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Abstract Objective: Perirenal fat stranding (PFS) is linear areas of soft-tissue attenuation in
the perirenal space on non-contrast computed tomography. The present study aimed to inves-
tigate whether PFS is associated with infectious complications after ureterorenoscopy (URS) in
patients with ureteral calculi in any location.
Methods: The data of 602 patients with ureteral stones who underwent URS were analyzed
retrospectively. The patients were divided into two groups as Group 1 (PFS not detected)
and Group 2 (PFS detected). Gender, and age of patients, size, side, and location of the stone,
operation time, double-J stent insertion status, perioperative ureter injury, postoperative
infection after URS and related complications, and duration of hospital stay were compared.
Results: While PFS was not detected in 530 patients, PFS was detected in 72 patients. The
mean age, male/female ratio, side and localization of the stones, operation time, and periop-
erative insertion of the double-J after lithotripsy were statistically similar (p>0.05). The me-
dian stone diameter was smaller in Group 2 (9 mm vs. 8 mm) (pZ0.033). Fever was observed in
30 and 38 patients in Group 1 and Group 2, respectively (pZ0.0001). Urinary tract infection
was detected in 24 and 27 patients in Group 1 and Group 2, respectively (pZ0.0001). The ur-
osepsis did not occur in any patients in Group 1, whereas 8 (11.1%) patients in Group 2 expe-
rienced urosepsis (pZ0.0001).
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Figure 1 View of PFS in non-contr
PFS, perirenal fat stranding.
Conclusion: According to the results of the present study, patients with ureteral stones accom-
panied by PFS are much more prone to ureteral injuries and infectious complications such as
urinary tract infection, fever, and sepsis after URS.
ª 2022 Editorial Office of Asian Journal of Urology. Production and hosting by Elsevier B.V. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
1. Introduction

Stone disease is the third most common affliction of urinary
tract and is also one of the most common causes of ureteral
obstruction [1,2]. Non-contrast computed tomography
(NCCT) is the standard diagnostic method for obstructive
ureteral stones, but not for indinavir stones. Hydro-
nephrosis, enlarged ureter, perirenal fat stranding (PFS),
pararenal fascial thickening, and perirenal fluid collection
are secondary findings suggesting obstruction in NCCT [3].

PFS is linear area of soft-tissue in the perirenal space
due to swelling of the fat surrounding the kidneys on NCCT
(Fig. 1). Although there are studies suggesting that PFS is a
sign of acute pyelonephritis, some studies showed that PFS
is not specific but may be a predisposing condition for acute
pyelonephritis [4e6].

The urinary stone disease increases the risk of compli-
cated urinary tract infection (UTI). Although ureter-
orenoscopy (URS) is a widely used method in the treatment
of ureteral stones, the URS procedure increases the risk of
UTI in the postoperative period [7,8].

The present study aimed to investigate whether PFS on
NCCT is associated with infective complications after URS in
patients with ureteral calculi.

2. Methods

The data of patients who were diagnosed with NCCT and
treated with URS between January 2012 and January 2017
were retrospectively analyzed following the approval of the
Giresun University Faculty of Medicine Clinical Research
Ethics Committee (KAEK-03,03.10.2018/3). Patients who
received antibiotic therapy for UTI or pyelonephritis prior to
surgery and those who had undergone previous ureteral
intervention orwere treatedwith extracorporeal shockwave
lithotripsy before theURS procedurewere excluded from the
study.
ast computed tomography.
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Urine cultures of all patients who underwent endoscopic
stone procedures such as URS, SWL, and percutaneous
nephrolithotripsy in our clinic were routinely examined
before surgery, as recommended in the European Associa-
tion of Urology guidelines [9]. Only the patients with
negative urine culture before the URS procedure were
included in the study. Prophylactic antibiotics were
administered 0e60 min before surgery, a single dose of 1 g
cefazolin intravenously for adults and a single dose of
30 mg/kg intravenously for pediatric patients. All proced-
ures were performed by three surgeons using a Karl Storz
27002L/K 8 Fr (Tuttlingen, Germany), or Richard Wolf 9.5 Fr
(Knittlingen, Germany) semirigid ureteroscope under spinal
or general anesthesia. In 14 patients, Ho:YAG laser energy
was used and in 588 patients, a pneumatic lithotripter was
used for stone fragmentation. Six hundred and two patients
with complete medical records were included in the study.
The gender and age of all patients, the size, side and
localization of each stone, insertion of a double-J (DJ)
stent, duration of surgical procedures, perioperative ure-
ter injury and infectious complications after operation such
as UTI, fever (defined as a temperature �38 �C), sepsis, and
post-operative hospital stay were recorded. All NCCT scans
were evaluated by the same radiologist. PFS is defined as
the curvilinear areas of soft-tissue attenuation in the per-
irenal space in NCCT. Five hundred and thirty patients
without PFS were classified as Group 1 and 72 patients with
PFS were classified as Group 2.

