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Predictors of urosepsis in struvite stone patients 
after percutaneous nephrolithotomy
Justin Y.H. Chan1,* , Victor K.F. Wong1,* , Julie Wong1 , Ryan F. Paterson1 , Dirk Lange1 , Ben H. Chew1 , 
Kymora B. Scotland1,2

1Department of Urologic Sciences, University of British Columbia, Vancouver, BC, Canada, 2Department of Urology, University of California, Los Angeles, CA, USA

Purpose: This study aims to identify clinical factors that may predispose struvite stone patients to urosepsis following percutane-
ous nephrolithotomy (PCNL).
Materials and Methods: A retrospective review was conducted on patients who received PCNL for struvite stones. The Systemic 
Inflammatory Response Syndrome (SIRS) criteria and quick-Sepsis Related Organ Failure Assessment (q-SOFA) criteria were used to 
identify patients who were at an increased risk for urosepsis. Statistical analysis was performed using Fisher’s exactness test, Wil-
coxon rank test, and logistic regression.
Results: Chart review identified 99 struvite stone patients treated with PCNL. Post-operatively, 40 patients were SIRS positive (≥2 
criteria) and/or q-SOFA positive (score ≥2). Using SIRS as an approximation for urosepsis, longer operative times (p<0.001), higher 
pre-operative white blood cell counts (p=0.01), greater total stone surface area (p<0.0001), and pre-operative stenting (OR, 5.75; 
p=0.01) were identified as independent risk factors for urosepsis. Multivariate analysis demonstrated pre-operative stenting (OR, 
1.46; p=0.01) to be a risk factor. With q-SOFA, univariable analysis found that antibiotic use within 3 months prior to a PCNL (OR, 
4.44; p=0.04), medical comorbidities (OR, 4.80; p=0.02), longer operative times (p<0.001), lengthier post-operative hospitalization 
(p<0.01), and greater total stone surface area (p<0.0001) were risk factors for urosepsis. Multivariate analysis revealed that bladder 
outlet obstruction (OR, 2.74; p<0.003) and pre-operative stenting (OR, 1.27; p=0.01) significantly increased odds of being q-SOFA 
positive.
Conclusions: Several risk factors for urosepsis following PCNL for struvite stones have been identified. These risk factors should be 
taken into consideration in peri-operative care to mitigate the risks of urosepsis. 
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INTRODUCTION

Struvite stones account for approximately 10%–15% of 
all urinary calculi [1]. These stones are produced in the pres-

ence of urea-splitting bacteria. Due to their association with 
bacteria, several infection-related complications can arise fol-
lowing stone treatment. One such complication is urosepsis 
[2]. The rates of urosepsis following the treatment of urinary 
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calculi have been reported to range from 0.3% to 4.7% [3]. 
Although urosepsis is an uncommon sequela following stone 
treatment, it is a life-threatening complication that struvite 
patients are at an increased risk of developing [2].

Urosepsis is a dysregulated systemic inflammatory re-
sponse to a urogenital infection. Generally, it occurs second-
ary to the dissemination of a previously localized uropatho-
genic bacterial infection into the blood stream [4]. Patients 
that experience urosepsis have a mortality rate of 20%–40%, 
which increases to 50% in patients who experience refrac-
tory septic shock [4,5]. Given the high mortality rates, inves-
tigation into predictive factors for urosepsis in struvite stone 
patients receiving treatment is warranted.

Several different criteria have been developed to iden-
tify patients at high risk for developing sepsis, including the 
Systemic Inflammatory Response Syndrome (SIRS) criteria. 
SIRS is composed of a constellation of symptoms which in-
clude: fever ≥38̊C, tachycardia (>90 beats per minute), tachy-
pnea (>20 breaths per minute), and elevated white blood cell 
(WBC) count of >12,000/dL [6]. The most recent classification, 
known as the Sequential (sepsis-related) Organ Failure As-
sessment (SOFA), was introduced by the Third International 
Sepsis Consensus Definition Task Force. With this new clas-
sification, a bedside quick SOFA (q-SOFA) scoring system 
was also adapted to facilitate the diagnosis of sepsis. This 
q-SOFA scoring system classified patients at high risk of 
progressing to sepsis if at least two of the following criteria 
are fulfilled: Glasgow Coma Scale (GSC) <15, systolic blood 
pressure of ≤100 mmHg and tachypnea of ≥22 breaths per 
minute [6]. The q-SOFA scoring system was shown to have 
higher specificity and positive predictive value than the 
SIRS criteria in identifying sepsis cases in a multi-institu-
tional Endourologic Disease Group for Excellence (EDGE) 
Research consortium study [7].

