent this intervention 2 weeks or
more post-discharge, as necessary.

Endpoints

The primary endpoint of this study was the development of
post-PCNL SIRS during the postoperative hospitalization period.
All patients underwent routine monitoring until discharge. Post-
PCNL SIRS was deemed to have occurred if two or more of the
subsequent criteria were fulfilled: (1) heart rate exceeding 90 bpm;
(2) body temperature above 38°C or below 36°C; (3) respiratory
rate surpassing 20 breaths per min; (4) white blood cell counts
either exceeding 12 x 107 cells/L or falling below 4 x 10° cells/L.

Statistical analysis

Statistical analyses were conducted using R software (version
4.3.3). Data were reported in the form of medians, quartiles,
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or percentages as applicable. Continuous variables adhering to
the normal distribution were evaluated using independent t-
sample tests, whereas non-parametric tests were applied to
those continuous variables that did not conform to the normal
distribution (19). Categorical variables were analyzed with the
chi-square test. To identify independent risk factors for post-
PCNL SIRS, variables with p < 0.05 in the univariate analysis
were subsequently included in the multivariate analyses, which
were performed through backward stepwise selection. Odds ratios
(ORs) and 95% confidence intervals (CIs) were computed. All p-
values were two-sided, and a threshold of <0.05 was considered
statistically significant. Spearman’s correlation test was used to
analyze correlations between Tph cells and clinical outcomes.

Results

In this study, a cohort of 399 patients who underwent one-stage
PCNL for kidney and upper urinary tract stones were ultimately
included. Among these patients, 58.65% (n = 234) were male,
with the remaining 41.35% (n=165) being female. Notably, 142
patients (35.59%) developed post-PCNL SIRS. The characteristics
of the post-PCNL SIRS group, compared to the non-SIRS group,
were marked by elevated stone density (p < 0.001), prolonged
operative duration (p = 0.002), negative hydronephrosis (p <
0.001), increased white blood cell (WBC) counts (p = 0.039), low
serum albumin levels (p = 0.030), positive urine leukocytes (p
= 0.043), positive urine detection for bacteria (p < 0.001), and
decreased percentage of Tph cell (p < 0.001) (Tables 1, 2). However,
no significant difference was observed in percentage of follicular
helper T (Tth) cell between the post-PCNL SIRS and non-SIRS
groups (Table 2).

To identify potential risk factors for post-PCNL SIRS, a
univariate analysis was performed on all included variables. Eight
factors emerged as potential risk factors: stone density (p < 0.001,
OR = 5.15, 95%CI = 2.79-9.50), operation time (p < 0.001, OR =
2.16, 95%CI = 1.33-3.51), hydronephrosis (p < 0.001, OR = 0.33,
95%CI = 0.21-0.51), urine nitrite positivity (p < 0.001, OR = 2.38,
95%CI = 1.32-4.30), positive urine leukocytes (p = 0.030, OR =
1.71, 95%CI = 1.04-2.80), positive urine detection for bacteria (p
< 0.001, OR = 2.43, 95%CI = 1.58-3.74), IL-6 levels (p = 0.020,
OR = 1.15, 95%CI = 1.03-1.29) and percentage of Tph cell (p <
0.001, OR = 0.34, 95%CI = 0.25-0.47) (Table 3). Among these,
receiver operating characteristic (ROC) curve analysis revealed that
Tph cells had the highest area under the curve (AUC) of 0.754
(Figure 1).

To ascertain independent risk factors for post-PCNL SIRS, a
multivariate regression analysis was conducted, incorporating the
eight risk factors identified in the univariate analysis. Through
backward stepwise selection, four models with five independent
risk factors each were established. Model 1 included stone density
(p < 0.001, OR = 5.90, 95%CI = 3.00-11.62), operation time (p =
0.007, OR=2.18, 95%CI = 1.24-3.84), hydronephrosis (p < 0.001,
OR = 0.35, 95%CI = 0.21-0.58), urine nitrite positivity (p = 0.037,
OR = 2.06, 95%CI = 1.04-4.08) and the percentage of Tph cell
(p < 0.001, OR = 0.38, 95%CI = 0.27-0.55) (Table 4). Similarly,
Model 2 featured stone density (p < 0.001, OR = 6.12, 95%CI =
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TABLE 1 Basic characteristics data in the non-SIRS group and the SIRS group.