Each group was compared in terms of gender and age of
the patients, stone size, side, and localization, DJ stent
insertion, perioperative ureteral injury, duration of hospital
stay, and post URS infectious complications such as UTI,
fever, and sepsis.

Pyuria (�10 white blood cells per high-power field) and
the presence of positive urine culture (�105 colony-forming
units of uropathogen per milliliter) with or without fever
and/or costovertebral angle sensitivity were evaluated as
urinary infection. Signs of at least two systemic inflamma-
tory response syndrome criteria such as fever >38 �C or
<36 �C, heart rate >90 beats/min, respiratory rate >20/min
or PaCO2 <32 mmHg, and leucocytes >1 2000/mm3 or
<4000/mm3 were accepted as urosepsis.

Statistical analysis was carried out using Statistical
Package of Social Science (SPSS) software version 20.0 (SPSS
inc., Chicago, IL, USA). Frequency and percentage distri-
butions of the data were provided. Mann-Whitney U test
was used to compare the variables between the groups that
did not show normal distribution. Student’s t-test was used
to compare the variables between the groups that show
normal distribution. A p-value of less than 0.05 was
considered to show a statistically significant result. Chi-
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Table 1 Patients’ data and postoperative infectious
complications of two groups.

Demographic information of
patients and complications

Group 1
(nZ530)

Group 2
(nZ72)

p-
Value

Fever, n 0.0001a

Absent 500 34
Exist 30 38

Urinary infection, n 0.0001a

Absent 506 45
Exist 24 27

Urosepsis, n 0.0001b

Absent 530 64
Exist 0 8

Gender, n 0.021a

Female 191 16
Male 339 56

Stone side, n 0.820a

Left 253 35
Right 275 37
Bilateral 2 0

Stone localization, n 0.145a

Lower 345 55
Middle 126 12
Upper 59 5

Postoperative double-J stent
insertion, n

0.904a

Absent 375 52
Exist 155 20

Mucosal injury, n 0.0001b

Absent 517 54
Exist 13 18

Ureteral perforation, n 0.0001b

Absent 527 66
Exist 3 6

Hydronephrosis, n 0.076a

Absent 148 13
Exist 382 59

Age, median, year 44 43 0.772c

Stone size, median, mm 9 8 0.033c

Operation time, median, min 30 30 0.889c

Postoperative length of
hospital stay, median, day

1 2 0.033c

a Chi-square test.
b Fisher’s exact test.
c Mann-Whitney U test.
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square test and Fisher’s exact test were performed to
compare the interdependencies between variables. For the
multivariate analyses, the possible factors identified with
univariate analyses were further entered into the logistic
regression analyses to determine independent predictors of
patients’ outcome. Hosmer-Lemeshow goodness of fit sta-
tistics were used to assess the model fit. Type I error level
of 5% was used to conclude statistical significance.

3. Results

The median age was 44 (range: 10e82) years in Group 1 and
43 (range: 20e71) years in Group 2 with no statistical dif-
ference (pZ0.772). The female/male ratio was 0.56 in
Group 1 and 0.29 in Group 2 (pZ0.021). Stone-free rates
were 94.7%, 95.2%, and 88.5% in all patients, Group 1, and
Group 2, respectively (pZ0.066).

The median stone size was 9 (range: 4e25) mm in Group 1
and 8 (range: 4e20) mm in Group 2. Remarkably, stone size
was significantly smaller in patients with PFS (pZ0.033)
(Table 1).

