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A B S T R A C T   

Background: Percutaneous nephrolithotomy (PCNL) is thought to have an increased risk of in
fectious complications. This study evaluates the predictability of preoperative midstream urine 
culture (PMUC), stone culture (SC), and renal pelvis urine culture (RPUC) for post-PCNL systemic 
inflammatory response syndrome (SIRS) or urosepsis. 
Method: After literature search in electronic databases (Embase, PubMed, Ovid, Science Direct, 
and Springer), studies were selected by following precise eligibility criteria. The quality of 
included studies was assessed, and meta-analyses of proportions were performed to seek culture 
positivity rates and incidence rates of post-PCNL SIRS/urosepsis. Meta-analyses of odds ratios 
(OR) were performed to evaluate the odds of positivity between SC and PMUC or RPUC, and the 
odds of post-PCNL SIRS/urosepsis with SC versus PMUC or RPUC. 
Results: Nineteen studies (4829 patients) were included. Positivity rates of PMUC, SC, and RPUC 
were 16 % [95 % CI: 12, 20], 21 % [95 % CI: 16, 26] and 10 % [95 % CI: 7, 14] respectively. The 
odds of positivity were significantly higher for SC compared to PMUC (OR 1.37 [95%CI: 1.02, 
1.84]; p = 0.037) or RPUC (OR 1.65 [95%CI: 1.25, 2.18] p < 0.0001). The incidence of post-PCNL 
SIRS and urosepsis was 21 % [95%CI: 17, 25] and 6 % [95%CI: 3, 10] respectively. The odds of 
post-PCNL SIRS were significantly higher with SC compared to PMUC (OR 2.45 [95%CI: 1.12, 
5.38] p = 0.025) or RPUC (OR 2.10 [95%CI: 1.33, 3.30]; p = 0.001) positivity. The odds of 
developing urosepsis after PCNL were not significantly different between SC and PMUC positivity 
(OR 1.874 [95 % CI: 0.943, 3.723]; p = 0.073). 
Conclusion: The risk of post-PCNL SIRS is found higher with SC than with PMUC or RPUC posi
tivity. However, the risk of urosepsis may not be different between SC and PMUC.   
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1. Introduction 

Formation of kidney stones, also known as urolithiasis or nephrolithiasis, constitutes an important component of renal morbidity. 
In the United States of America, the prevalence of kidney stones is estimated at 10 % with an increasing trend from 3.2 % in the 1980s 
to 10.6 % in 2016. The prevalence is higher in men than in women [1–3]. An increasing trend in the prevalence of kidney stones has 
also been reported for other countries such as Germany [4], Japan [5], Korea [6], and Iceland [7]. A cross-sectional study in China 
found the prevalence of kidney stones to be 6.4 % [8]. 

Minimally invasive techniques such as percutaneous nephrolithotomy (PCNL) and shockwave lithotripsy provide effective means 
of treating kidney stones. Although PCNL has been in use for kidney stone removal since the 1970s, the invention of shockwave 
lithotripsy reduced much of the volume of PCNL procedures. However, in recent years there has been an increase in the utility of PCNL 
due to an increase in the prevalence of kidney stones, limitations of shockwave lithotripsy, and improvements in PCNL technology [9]. 
PCNL offers a lower injury rate, milder pain, better efficacy, and earlier recovery. However, complications including bleeding, systemic 
inflammatory response syndrome (SIRS), urosepsis, injury in the renal collecting system, and renal dysfunction may arise in the 
post-PCNL period [9]. Although mortality is rare, sepsis is the most common cause of mortality after PCNL [10]. 

Several factors may affect the incidence of infectious complications after PCNL. Female sex, diabetes, preoperative stenting, 
elevated blood leukocyte, elevated neutrophil-to-lymphocyte ratio, hydronephrosis, multiple puncture access, positive preoperative 
urine culture, pyuria, stone infection, stone size, intraoperative lavage rate, positive renal pelvis urine culture (RPUC), positive stone 
culture (SC), infectious stones, longer operative time, postoperative residual stone, and perioperative blood transfusion are identified 
as the risk factors for infectious complications after PCNL [11–13]. Preoperative midstream urine culture (PMUC) results are usually 
examined to predict infectious complications of PCNL. Whereas some studies have reported that the antibiotic prophylaxis before 
PCNL does not substantially reduce the risk of infectious complications after PCNL [14,15], a meta-analysis of 5 studies found that 
prophylactic use of antibiotics before PCNL significantly reduced the incidence of infections after PCNL [16]. 