Currently, the available literature has documented risk 
factors for sepsis in patients with urinary stones following 
percutaneous nephrolithotomy (PCNL). Some of these risk 
factors include pre-operative bacteriuria, stone size, and op-
erative time [8]. Particular to struvite stones treated with 
PCNL, their inherent infectious nature and the presence 
of  pre-operative multi-drug resistant (MDR) bacteriuria 
have been identified as variables that may predict sepsis 
post-operatively [9]. However, to date, no research has been 
conducted to differentiate the clinical factors that put some 
struvite patients at an increased risk of developing urosepsis 
following stone treatment. Our study aims to identify pre-
dictor variables for urosepsis status post-PCNL for struvite 
stones.

MATERIALS AND METHODS

This study was approved by the University of British 
Columbia’s Clinical Research Ethics Board (approval num-
ber: H19-01362). Written informed consent was waived by 
the Board. A retrospective analysis of medical records of pa-
tients who underwent PCNL for the treatment of struvite 
stones at University of British Columbia between 2009 and 
2015 was conducted. Inclusion criteria for this study were 
patients above the age of 19 who underwent PCNL and had 
confirmed struvite stones on post-operative stone-analysis. 
Exclusion criteria for this study were: patients under the 
age of 19 and patients who had non-struvite stones. Table 1 
shows the demographic data for the study population. Data 
collected included: age, sex, body mass index (BMI), related 
medical and urologic history. Target stone characteristics, pre-
operative data, intra-operative data, and post-operative data 
until their discharge from hospital or transfer to another 
institution were also collected. Patients with pre-operative 
positive urine culture were treated with antimicrobials. The 
primary outcome was sepsis, as calculated by both the SIRS 
and q-SOFA indices post-operatively. The data was separated 
into two patient populations: patients who experienced uro-
sepsis following struvite stone treatments (satisfying either 
SIRS or q-SOFA criteria) versus patients who had no infec-
tious complications following struvite stone treatment.

All patients had radiologically confirmed calculi visual-
ized with either CT (computed tomography) imaging or plain 
film X-rays. Total stone surface area was calculated using 
Mayo Clinic qSAS Stone Analysis software (Mayo Clinic, 
Rochester, NY, USA). Staghorn calculi were defined as cal-
culi that occupied the renal pelvis and at least two calyces. 
The standard PCNL procedure was used for all patients. 

SIRS was defined as having two or more of the follow-
ing: 

• Body temperature ≥38oC
• Heart rate >90 beats per minute
• Respiratory rate >20 breaths per minute
• WBC >12,000/dL or <4,000/dL
The q-SOFA score was defined as being positive for sep-

sis if two or more of the following were true:
• GCS <15
• Systolic blood pressure ≤100 mmHg
• Respiratory rate ≥22 breaths per minute
To determine differential significance when comparing 

each variable between the arms of the study, the Wilcoxon 
rank sum test and Fischer exactness tests were used. A 
multivariable logistic regression analysis was also conducted 
with the p-value cut-off point being 0.05 from univariate 
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analysis. All statistical data analysis was conducted using 
RStudio Software Version 1.2.5001 (R Studio, Boston, MA, 
USA).

RESULTS

1. Patient characteristics
Retrospective chart review revealed that 99 patients who 

presented with struvite stones (based on stone analysis) were 
treated with PCNL during the study time period. Table 1 
summarizes the patient characteristics. Overall, the patient 
population consisted of a total of 38 males (38.4%) and 61 fe-
males (61.6%). The mean age of patients was 52.6±17.9 years. 
The mean BMI was 28.5±8.3 kg/m2. Only 43 patients (43.4%) 
were found to have no comorbidities and were otherwise 
healthy. The SIRS criteria and q-SOFA were used to assess 
for the risk of urosepsis post-PCNL. A total of 40 patients 
(40.4%) were found to be either SIRS positive (≥2 criteria) 
and/or had q-SOFA score ≥2 (Table 1). There were 38 SIRS 
positive (38.4%) patients, 11 patients (11.1%) considered high 
risk for in hospital mortality as determined by a q-SOFA, 
and 9 patients (9.1%) who satisfied both SIRS and q-SOFA 
criteria. For patients that were SIRS positive, 15 (15.2%) pa-
tients had a positive urine culture and 1 (1.0%) patient had 
a positive blood culture. In q-SOFA positive patients, 4 (4.0%) 
had a positive urine culture, while none had a positive blood 
culture.

