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Abstract

Objective: To classify intraoperative and postoperative complications using the modified Clavien classification system (MCCS)
and modified Satava classification system (SCS) and to evaluate the parameters associated with complications in patients
undergoing retrograde intrarenal surgery (RIRS) for renal and proximal ureteral stones. Materials and Methods: We performed
a retrospective analysis of 949 patients who underwent RIRS for renal stones and upper ureteral stones at two institutions
between March2015 and June2020. Intraoperative complications were assessed using SCC and postoperative complications
were graded according to MCCS. Univariate and multivariate analyses were undertaken to determine predictive factors affecting
complication rates. Results: The female/male ratio of 949 patients was found to be 346 (36.5)/603(63.5). The median stone
size was determined as 13 mm. The stone-free rate was 83.6%after the first intervention, and the final stone-free rate was 94.4%
after re-procedure. According to SCS, the intraoperative event and complication incidence was 153(16.1%). MCCS revealed
postoperative complications in 121(12.8%) patients. Major complications were observed in 18(1.9%) patients. The rate of
complications was higher in patients with renal anomalies (9.9% vs 3.9%, p=0.006). Besides, stone localization, size, number
and density were associated with the development of complications (p<0.001, p<0.001, p<0.001 and p=0.002, respectively). In
addition, the multivariate analysis revealed that for the patients with grade[?]3 complications according to MCCS, only stone-
free status was a significant predictor of complication development (p=0.044) whereas for those with grade [?]2b complications
according to SCS, significant predictors were stone size (p<0.001), stone density (p=0.022), and fluoroscopy time (p<0.001).
Conclusion: This study showed that abnormal kidney anatomy, multiple stones, operative time, and stone-free status were
reliable predictors of complication development during and after RIRS. Appropriate preoperative management should be planned
according to these predictors to prevent intraoperative and postoperative complications.

Factors affecting intraoperative and postoperative complications of RIRS classified by the
Clavien and Satava grading systems

Abstract

Objective: To classify intraoperative and postoperative complications using the modified Clavien classi-
fication system (MCCS) and modified Satava classification system (SCS) and to evaluate the parameters
associated with complications in patients undergoing retrograde intrarenal surgery (RIRS) for renal and
proximal ureteral stones.

Materials and Methods: We performed a retrospective analysis of 949 patients who underwent RIRS for
renal stones and upper ureteral stones at two institutions between March2015 and June2020. Intraoperative

1



P
os

te
d

on
A

ut
ho

re
a

16
M

ar
20

21
|T

he
co

py
ri

gh
t

ho
ld

er
is

th
e

au
th

or
/f

un
de

r.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

us
e

w
it

ho
ut

pe
rm

is
si

on
.

|h
tt

ps
:/

/d
oi

.o
rg

/1
0.

22
54

1/
au

.1
61

59
00

05
.5

60
42

63
8/

v1
|T

hi
s

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
re

vi
ew

ed
.

D
at

a
m

ay
be

pr
el

im
in

ar
y.

complications were assessed using SCC and postoperative complications were graded according to MCCS.
Univariate and multivariate analyses were undertaken to determine predictive factors affecting complication
rates.

Results: The female/male ratio of 949 patients was found to be 346 (36.5)/603(63.5). The median stone size
was determined as 13 mm. The stone-free rate was 83.6%after the first intervention, and the final stone-free
rate was 94.4% after re-procedure. According to SCS, the intraoperative event and complication incidence
was 153(16.1%). MCCS revealed postoperative complications in 121(12.8%) patients. Major complications
were observed in 18(1.9%) patients. The rate of complications was higher in patients with renal anomalies
(9.9% vs 3.9%, p =0.006). Besides, stone localization, size, number and density were associated with the
development of complications (p <0.001, p <0.001,p <0.001 and p =0.002, respectively). In addition, the
multivariate analysis revealed that for the patients with grade[?]3 complications according to MCCS, only
stone-free status was a significant predictor of complication development (p =0.044) whereas for those with
grade [?]2b complications according to SCS, significant predictors were stone size (p <0.001), stone density
(p =0.022), and fluoroscopy time (p <0.001).

Conclusion: This study showed that abnormal kidney anatomy, multiple stones, operative time, and
stone-free status were reliable predictors of complication development during and after RIRS. Appropri-
ate preoperative management should be planned according to these predictors to prevent intraoperative and
postoperative complications.