Several studies have reported the associations between PMUC and SC or RPUC positivity and infectious complications after PCNL 
[17–21]. However, outcomes are not always consistent, and variabilities exist in the reported outcomes of individual studies which 
warrant a systematic review of these outcomes. The present study aimed to evaluate the abilities of PMUC, SC, and RPUC in predicting 
post-PCNL SIRS/urosepsis. For this purpose, we conducted a systematic review to identify relevant studies and performed 
meta-analyses of statistical indices to examine the relative abilities of PMCU, SC, and RPUC in predicting post-PCNL SIRS and 
urosepsis. 

2. Methods 

2.1. Inclusion and exclusion criteria 

Inclusion criteria were: a study a) recruited urolithiasis patients to treat them with PCNL; b) carried out PMUC, SC, and/or RPUC; c) 
reported outcome data about the incidence of post-PCNL SIRS or urosepsis; and d) reported statistical indices of the association be
tween PMUC, SC and/or RPUC outcomes and post-PCNL SIRS/urosepsis. PICOS: Patients, urolithiasis; Intervention, PCNL; Compar
ison, SC versus PMUC and/or RPUC; Outcomes, post-PCNL SIRS/urosepsis risk; Studies, prospective/retrospective. Studies were 
excluded based on following criteria: a study a) reporting only one of three culture results without comparative or associational data; 
b) involving related surgical procedures other than PCNL; c) reporting the outcomes of PCNL along with other surgeries without 
distinction; d) reporting the outcomes that could not be used to seek association between a culture test results and post-PCNL SIRS/ 
urosepsis; e) seeking the association between a culture type and post-PCNL fever; and f) published as congress abstract. 

2.2. Reporting sources 

The literature search was conducted in electronic databases (Embase, PubMed, Ovid, Science Direct, and Springer) using relevant 
keywords. The literature search was conducted during August and December 2023 and sought original research articles published in 
English from the date of database inception till December 2023. 

2.3. Search strategy 

The primary combination was “Percutaneous nephrolithotomy AND kidney stone AND infectious complications AND urine AND 
stone AND culture". Secondary searches used several other keywords including urolithiasis, nephrolithiasis, predictor, systemic in
flammatory response syndrome, sepsis, and urosepsis in different combinations. The bibliography section of included studies and other 
related research articles were also screened for additional possibilities. 

2.4. Data collection process 

Demographic and clinical information, lithiasis and lithotomy characteristics, study design and conduct, study characteristics, 
independent and dependent variables, and other outcome data were extracted from the research articles of the included studies and 
were organized on datasheets for synthesis and analysis. Two authors independently searched for studies and later unified their 
outputs. During the study selection process, disagreements were resolved through mutual discussions. 
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2.5. Study risk of bias assessment 

The risk of bias assessment of the included studies was performed with the Quality Assessment Tool for Observational Cohort and 
Cross-Sectional Studies [22]. This is a 14-item tool to assess the quality of studies by appraising the clarity of the research question, 
participation rate, contemporaneous and eligibility of the participants, sample size justification, verification of exposure, duration of 
outcome assessment, exposure-outcome relationship, independent and dependent variables, blinding of assessors, and adjustment of 
confounders. 

2.6. Certainty assessment 

Certainty assessment was performed by evaluating several factors including the appropriateness of outcomes measures, assessing 
the risk of bias, study limitations, inconsistency in outcomes between studies (heterogeneity), and publication bias. The statistical 
index used to measure heterogeneity was I2 whereas the publication bias assessment was performed with Egger’s test. 

2.7. Statistical analysis 

To achieve overall positivity rates of PMUC, SC, and RPUC, meta-analyses of proportions were performed by using the number of 
positive cases and total number of tests. Freeman Tukey’s double arcsine transformation of proportions was incorporated for variance 
stabilization in these analyses using the exact binomial method. A meta-analysis of proportions was also performed to estimate the 
incidence rates of post-PCNL SIRS and urosepsis in these studies. 