2. Predictor variables for urosepsis
Using SIRS criteria to identify predictive variables of uro-

sepsis post-PCNL, it was discovered that sepsis patients had 
longer operative times (242.24±83.22 vs. 215.43±71.78 minutes, 
p<0.001), higher mean pre-operative WBC (8.49±2.45×109/L vs. 
7.54±2.55×109/L, p=0.01), and stones with significantly greater 
total surface area (1,064.58±1,170.37 mm2 vs. 811.24±783.48 mm2, 
p<0.0001). Furthermore, patients with pre-operative stents had 
significantly higher odds of urosepsis (univariable odds ratio 
[OR], 5.75; 95% confidence interval [CI], 1.42–23.24; p=0.01) (Table 
2). Similarly, on multivariate analysis (Supplementary Table 1), 
patients who had a stent pre-operatively were found to be at 
increased risk of urosepsis as determined by the SIRS criteria 
(OR, 1.46; 95% CI, 1.12–2.22; p=0.01) (Table 3).

Using q-SOFA to assess for urosepsis, patients were found 
to be at an increased risk for progression to urosepsis if they 
had used antibiotics within 3 months of their PCNL (uni-
variable OR, 4.44; 95% CI, 1.10–17.94; p=0.04). Furthermore, 
although patients with diabetes mellitus (DM), hypertension 
(HTN), coronary artery disease (CAD) and/or an immunocom-
promising condition individually were not found to be at an 
increased risk of urosepsis, the presence of pre-existing comor-
bidities cumulatively, acted as a risk factor for a positive q-
SOFA score (univariable OR, 4.80; 95% CI, 1.18–19.46; p=0.02). In 
addition, q-SOFA positive patients were found to have a sig-
nificantly greater mean total stone surface area than patients 
who did not have a q-SOFA score of ≥2 (1,254.26±1,385.62 mm2 
vs. 880.95±914.83 mm2, p<0.0001). Significantly longer operative 
times (253.64±69.75 minutes vs. 223.51±78.60 minutes, p<0.001) 
and longer hospitalization times (5.40±3.41 days vs. 2.53±2.27 
days, p<0.01) were also noted in patients that were q-SOFA 
positive (Table 4). Longer hospitalization times were likely 

Table 1. Patient demographics and history

Variable
Negative sepsis criteria 

(SIRS or q-SOFA)
Positive sepsis criteria 

(SIRS or q-SOFA)
All patients

Number of patients 59 (59.6) 40 (40.4)   99 (100.0)
Age (y)   50.1±19.1   56.1±18.5 52.6±17.9
Sex, M/F 24/35 (40.7/59.3) 14/26 (35.0/65.0)   38/61 (38.4/61.6)
BMI (kg/m2) 28.2±9.2 28.7±6.7 28.5±8.3
Patients BMI >30 kg/m2 16 (27.1) 17 (42.5) 33 (33.3)
Diabetes mellitus 4 (6.8)   7 (17.5) 11 (11.1)
Hypertension 18 (30.5) 15 (37.5) 33 (33.3)
Coronary artery disease 0 (0.0) 1 (2.5) 1 (1.0)
Immunocompromised 1 (1.7) 2 (5.0) 3 (3.0)
Comorbidities 23 (39.0) 15 (37.5) 38 (38.4)
History of urolithiasis 41 (69.5) 28 (70.0) 69 (69.7)
History of UTI 18 (30.5)   9 (22.5) 27 (27.3)
History of urosepsis 10 (16.9)   9 (22.5) 19 (19.2)