In Group 1, 253 (47.7%) patients had the left ureter
stones and 275 (51.9%) patients had the right ureter stones.
Similarly, in Group 2, 35 (48.6%) patients had left ureteral
stones and 37 (51.4%) patients had right ureteral stones.
The number of lower, middle, and upper ureteral stones
were 345 (65.1%), 126 (23.8%), and 59 (11.1%) in Group 1,
and 55 (76.4%), 12 (16.7%), and 5 (6.9%) in Group 2,
respectively. There were no statistical differences between
both groups in terms of side of stones (pZ0.820) and their
localization distributions (pZ0.145).

While the rate of hydronephrosis was 72.1% in Group 1,
hydronephrosis was detected in 81.9% of the patients in
Group 2. There was no statistically significant difference
between the groups with and without PFS in terms of the
incidence of hydronephrosis (pZ0.076). It has also been
shown that the presence of preoperative hydronephrosis
has no effect on the development of postoperative infec-
tive complications (pZ0.688) (Table 2).

The median interval time between the diagnosis and the
operation was 12 (range: 1e46) days and 12 (range: 1e84)
days for Group 1 and Group 2, respectively (pZ0.903). The
rate of patients with DJ stent insertion (29.2% in Group 1
and 27.8% in Group 2), as well as duration of procedures
were statistically similar between both groups (pZ0.904
and 0.910, respectively). The DJ stents were removed
2e4 weeks after the procedure and the DJ stent removal
time was similar in both groups (pZ0.66).

Infectious complications after URS were fever de-
velopments in 30 (5.7%) patients in Group 1 and 38 (52.8%)
patients in Group 2. Development of post-procedure fever
was significantly higher in patients with PFS (pZ0.0001).
UTIs were observed in 24 (4.5%) and 27 (37.5%) patients in
Group 1 and Group 2, respectively with significant differ-
ence (pZ0.0001). Urosepsis did not develop in any patient
in Group 1, whereas urosepsis developed in 8 (11.1%) pa-
tients in Group 2 (pZ0.0001) (Table 1).

The mucosal ureteral injuries were revealed in 13 (2.5%)
patients in Group 1 and 18 (25.0%) patients in Group 2
(pZ0.0001). Ureteral perforation was detected in 3 (0.6%)
and 6 (8.3%) patients in Group 1 and Group 2, respectively
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(pZ0.0001). Ureteral avulsion was not experienced in any of
the patients. Post-operative duration of stay in hospital was
significantly higher in patients with PFS (pZ0.033) (Table 1).

Since ureter perforation can also increase the risk of in-
fectious complications, we reanalyzed the data after removal
of patients with ureteral perforation. The frequencies of
fever in Group 1 and Group 2 were 4.9% and 48.8%, respec-
tively. Urinary infections ratewas 3.4% inGroup 1 and 30.2% in
Group 2. While there was no urosepsis in Group 1, it was
detected in 4.7% of the patients in Group 2. When patients
with ureteral perforation were excluded, infective compli-
cations were also found to be statistically significantly higher
in patients with PFS (pZ0.005).



Table 3 Logistic regression analysis for all infectious
complications (fever, urinary infection, and urosepsis).

Risk factor for infectious
complication

Odds
ratio

p-
Value

95% confidence
interval

Age, mean, year 0.992 0.529 0.969e1.016
Gender 1.032 0.930 0.516e2.064
Stone size, mean, mm 1.089 0.041 1.003e1.182
Interval timea, mean, day 1.002 0.910 0.969e1.036
Operation time, mean,

min
1.008 0.358 0.991e1.026

Postoperative double-J
stent insertion

2.765 0.013 1.245e6.143

PFS 49.757 <0.001 21.756e113.794
Presence of impacted

stones
7.765 <0.001 3.146e19.167

PFS, perirenal fat stranding.
a Time interval between diagnosis and operation.
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When we look at the total of infective complications,
the risk of developing any infective complications after URS
was found to be statistically significantly higher in the PFS
group (pZ0.002) (Table 2). According to the results of lo-
gistic regression analysis, PFS increased the risk of
infection-related complications 49.8 times. The presence
of impacted stones and DJ stenting at the end of the
operation also increased the risk of infection-related
complications 7.8-fold and 2.8-fold, respectively (Table 3).