To examine the odds of positivity between SC and PMUC or RPUC and between RPUC and PMUC, meta-analyses of odds ratios were 
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1147 records identified 
through database search. 

36 additional records 
identified through reference 

lists and software links. 

 1069 records after 
duplicates removed. 

1025 records excluded 
during title/abstract 

screening. 

 44 full-text articles assessed for 
eligibility. 

 19 studies included in meta-analysis.  

25 full-text articles excluded, with reasons. 
a) study performed either preoperative 

urine culture or intraoperative stone 
culture or renal pelvis urine culture 
but not both. 

b) study involved surgical procedures 
other than PCNL. 

c) study reported the outcomes of PCNL 
along with other surgeries. 

d) study reported outcomes that could 
not be used to seek association 
between a culture test results and 
post-PCNL SIRS/urosepsis incidence. 

e) study sought association between 
culture type and fever post-PCNL. 

f) congress abstracts. 

Fig. 1. A flowchart of study screening and selection process.  
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Table 1 
Important characteristics of the included studies.  

Study n Design Country Age (years) % 
Females 

% 
DM 

BMI (kg/ 
m2) 

Serum 
creatinine 

Operation time 
(min) 

Hospital stay 
(days) 

Stone burden/ 
size (mm2) 

Staghorn 
stones (%) 

% Hydro- 
nephrosis 

Chen 2019 802 Prospective China 52 ± 12.2 41 9.7  118 ± 85.9 98.4 ± 35.5  1569 ± 1526   
Degirmenci 

2019 
729 Retrospective Turkey 48 ± 12.9 33  26.6 ±

4.56 
97.2 ± 141  3.9 ± 2.5 514 ± 518 28 87 

Devraj 2016 83 Prospective India  46      43 ± 8 (size)   
Erdil 2023 317 Retrospective Turkey 47.4 ± 13.7 36   72.5 ± 65.4 81.7 ± 44.2 4.17 ± 2.6 458 ± 496 8.2 50 
Indrawan 2014 33 Prospective Indonesia 50.2 ± 10.4 36    81.96 ± 10.6     
Koras 2014 303 Prospective Turkey 46.3 ± 12.4   27.3 ±

4.99  
119 ± 38.2  610 ± 372  71 

Kortes 2011 204 Retrospective USA 56.4 (IQR 9, 
67) 

49 18.1      26.5  

Lojanapiwat 
2011 

200 Prospective Thailand 51.2 ± 11.4 42  23.7 ±
3.42    

33.6 ± 14.1 
(size)   

Margel 2006 75 Prospective Israel 52 (10–84) 41    178 ± 51   34.7  
Mariappan 

2005 
54 Prospective UK 53 ± 15.9 48    70.7 (30–180)  32.8 (15–80) 

(size)   
Mishra 2023 100 Prospective India 41.5 ± 15.7 29 11 23.2 ±

4.86  
124.3 ± 36.9  35.3 ± 20.4 

(size)   
Osman 2016 79 Prospective Egypt 52 (18–72) 57 13.9       59 
Ramaraju 2016 120 Prospective India 42.18 

(18–65) 
39   106 (53–301) 70.32 (40–125)  28.9 (22–51) 

(size)   
Roushani 2014 51 Prospective Iran 44.84 ±

11.1 
43      31.2 ± 8.5 27.5  

Sen 2016 487 Retrospective Turkey 48.5 ± 16.6 33   89.3 ± 78 108 ± 53  542 ± 753   
Shoshany 2015 206 Prospective Israel 55 (IQR 45, 

64) 
37   88.4 ± 30 101 (IQR 82, 

135) 
5 (IQR 4, 6) 30.3 ± 9.7 (size) 38.8 38 

Singh 2019 78 Randomized India 35.2 ± 13 33 5 22.5 ±
4.4  

58 ± 13 5 ± 3.4 2.23 ± 0.97 
(size)  

97 

Walton-Diaz 
2017 

122 Prospective Chile 51.2 35 8   92 ± 22   45.1  

Zhu 2020 786 Retrospective China 55.4 ± 14.6 38 15.6 23.9 ±
4.3 

96.9 ± 58.7 90.3 ± 23.6  1300 ± 715 28.4 28  
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Table 2 
Risk of bias assessment of the included studies.  