Keywords: Retrograde intrarenal surgery, complication, Clavien, Satava, renal stone

What’s already known about this topic?

Although the literature contains research reporting retrograde intrarenal surgery complications, only a lim-
ited number of studies have investigated both intraoperative and postoperative complications according to
Clavien and Satava classifications in large series.

What does this article add?

This study reviewed and reclassified the complications during or after retrograde intrarenal surgery in light
of the literature. It is also one of the first studies in the literature to classify complications according to the
Clavien and Satava systems. Furthermore, it reveals situations that may require additional intervention or
secondary operation as pre-operative predictive factors.
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Introduction

Since retrograde intrarenal surgery (RIRS) was first defined in the 1990s, there have been improvements
concerning this technique [1,2]. With the development of flexible endoscopes (miniaturization of endoscopes
and improvement in image quality), increase in the quality of light sources, and advances in the lithotripsy
technology, RIRS has become the first treatment option for upper urinary tract stones of <2 cm [3,4]. In
parallel to these developments, the treatment of proximal ureteral and renal stones has undergone a significant
change in recent years. In a systemic review, the total stone-free rate was reported as 91% and the major
complication rate (Clavien [?]3) as 4.5% in an average of 1.45 procedures in patients who underwent RIRS
due to having renal stones of >2 cm [5,6]. Although there are large series in the literature investigating
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. the complications of semirigid ureteroscopy [7,8], only a limited number of studies have been conducted to
evaluate RIRS complications in large series. Some scoring systems have been defined for grading surgical
complications. Among these, the modified Clavien classification system (MCCS) is most commonly used
for postoperative complications, and the modified Satava classification system (SCS) is employed to classify
intraoperative complications and events [9,10]. Complication classification systems are important because
they can easily demonstrate the safety of the surgery and also create standardization to compare results
obtained from different centers. In addition, determining parameters associated with complications and
predicting complication development are as important as achieving stone-free status, which is considered to
indicate the success of surgery.

In this study, we aimed to classify intraoperative and postoperative complications in patients undergoing
RIRS using MCCS and SCS and to evaluate complication-related parameters.

Materials and Methods

The data of 949 patients, who underwent RIRS for renal and proximal ureteral stones at HSU Izmir Bozyaka
Training and Research Hospital and HSU Ankara Diskapi Training and Research Hospital between March
2015 and June 2020, were retrospectively analyzed. Patient data obtained included age, sex, body mass
index (BMI), history and physical examination findings, specific comorbidities, and the American Society
of Anesthesiologists (ASA) physical status class risk. All patients were evaluated with a detailed history
before the operation. Stone parameters, namely number, diameter, location and CT attenuation value of the
stone, previous treatments applied for the stone, operative time, fluoroscopy time, and stone burden (length
x width x π x 0.25) were recorded. For multiple stones, the sum of each stone’s volume was used. The
patients were evaluated preoperatively with complete blood count, serum creatinine, bleeding and clotting
times, and urine culture analyses. Those with growth in urine cultures were operated on after antibiotherapy
was administered for a sufficient time and the control urine cultures were sterile. Patients with missing data
and/or those that did not undergo post-operative first-month non-contrast CT were excluded from the study.
Patients who underwent diagnostic ureteroscopy but did not have related data were also not included in the
study. Ethics approval was obtained from the Ethics Committee.

All operations were performed under general anesthesia in the dorsal lithotomy position. First, ureteroscopy
was performed with a semirigid ureteroscope to provide mechanical dilatation and place a guide wire. Then,
according to the surgeon’s preference, a ureteral access sheath (UAS) ( Flexor 9.5/11.5Fr or 12/14Fr, Cook
Medical Bloomington, IL, USA, Navigator 11/13Fr, Boston Scientific, Natik, MA, USA) was placed over
the guide wire under fluoroscopic control. In cases whereas UAS could not be placed, the operation was
performed with a sheath. If the flexible ureteroscope could not reach the kidney over the guide wire, a
double-J (DJ) stent was placed and left for passive dilatation, and the operation was postponed. All the
RIRS procedures were performed using flexible ureteroscopes (Flex-X2, Karl Storz Endoscope, Tuttligen,
Germany), and the stones were fragmented with a Holmium laser using a 6-14 W range. If needed, some
fragments were removed with tipless nitinol stone baskets. The procedure was terminated after stone-free
status was confirmed by both ureteroscopic inspection and fluoroscopy (leaving only ungraspable gravel or
fragments <2mm) or if the surgeon decided to terminate the surgery due to complications, such as bleeding.
At the end of the operation, a DJ stent was placed according to the surgeon’s preference.

