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postoperative infection, further investigation focusing on 
reasons for stenting is needed.
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Introduction

Infectious complications are one of the most troubling 
problems for urologists when treating urolithiasis. Ureter-
oscopy (URS) is generally less invasive than percutaneous 
nephrolithotomy (PNL), which targets large renal stones 
and is characterized by a renal puncture; however, URS 
has recently been applied in the treatment of larger stones, 
using a staged procedure. There has been increasing aware-
ness of post-URS infection associated with the expansion 
of its application [1]. The incidence of lethal post-URS 
infection is no longer negligible [2], but only a limited 
number of studies have focused on risk factors associated 
with post-URS infection. Therefore, appropriate assess-
ment of the incidence and risk factors for post-URS infec-
tion is urgently needed.

To determine the accurate incidence of critical post-
URS infection, we adopted the systemic inflammatory 
response syndrome (SIRS) criteria as the representative 
index of infectious complications in this study, because 
SIRS has definite diagnostic criteria based on data that can 
be obtained by routine checking of vital signs and labora-
tory tests even outside the intensive care unit (ICU). The 
reported rate of post-PNL SIRS ranges from 9.8 to 16.7% 
[3–5], whereas the rate of post-URS SIRS is reported to be 
4.4–8.1% [6–8]. However, our comprehensive understand-
ing of the risk factors, regardless of the equipment used, the 

Abstract The objective of this study was to investigate 
risk factors for the development of systemic inflammatory 
response syndrome following ureteroscopic laser litho-
tripsy. We retrospectively collected data of 469 patients 
who underwent ureteroscopic laser lithotripsy at our single 
institution from February 2008 to June 2016. Details for 
the patient, the stone, and the surgical factors that poten-
tially contributed to postoperative infection were extracted. 
Using a logistic regression model, we analyzed how the 
clinical factors affected the incidence of systemic inflam-
matory response syndrome. Twenty-seven patients (5.7%) 
were postoperatively diagnosed with systemic inflamma-
tory response syndrome; of these, 25 patients were diag-
nosed within 24 h after ureteroscopy. One patient required 
intensive care unit admission, but no death was reported. 
A preoperative stent was significantly associated with 
postoperative systemic inflammatory response syndrome 
only on univariate analysis, and the reasons for stenting 
were varied. Multivariate analysis revealed that obstruc-
tive pyelonephritis, a positive preoperative bladder urine 
culture result, and female gender were significantly asso-
ciated with postoperative systemic inflammatory response 
syndrome. Patients who experienced obstructive pyelone-
phritis preceding ureteroscopic laser lithotripsy or had a 
positive preoperative bladder urine culture result were at 
an increased risk of systemic inflammatory response syn-
drome despite receiving appropriate preoperative antibiotic 
therapy. Regarding the impact of a preoperative stent on 
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stone location, and the stone size, is limited. The purpose 
of this study was to analyze preoperative and intraoperative 
risk factors for post-URS SIRS.

Patients and methods

Patients and study design

After obtaining institutional review board approval, we ret-
rospectively reviewed all URS performed at Kidney Stone 
Center, Tokyo Metropolitan Ohtsuka Hospital, from Febru-
ary 2008 through June 2016. Patients who underwent PNL 
or endoscopic combined intrarenal surgery (ECIRS) were 
excluded. Patients who underwent URS for their staghorn 
calculi were also excluded. When a staged procedure was 
performed in the case of a high stone burden, clinical data 
of the initial URS were extracted. In the cases in which we 
could not approach a stone due to a narrow ureter at the ini-
tial URS, clinical data of the second URS, which was per-
formed after passive dilation, were extracted. All patients 
were evaluated by medical history, physical examination, 
complete blood count (CBC) and chemistry studies, mid-
stream bladder urine culture, and non-contrast computed 
tomography (NCCT) of the abdomen and pelvis.