Criteria Study reference number 

17 18 19 20 21 23 24 25 26 27 28 29 30 31 32 33 34 35 36  

1 Was the research question or objective in this paper clearly stated? Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y  
2 Was the study population clearly specified and defined? Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y  
3 Was the participation rate of eligible persons at least 50 %? Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y  
4 Were all the subjects selected or recruited from the same or similar populations 

(including the same time period)? Were inclusion and exclusion criteria for being in 
the study prespecified and applied uniformly to all participants? 

N N N Y N Y Y Y Y N Y N Y Y Y N N Y Y  

5 Was a sample size justification, power description, or variance and effect estimates 
provided? 

N N N N N N N N N N N N N N N N N Y N  

6 For the analyses in this paper, were the exposure(s) of interest measured prior to the 
outcome(s) being measured? 

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y  

7 Was the timeframe sufficient so that one could reasonably expect to see an association 
between exposure and outcome if it existed? 

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y  

8 For exposures that can vary in amount or level, did the study examine different levels 
of the exposure as related to the outcome (e.g., categories of exposure, or exposure 
measured as continuous variable)? 

Y Y Y N N N N N N N N Y Y N N Y Y N Y  

9 Were the exposure measures (independent variables) clearly defined, valid, reliable, 
and implemented consistently across all study participants? 

Y Y Y Y Y N Y N Y N N Y N Y Y Y Y Y Y  

10 Was the exposure(s) assessed more than once over time? N N N N N N N N N N N N N N N N N N N  
11 Were the outcome measures (dependent variables) clearly defined, valid, reliable, 

and implemented consistently across all study participants? 
Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y  

12 Were the outcome assessors blinded to the exposure status of participants? N N N N N N N N N N N N N N N N N N N  
13 Was loss to follow-up after baseline 20 % or less? Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y  
14 Were key potential confounding variables measured and adjusted statistically for 

their impact on the relationship between exposure(s) and outcome(s)? 
N Y Y N N N N N N N N Y N Y N Y Y N Y  

Legends: NA, not applicable; N, no; Y, yes. 
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Heterogeneity between groups: p = 0.002
Overall  (I^2 = 92.41%, p = 0.00);

Chen 2019

Devraj 2016

Lojanapiwat 2011

Koras 2014

Study

Zhu 2020

Singh 2019

Osman 2016
Roushani 2014

Walton-Diaz 2017

Lojanapiwat 2011

Subtotal  (I^2 = 82.99%, p = 0.00)

Renal pelvis urine culture positive

Singh 2019

Walton-Diaz 2017

Mariappan 2005

Mishra 2023

Mishra 2023

Erdil 2023

Singh 2019

Erdil 2023

Subtotal  (I^2 = 93.05%, p = 0.00)

Erdil 2023

Mariappan 2005

Kortes 2011

Kortes 2011

Stone culture positive

Chen 2019

Mariappan 2005

Roushani 2014

Degirmenci 2019

Sen 2016

Koras 2014

Degirmenci 2019

Kortes 2011

Subtotal  (I^2 = 90.62%, p = 0.00)

Devraj 2016

Shoshany 2015

Osman 2016

Sen 2016

Margel 2006

Preoperative midstream Urine culture positive

Lojanapiwat 2011

Sen 2016

Walton-Diaz 2017

Zhu 2020

Devraj 2016

Mishra 2023

Margel 2006

Indrawan 2014

Indrawan 2014

Koras 2014
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Fig. 2. A forest graph showing the positivity rates of preoperative midstream urine culture, stone culture, and renal pelvis urine culture.  
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performed using positivity rates data with the Dersimon-Liard method. Meta-analyses of odds ratios were also performed to evaluate 
the odds of developing post-PCNL SIRS or urosepsis between SC and PMUC or RPUC and between RPUC and PMUC. 

Metaregression analyses were performed to evaluate the association between the incidence of SIRS and study sample size, age, sex, 
and operation duration in the overall population and SC-positive individuals. All analyses were performed with Stata software (Stata 
Corporation, College Station, Texas, USA). 