Values are presented as number (%) or mean±standard deviation.
SIRS, Systemic Inflammatory Response Syndrome; q-SOFA, quick-Sepsis Related Organ Failure Assessment; M/F, male/female; BMI, body mass 
index; UTI, urinary tract infection. 
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Table 2. Univariable analysis of predictor variables for urosepsis as defined by the SIRS criteria

Variable
SIRS (-) (n=61) SIRS (+) (n=38)

Value
Odds 
ratio

95% CI Value p-value

Age (y)   49.84±19.03 - -   56.58±15.66 0.08
Sex, male 34.43 0.96 0.41–2.24 36.84 >0.99
BMI (kg/m2) 28.46±9.30 - - 28.32±6.47 0.49
BMI >30 kg/m2 27.87 1.74 0.73–4.17 42.11 0.27
Diabetes mellitus   8.20 2.00 0.57–7.07 15.79 0.33
Hypertension 31.15 1.12 0.48–2.63 36.84 0.83
Coronary artery disease   0.00 4.48 0.18–112.88   2.63 0.41
Immunocompromised   1.64 3.03 0.26–34.60   5.26 0.56
Comorbidities 39.34 0.75 0.32–1.73 36.84 0.53
History of urolithiasis 67.21 0.99 0.37–2.62 73.68 >0.99
Prior stone procedure   6.56 0.25 0.03–2.00 10.53 0.40
History of UTI 31.15 0.52 0.20–1.34 21.05 0.25
History of urosepsis 16.39 1.37 0.49–3.84 23.68 0.50
Urinary diversion   0.00 0.33 0.04–3.07   0.00 >0.99
Neurogenic bladder   6.56 0.33 0.04–3.07   2.63 0.39
Bladder outlet obstruction   0.00 4.27 0.17–107.81   2.63 0.42
Self-intermittent catherization   4.92 0.18 0.01–3.64   2.63 0.26
Long-term indwelling catheter   0.00 4.07 0.16–102.76   2.63 0.43
Renal/UPJ obstruction 18.03 1.00 0.36–2.81 21.05 >0.99
Vesicoureteral reflex   0.00 1.35 0.03–69.43   0.00 >0.99
Partial or complete staghorn calculi 49.18 0.32 0.05–1.90 50.00 0.45
Overall stone burden (number of stones)   2.88±2.86 3.04 0.85–10.86 3.44±3.91 0.98
Total stone surface area (mm2)   811.24±783.48 - - 1,064.58±1,170.37 <0.0001*
Stone location - - - - 0.33
Hydronephrosis 14.75 0.52 0.14–1.86 10.53 0.37
Urine culture 29.51 0.83 0.31–2.24 39.47 0.69
Antibiotics <3 months before surgery 37.70 1.38 0.61–3.12 47.37 0.53
Pre-operative stent   4.92 5.75 1.42–23.24 23.68 0.01*
Pre-operative nephrostomy tube   8.20 1.26 0.32–5.00 10.52 0.74
Serum creatinine (μmoL/L)   95.43±85.97 - -   87.46±40.89 0.54
BUN   6.64±4.48 - -   5.95±2.79 0.68
Pre-operative hematocrit (L/L)   0.40±0.04 - -   0.39±0.05 0.19
Hemoglobin (g/L) 133.17±16.73 - - 127.08±19.07 0.11
Pre-operative WBC (1×109/L)   7.54±2.55 - -   8.49±2.45 0.01*
Subsequent procedures required   9.83 0.67 0.09–5.13   7.89 0.47
Post-operative serum creatinine (μmoL/L) 101.88±87.20 - -   92.94±44.66 0.45
Blood transfusion   0.00 1.47 0.03–75.56   0.00 0.80
Hemoglobin change (g/L) 102.18±33.69 - - 109.36±13.97 -
Post-operative hematocrit (L/L)   0.35±0.05 - -   0.34±0.04 0.24
Urine culture   6.55 0.60 0.12–2.91 15.79 0.65
Blood culture   1.64 0.47 0.03–8.52   2.63 >0.99
Duration of post-operative antibiotics (d)   45.26±38.43 - -   38.1±38.2 0.51
Length of stay at hospital (d)   2.85±2.62 - -   2.89±2.57 0.93
Presence of residual fragments 39.34 1.18 0.17–8.02 44.73 0.84
Number of fragments   1.59±0.50 - -   0.53±0.61 0.76
Largest residual fragment size (mm2)   2.41±3.79 - -   2.44±3.77 0.87
Operative time (min) 215.43±71.78 - - 242.24±83.22 <0.001*