All patients were evaluated with non-contrast CT at the first month after RIRS to evaluate stone-free
status. Residual fragments of <2mm were accepted as insignificant. The results were compared in terms of
the predictive capability of stone-free status and complications. Intraoperative complications were assessed
using SCC, and postoperative complications were graded according to MCCS [9,10].

Statistical analysis

Categorical data were presented as numbers and percentages. The Shapiro-Wilk test was used to determine
whether the distributions of continuous variables were normal. Normally distributed continuous data were
presented as mean and standard deviation, and non-normally distributed continuous data as median and
interquartile range values. The groups of normally distributed data were compared with the independent
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. t-test, and the Mann-Whitney U test was used to compare non-normally distributed data.

The frequencies of categorical variables were compared using the Pearson chi-Square, Yates’ chi-square or
Fisher’s exact test where appropriate. Statistical significance was considered when the p value was <0.05.
The Bonferroni correction was used in the pairwise comparison of more than two groups with statistically
significant differences. The multivariate logistic regression analysis was performed to determine the predictors
of complication. All statistical analyses was performed using the Statistical Package for the Social Sciences
version 21 (IBM SPSS Statistics; IBM Corp., Armonk, NY).

Results

The characteristics of the patients and stones are shown in Table 1. The mean age of the patients was 47.2
years, and the female/male ratio was 346 (36.5%)/603 (63.5%). Of all patients, 87.9% had an ASA score of
I and II, 104 had ASA III and 11 had ASA IV. The median stone size was determined as 13 mm. The stone
size was 10 mm or below in 38.9% of the patients, 11-20 mm in 41.4%, and larger than 20 mm in 19.7%.
Two or more stones were present in 297 (31.3%) of the patients. The most frequent primary location of the
stones was the pelvis (23.1%), followed by the lower calyx (20.7%), proximal ureter (18.5%), multicaliceal
(13.9%), middle calyx (8.2%), both the kidney and ureter (7.5%), and upper calyx (5.0%).

The perioperative and postoperative data are presented in Table 1. The median operative time and fluo-
roscopy time were 45 min and 20 sec, respectively. UAS were used in 76% of the patients and postoperative
stents in 92.6%. While the stone-free rate was 83.6% after the first intervention, the final stone-free rate was
94.4% after re-procedure.

According to SCS, the incidence of intraoperative event and complications were 153 (16.1%). The classifi-
cation of these complications according to the SCS system is shown in Table 2. There were 6.3% grade 1,
2.7% grade 2a and 7.1% grade 2b complications. While mild bleeding (2.0%) and minimal mucosal injury
(3.7%) were the most common grade 1 complications, recurrent RIRS requirement (5.6%) after inability to
reach the stone due to various reasons was recorded as the most common grade 2b complication. Grade [?]2b
complications according to SCS, significant predictors were stone size (OR:1.066, 95% CI =1.036-1.098) (p
<0.001), stone density (OR:0.999, 95% CI = 0.997-1.000) (p =0.022), and fluoroscopy time (OR:1.007, 95%
CI=1.003-1.011) (p <0.001).

Postoperative complications occurred in 121 (12.8%) patients. The classification of complications according
to MCCS is presented in Table 2. Minor complications (grade 1 and 2) developed in 10.8% of the patients.
Major complications were observed in 18 (1.9%) patients. Ureteral stricture (0.2%) developed in two patients.
In addition, two of three patients that developed urosepsis died as a result of multi-organ failure.

Table 3 shows the comparison of possible factors related to complications. The mean age was found to
be significantly higher in patients with complications. Complications were higher in patients with renal
anomalies (9.9% vs 3.9%, p = 0.006). Stone localization was also associated with the development of
complications. In the subgroup analysis of stone localization, lower complication rates were detected for
the stones located in the pelvis (14.9% vs 24.9%) and proximal ureter (10.7% vs 19.7%) while multicaliceal
(24% 12.4%) and pelvic + single caliceal (7.4% vs 2.5%) stones had significantly higher complication rates.
Stone size, number and density were determined to be associated with the development of complications (p
<0.001, p <0.001 and p = 0.002, respectively).