3. Results 

Nineteen studies [17–21,23–36] were included in the meta-analysis. A PRISMA flowchart of the study screening and selection 

NOTE: Weights are from random effects analysis

.

.

.

Stone culture versus preoperative midstream urine culture positivity
Chen 2019
Degirmenci 2019
Devraj 2016
Erdil 2023
Indrawan 2014
Koras 2014
Kortes 2011
Lojanapiwat 2011
Margel 2006
Mariappan 2005
Mishra 2023
Osman 2016
Roushani 2014
Sen 2016
Singh 2019
Walton-Diaz 2017
Zhu 2020
Subtotal  (I-squared = 80.3%, p = 0.000)

Stone culture versus renal pelvis urine culture positivity
Devraj 2016
Erdil 2023
Koras 2014
Kortes 2011
Lojanapiwat 2011
Mariappan 2005
Mishra 2023
Sen 2016
Singh 2019
Walton-Diaz 2017
Subtotal  (I-squared = 41.1%, p = 0.084)

Renal pelvis urine culture versus preoperative midstream urine culture positivity
Devraj 2016
Erdil 2023
Koras 2014
Kortes 2011
Lojanapiwat 2011
Mariappan 2005
Mishra 2023
Sen 2016
Singh 2019
Walton-Diaz 2017
Subtotal  (I-squared = 71.4%, p = 0.000)

Study

1.59 (1.27, 2.00)
1.18 (0.86, 1.62)
3.54 (1.54, 8.18)
0.40 (0.23, 0.69)
1.44 (0.55, 3.79)
1.14 (0.69, 1.87)
0.64 (0.39, 1.06)
0.54 (0.33, 0.89)
4.02 (1.93, 8.40)
4.34 (1.57, 12.00)
1.50 (0.77, 2.93)
0.84 (0.43, 1.64)
1.66 (0.68, 4.05)
1.31 (0.88, 1.96)
0.65 (0.18, 2.39)
4.78 (1.56, 14.65)
2.35 (1.70, 3.26)
1.37 (1.02, 1.84)

3.15 (1.40, 7.08)
1.28 (0.64, 2.57)
1.78 (1.02, 3.09)
1.68 (0.94, 3.02)
1.04 (0.61, 1.78)
2.12 (0.89, 5.05)
1.60 (0.81, 3.15)
3.03 (1.83, 5.01)
0.79 (0.20, 3.06)
0.94 (0.46, 1.91)
1.65 (1.25, 2.18)

1.13 (0.43, 2.93)
0.31 (0.17, 0.57)
0.64 (0.36, 1.13)
0.38 (0.22, 0.67)
0.52 (0.32, 0.86)
2.05 (0.70, 6.01)
0.94 (0.46, 1.91)
0.43 (0.26, 0.73)
0.82 (0.24, 2.81)
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Fig. 3. A forest graph showing the odds of positivity between stone culture and preoperative midstream urine culture or renal pelvis urine culture.  

Y. Li et al.                                                                                                                                                                                                               



Heliyon 10 (2024) e33155

8

process is given in Fig. 1. In these studies, 4829 patients were treated with PCNL. Ten studies reported on PMUC, SC, and RPUC and 
seven studies reported on PMUC, and SC outcomes. The age of these patients was 48.9 years [95 % confidence interval (CI): 47.1, 50.7] 
and 39 % [95 % CI: 36, 41] of these patients were female. The procedure duration was 99.6 min [95 % CI: 89.8, 109.4]. Important 
characteristics of the included studies are presented in Table 1. 

The quality of the included studies was moderate in general. The included studies exhibited variabilities in some appraisal items 
including the eligibility criteria, exposure-outcome relationship, inconsistencies in reporting independent variables, and adjustments 
of potential confounding variables (Table 2). Egger’s test identified significant publication bias (coefficient 30.8 [95 % CI: 8.5, 53.1]; p 
= 0.01). 