Cumulative stone diameter was defined as the sum of the 
maximum diameter of each stone. Cumulative stone vol-
ume was defined as the sum of each stone volume that we 
measured three-dimensionally using the ellipsoid formula. 
We measured the mean and the highest CT-attenuation 
value of the region of interest. Stone composition was ana-
lyzed by infrared spectroscopy. Stone composition occupy-
ing 60% or more of the analyzed fragment was defined as 
representative. Stone location was represented by that of 
the largest stone in cases of multiple stones. A positive pre-
operative bladder urine culture (PBUC) result was defined 
as 10,000 colony forming unit/ml or greater; sensitivity to 
antibiotics was analyzed when a PBUC result was positive. 
A bedridden state was equal to Eastern Cooperative Oncol-
ogy Group performance status (ECOG-PS) 4.

A single dose of cefazorin was intravenously admin-
istered at anesthesia induction and at postoperative day 1 
(POD1) except when a patient had certain infectious risks, 
such as a positive PBUC result or a history of obstructive 
pyelonephritis preceding URS. For patients with these 
infectious risks, an antibiotic specific to the patient’s patho-
gens was orally administered before admission and an ade-
quate dose of broad-spectrum antibiotic was administered 
from admission to POD1. The administration period of 
antibiotic prophylaxis before admission was left to the dis-
cretion of the treating urologists. Vital signs were closely 
monitored postoperatively. CBC and chemistry were rou-
tinely checked within 24 h after URS. Stone-free state was 

defined as the absence of residual stones or fragments on 
postoperative kidney–ureter–bladder (KUB) radiography or 
CT at 4 weeks after URS.

SIRS criteria

According to the criteria established in 1992 by the Ameri-
can College of Chest Physicians/Society of Critical Care 
Medicine Consensus Conference Committee, patients with 
two or more of the following clinical findings were diag-
nosed with SIRS [9]: (1) body temperature higher than 
38  °C or lower than 36  °C; (2) heart rate higher than 90 
beats per minute or  PaCO2 lower than 32 mmHg; (3) res-
piratory rate higher than 20 breaths per minute; and (4) 
white blood cell count higher than 12,000/mm3 or lower 
than 4000/mm3; or the presence of greater than 10% imma-
ture neutrophils.

URS technique

URS was performed in the lithotomy position under general 
or spinal anesthesia. A semi-rigid ureteroscope (Fibre Ure-
tero-Renoscope; Richard Wolf, Knittlingen, Germany) was 
used primarily for lower ureteral stones, and flexible fiber-
optic or video ureteroscopes (URF-P6 or URF-V2; Olym-
pus, Tokyo, Japan) were used for upper ureteral stones and 
renal stones after the insertion of a ureteral access sheath 
(12/14 or 10/12 Fr ReTrace; Coloplast, Humlebaek, Den-
mark). Stones were fragmented by holmium:YAG laser 
(VersaPulse; Lumenis, Tel Aviv, Israel) and picked out by 
a nitinol stone retrieval basket (Escape; Boston Scientific, 
Natick, MA, USA). A 4.7–6 Fr ureteral stent and an 18 Fr 
urethral catheter were indwelled at the end of operations in 
all cases.

Statistical analysis

To find significant factors associated with SIRS, Pearson 
test and Wilcoxon test were performed to compare propor-
tions between the SIRS group and the non-SIRS group. 
Multivariate logistic regression analysis was performed to 
identify predictive risk factors of post-URS SIRS; thus, the 
variables were limited to those that could be obtained pre-
operatively and intraoperatively. The variables which were 
significantly associated with post-URS SIRS in univariate 
analysis were selected for multivariate analysis. When per-
forming multivariate analysis, a continuous variable was 
converted into a binary variable based on the median. The 
strength of association between various factors and SIRS 
was reported as the odds ratio (OR) and 95% confidence 
interval (CI). All statistical tests were two-sided, with 
p  <  0.05 considered significant. Statistical analysis was 
performed using JMP, version 10.0 (SAS, Cary, NC, USA).
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Results

We identified 469 consecutive patients who under-
went URS successfully during the study period. Table 1 
reports patient and stone demographics. Stone composi-
tion and PBUC were analyzed in 460 patients. Overall, 
100 patients (21.3%) experienced obstructive pyelone-
phritis preceding URS. In these patients, drainage by a 
ureteral stent or percutaneous nephrostomy was estab-
lished and an antibiotic specific for their pathogens was 
administered. URS was performed after treatment for 
pyelonephritis had been completed in terms of laboratory 
data and the patient’s general condition.