10.3389/fmed

.2025.1483273

Variables Non-SIRS (n = 257) SIRS (n = 142) p value
Demographics

Age, median (IQR) (years) 58.00 (49.00-65.00) 55.00 (43.00-61.00) 0.051
Male, gender, 1 (%) 158 (61.48%) 76 (53.52%) 0.150
BMI, median (IQR) 24.03 (21.83-26.03) 23.86 (21.38-25.64) 0.116
Clinical characteristics

Diabetes, 1 (%) 45 (17.51%) 24 (16.90%) 0.988
Hypertension, n (%) 84 (32.68%) 39 (27.46%) 0.333
Stone density, median (IQR) (HU) 1,185 (784-1,505) 1,482 (1,155-1,743) <0.001*
Operation time, median (IQR) (min) 105 (73-150) 112 (85-163) 0.002*
Stone burden, median (IQR) (mm?) 612.00 (312.00-1,410.00) 519.38 (270.01-978.00) 0.404
Staghorn calculi, 7 (%) 80 (31.13%) 47 (33.10%) 0.770
Stone side, n (%) 0.496
Left 127 (49.42%) 76 (53.52%)

Right 130 (50.58%) 66 (46.48%)

Hydronephrosis, n (%) <0.001*
Yes 201 (78.21%) 77 (54.23%)

No 56 (21.79%) 65 (45.77%)

Routine blood tests

WBC, median (IQR) (109/L) 6.69 (5.60-8.05) 6.80 (5.80-8.60) 0.039*
Lymphocytes, median (IQR) (109/L) 1.90 (1.50-2.24) 1.94 (1.40-2.34) 0.592
Neutrophils, median (IQR) (109/L) 4.00 (3.09-5.01) 4.05 (3.10-5.76) 0.603
Hemoglobin, median (IQR) (g/L) 134.00 (122.00-146.00) 132.00 (117.00-144.00) 0.165
Total protein, median (IQR) (g/L) 70.40 (65.60-74.20) 69.70 (65.70-73.90) 0.955
Albumin, median (IQR) (g/L) 41.20 (38.20-43.10) 40.20 (37.70-42.40) 0.030"
Globulin, median (IQR) (g/L) 24.50 (20.10-28.30) 25.30 (20.00-29.30) 0.950
Albumin-globulin ratio 1.65 (1.42-2.01) 1.58 (1.36-2.05) 0.469
Kidney function

Creatinine, median (IQR) (jumol/L) 82.00 (67.90-104.30) 76.40 (63.80-95.30) 0.242
BUN, median (IQR) (mol/L) 5.86 (4.95-7.12) 5.51 (4.60-6.38) 0.136
Uric acid, median (IQR) (jumol/L) 378.80 (319.75-456.28) 365.00 (296.00-431.20) 0.111
Urine examination

Hematuria, n (%) 0.525
Positive 217 (84.44%) 124 (87.32%)

Negative 40 (15.56%) 18 (12.68%)

Urine leukocytes, n (%) 0.043*
Positive 181 (70.43%) 114 (80.28%)

Negative 76 (29.57%) 28 (19.72%)

Urine protein, n (%) 0.999
Positive 69 (26.85%) 38 (26.76%)

Negative 188 (73.15%) 104 (73.24%)

Urine nitrite, n (%) 0.005
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TABLE 1 (Continued)

10.3389/fmed.2025.1483273

Variables Non-SIRS (n = 257) SIRS (n = 142) p value
Positive 24 (9.34%) 28 (19.72%)

Negative 233 (90.66%) 114 (80.28%)

Urine bacteria, n (%) <0.001*

Positive 69 (26.85%)

67 (47.18%)

Negative 188 (73.15%)

75 (52.82%)

*p < 0.05; WBC, white blood cells; BUN, blood urea nitrogen.

TABLE 2 Cytokine and lymphocyte subsets in the SIRS and the non-SIRS
group.

SIRS (n =
142)

Variables Non-

N ES
257)

IL-6, median (IQR), 24.05 43.00 (12.10- 0.064
pg/mL (11.38-84.35) 196.55)

CD4+ T cells, median 42.00 45.95 0.639
(IQR), % (22.00-60.90) (27.50-63.90)
CD4+CD45RO+ T 22.40 24.80 0.584
cells, median (IQR), % (11.50-33.60) (13.50-36.38)
CD4+CD45RO+CXCR5+ 7.60 6.85 0.531
PD-1+ Tth cells, median (4.20-10.70) (3.78-10.60)

(IQR), %

CD4+CD45RO+CXCR5- 20.60 10.80 <0.001*
PD-1+ Tph cells, (12.50-24.80) (7.00-15.88)

median (IQR), %

*p < 0.05; IL-6, interleukin 6; Tth cells, follicular helper T cells; Tph cells, peripheral T
helper cells.

TABLE 3 Univariate analyses of risk factors for SIRS.