The positivity rates of PMUC, SC, and RPUC were 16 % [95 % CI: 12, 20], 21 % [95 % CI: 16, 26] and 10 % [95 % CI: 7, 14] 
respectively (Fig. 2). The odds of positivity were significantly higher with SC in comparison with PMUC (OR 1.368 [95 % CI: 1.019, 
1.837]; p = 0.037) or RPUC (OR 1.646 [95 % CI: 1.245, 2.175] p < 0.0001). On the other hand, the odds of positivity were not 
significantly different between RPUC and PMUC (OR 0.726 [95 % CI: 0.477, 1.103]; p = 0.133) (Fig. 3). 

The incidence of post-PCNL SIRS was 21 % [95 % CI: 17, 25] (Fig. 4). The odds of developing SIRS after PCNL were significantly 
higher with SC in comparison with PMUC (OR 2.450 [95 % CI: 1.117, 5.374] p = 0.025) or RPUC (OR 2.099 [95 % CI: 1.334, 3.300]; p 
= 0.001) positivity. On the other hand, the odds of post-PCNL SIRS were not significantly different between RPUC-positive and PMUC- 
positive (OR 0.750 [95 % CI: 0.460, 1.222]; p = 0.248) cases (Fig. 5). 

The incidence of post-PCNL urosepsis was 6 % [95 % CI: 3, 10] (Fig. 4). The odds of developing urosepsis after PCNL were not 
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Fig. 4. A forest graph showing the outcomes of the meta-analysis of the incidence rates of SIRS and urosepsis after PCNL in kidney stone patients.  
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significantly higher in SC-positive than with PMUC-positive cases (OR 1.874 [95 % CI: 0.943, 3.723]; p = 0.073; Fig. 6). However, in a 
sensitivity analysis, the odds of developing urosepsis after PCNL were significantly higher in SC-positive in comparison with PMUC- 
positive cases (2.189 [95 % CI: 1.300, 3.686]; p = 0.002). The odds of developing post-PCNL urosepsis were not significantly different 
between SC-positive and RPUC-positive (OR 2.010 [95 % CI: 0.763, 5.295]; p = 0.158) cases or between RPUC- and PMUC-positive 
(OR 0.518 [95 % CI: 0.203, 1.321]; p = 0.169) cases (Fig. 6). 

In metaregression analyses, the incidence of SIRS was not associated with the age of patients (metaregression coefficient (MC): 0.39 
[95 % CI: − 0.58, 1.36); p = 0.394), the percentage of females (MC: − 0.14 [95 % CI: − 0.91, 0.62); p = 0.689), or the operation duration 
(MC: 0.02 [95 % CI: − 0.19, 0.23]; p = 0.835) in overall population. Incidence of SIRS was also not related to age (MC: 2.16 [95 % CI: 
− 1.10, 5.41); p = 0.170), the percentage of females (MC: − 0.21 [95 % CI: − 2.86, 2.45]; p = 0.866), or operation duration (MC: 0.23 
[95 % CI: − 0.66, 1.12]; p = 0.550) in SC positive individuals. However, inverse relationships were observed between the study sample 
size and SC positivity rate (MC: − 0.02 [95 % CI: − 0.04, 0.003]; p = 0.089), RPUC positivity rate (MC: − 0.03 [95 % CI: − 0.05, − 0.01]; 
p = 0.005), and the incidence rate of SIRS in SC positive individuals (MC: − 0.12 [95 % CI: − 0.24, − 0.005]; p = 0.043). 

NOTE: Weights are from random effects analysis
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Fig. 5. A forest graph showing the odds of developing SIRS between stone culture and preoperative midstream urine culture or renal pelvis 
urine culture. 
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Many of the included studies also reported the logistic regression outcomes of the association between a type of culture and the 
development of SIRS or urosepsis in the post-PCNL period. These outcomes are presented in Table 3. 

Discussion The present study found that the positivity rate was higher for SC (21 %) in comparison with PMUC (16 %) or RPUC 
(10 %) in urolithiasis patients who underwent PCNL. In this population, approximately 21 % of patients developed SIRS, and 6 % 
developed urosepsis. The odds of the incidence of SIRS were higher with SC than with PMUC or RPUC. Fewer studies reported on the 
associations between culture positivity and the development of post-PCNL urosepsis. The odds of post-PCNL urosepsis were not 
significantly different between SC and PMUC. In SC-positive individuals, the incidence of SIRS was not related to the age, the per
centage of females, or the operation duration. However, inverse relationships were observed between the study sample size and the 
positivity rate of SC, the positivity rate of RPUC, and the incidence rate of SIRS in SC-positive individuals. 