Continuous variables are presented by mean±standard deviation. Frequency of patients (%) is presented for binary variables.
SIRS, Systemic Inflammatory Response Syndrome; UTI, urinary tract infection; UPJ, ureteropelvic junction; BMI, body mass index; WBC, white 
blood cell; BUN, blood urea nitrogen; SD, standard deviation; CI, confidence interval; -, not available.
*Significant variable (p<0.05).
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due to a consequence of infection post-PCNL. On multivariate 
analysis (Supplementary Table 2), patients with bladder out-
let obstruction (BOO) (multivariable OR, 2.74; 95% CI, 1.64–4.56; 
p<0.003) or had a stent pre-operatively (multivariable OR, 1.27; 
95% CI, 1.06–1.53; p=0.01) were at higher odds of developing 
urosepsis as defined (Table 5).

DISCUSSION

Patients with struvite stones have been documented to 
be at an increased risk for experiencing infection-related 
complications post-operatively [2]. However, within the popu-
lation of struvite patients, factors that may predispose some 
to urosepsis have yet to be elucidated. Understanding these 
factors can play a crucial role in optimizing patient peri-op-
erative care. In this study, we identified 40 (40.4%) patients 
who were either SIRS positive or had a q-SOFA score of ≥2. 
SIRS criteria did identify a higher percentage of patients 
(38.4%) with sepsis compared to using q-SOFA (11.1%). About 
9.1% of patients were positive using both SIRS and q-SOFA 
criteria. Within these two groups of patients several predic-
tor variables for urosepsis were elucidated. 

When urosepsis was approximated by SIRS and by q-
SOFA, univariable analysis demonstrated that longer opera-
tive times and greater total stone surface area were risk 
factors for urosepsis (Tables 2, 4). While not specific to stru-
vite stones, longer PCNL operative times and a larger stone 
size have been identified as risk factors for SIRS or post-
PCNL sepsis [8,10]. In this study, greater total stone surface 
areas may have led to longer PCNL procedures due to the 
increased complexity of treating large stones. Other factors 
such as difficulty of access, renal bleeding, and patient phys-
iology may have resulted in longer procedures. Given the 
findings of this and previous studies, consideration should 
be taken to stage-PCNL procedures for large struvite stones 
in order to minimize operative time and mitigate the risk of 

urosepsis.
Another risk factor for urosepsis in our study was pa-

tients who had a stent prior to surgery. Pre-operative stent 
placement can aid access. Pre-operative stenting was found 
to greatly increase the odds of a patient meeting ≥2 SIRS 
criteria post-operatively. Univariate and multivariate analy-
sis revealed a significant association between having a stent 
pre-operatively and a positive SIRS classification (Tables 2, 
3). In further support, when urosepsis was approximated by 
q-SOFA, pre-operative stenting significantly increased the 
odds of urosepsis by 27% (Table 5). To our knowledge, there 
have been no studies that have found pre-PCNL stenting to 
be a risk factor for urosepsis. However, a prior study by Mo-
ses et al. [11] found that patients who were pre-stented were 
at greater risk of a serious infection-related complication 
following ureteroscopy, possibly due to bacterial coloniza-
tion and biofilm formation [12]. When these colonized stents 
are manipulated intra-operatively, bacterial spread can re-
sult, thereby increasing the risk of urosepsis [13]. Ureteral 
stents may also predispose patients to urosepsis as stents 
are thought to facilitate retrograde bacterial ascent from 
the bladder to the kidneys by serving as a conduit [14]. An 
in vitro study conducted by Hobbs et al. [15] demonstrated 
the ability of Proteus mirabilis, a urea-splitting bacteria, to 
migrate from bladder to kidneys by forming distinct biofilm 
communities along the length of an ureter analog. Ureteral 
stents may enhance this process as conditioning films readily 
form on stent surfaces and provide the necessary substrate 
for bacterial adhesion [14]. Together, these mechanisms can 
contribute to the systemic dissemination of bacteria initially 
localized in the urinary tract.