4. Discussion

Ureteral stones are one of the common causes of ureteral
obstruction. Obstructed ureteral stones have primary and
secondary findings in NCCT. The appearance of the stone in
the ureter is the primary finding. Secondary manifestations
include hydronephrosis, enlarged ureter, PFS, pararenal
fascial thickening, and perirenal fluid accumulation [3].

Renal lymphatic pressure increases with increased
intrapelvic pressure after acute ureter obstruction. Thus,
fluid diffusion into renal interstitium occurs due to
increased pressure. Continued pressure also causes rupture
of renal calyceal. As a result of all these mechanisms, uri-
nary extravasation develops into the perirenal area. In
NCCT, linear dense changes in perirenal adipose tissue as a
result of urinary extravasation are called PFS [10,11]. PFS is
an indication of urinary obstruction and can also be seen
after spontaneous passage of a stone. This finding can also
be seen in renal infection, inflammation, trauma, and renal
vascular disease [12]. In a study involving 312 patients
presenting with renal colic, 209 of all patients had PFS. In
the same study, the authors emphasized that PFS is the
second common secondary sign of obstruction following
hydronephrosis [4]. PFS detection rates in patients with
UTIs range from 29.1% to 72% [5,6,13]. In the literature, it
Table 2 Patients’ data and risk factors for postoperative infec

Patients’ data and risk factors Co

Ab

Hydronephrosis, n
Absent 14
Exist 38

PFS, n
Absent 46
Exist 53

Gender, n
Female 18
Male 33

Postoperative double-J stent insertion, n
Absent 37
Exist 14

Age, mean, year 44
Stone size, mean, mm 8.
Operation time, mean, min 38
Interval time, mean, day 14

PFS, perirenal fat stranding.
a Chi-square test.
b Student’s t-test.
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has been reported that advanced age and male gender in-
crease the frequency of PFS significantly [11,13]. The rate
of patients with PFS was found to be approximately 12% in
our study. The mean age in Group 1 and Group 2 were
44.9 years and 44.3 years, respectively without any dif-
ference. However, the number of male patients was
detected significantly higher in the PFS group. The fre-
quency of PFS in our study was slightly below the literature
values. However, in the studies where the frequency of PFS
was higher than in our study, the mean age was well above
our mean and over 60 years old [5,6].

In patients with PFS, there was no significant relationship
betweenPFSand stone localization [3,10]. In our study, there
was no significant difference between the groups in terms of
tious complications.

mplication p-Value

sent Exist

0.688a

8 13
2 59

0.002a

7 63
19

0.045a

7 20
3 62

0.189a

4 53
6 29
.9 44.2 0.685b

8 10.4 <0.001b

.4 42.2 0.059b

.4 14.9 0.867b
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localization. There are conflicting data between stone size
and PFS in the literature. Although the development of PFS is
reported to be independent of stone size [10], it has also
been reported that PFS is significantly higher in patients with
spontaneous transmission [3]. As the stone size increases,
the possibility of a spontaneous passage decreases [14]. In
our study, the median stone size was calculated as 8 mm in
patients with PFS and 9 mm in patients without PFS. This
difference was statistically significant.

It is confusing to explain the small stone size in patients
with PFS. However, as a hypothesis, this may be due to low
ureter calibration in some patients. Therefore, small stones
can cause further blockage, causing PFS during spontaneous
passage. However, this paradox still needs to be explored
by further studies. Another reason that develops PFS is UTI.
Although PFS is the most common NCCT finding in patients
with acute pyelonephritis, the sensitivity and specificity of
PFS in the diagnosis of acute pyelonephritis are 72% and
60%, respectively. Therefore, it is possible to define that
PFS has insufficient reliability in the diagnosis of acute
pyelonephritis. It has been reported that bacteremia is
more common in patients with PFS. However, when febrile
UTI develops in these patients, fever continues for longer
[6,13]. URS is used as a safe and easy method in the
treatment of ureteral stones. However, various complica-
tions from microscopic hematuria to mortality have been
reported to be associated with the URS operation
[8,15e17]. Infectious complications are generally consid-
ered as post-procedural fever, UTI, and urosepsis. In the
literature, infectious complication rate ranges from 9% to
25% [18e21]. A multi-center study involving 11 885 patients
reported the rate of UTI was 1% and the rate of sepsis was
0.4%. In this study, both rigid URS and flexible URS were
used in treatment [22]. In another study using only rigid
URS, postoperative rates of fever, UTI, and urosepsis were
10.2%, 6.9%, and 1.2%, respectively [15].