Authors of the included studies reported a 3- to 11-fold risk of developing SIRS after PCNL with SC positivity (2.5-fold [20]; 3-fold 
[33]; 10-fold [32]; and 11-fold [29]). Shoshany et al. [34] who found positive SC to be the only predictor of post-PCNL sepsis noticed 
that in a subgroup of patients with positive SC results, stone burden and operative time were positively associated with post-PCNL 
sepsis. Other included studies have also found significantly longer operation duration in patients who later developed SIRS/ur
osepsis [17,19,25,33,36]. Some of the included studies also observed an association between the higher stone burden and SIRS/ur
osepsis after PCNL [19,20,33,36]. Authors of recent reviews have also found higher stone burden and longer operation time to be 
influencing factors of infectious complications after PCNL [12,13]. 

Among the included studies, Kortes et al. [20], Roushani et al. [32], and Sen et al. [33] reported significant associations between 
female sex and the incidence of post-PCNL SIRS. However, Degirmenci et al. [18] reported that SIRS was more common in males than 
in females. On the other hand, Chen et al. [17] and Zhu et al. [36] found a significant association between female sex and the incidence 
of post-PCNL urosepsis. In Roushani et al. [32], SC positivity was higher in females than in males. Other studies did not find any 
significant association between sex and the incidence of SIRS or urosepsis. We also did not find a significant association between the 
percentage of females and the incidence of SIRS in the overall population or individuals with positive SC in metaregression analyses. 

NOTE: Weights are from random effects analysis
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Fig. 6. A forest graph showing the odds of developing urosepsis between stone culture and preoperative midstream urine culture or renal pelvis 
urine culture. 
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Similar results are also found by the authors of a meta-analysis of studies that involved surgical interventions for urolithiasis using 
PCNL or retrograde intrarenal surgery [37]. PCNL may have a higher risk of infectious complications than other surgical or 
endourological procedures because the bacterial presence in large renal stones might not permit sterilization of the urine before PCNL 
in many patients [38]. In patients with large stones, drainage of infected materials remains difficult due to obstructed urinary system. 
Moreover, high intrarenal pressure during micro-/mini-PCNL can cause tubular, lymphatic, and venous backflow from the pelvis due 
to which bacteria can enter systemic circulation [38]. The entrance of released endotoxins occurs due to the openings in the vessels 
(hemorrhage) during the PCNL. Multiple access sites are also found to be associated with an increased risk of SIRS [20]. 

Infectious complications after PCNL may develop when the stone colonizing bacteria and endotoxins are released in irrigation 
solution during stone fragmentation and enter systemic flow due to positive pressure within the pelvis [17,27]. PMUC is usually 
examined to predict the incidence of SIRS after PCNL. However, its effectiveness in preventing post-PCNL SIRS is not adequate even 
after intensive prophylaxis [27]. Moreover, PMUC has been shown to be an unreliable method of predicting SC results [39–41]. 
Bacteremia develops within 6 h postoperatively, whereas results of intraoperative cultures are usually available after 48 h. Thus, 
waiting time for obtaining the results of SC and RPUC remains a major limitation in routinely using these tests as predictors of SIR
S/urosepsis [42,43]. However, in patients in which fever persists for 48 h, SC results can be used to direct treatment. At present, the 
clinical value of SC outcomes in refining treatment plans appears to be more important than prediction of SIRS/urosepsis [30]. 

Methods of rapid microbial assessment such as the Matrix-assisted Laser Desorption Ionization-Time of Flight Mass Spectrometry 
(MALDI-TOF MS) which provides a speedy, easier, and cost-effective method of pathogen identification have been under evaluation. 
MALDI-TOF MS is found to be the most useful for Gram-negative bacteria. In a study of over 500 urine samples that were subjected to 
MALDI-TOF MS after flow cytometry, the direct identification of germs was possible in 92 % of the samples with Escherichia coli being 
the most prevalent followed by Klebsiella pneumoniae [44]. Similar results have been achieved in other studies. A lower rate of the 
identification of Gram-positive bacteria with MALDI-TOF MS is still a limitation that may improve with time [45,46]. 