Forty-two patients (8.9%) developed a fever over 38 °C 
after URS. Twenty-seven patients (5.7%) were diagnosed 
with SIRS; among whom, 25 were diagnosed with SIRS 
within 24  h after URS. One patient required admission 
to the ICU for vasopressor-refractory shock, but no death 
was reported.

Table  2 shows the comparison between patients with 
post-URS SIRS versus those without SIRS. On univariate 
analysis, female gender, a lower body mass index (BMI), 
a bedridden status, obstructive pyelonephritis preced-
ing URS, a positive PBUC result, a magnesium ammo-
nium phosphate (MAP) stone, and a preoperative stent 
were significantly correlated with SIRS. The SIRS group 
had a higher rate of preoperative stents than the non-
SIRS group (62.9 vs 23.5%, p < 0.0001), but there was 
no difference in preoperative nephrostomy (0 vs 2.2%, 
p = 0.42). The duration of antibiotic prophylaxis before 
admission was left to the discretion of the treating urolo-
gists, and the medians of the duration in the SIRS group 
and the non-SIRS group turned out to be both 6 days. The 
median of stent indwelling duration of the SIRS group 
was 19 days and that of the non-SIRS group was 22 days. 

Table 1  Clinical characteristics of patients

Values

Patient factors
Gender
 Female 169 (36.0%)
 Male 300 (64.0%)

Age (years) 61 (13–94)
BMI (kg/m2) 23.7 (12.8–42.2)
Bedridden state
 Yes 14 (3.0%)
 No 455 (97.0%)

Solitary kidney
 Yes 6 (1.3%)
 No 463 (98.7%)

Diabetes mellitus
 Yes 63 (13.4%)
 No 406 (86.6%)

Steroid use
 Yes 26 (5.5%)
 No 443 (94.5%)

Obstructive pyelonephritis
 Yes 100 (21.3%)
 No 369 (78.7%)

PBUCa

 Positive 57 (12.4%)
 Negative 403 (87.6%)

Stone factors
Stone location
 Renal pelvis/calices 77 (16.4%)
 Ureteropelvic junction 75 (16.0%)
 Upper ureter 156 (33.3%)
 Midureter 55 (11.7%)
 Lower ureter 106 (22.6%)

Stone side
 Left 245 (52.2%)
 Right 193 (41.2%)
 Bilateral 31 (6.6%)

Mean CT value (HU) 659 (202–1502)
Highest CT value (HU) 1125 (247–2141)
Cumulative stone volume  (mm3) 180 (6–4082)
Cumulative stone diameter (mm) 10 (3–47)
Stone composition
 CaOxb 391 (85.0%)
 MAPc 12 (2.6%)
 Uric acid 22 (4.8%)
 CaPd 20 (4.3%)
 Mixed/others 15 (3.3%)

Surgical factors
Operation time (min) 64 (12–238)
Stone-free state in one session
 Yes 396 (84.4%)
 No 73 (15.6%)

Table 1  (continued)

Values

Preoperative stent
 Yes 121 (25.8%)
 No 348 (74.2%)

Preoperative nephrostomy
 Yes 10 (2.1%)
 No 459 (97.9%)

Categorical variables are shown as number of patients (%). Con-
tinuous variables are shown as median (full range). PBUC and stone 
composition were analyzed in 460 patients
a  Preoperative bladder urine culture
b  Calcium oxalate
c  Magnesium ammonium phosphate
d  Calcium phosphate
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There was no significant difference between the two 
groups (p = 0.779).