In the present study, we evaluated the relationship be-
tween the infectious complications and PFS detected on
NCCT in patients who underwent URS. Postoperative fever
and UTI rates were 5.7% and 4.5% in patients without PFS,
respectively, while 52.8% and 37.5% in patients with PFS
(pZ0.0001). While urosepsis was seen in 8 (11.1%) patients in
the PFS group, no urosepsis was observed in the non-PFS
group. When we evaluated the postoperative infective com-
plications in total, it was found that the rate of infective
complications was higher in the group with PFS than in the
group without PFS (pZ0.002). According to results of logistic
regression analysis, PFS increased the risk of infection related
complications such as fever, UTI, and urosepsis 49.8-fold.

In addition, when evaluating ureteral injuries that may
be associated with postoperative fever in the present
study, mucosal injury (2.5% vs. 25.0%) and ureteral perfo-
ration (0.6% vs. 8.2%) were both detected significantly
higher in patients with PFS (Table 1). Since ureter perfo-
ration might be a cause of an increased risk of infectious
complications, we reanalyzed the data after excluding pa-
tients with ureteral perforation. We found that all infec-
tious complications were significantly higher in patients
with PFS, according to reanalysis results (pZ0.002).

It has been reported in the literature that longer oper-
ative time is a risk factor for postoperative fever and sys-
temic inflammatory response syndrome after ureteroscopy
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[23]. However, the duration of surgical procedures in the
present study was statistically similar in both groups.

It has been reported that DJ stent placement after URS
does not increase the rate of postoperative infection [24].
However, DJ stent placement before and after URS has
been reported to increase infectious complications in pa-
tients with and without PFS [15,25,26]. In our study, there
was no difference in terms of DJ stent placement in pa-
tients with and without PFS. According to the results of
logistic regression analysis, DJ stent insertion at the end of
the operation increased the risk of infection related com-
plications by 2.8-fold.

Hydronephrosis, like PFS, is an indicator of obstruction,
and hydronephrosis is expected to be more common in
patients with PFS. Rashid and Fakhulddin [27] have been
reported that the presence of preoperative hydronephrosis
increases the risk of developing postoperative fever, but
has no effect on the development of sepsis. However, in the
present study, hydronephrosis was similar in groups with
and without PFS (pZ0.076). It was shown that the presence
of hydronephrosis did not have a statistically significant
effect on the development of total infective complications
(pZ0.688).

Increase in stone size creates susceptibility to infectious
complications. In a study comparing patients with and
without infectious complications, the mean stone size was
calculated as 16.6 mm in patients without complications
and 20.6 mm in patients with complications [20]. In our
study, the median stone size was found to be 8 mm in pa-
tients with PFS and 9 mm in patients without PFS.

Although the duration of the stone in the ureter until the
time of diagnosis is an important parameter for PFS for-
mation, some patients could not be commented on this
issue in our retrospective study due to insufficient data.
Although all NCCT scans were evaluated by the same radi-
ologist, the retrospective design of the study appears to be
a limitation of the study. However, we think that this study
will be a guiding light due to the limited number of studies
demonstrating the importance of PFS. Larger scale pro-
spective studies will also enable us to reach more robust
results on this subject.
5. Conclusions

In conclusion, the risk of postoperative infectious compli-
cations is higher in patients with ureteral stones with PFS.
Patients with PFS on NCCT should be monitored more
closely in the postoperative period in terms of fever, UTI,
and urosepsis. The effect of preoperative drainage on in-
fectious complications should be investigated.

1. Presence of PFS in ureteral stones may predispose to
postoperative infection.

2. Presence of PFS in ureteral stones may increase the risk
of perioperative ureter injury.

3. Postoperative hospital stay was found to be longer in
patients with PFS.

For the above reasons, patients with ureteral stones
should be carefully examined in terms of preoperative PFS,
and patients with PFS should be followed up closely in order
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not to miss or delay the diagnosis of infective complications
in the postoperative period.
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