Variables OR (95% CI) p value
Stone density 5.15(2.79-9.50) <0.001*
Operation time 2.16 (1.33-3.51) <0.001*
Hydronephrosis 0.33 (0.21-0.51) <0.001*
Urine nitrite 2.38 (1.32-4.30) <0.001*
Urine leukocytes 1.71 (1.04-2.80) 0.030*
Urine bacteria 2.43 (1.58-3.74) <0.001*
IL-6 1.15 (1.03-1.29) 0.020*
Percentage of CD4+ T cells 1.11 (0.84-1.47) 0.450
Percentage of CD4+CD45RO+ T cells 1.17 (0.88-1.54) 0.280
Percentage of 0.34 (0.25-0.47) <0.001*
CD4+CD45RO+CXCR5-PD-1+ Tph

cells

Percentage of 0.89 (0.67-1.20) 0.450
CD4+CD45RO+CXCR5+PD-1+ Tth

cells

*p < 0.05; IL-6, interleukin 6; Tfh cells, follicular helper T cells; Tph cells, peripheral T
helper cells.

3.11-12.07), operation time (p = 0.004, OR = 2.18, 95%CI = 1.29-
4.01), hydronephrosis (p < 0.001, OR = 0.35, 95%CI = 0.21-0.58),
urine leukocytes (p = 0.025, OR = 1.91, 95%CI = 1.08-3.38), and
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FIGURE 1
Receiver operating characteristics (ROC) curves for univariate
analyses of potential risk factors in post-PCNL SIRS. ROC curves for
univariate analyses of potential risk factors in post-PCNL SIRS
showed the area under curve (AUC) for circulating Tph cells was
0.754, highest among other potential risk factors.

the percentage of Tph cell (p < 0.001, OR = 0.38, 95%CI = 0.26-
0.54) (Table 4). Model 3 comprised stone density (p < 0.001, OR
= 5.96, 95%CI = 3.01-11.81), operation time (p = 0.005, OR =
2.26, 95%CI = 1.28-4.00), hydronephrosis (p < 0.001, OR = 0.37,
95%CI = 0.22-0.62), urine detection for bacteria (p = 0.003, OR
= 2.13, 95%CI = 1.30-3.48), and the percentage of Tph cell (p
< 0.001, OR = 0.39, 95%CI = 0.27-0.55) (Table 4). Lastly, Model
4 included stone density (p < 0.001, OR = 5.63, 95%CI = 2.87-
11.05), hydronephrosis (p < 0.001, OR = 0.35, 95%CI = 0.21-
0.58), urine nitrite (p = 0.044, OR = 2.04, 95%CI = 1.02-4.07),
urine leukocytes (p = 0.049, OR = 1.77, 95%CI = 1.00-3.13),
and the percentage of Tph cell (p < 0.001, OR = 0.37, 95%CI =
0.26-0.52) (Table 4). Notably, stone density, hydronephrosis and
the percentage of Tph cell were consistently present in all four
multivariate regression models.

Furthermore, ROC curve analyses were performed for these
models, revealing reasonable predictive capabilities with AUC
values of 0.811, 0.813, 0.817 and 0.802, respectively (Figure 2A).
Model 3 exhibited the superior discriminative performance among
the four (Figure 2A). The incidence rate of post-PCNL SIRS was
calculated, and the calibration curves for all models demonstrated
good fitting (Figures 2B-E). Predictive nomograms, based on the
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TABLE 4 Multivariate analyses of risk factors for SIRS.

10.3389/fmed.2025.1483273

Variables Model 1 Model 2 Model 3 Model 4
OR(95% Cl) pvalue OR(95%Cl) pvalue OR(95%CIl) pvalue OR(95%CIl) pvalue
Stone density 5.90 (3.00-11.62) <0.001 6.12 (3.11-12.07) <0.001 5.96 (3.01-11.81) <0.001 5.63 (2.87-11.05) <0.001
Operation time 2.18 (1.24-3.84) 0.007 2.28 (1.29-4.01) 0.004 2.26 (1.28-4.00) 0.005 - -
Hydronephrosis 0.35 (0.21-0.58) <0.001 0.35 (0.21-0.58) <0.001 0.37 (0.22-0.62) <0.001 0.35 (0.21-0.58) <0.001
Urine nitrite 2.06 (1.04-4.08) 0.037 - - - - 2.04 (1.02-4.07) 0.044
Urine leukocytes - - 1.91 (1.08-3.38) 0.025 - - 1.77 (1.00-3.13) 0.049
Urine bacteria - - - - 2.13(1.30-3.48) 0.003 - -
Percentage of 0.38 (0.27-0.55) <0.001 0.38 (0.26-0.54) <0.001 0.39 (0.27-0.55) <0.001 0.37 (0.26-0.52) <0.001
CD4+CD45RO+CXCR5-
PD-1+ Tph
cells

Tph cells, peripheral T helper cells.

model 3 according to max AUC value, were generated to estimate
the probability of post-PCNL SIRS occurrence (Figure 3). To
visually access the relationship between Tph cell levels and clinical
outcomes, we performed Spearman’s correlation analysis between
Tph cells and C-reactive protein (CRP) (Figure 4A), platelet counts
(Figure 4B), and hospital length of stay (Figure 4C). The analysis
revealed a significant negative correlation between Tph cells and
CRP (r = —0.535, p < 0.001; Figure 4A) as well as hospital length
of stay (r = —0.504, p < 0.001; Figure 4C). In contrast, Tph cells
demonstrated a positive correlation with platelet counts (r = 0.645,
p < 0.001; Figure 4B).