Table 4 presents the results of the multivariate analysis of the parameters determined to be associated with
the development of complications. Abnormal renal anatomy, multiple stones, operative time, and stone-free
status were determined as the independent indicators of complication development. Complication develop-
ment was increased by 2.7 times by abnormal renal anatomy and presence of multiple stones while it was
decreased by 4.2 times by stone-free status (p = 0.010,p <0.001, and p <0.001, respectively). The multivari-
ate analysis revealed that for the patients with grade [?]3 complications according to MCCS, only stone-free
status was a significant predictor of complication development [odds ratio (OR):0.347,95% CI=0.124-0.974]
(p =0.044).
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. Discussion

Renal and proximal ureteral stone disease is a common condition worldwide. The lifetime risk of urolithiasis
is 13% in men and 7% in women [11]. In recent years, RIRS is widely used in surgical procedures in
urology, as in other surgical departments, due to the tendency toward minimally invasive options. RIRS has
been compared with other therapeutic modalities in terms of stone-free status and complications [12,13].
The stone-free rate of this surgical procedure in our series was 83.6%, and the final stone-free rate after
re-procedure was 94.4%. In the literature, the stone-free rate is reported to range from 69.7 to 97% [14-
16]. Although minor complications are common after RIRS, major complications such as severe bleeding
and sepsis may also develop [17]. Breda et al. reported complications in 8% of the patients after RIRS,
and major complications were present in 1.9% [18]. SCS and MCCS are the most widely used surgical
complication classification systems in the urology discipline [9,10,19]. Although there are a few studies
reporting complications related to the use of flexible ureteroscopy, only limited research has attempted to
standardize complications using these new classification systems. In our study, the incidence of intraoperative
events or complications was 153 (16.1%) according to SCC and the incidence of postoperative complications
was 121 (12.6%) according to MCCS.

In a recent study by the Clinical Research Office of the Endourological Society, the data of 11,885 patients
(1852 with only renal stones, 8676 with only ureteral stones, and 1145 patients with both types of stone), who
underwent ureteroscopy in 114 centers in 32 countries, were prospectively examined [16]. The postoperative
complication rate was reported as 3.5%, and most of the cases that developed complications were Clavien
grade 1 or 2 (2.8%). Intraoperative complications were also reported separately, including bleeding (1.4%),
perforation (1.0%), ureteral avulsion (0.1%), and conversion to open surgery (0.1%). The most frequent
complication in that series was fever (1.8 %). Bleeding was reported at a rate of 0.4%, and a blood transfusion
was required in 0.2% of patients. In addition, sepsis developed in 38 (0.3%) patients, and mortality in
five patients for various other reasons. SCS is the most common classification system used in classifying
intraoperative adverse events [9]. In our series, Satava grade 1 was seen in a total of 60 patients. However,
there were six (0.6%) patients with malfunctioning or breakage of instruments in the Satava 1 group. We
consider that it is not appropriate to evaluate this as an intraoperative complication. This situation should
be referred to as an intraoperative event, not as a complication. In addition, the most common intraoperative
complication in our patients was minimal mucosal injury (3.7%). However, grade 3 complications were not
observed. The most common grade 2b complication was requirement of repeat RIRS (5.6%) after the stone
could not be accessed for various reasons. Among the patients with grade 2b complications, the surgery had
to be terminated early in six (0.6%) due to vision impairment caused by severe bleeding. Nevertheless, all
of these bleedings were self-limited and did not require a blood transfusion or surgical intervention. While
minimal mucosal erosions or tears (grade 1) can heal conservatively without a DJ stent, severe mucosal
injuries, such as ureteral perforation (grade 2), are mostly treated by placing a DJ stent. In a study by Ural
et al., mild mucosal injury was seen in only 10 (4.3%) patients, and serious mucosal cleft was observed in
three (1.3%) patients and treated by inserting a urethral DJ stent [17]. In our cases, mild and severe mucosal
injuries were rare, similar to the literature. Traxer et al. reported that preoperative ureter stenting reduced
the risk of severe ureteric injury by 7 times [13]. In our study, no statistically significant relationship was found
between preoperative stenting and absence of complications, and the relationship between preoperative DJ
insertion and ureteral injury was not evaluated in our series. Although SCS includes the minor complications
mentioned above, conditions such as fever and sepsis are not classified in this system. We consider that SCS
evaluates whether the outcome of the operation is a success because it is based on whether the operation
is to be completed then or postponed. We think that malfunctioning or breakage of instruments is not a
complication, and therefore they should not be included in SCS.