Table  3 lists the pathogens identified from PBUC. 
Escherichia coli and Enterococcus were the most common 
in the SIRS group. Table 4 shows the reasons for preopera-
tive stenting; the most common reason in the SIRS group 
was drainage for obstructive pyelonephritis. The reasons 

for preoperative nephrostomy were all drainage for obstruc-
tive pyelonephritis. The SIRS group required a significantly 
longer time to discharge after URS than the non-SIRS 
group (median 8 days vs 2 days, p < 0.0001).

Table 5 shows multivariate analysis of factors associated 
with post-URS SIRS. On a reduced model of multivariate 
analysis, obstructive pyelonephritis preceding URS (OR 
4.58, 95% CI 1.90–11.6, p  =  0.0009), a positive PBUC 
result (OR 3.49, 95% CI 1.42–8.35, p = 0.005), and female 
gender (OR 3.00, 95% CI 1.21–8.17, p = 0.021) remained 
significant.

Table 2  Comparison of clinical 
characteristics between the 
SIRS group and the non-SIRS 
group

Categorical variables are shown as number of patients. Continuous variables are shown as median (full 
range). PBUC and stone composition were analyzed in 460 patients
a  Preoperative bladder urine culture
* Significant

SIRS non-SIRS p Value
n = 27 (5.7%) n = 442 (94.3%)

Gender (F:M) 20:7 149:293 <0.0001*
Age (years) 65 (20–92) 61 (13–94) 0.088
BMI (kg/m2) 21.9 (12.8–34.9) 23.8 (14.0–42.2) 0.048*
Bedridden state (Y:N) 3:24 11:431 0.010*
Solitary kidney (Y:N) 0:27 6:436 0.54
Diabetes mellitus (Y:N) 3:24 60:382 0.71
Steroid use (Y:N) 2:25 24:418 0.66
Obstructive pyelonephritis (Y:N) 18:9 82:360 <0.0001*
PBUCa (Pos:Neg) 12:15 45:388 <0.0001*
Renal stone (Y:N) 12:15 140:302 0.11
Bilateral procedure (Y:N) 1:26 30:412 0.53
Mean CT value (HU) 561 (302–1021) 662 (202–1502) 0.28
Highest CT value (HU) 895 (417–1578) 1127(247–2141) 0.081
Cumulative stone volume  (mm3) 238 (7–4082) 188 (6–3360) 0.40
Cumulative stone diameter (mm) 13 (3–29) 10 (3–47) 0.063
MAP stone (Y:N) 4:22 8:426 <0.0001*
Operation time (min) 64 (15–170) 64 (12–238) 0.84
Stone-free state in one session (Y:N) 21:6 375:67 0.32
Preoperative stent (Y:N) 17:10 104:338 <0.0001*
Preoperative nephrostomy (Y:N) 0:27 10:432 0.42

Table 3  Microbacterial evaluation

SIRS Non-SIRS

Gram negative
 E. coli 4 14
 Klebsiella 2 4
 Proteus 1 2
 Others 0 2

Gram positive
 Enterococcus 4 5
 Staphylococcus 0 6
 Streptococcus 0 5
 Others 1 7

Total 12 45

Table 4  Reasons for a preoperative stent

a   This factor includes bilateral obstruction with acute kidney injury 
and unilateral obstruction with acute kidney injury in a solitary kidney

SIRS Non-SIRS Total

Obstructive pyelonephritis 12 46 58
Passive dilation 1 32 33
Acute kidney  injurya 2 18 20
Severe renal colic 2 8 10
Total 17 104 121



379Urolithiasis (2018) 46:375–381 

1 3

Discussion

European Association of Urology (EAU) guidelines con-
cerning urolithiasis recommend that PNL should be the 
first-line therapy for renal stones of 2 cm or greater [10]; 
however, several single-institutional case series of URS 
for large renal stones have been reported [11]. Our ini-
tial experience of URS with large renal stones showed 
successful outcomes with a high stone-free rate, but the 
infectious complication rate was not negligible [12]. Sko-
larikos et  al. reported that 4.6% of 1,210 patients who 
underwent URS for a solitary kidney stone had a stone 
greater than 20 mm, and they showed a higher probability 
of post-URS fever in patients with large stones [13]. From 
the viewpoint of achieving a high stone-free rate and a 
low complication rate, the appropriate renal stone size for 
URS remains debatable, while there have been some pro-
posals [14]. The advantage of URS is its minimally inva-
sive design, but we should be aware of the potential for 
more complex complications with the extended applica-
tion of URS.