Discussion

In this study, we pioneered the reporting of circulating
Tph cells, rather than circulating Tth cells, as an independent
preoperative risk factor for post-PCNL SIRS. Through meticulous
multivariate analysis, we unveiled four models grounded in
circulating Tph cells, each displaying commendable discriminatory
ability with AUCs exceeding 0.8. Model 1 encompassed low
percentage of circulating Tph cell, high stone density, prolonged
operation time, negative hydronephrosis status, and positive urine
nitrite. Model 2 included similar features but with positive urine
leukocytes instead of urine nitrite. Model 3 featured positive
urine bacteria, and Model 4 comprised positive urine nitrite and
leukocytes, all in the context of low percentage of Tph cell, high
stone density, and negative hydronephrosis. Among these models,
ROC curve analysis unveiled Model 3 as the superlative, with an
AUC 0f 0.817.

For the first time, circulating Tph cells has been implicated as
an independent preoperative risk factor for post-PCNL SIRS. In
preceding investigations, Tph cells have been identified as playing
a pivotal pathogenic role in a plethora of autoimmune diseases,
including SLE (10), RA (8), IgG4-related disease (11), type 1
diabetes (12), IgA nephropathy (13), psoriasis vulgaris (14), active
ulcerative colitis (15) and anti-neutrophil cytoplasmic antibody
(ANCA)-associated vasculitis (AAV) (20). Our study introduces
a novel frontier by uncovering the role of Tph cells in non-
autoimmune conditions. We demonstrated that the low percentage
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of circulatory Tph cells are associated with elevated rates of post-
PCNL SIRS. The potential inflammatory mechanisms may be as
follows: Tph cells are multifunctional, capable of secreting a variety
of cytokines, including interleukin 21 (IL-21), IL-10, interferon
g (IFN-g), thereby playing a role in controlling bacterial and
viral infections within the body (8, 20). Furthermore, Tph cells
promote the differentiation and maturation of B cells into plasma
cells (8, 20), which subsequently produce and secrete antigen-
specific antibodies. This process facilitates pathogen clearance and
neutralizes some of the endotoxins released from kidney stones
following PCNL.

In this study, prolonged operation time was identified as
an independent risk factor for post-PCNL SIRS. During the
execution of PCNL, excessive renal pelvic pressure can precipitate
pyelotubular, pyelolymphatic, and pyelovenous reflux, potentially
facilitating the translocation of bacteria and endotoxin into
systemic circulation (21). Notably, the incidence of postoperative
fever markedly escalates when renal pelvic pressure attains
or surpasses 20 mmHg (22). Extended operation times result
in a longer duration for renal pelvic pressure to surpass a
critical threshold, thereby augmenting the chances of bacteria
and endotoxin entering the circulation. Furthermore, longer
operative durations equate to increased surgical exposure, which
can exacerbate the risk of intraoperative infections, ultimately
contributing to post-PCNL SIRS.

This study introduces the novel finding that high stone
density is an independent risk factor for post-PCNL SIRS. While
direct evidence linking high stone density to an elevated rate of
post-PCNL SIRS remains elusive, we postulate several plausible
explanations: (1) Stones with high density necessitate more
extensive operative time for removal, potentially enhancing the
likelihood of bacteria and endotoxin entering the circulation; (2)
Stones exhibiting high CT values may require greater energy
for lithotripsy, which could facilitate the entry of bacteria and
endotoxins into the circulation, thereby elevating the risk of post-
PCNL SIRS.