Among the foremost limitations of the included studies, the observation of high statistical heterogeneity in the meta-analyses is an 
important consideration. Variations in sample size, stone burden, stone type, operation features, and other renal/urinary character
istics might have contributed to the heterogeneity. Because of the less availability of required data, sources of heterogeneity could not 
be traced statistically for all possible variables. Although age, and sex were not associated with outcomes, the study sample size was 
found to be significantly associated with outcomes in at least three metaregression analyses. The quality of the included studies was 
variable, especially with regard to reporting eligibility criteria, description of independent variables, and in accounting for con
founding variables. Not all studies reported the associational point estimates and very few studies reported the sensitivity, specificity, 
and positive/negative predictive values. Moreover, fewer studies were found in the literature to seek the relationship between urine or 
stone culture positivity and the incidence of urosepsis. 

4. Conclusion 

SC positivity rate is found to be considerably higher than PMUC or RPUC. The odds of post-PCNL SIRS incidence were higher with 
SC in comparison with PMUC or RPUC positivity. However, the risk of post-PCNL urosepsis may not be different between SC and PMUC 
positivity. More data will be required to refine the outcomes of the present study as we found a higher risk of urosepsis with SC than in 

Table 3 
Logistic regression outcomes showing the associations of culture positivity with the development of SIRS or urosepsis after post-percutaneous 
nephrolithotomy.  

Study Variate Condition Positivity Odds ratio [95 % CI] p-value 

Mishra 2023 Multivariate SIRS PMUC 1.24 [0.159, 9.678] 0.834 
Ramaraju 2016 Multivariate SIRS PMUC 0.917 [0.305, 2.756]  
Sen 2016 Multivariate SIRS PMUC 0.85 [0.34, 2.12] 0.727 
Kortes 2011 Multivariate SIRS SC 2.55 [0.43, 3.95] 0.12 
Mishra 2023 Multivariate SIRS SC 10.99 [1.482, 81.54] 0.019 
Ramaraju 2016 Multivariate SIRS SC 0.384 [0.106, 1.393]  
Roushani 2014 Multivariate SIRS SC 9.96 [2.37, 41.85] 0.002 
Sen 2016 Multivariate SIRS SC 3.06 [1.35, 6.92] 0.07 
Kortes 2011 Multivariate SIRS RPUC 1.74[ 0.62, 4.21] 0.29 
Mishra 2023 Multivariate SIRS RPUC 0.912 [0.065, 12.81] 0.946 
Sen 2016 Multivariate SIRS RPUC 0.99 [0.29, 3.54] 0.985 
Kortes 2011 Univariate SIRS SC 3.81 [1.37, 10.61] 0.01 
Kortes 2011 Univariate SIRS RPUC 3.39 [1.08, 10.64] 0.03 
Chen 2019 Multivariate Urosepsis PMUC 3.2 [1.2, 11.3] 0.036 
Koras 2014 Multivariate Urosepsis PMUC 1.03 [0.18, 5.73] 0.98 
Sen 2016 Multivariate Urosepsis PMUC 1.17 [0.29, 4.7] 0.821 
Shoshany 2015 Multivariate Urosepsis PMUC 0.912 [0.3, 2.74] 0.869 
Chen 2019 Multivariate Urosepsis SC 8 [1.6, 41.5] 0.013 
Sen 2016 Multivariate Urosepsis SC 7.83 [2.28, 26.82] 0.001 
Shoshany 2015 Multivariate Urosepsis SC 6.89 [2.31, 20.59] 0.001 
Sen 2016 Multivariate Urosepsis RPUC 0.92 [0.17, 5.05] 0.922 
Shoshany 2015 Univariate Urosepsis PMUC 2.58 [1.06, 6.31] 0.037 
Shoshany 2015 Univariate Urosepsis SC 7.63 [3.03, 19.18] <0.001  
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PMUC in a sensitivity analysis. Moreover, high statistical heterogeneity, variabilities in study quality, and the observation of signif
icant publication bias also emphasize the need for the refinement of these outcomes in future studies. 
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