Among 469 patients included in this study, 27 patients 
(5.7%) were diagnosed with post-URS SIRS. This rate was 
consistent with the reported rate of previous studies [6–8]. 
Although one patient required ICU admission, no one died 
from post-URS infection during the study period. This sug-
gested that SIRS did not necessarily shift to fatal status, but 
the fact that the SIRS group required a significantly longer 
time to discharge after URS than the non-SIRS group indi-
cated that post-URS SIRS imposed a physical and eco-
nomic burden on the patients. Comparison between patients 
with post-URS SIRS and those without suggested multiple 
factors associated with post-URS SIRS: female gender, a 
lower BMI, a bedridden state, obstructive pyelonephritis, 
a positive PBUC result, a MAP stone, and a preoperative 
stent. Multivariate analysis revealed that obstructive pyelo-
nephritis, a positive PBUC result, and female gender were 
significantly associated with post-URS SIRS. Hereafter, 
among these results, we focus on the following three risk 

factors: a preoperative stent, a bedridden state, and obstruc-
tive pyelonephritis.

A ureteral stent and percutaneous nephrostomy, which 
are both administered in patients with obstructive pyelo-
nephritis, were analyzed as separate potential risk factors 
in our study. The optimal drainage for obstructive pyelo-
nephritis has yet to be established. In previous studies, 
comparisons between a ureteral stent and percutaneous 
nephrostomy focused mainly on the incidence of complica-
tions, the control of infection, and the impact on quality of 
life [15]. To our knowledge, however, no studies evaluate 
how the two types of drainage prior to URS affect the rate 
of post-PNL or post-URS infection. In our univariate analy-
sis, a preoperative stent was significantly associated with 
post-URS SIRS (p  <  0.0001), but preoperative nephros-
tomy was not (p = 0.42). Table 4 shows that 20.6% (12/58) 
of patients stented for drainage in obstructive pyelonephri-
tis and 7.9% (5/63) of those stented for other reasons pre-
sented post-URS SIRS. A ureteral stent, which is reportedly 
associated with biofilm colonization [16] and causes reflux 
of bladder urine, may have a negative impact on post-URS 
infection even after the cure of obstructive pyelonephritis. 
On the other hand, percutaneous nephrostomy can play an 
important role in maintaining good intraoperative irrigation 
and preventing high renal pelvic pressure. These hypoth-
eses are in contrast to the results of subgroup analysis of 
Blackmur et al.’s study indicating that a preoperative stent 
might reduce the risk for post-URS SIRS in patients with 
a positive PBUC result [6]. However, a preoperative stent 
and nephrostomy were not treated as separate variables in 
their tables, and the accurate number of preoperative stents 
and their reasons was not mentioned. Although the effect 
of a preoperative stent on the rate of post-URS infection 
remains to be determined, we propose that we should be 
aware of the background details of preoperative stenting.