In this study, we have discovered that hydronephrosis exhibits
a negative correlation with the incidence of post-PCNL SIRS,
despite its identification as a risk factor for infection subsequent
to extracorporeal shock wave lithotripsy (SWL) (23). The influence
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FIGURE 2
Four models for patients with kidney stones predicting post-PCNL SIRS. (A) ROC curves for four models including five independent risk factors
predicting post-PCNL SIRS. Model 3 showed the highest AUC with 0.817. The calibration curve showed good fitting of Model 1 (B), Model 2 (C),
Model 3 (D) and Model 4 (E).

of hydronephrosis on PCNL outcomes remains contentious. On
the one hand, hydronephrosis has been implicated in lower stone-
free rates following PCNL (24-26). Conversely, other studies have
failed to establish any impact of hydronephrosis on stone-free rates
post-PCNL (27, 28). Our investigation specially focused on the
presence of hydronephrosis in PCNL patients and revealed that the
absence of hydronephrosis was associated with an increased risk
of post-PCNL SIRS. We hypothesize that this may stem from: (1)
Patients with kidney stones without hydronephrosis experiencing
a more insidious and protracted disease course; (2) the greater
technical challenge and prolonged operative time associated with
the puncture and stone removal procedure in such patients.
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Positive urine bacteria detection has emerged as an
independent risk factor for post-PCNL SIRS. Prior research
has underscored the significance of preoperative urine culture,
intraoperative renal pelvic urine culture, and stone culture as
predicative markers for post-PCNL SIRS (29-31). Nevertheless,
performing these cultures, particularly stone culture, is neither
timely nor convenient. The turnaround time for all culture results
exceeds 2-3 days, and the positivity rate is relatively low. Given
the impracticality of obtaining stone culture prior to lithotripsy,
its clinical utility is inherently limited. In contrast, urine bacterial
examination offers a more expedient alternative, delivering results
within 4 h, thereby enhancing its clinical applicability.
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FIGURE 3
Nomogram of Model 3 predicting post-PCNL SIRS. Nomogram of Model 3 for predicting post-PCNL SIRS. Essence, operation time, percentage of
Tph cells, Hydronephrosis and urine culture are marked as “points”. Total points by adding the five points can predict SIRS risk.
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Correlation analysis between Tph cells and clinical outcomes. Correlation analyses were conducted between Tph cells and CRP (A), Platelet counts
(B), and hospital length of stay (C). Each plot represented data of one patient. Spearman’s coefficient of correlation was used and r and p values for

each parameter were listed.

The present investigation, for the first time, demonstrates
the potential of circulating Tph cells as a diagnostic biomarker
for post-PCNL SIRS. A preoperative nomogram, devised using
five independent risk factors predictive of post-PCNL SIRS, was
formulated in this study. This tool may aid physicians in identifying
high-risk patients preoperatively, enabling the adoption of more
prudent strategies, such as optimizing operation time, intensifying
perioperative monitoring, and preemptively administering higher-
grade antibiotics. Our findings may pave the way for future
research exploring the prognostic value of T lymphocyte subsets in
predicting post-PCNL SIRS.
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In addition to serving as a risk indicator for post-PCNL
SIRS, Tph cells may also represent a potential therapeutic target
to mitigate inflammatory risk during the perioperative period.
Previous studies have demonstrated that cells such as ITGA5™"
fibroblasts can induce the differentiation of Tph cells through
TGF-bl signaling (32, 33). Additionally, in vitro studies have
shown that IL-2 stimulation reduces Tph cell levels, suggesting
that neutralizing IL-2 may promote the differentiation of Tph
cells (34). These findings indicate that modulating inflammatory
cytokines, such as TGF-bl and IL-2, could enhance Tph cell
differentiation. This, in turn, supports the differentiation of B

frontiersin.org


https://doi.org/10.3389/fmed.2025.1483273
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Liu et al.

cells into plasma cells, which secrete a range of antigen-specific
antibodies. This process aids in pathogen clearance and neutralizes
endotoxins derived from kidney stones following PCNL. Although
further clinical studies are required to assess the efficacy and safety
of therapeutic strategies targeting Tph cells, this approach holds
significant promise and potential.

Despite these strengths, our study is not without limitations.
Firstly, while five independent risk factors for post-PCNL SIRS were
identified in Model 3, the robustness of this model necessitates
validation by independent researchers. Secondly, the precise
mechanisms underlying the observed association between post-
PCNL SIRS and circulating Tph cells remain elusive, necessitating
further investigation, particularly at the molecular level. Thirdly,
although procalcitonin and C-reactive protein are established
biomarkers for predicting post-PCNL SIRS (16), their preoperative
assessment was not routine at our institutions, hence their
exclusion from this study. Lastly, potential selection bias is inherent
in retrospective studies conducted at limited centers, and our study
is no exception. Comprehensive, multicenter trials involving larger
cohorts are warranted to elucidate the clinical implications of the
proposed nomogram based on circulating Tph cells.

Conclusion

This study represents the first report of circulating Tph cells
as an independent risk factor for post-PCNL SIRS. A novel
nomogram, grounded in the analysis of this T cell subset, has been
devised to predict the occurrence of post-PCNL SIRS. The findings
of this research may empower clinicians to identify kidney stone
patients at high risk of developing SIRS, thereby facilitating timely
and targeted therapeutic interventions.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary material, further inquiries can be
directed to the corresponding authors.