The severity of urinary tract obstruction is known to 
directly influence the incidence of urosepsis [16]. Our results 
are consistent with this finding as patients with BOO were 
at increased odds for progressing to urosepsis as character-
ized by q-SOFA (Table 5). Obstructive uropathy likely con-
tributes to urosepsis as it causes more endotoxins (normally 
released from calculi during stone manipulation in PCNL) to 
enter the systemic circulation and result in an exacerbated 
systemic inflammatory response [17]. This inflammatory re-
sponse can be further worsened by the treatment of struvite 
stones as infection stones are known to contain higher levels 
of endotoxins compared to non-infection stones [18].

Higher pre-operative WBC was found to be an indepen-
dent risk factor for a positive SIRS classification post-PCNL 
for struvite stones. Patients that were SIRS positive had a 
significantly greater mean pre-operative WBC count (Table 
2). Although the WBC levels in our study do not reflect true 
leukocytosis, patients with elevated but normal WBC may 

Table 3. Multivariable logistic regression analysis of potential predic-
tors for satisfying SIRS criteria

Variable OR (95% Cl) p-value
Age, per one year older (y) 1.00 (0.99–1.00) 0.89
Prior stone procedure, yes 1.04 (0.97–1.19) 0.41
Patient stented pre-procedure, yes 1.46 (1.12–2.22) 0.01*
Pre-operative WBC count  

(per unit increase)
0.97 (0.93–1.02) 0.35

Operative time (min) 1.00 (1.00–1.00) 0.25
Total target stone surface area (mm2) 1.00 (1.00–1.00) 0.25

SIRS, Systemic Inflammatory Response Syndrome; OR, odds ratio; CI, 
confidence interval; WBC, white blood cell.
*Significant variable (p<0.05).
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Table 4. Univariable analysis of predictor variables for urosepsis as defined by the q-SOFA score

Variable
q-SOFA (-) (n=88) q-SOFA (+) (n=11)

Value
Odds 
ratio

95% CI Value p-value

Age (y)   52.54±18.29 - -   52.90±16.01 0.97
Sex, male 61.40 1.53 0.43–5.43   54.50 0.52
BMI (kg/m2) 28.38±8.52 - - 28.62±5.92 0.73
BMI >30 kg/m2 32.95 1.17 0.31–4.50 36.36 1.00
Diabetes mellitus   9.09 3.75 0.83–17.03 27.27 0.10
Hypertension 32.95 1.10 0.30–4.08 36.36 1.00
Coronary artery disease   0.00 24.43 0.93–639.04   9.09 0.11
Immunocompromised   2.27 4.15 0.34–49.98   9.09 0.31
Comorbidities 34.09 4.80 1.18–19.46 72.27 0.02*
History of urolithiasis 69.31 1.31 0.26–6.69 72.27 1.00
Prior stone procedure   1.13 0.57 0.04–7.74    9.09 0.40
History of UTI   7.95 0.95 0.23–3.90 27.27 1.00
History of urosepsis 27.27 1.78 0.40–7.93 27.27 0.49
Urinary diversion 18.18 9.24 0.17–495.92   0.00 1.00
Neurogenic bladder   0.00 0.79 0.04–15.49   0.00 1.00
Bladder outlet obstruction   0.00 31.40 1.17–840.48   9.09 0.09
Self-intermittent Catherization   3.41 1.25 0.06–26.36   0.00 1.00
Long-term indwelling catheter   0.00 27.35 1.03–725.53   9.09 0.10
Renal/UPJ obstruction 18.18 2.40 0.52–11.11 27.27 0.36
Vesicoureteral reflex   0.00 9.35 0.17–502.20   0.00 1.00
Partial or complete staghorn calculi 51.13 1.29 0.06–26.75 36.36 0.28
Overall stone burden (number of stones) 3.22±3.43 7.80 0.42–146.19 2.18±1.99 0.23
Total stone surface area (mm2) 880.95±914.83 - - 1,254.26±1,385.62 <0.0001*
Stone location - - - - 0.29
Hydronephrosis 13.63 0.69 0.08–6.14   9.09 1.00
Pre-operative urine culture 32.95 0.55 0.14–2.18 36.36 0.50
Antibiotics <3 months before surgery 37.50 4.44 1.10–17.94 72.72 0.04*
Pre-operative stent 10.22 4.33 0.88–21.29 27.27 0.09
Pre-operative nephrostomy tube 10.22 0.36 0.02–6.68   9.09 0.59
Serum creatinine (μmol/L)   92.76±73.02 - -   87.09±49.43 0.99
BUN   6.56±4.01 - -   4.84±2.07 0.07
Pre-operative hematocrit (L/L)   0.40±0.05 - -   0.38±0.06 0.39
Hemoglobin (g/L) 131.69±17.03 - - 122.45±22.76 0.24
Pre-operative WBC (1×109/L)   7.92±2.39 - -   8.10±3.59 0.87
Subsequent procedures required   6.82 8.08 0.35–187.34 27.27 0.15
Post-operative serum creatinine (μmol/L) 101.60±74.72 - -   72.27±40.04 0.17
Blood transfusion   0.00 8.05 1.52–427.30 18.18 <0.001*
Hemoglobin change (g/L) 106.22±26.54 - -   97.18±33.67 -
Post-operative hematocrit (L/L)   0.34±0.04 - -   0.32±0.05 0.12
Urine culture   7.95 1.82 0.32–10.34 27.27 0.65
Blood culture   2.27 0.60 0.03–14.19   0.00 1.00
Duration of post-operative antibiotics (d)   40.48±38.09 - -   56.00±38.68 0.34
Length of stay at hospital (d)   2.53±2.27 - -   5.40±3.41 <0.01*
Presence of residual fragments 42.04 0.77 0.21–2.83 36.36 0.76
Number of fragments   0.53±0.67 - -   0.44±0.53 0.86
Largest residual fragment size (mm2)   2.55±3.89 - -   1.25±1.91 0.49
Operative time (min) 223.51±78.60 - - 253.64±69.75 <0.001*