A bedridden state was also significantly associated with 
post-URS SIRS on univariate analysis. Although it did not 
remain significant on multivariate analysis, we consider 
that URS for a bedridden patient should be attempted with 

Table 5  Multivariate logistic 
regression analysis of risk 
factors for post-URS SIRS

* Significant
a  preoperative bladder urine culture

Full model Reduced model

OR 95% CI p value OR 95% CI p value

Female gender 2.77 1.10–7.61 0.035* 3.00 1.21–8.17 0.021*
Lower BMI (≤23.7 kg/m2) 1.60 0.65–4.10 0.30
Bedridden state 1.20 0.22–4.99 0.80
Obstructive pyelonephritis 3.13 1.13–9.01 0.029* 4.58 1.90–11.6 0.0009*
Positive  PBUCa 3.52 1.41–8.62 0.005* 3.49 1.42–8.35 0.005*
Preoperative stent 1.95 0.73–5.33 0.18



380 Urolithiasis (2018) 46:375–381

1 3

extreme caution. Bedridden patients are likely to have a 
MAP stone and a positive PBUC result, which often have 
acquired antibiotic resistance, and their stones are likely 
to grow larger asymptomatically. In this study, a positive 
PBUC result was an independent risk factor for post-URS 
SIRS on multivariate analysis, and the presence of a MAP 
stone was significantly related to post-URS SIRS on uni-
variate analysis. These complex factors make their perio-
perative management more difficult. The negative impact 
of a poor performance status on postoperative infection has 
been reported in previous studies [4, 17]. Martov et al. from 
the CROES URS Global Study showed that female gender, 
a high American Society of Anesthesiologists (ASA) score, 
a high stone burden, and Crohn’s and cardiovascular dis-
ease were significant risk factors of postoperative UTI or 
fever in patients with a negative baseline urine culture. We 
did not adopt a high ASA score or paraplegia as potential 
risk factors in the present study, because we considered 
the longstanding bedridden state itself to largely contrib-
ute to stone formation and increased operation difficulty. 
The ASA-PS classification cannot precisely extract bed-
ridden patients, and bedridden patients are not necessarily 
paraplegic.

We regarded obstructive pyelonephritis preceding URS 
as the most important risk factor among those we identi-
fied, since its OR was the highest on multivariate analy-
sis. Kanno et al.’s study reported that 8% of patients with 
obstructive pyelonephritis and 6% of patients with no 
obstructive pyelonephritis presented post-URS fever or 
urosepsis and their rates were not significantly different 
[18]. However, the tendency for patients with obstructive 
pyelonephritis to present with post-URS fever could be 
observed. In the aforementioned study by Blackmur et al., 
their matched pair analysis showed that urinary tract infec-
tion requiring hospital treatment in the 90  days preced-
ing URS was not associated with post-URS SIRS [6]; this 
was not consistent with our findings. Their results seemed 
to be more persuasive due to a matched pair analysis and 
the large number of patients included. In contrast, Youssef 
et al. showed that patients with sepsis preceding URS had 
a significantly higher complication rate, a longer hospital 
length of stay, and longer courses of postoperative antibiot-
ics [19]. Clearly, there is a lack of consensus concerning 
risk factors for post-URS infection, and this can be attrib-
uted to the limitations of retrospective studies. A prospec-
tive multi-institutional study of post-URS infection is now 
required.

The number of patients included in our study was large 
compared with previous single-institutional studies, but we 
experienced a relatively small number of SIRS events. In 
general, the incidence of post-URS infection is reported 
to be lower than that of post-PNL infection due to the less 
invasive nature of the procedure, and consequently, a study 

on post-URS infection requires a larger number of patients 
to obtain significant statistical results. Therefore, further 
investigation by a multi-institutional study will be helpful. 
We analyzed cumulative stone volume three-dimensionally 
using the ellipsoid formula and expected that this measur-
ing method would lead to more accurate stone burden esti-
mation [20]. Finally, we focused on the potential effect of 
a preoperative stent on post-URS SIRS and examined the 
reasons for stenting. A preoperative stent was significantly 
associated with post-URS SIRS only on univariate analy-
sis, but there is still room for argument about the negative 
impact of preoperative stenting on post-URS infection.

Conclusions

Obstructive pyelonephritis preceding URS, a positive 
PBUC result, and female gender were significantly asso-
ciated with post-URS SIRS. Patients who experienced 
obstructive pyelonephritis preceding URS or had a positive 
PBUC result were at an increased risk for post-URS SIRS, 
even though they received appropriate preoperative antibi-
otic therapy.
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