Ethics statement

The studies involving humans were approved by the Medical
Ethical Committee of the General Hospital of Central Theater
Command. The studies were conducted in accordance with the
local legislation and institutional requirements. The participants
provided their written informed consent to participate in
this study.

Author contributions

ZL: Conceptualization, Data curation, Formal analysis,
Methodology,
administration, Resources, Software, Supervision, Validation,

Funding acquisition, Investigation, Project

Frontiersin Medicine

09

10.3389/fmed.2025.1483273

Visualization, Writing - original draft, Writing - review & editing.
WZ: Data curation, Resources, Writing — review & editing. WY:
Data curation, Resources, Writing — original draft. YZ: Writing —
review & editing, Validation. XD: Writing - review & editing. YW:
Writing - review & editing, Formal analysis. JY: Writing - review
& editing. LW: Writing - review & editing, Data curation. YN:
Writing - review & editing, Data curation, Resources. LY: Writing
- review & editing, Data curation. SX: Writing - review & editing,
Validation. PL: Resources, Writing — review & editing. GZ: Writing
- review & editing, Resources. LG: Writing - review & editing. TP:
Writing - review & editing.

Funding

The author(s) declare that financial support was received
for the research and/or publication of this article. This work
was supported by the Natural Science Foundation of Hubei
Province (No. 2023AFB498 to Zhenyu Liu), Natural Science
Foundation Exploration Plan (Morning Light Plan) of Wuhan
City (No. 2024040801020363), and Postdoctoral Scientific Research
Foundation, General Hospital of Central Theater Command (No.
20230102KY39 to Zhenyu Liu).

Acknowledgments

We would like to recognize and thank all of our patients
with kidney stones from General Hospital of Central Theater
Command and the First Affiliated Hospital of Guangzhou
Medical University for donating their blood samples and medical
record data.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.2025.
1483273/full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fmed.2025.1483273
https://www.frontiersin.org/articles/10.3389/fmed.2025.1483273/full#supplementary-material
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Liu et al.

References

1. Sorokin I, Mamoulakis C, Miyazawa K, Rodgers A, Talati J, Lotan Y.
Epidemiology of stone disease across the world. World J Urol. (2017) 35:1301-
20. doi: 10.1007/s00345-017-2008-6

2. WangY, SunJ, Xie S, Zhou Y, Wang T, Liu Z, et al. Increased abundance of bacteria
of the family Muribaculaceae achieved by fecal microbiome transplantation correlates
with the inhibition of kidney calcium oxalate stone deposition in experimental rats.
Front Cell Infect Microbiol. (2023) 13:1145196. doi: 10.3389/fcimb.2023.1145196

3. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer
M, et al. The Third International Consensus definitions for sepsis and septic shock
(Sepsis-3). JAMA. (2016) 315:801-10. doi: 10.1001/jama.2016.0287

4. Wu X, Zhao X, Li E Wang Y, Ou Y, Zhang H, et al. MLKL-mediated endothelial
necroptosis drives vascular damage and mortality in systemic inflammatory response
syndrome. Cell Mol Immunol. (2024) 21:1309-21. doi: 10.1038/s41423-024-01217-y

5. Schlapbach LJ, Watson RS, Sorce LR, Argent AC, Menon K, Hall MW, et al.
International consensus criteria for pediatric sepsis and septic shock. JAMA. (2024)
331:665-74. doi: 10.1001/jama.2024.8202

6. Ehizogie E, Maghari I, Lo S, Albrecht J. Hidradenitis suppurativa, systemic
inflammatory response syndrome and sepsis: a database study. Br ] Dermatol. (2024)
191:451-3. doi: 10.1093/bjd/ljae221

7.Wu W, Zhang D, Jin T, Lu T, Zhou F. Progress in the study

of biomarkers for early prediction of systemic inflammatory response
syndrome after percutaneous nephrolithotomy. Front Immunol. (2023)
14:1142346. doi: 10.3389/fimmu.2023.1142346

8. Rao DA, Gurish ME, Marshall JL, Slowikowski K, Fonseka CY, Liu Y, et al.
Pathologically expanded peripheral T helper cell subset drives B cells in rheumatoid
arthritis. Nature. (2017) 542:110-4. doi: 10.1038/nature20810

9. Chen X, Cao G, Wu ], Wang X, Pan Z, Gao J, et al. The histone methyltransferase
EZH2 primes the early differentiation of follicular helper T cells during acute viral
infection. Cell Mol Immunol. (2020) 17:247-60. doi: 10.1038/s41423-019-0219-z

10. Bocharnikov AV, Keegan J, Wacleche VS, Cao Y, Fonseka CY, Wang G, et al. PD-
1hiCXCRS5- T peripheral helper cells promote B cell responses in lupus via MAF and
IL-21. JCI Insight. (2019) 4:20. doi: 10.1172/jci.insight.130062