Continuous variables are presented by mean±standard deviation. Frequency of patients (%) is presented for binary variables. 
q-SOFA, quick-Sepsis Related Organ Failure Assessment; UTI, urinary tract infection; UPJ, ureteropelvic junction; BMI, body mass index; WBC, white 
blood cell; BUN, blood urea nitrogen; SD, standard deviation; CI, confidence interval; -, not available.
*Significant variable (p<0.05).
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be at higher risk for progressing to urosepsis post-operative-
ly as this has been reported to indicate a state of increased 
systemic inflammation and/or subclinical disease [19]. During 
PCNL, surgical trauma can induce further inflammation 
and may enhance bacterial dissemination into the circula-
tion, thereby predisposing these individuals to fulfilling 
SIRS criteria and in turn, urosepsis.

With regards to comorbidities, our current study did not 
find any specific association between the following exist-
ing medical conditions and a positive SIRS or q-SOFA: DM, 
HTN, CAD, or immunosuppression (Tables 2, 4). However, we 
did demonstrate that the presence of any other comorbidities 
(excluding: CAD, HTN, DM, or immunosuppression) cumula-
tively acted as an independent risk factor for obtaining a q-
SOFA score of ≥2 (Table 4). Our findings are supported by 
previous reports that an increase in the number of comor-
bidities in bacteremia patients (secondary to urinary tract 
infections) has been associated with higher mortality rates 
[20,21]. However, where our results differ is with regards to 
patients with DM. DM has been described by others to be a 
general risk factor for urosepsis post-PCNL [10] and has been 
documented to increase the odds of urosepsis by 80% [22] but 
not in our study. The lack of an association with DM maybe 
due to the study being underpowered to see a difference. A 
detailed analysis will be needed to delineate which specific 
comorbidities may increase the risk of progression to urosep-
sis in struvite patients. 

Duration of hospitalization was also identified as an in-
dependent risk factor for a positive q-SOFA score (Table 3). 
Longer hospitalizations are known to be associated with a 
risk of infection especially in those with co-morbidities and 
those who have had invasive procedures [23]. Although we 
have shown longer hospitalizations increase the odds for a 
positive q-SOFA, we were not able to discriminate for certain 

whether urosepsis was the cause of longer hospitalization or 
vice-versa. It is likely that the prolonged stay in these cases 
was a consequence of the infection necessitating a longer 
hospitalization.