Breda et al. reported the overall complication rate for RIRS as 8% and the major complication rate as
1.9% according to MCCS [18]. In a prospective randomized study by Sabnis et al. conducted with 35
patients that underwent RIRS, the rate of Clavien grade 1 complications was determined as 11.4%, but
no other complication was reported [20]. In our series, 76% of the patients that developed complications
were classified as grade 1. Major complications were observed in 18 (1.9%) patients. Two patients had a
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. ureteral stricture (0.2%), one had urosepsis (0.1%), and a further two died due to urosepsis (0.2%). Therate
of postoperative fever resolved with an antipyretic was consistent with the literature in our study, but the
rate of fever requiring antibiotic replacement (grade 2) was lower in our study [21]. In a study by Tian et
al., the rate of fever was found to be 17.5%, and diabetes mellitus, elevated preoperative C-reactive protein
(CRP), high stone burden, positive stone culture, and positive renal pelvis culture were shown to be among
the reasons that could cause fever [22]. In another study, Yong et al. showed that operative time was an
important factor for postoperative fever [21]. In our series, operative time was longer in the complication
group. In the subgroup analysis performed, operation success was found to be the factor affecting major
(>grade 3) complication. We consider that factors that affect the success of the operation, such as stone
size and density, also indirectly affect the probability of major complications.

In the literature, postoperative hematuria has been reported at a rate of 5-7.1%, and it has been emphasized
that the use of stone burden, a high CT attenuation value, or use of UAS increased the incidence of postop-
erative hematuria [21,23]. In a study conducted by Shah et al., it was stated that postoperative hematuria
was common in patients with stones of high CT attenuation, which was caused by increased mucosal damage
as a result of more effort being required to fragment the stone [24]. In our study, postoperative hematuria
was the second most common complication with a rate of 3.6% and was found be related to increased stone
burden, presence of residual stone, and operative time while there was no relationship between the use of
UAS and postoperative hematuria development. Although postoperative hematuria is more common in pa-
tients with low CT attenuation values, it is evaluated as borderline non-significant. This situation can be
explained by the prolongation of operative time as a result of the decrease in the detection of stones with low
HU values on fluoroscopy. This idea is supported by the statistically significant negative correlation between
HU and operative time and the significant relationship between operative time and postoperative hematuria
development.

Although other complications are extremely rare, they can lead to serious situations if they occur. Post-
RIRS sepsis is one of the most serious complications [25]. In a retrospective study by Fan et al., sepsis
was seen in two (0.88) patients after RIRS, and the infective complication rates were found to vary between
1.7 and 18.8% [26]. Berardinelli et al. reported the rate of sepsis to be 0.7% [27]. In our series, sepsis
was observed in three (0.3%) patients, which is consistent with the literature. In studies evaluating factors
related to the development of infective complications, pyuria, operative time, infection stones, diabetes
mellitus, elevated preoperative CRP, high stone burden, and positive stone culture were found as independent
predictive factors [22,26]. In addition, another major complication, steinstrasse, was observed at a rate of
1.9% in aprevious study [21]. In our study, non-obstructive steinstrasse was detected at a rate of 0.6% and
obstructive steinstrasse at 0.5%. Ural et al. determined that the rate of major complications according to
SCS was 8.9% [17]. Abnormal renal anatomy and presence of multiple stones each increased complication
development by 2.7 times while the stone-free status decreased complication development by 4.2 times.
According to MCCS, stone-free status was determined as an independent predictive factor in the development
of major complications. In addition, according to SCS, stone size, stone density, and fluoroscopy time were
independent risk factors in predicting the requirement of endoscopic, open or laparoscopic treatment.

The main limitations of our study are that it had a retrospective design and the operation was performed by
specialists with different surgical experience. Another limitation is that we did not examine factors that had
been previously shown to be associated with the development of complications, such as CRP, stone culture,
and stone type, nor did we evaluate late-term complications.

Conclusion

RIRS is an effective and safe surgical method in the treatment of renal stones. In our study, the presence
of abnormal kidney anatomy, multiple stones, operative time, and residual stones were determined as inde-
pendent predictive factors for complication development after RIRS whereas the presence of residual stones
was the only independent predictive factor for major complications. MCCS and SCS are fast and easily
applicable classification systems for grading RIRS-related complications.
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22. Tian Lİ, Xiang-Zhou Sun, De-Hui Lai, Xu Li, Yong-Zhong He.(2018) Fever and Systemic İnflammatory
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