11. Kamekura R, Yamamoto M, Takano K, Yabe H, Ito F, Tkegami I, et al. Circulating
PD-1(+)CXCR5(-)CD4(+) T cells underlying the immunological mechanisms of
IgG4-related disease. Rheumatol Adv Pract. (2018) 2:rky043. doi: 10.1093/rap/rky043

12. Ekman I, Ihantola EL, Viisanen T, Rao DA, Nint6-Salonen K,
Knip M, et al. Circulating CXCR5(-)PD-1(hi) peripheral T helper cells
are associated with progression to type 1 diabetes. Diabetologia. (2019)

62:1681-8. doi: 10.1007/s00125-019-4936-8

13. Wang X, Li T, Si R, Chen J, Qu Z, Jiang Y. Increased frequency of PD-
1(hi)CXCR5(-) T cells and B cells in patients with newly diagnosed IgA nephropathy.
Sci Rep. (2020) 10:492. doi: 10.1038/s41598-019-57324-8

14. Liu W, Zhou X, Wang A, Ma J, Bai Y. Increased peripheral helper T cells
type 17 subset correlates with the severity of psoriasis vulgaris. Immunol Lett. (2021)
229:48-54. doi: 10.1016/j.imlet.2020.11.005

15. Long Y, Xia C, Sun Y, Ma Y, Xu L, Song Y, et al. Increased circulating
PD-1hiCXCR5-  peripheral helper T cells are associated with disease
severity of active ulcerative colitis patients. Immunol Lett. (2021) 233:2-10.
doi: 10.1016/j.imlet.2021.03.001

16. He Y, Xia D, Tong Y, Shang H, Liu X, Peng E, et al. Predictive
value of CD3(+) cells and interleukin 2 receptor in systemic inflammatory
response syndrome after percutaneous nephrolithotomy. Front Immunol. (2022)
13:1017219. doi: 10.3389/fimmu.2022.1017219

17. Tirk C, Petrik A, Sarica K, Seitz C, Skolarikos A, Straub M, et al. EAU guidelines
on diagnosis and conservative management of urolithiasis. Eur Urol. (2016) 69:468—
74. doi: 10.1016/j.eururo.2015.07.040

Frontiersin Medicine

10

10.3389/fmed.2025.1483273

18. Zeng G, Zhong W, Pearle M, Choong S, Chew B, Skolarikos A, et al.
European Association of Urology Section of Urolithiasis and International Alliance of
Urolithiasis Joint Consensus on percutaneous nephrolithotomy. Eur Urol Focus. (2022)
8:588-97. doi: 10.1016/j.euf.2021.03.008

19. Liu Z, Guo Y, Tang S, Zhou L, Huang C, Cao Y, et al. Cutting edge:
transcription factor BCL6 is required for the generation, but not maintenance,
of memory CD8(+) T cells in acute viral infection. J immunol. (2019) 203:323-
7. doi: 10.4049/jimmunol. 1900014

20. Liu Z, Li X, Fan N, Wang H, Xia W, Li W, et al. Increased circulating
PD-1 hi CXCR5 - peripheral T helper cells are associated with disease activity of
ANCA-associated vasculitis. Clin Exp Immunol. (2022) 207:287-96. doi: 10.1093/cei/
uxac002

21. Kreydin EI, Eisner BH. Risk factors for sepsis after percutaneous renal stone
surgery. Nat Rev Urol. (2013) 10:598-605. doi: 10.1038/nrurol.2013.183

22. Zhong W, Zeng G, Wu K, Li X, Chen W, Yang H. Does a smaller
tract in percutaneous nephrolithotomy contribute to high renal pelvic pressure
and postoperative fever? | Endourol. (2008) 22:2147-51. doi: 10.1089/end.2008.
0001

23. Liu B, Pan S, Wang L, Bai S, Liu D. Predictive markers for infections after
extracorporeal shockwave lithotripsy in patients with kidney stone based on a large
prospective cohort. World ] Urol. (2024) 42:63. doi: 10.1007/s00345-024-04769-w

24. Zhu Z, Wang S, Xi Q, Bai J, Yu X, Liu J. Logistic regression model for
predicting stone-free rate after minimally invasive percutaneous nephrolithotomy.
Urology. (2011) 78:32-6. doi: 10.1016/j.urology.2010.10.034

25. Chen W, Shi Z, Feng J, Liu C, Jiang T, Chen Q, et al. Effects of
severe hydronephrosis on surgical outcomes of minimally invasive percutaneous
nephrolithotomy (MPCNL). Wideochirurgia i inne techniki maloinwazyjne. (2023)
18:328-42. doi: 10.5114/wiitm.2023.128055

26. Kadihasanoglu M, Erkan E, Yucetas U, Gokhan Culha M, Gokhan Toktas M,
Atahan O. Does preoperative hydronephrosis affect the stone-free rate of micro-
percutaneous nephrolithotomy? Arch Espanoles de Urol. (2019) 72:406-414.