Antibiotic exposure within three months prior to the 
scheduled PCNL was observed to be significant on uni-
variate analysis, but not on multivariate analysis as a risk 
factor for a positive q-SOFA score (Tables 4, 5). The role of 
antibiotics prior to stone treatment remains a controversial 
topic. Antibiotic prophylaxis prior to PCNL has been previ-
ously demonstrated to reduce the incidence of post-operative 
sepsis in patients with negative preoperative urine culture 
[24]. However, a recent study by the EGDE consortium dem-
onstrated that pre-operative antibiotics do not necessarily 
reduce infections after PCNL [25]. This finding is further 
supported by Potretzke et al. [26] who found extended pre-op-
erative antibiotic prophylaxis to not reduce the risk of SIRS 
after PCNL. In fact, antibiotic exposure has been hypoth-
esized to place selective pressure on the urinary microbiome 
for MDR bacteria and the presence of MDR uropathogens 
in itself, serves as a risk factor for infectious complications 
following PCNL [27,28]. In our study, it is likely that these 
were more complicated cases that required antibiotics pre-
operatively due to recurrent infections. Interestingly, a study 
by Tasian et al. [28] showed that exposure to oral antibiotics 
(especially within 3–6 months of diagnosis) may actually 
contribute to stone disease by altering the urinary environ-
ment to facilitate stone growth. Thus, preoperative antibiotic 
administration may work both to increase stone burden and, 
in some cases, may worsen infection.

There are several limitations to this study. Firstly, this 
study is limited by biases inherent to retrospective analy-
ses. Furthermore, not all known risk factors for infectious 
complications following PCNL were evaluated as some data 
were unavailable or inconsistently documented in patient 
charts. Some of these factors include intraoperative pelvic 
pressure and number of access tracts [8,10]. This study also 
approximated urosepsis with the q-SOFA score and SIRS 
criteria and thus, patients fulfilling these criteria may not 
be actually be clinically septic. These classification systems 
were selected for this study as both the SIRS criteria and q-
SOFA score have been commonly used to facilitate the iden-
tification of septic patients. According to a meta-analysis, a 
SIRS score of ≥2 is more sensitive for sepsis (81%) than a q-
SOFA score of ≥2 (42%) [29]. However, the reverse is true 
with specificity, where a positive q-SOFA score is more spe-
cific (88%) than a positive SIRS criteria (41%) [29]. Due to the 
difference in specificity and sensitivity between both scoring 
systems, different patient populations would be selected. 

Table 5. Multivariable logistic regression analysis of potential predic-
tors for satisfying q-SOFA criteria

Variable
Odds ratio  

(95% confidence 
interval)

p-value

Antibiotics <3 months before  
procedure, yes

1.11 (1.00–1.32) 0.05

Bladder outlet obstruction, yes 2.74 (1.64–4.56) <0.003*
Comorbidities, yes 1.14 (1.00–1.32) 0.06
Patient stented pre-procedure, yes 1.27 (1.06–1.53) 0.01*
Blood transfusion, yes 0.88 (0.70–1.11) 0.28
Operative time (min) 1.00 (1.00–1.00) 0.38
Total target stone surface area (mm2) 1.00 (1.00–1.00) 0.36

q-SOFA, quick-Sepsis Related Organ Failure Assessment. 
*Significant variable (p<0.05).
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This may potentially account for the identification of differ-
ent predictive variables for urosepsis under the SIRS crite-
ria as compared to the q-SOFA score. Although, SIRS and q-
SOFA differ in their specificity and sensitivity, both have 
been criticized for their lack of sensitivity which may have 
resulted in higher false negative urosepsis rates in our study 
[30].

CONCLUSIONS

Several risk factors for urosepsis as defined by both SIRS 
and q-SOFA have been identified in this study. Patients 
with longer operative times, higher pre-operative WBC, 
greater total stone surface area, and pre-operative stenting 
were found to increase the risk for fulfilling SIRS criteria. 
Patients that had a longer-operative time, greater total stone 
surface area, longer duration of hospitalization, recent use of 
antibiotics, pre-operative stenting, and obstructive uropathy 
were at increased risk of  being q-SOFA positive. Under-
standing these risk factors will enable urologists to optimize 
peri-operative conditions for their struvite patients and in 
turn, reduce the likelihood of urosepsis.
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