27. Li ZL, Deng Q, Chong T, Zhang P, Li HC, Li HL, et al. Predictors of clinical
outcome after minimally invasive percutaneous nephrolithotomy for renal calculus.
Urolithiasis. (2015) 43:355-61. doi: 10.1007/s00240-015-0771-7

28. Karatag T, Buldu I, Kaynar M, Inan R, Istanbulluoglu MO. Does the presence of
hydronephrosis have effects on micropercutaneous nephrolithotomy? Int Urol Nephrol.
(2015) 47:441-4. doi: 10.1007/s11255-014-0907-7

29. Lai WS, Assimos D. Factors associated with postoperative infection after
percutaneous nephrolithotomy. Rev Urol. (2018) 20:7-11. doi: 10.3909/riu0778

30. Liu J, Zhou C, Gao W, Huang H, Jiang X, Zhang D. Does preoperative urine
culture still play a role in predicting post-PCNL SIRS? A retrospective cohort study.
Urolithiasis. (2020) 48:251-6. doi: 10.1007/s00240-019-01148-8

31. Xia QD, Wang YE Liu CQ, Xu JZ, Sun JX, Xun Y, et al. Percutaneous
nephrolithotomy can reduce the incidence of sepsis compared with flexible
ureteroscopy in treating solitary proximal ureteral stone patients with positive urine
culture. Biomed Res Int. (2021) 2021:9927498. doi: 10.1155/2021/9927498

32. Zheng L, Gu M, Li X, Hu X, Chen C, Kang Y, et al. ITGA5(+) synovial
fibroblasts orchestrate proinflammatory niche formation by remodelling the local
immune microenvironment in rheumatoid arthritis. Ann Rheum Dis. (2025) 84:232—
52. doi: 10.1136/ard-2024-225778

33. Liu Z, Wang W, Li X, Tang S, Meng D, Xia W, et al. Capsaicin ameliorates
renal fibrosis by inhibiting TGF-B1-Smad2/3 signaling. Phytomedicine. (2022)
100:154067. doi: 10.1016/j.phymed.2022.154067

34. Cebi M, Cakar A, Durmus H, Akan O, Aysal E Parman Y, et al. In vitro
modulation of T cells in myasthenia gravis by low-dose IL-2. Eur ] Immunol. (2024)
54:€2451268. doi: 10.1002/¢ji.202451268

frontiersin.org


https://doi.org/10.3389/fmed.2025.1483273
https://doi.org/10.1007/s00345-017-2008-6
https://doi.org/10.3389/fcimb.2023.1145196
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1038/s41423-024-01217-y
https://doi.org/10.1001/jama.2024.8202
https://doi.org/10.1093/bjd/ljae221
https://doi.org/10.3389/fimmu.2023.1142346
https://doi.org/10.1038/nature20810
https://doi.org/10.1038/s41423-019-0219-z
https://doi.org/10.1172/jci.insight.130062
https://doi.org/10.1093/rap/rky043
https://doi.org/10.1007/s00125-019-4936-8
https://doi.org/10.1038/s41598-019-57324-8
https://doi.org/10.1016/j.imlet.2020.11.005
https://doi.org/10.1016/j.imlet.2021.03.001
https://doi.org/10.3389/fimmu.2022.1017219
https://doi.org/10.1016/j.eururo.2015.07.040
https://doi.org/10.1016/j.euf.2021.03.008
https://doi.org/10.4049/jimmunol.1900014
https://doi.org/10.1093/cei/uxac002
https://doi.org/10.1038/nrurol.2013.183
https://doi.org/10.1089/end.2008.0001
https://doi.org/10.1007/s00345-024-04769-w
https://doi.org/10.1016/j.urology.2010.10.034
https://doi.org/10.5114/wiitm.2023.128055
https://doi.org/10.1007/s00240-015-0771-7
https://doi.org/10.1007/s11255-014-0907-7
https://doi.org/10.3909/riu0778
https://doi.org/10.1007/s00240-019-01148-8
https://doi.org/10.1155/2021/9927498
https://doi.org/10.1136/ard-2024-225778
https://doi.org/10.1016/j.phymed.2022.154067
https://doi.org/10.1002/eji.202451268
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

	Predictive value of circulating PD-1hiCXCR5– peripheral T helper cells in systemic inflammatory response syndrome after percutaneous nephrolithotomy
	Introduction
	Materials and methods
	Study population
	Data collection
	Surgical technique and treatment strategy
	Endpoints
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


