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Abstract

Objectives To review our experience with ureteroscopy

(URS) in the treatment of ureteral calculi and stratify

intraoperative complications of URS according to the

modified Satava classification system.

Patients and methods We performed a retrospective

analysis of 1,208 patients (672 males and 536 females),

with a mean age of 43.1 years (range 1–78), who under-

went ureteroscopic procedures for removal of ureteral

stones. Intraoperative complications were recorded

according to modified Satava classification system. Grade 1

complications included incidents without consequences for

the patient; grade 2 complications, which are treated

intraoperatively with endoscopic surgery (grade 2a) or

required endoscopic re-treatment (grade 2b); and grade 3

complications included incidents requiring open or lapa-

roscopic surgery.

Results The stones were completely removed in 1,067

(88.3 %) patients after primary procedure by either simple

extraction or after fragmentation. The overall incidence of

intraoperative complications was 12.6 %. The most com-

mon complications were proximal stone migration (3.9 %),

mucosal injury (2.8 %), bleeding (1.9 %), inability to reach

stone (1.8 %), malfunctioning or breakage of instruments

(0.8 %), ureteral perforation (0.8 %) and ureteral avulsion

(0.16 %). According to modified Satava classification

system, there were 4.5 % grade 1; 4.4 % grade 2a; 3.2 %

grade 2b; and 0.57 % grade 3 complications.

Conclusion We think that modified Satava classification

is a quick and simple system for describing the severity of

intraoperative URS complications and this grading system

will facilitate a better comparison for the surgical outcomes

obtained from different centers.

Keywords Complication � Satava classification � Ureteral

stone � Ureteroscopy

Introduction

The management of ureteral calculi has changed dramati-

cally in the last two decades with the development of

smaller caliber ureteroscopes, nitinol instruments such as

baskets and graspers, and the holmium:yttrium–aluminum–

garnet (YAG) laser lithotripsy [1]. Today, ureteroscopy

(URS) has become the treatment of choice for ureteral

stones, particularly in the distal and mid-thirds. It has the

advantages of higher stone-free rates, cost-effectiveness

and early convalescence compared with other modalities

such as shock wave lithotripsy (SWL) and open surgery.

The literature on semirigid URS demonstrates a stone-free

rate of 85–99 % depending on stone location [1–3].

Although this technique is minimally invasive and

effective, it has some potential intraoperative complica-

tions [3]. Several large series have been reported about

URS complications, and most investigators have segre-

gated these complications either by chronological order
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(intraoperative and postoperative) or by severity (minor

and major) [4–6]. But currently, no standardized classifi-

cation method is available, and this makes it impossible to

compare the surgical outcomes between different institu-

tions or individual surgeons.

The modified Clavien system has recently been used by

urologists to grade postoperative complications of percu-

taneous nephrolithotomy (PNL) [7]. Also, Satava classifi-

cation has been established in recent years to describe

intraoperative complications in a range of minimally

invasive procedures including urological laparoscopy,

pyeloplasty and pediatric ureteroscopy [8–10]. In the

present study, we reviewed our data to standardize intra-

operative complications of URS according to modified

Satava classification system.

Patients and methods

We performed a retrospective analysis of 1,208 patients

(672 males and 536 females), with a mean age of

43.1 years (range 1–78), who underwent rigid uretero-

scopic procedures for removal of ureteral stones. A semi-

rigid ureteroscope (4.5Fr, 6.9Fr, 8Fr or 9.5Fr) was used in

all the cases. Ureteral orifice dilation was performed in

selected cases when the ureteroscope could not be

advanced easily. The stones were fragmented with a

pneumatic or holmium:YAG laser lithotripter until they

were deemed small enough to pass spontaneously. Some

small stones or residual fragments were removed with a

basket catheter. A double-J stent was placed at the end of

the procedure based on surgeon decision and was removed

using a local or brief anesthesia about 2 weeks later.

Patient characteristics, stone location, size, side, intra-

mural ureteral dilation, lithotripsy technique, operative

time, stone clearance, hospitalization time, stent placement

and intraoperative complications were documented. Anal-

ysis was focused on intraoperative complications, and

modified Satava classification system was used for evalu-

ating of these complications [11]. Grade 1 complications,

which include incidents without consequences for the

patients such as minimal mucosal injury, mild bleeding,

malfunctioning or breakage of instruments, and proximal

stone migration requiring observation. Grade 2 complica-

tions, which are treated intraoperatively with endoscopic

surgery (grade 2a) or required endoscopic re-treatment

surgery (grade 2b) included proximal stone migration,

inability to access ureter or reach stone, severely bleeding,

extraureteral stone migration, mucosal injury (false-route

or thermal injury) and ureteral perforation requiring stent

insertion, SWL or endoscopic surgery (secondary URS,

flexible URS or PNL). Grade 3 complications, which

include incidents requiring open or laparoscopic surgery

such as severely bleeding, malfunctioning or breakage of

instruments, inability to access ureter or reach stone, ure-

teral perforation, ureteral intussusception and ureteral

avulsion (Table 1).

Results

Patient and stone characteristics

A total of 672 males and 536 females were included in the

study. Mean patient age was 43.1 years (range 1–78), and

mean stone size was 11.5 mm (range 3–32). Slightly more

than half of the procedures (50.7 %) were on the left side.

Stones were located in the distal ureter in 50.8 % of

patients, mid-ureter in 25.6 % and proximal ureter in

23.6 %.

Operative findings

Dilation of the ureteral orifice was required in 67 cases

(5.5 %) using either ureteral coaxial dilators (n = 37) or

balloon dilators (n = 30). Four different size of rigid

ureteroscopes (4.5Fr, 6.9Fr, 8Fr, 9.5Fr) were used in the

present study. All significant intraoperative complications,

defined as significant ureteric perforation and avulsions,

occurred with 9.5 Fr instrument. A 4.5-Fr ureteroscope was

used in 9 pediatric cases, and there was no need of dila-

tation of orifice or any trauma to the ureter. Intracorporeal

lithotripsy was used to fragment the stones in 1,155

patients (95.6 %) using either pneumatic (79.9 %) or hol-

mium:YAG laser (20.1 %) lithotripters. Total complication

rates were 13.2 % and 11.2 % in patients treated with

pneumatic and holmium:YAG laser lithotripsy,

respectively.

The stones were completely removed in 1,067 (88.3 %)

patients after primary procedure by either simple extraction

or after fragmentation. The stone-free rate stratified by

stone location was 92.2 % in the distal ureter, 89.6 % in the

mid-ureter and 78.6 % in the proximal ureter. The mean

operative time was 39.2 min (range 15–180), and the mean

postoperative hospital stay was 1.18 days (range 0–7). In

40.9 % of the patients, a double-J stent was placed at the

end of the procedure. Table 2 lists the patient, stone and

operative characteristics.

Intraoperative complications

The overall incidence of intraoperative complications was

12.6 %. The most common complications were proximal

stone migration (3.9 %), mucosal injury (2.8 %), bleeding

(1.9 %), inability to reach stone (1.8 %), malfunctioning or

breakage of instruments (0.8 %), extraureteral stone
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migration (0.33 %), ureteral perforation (0.8 %) and ure-

teral avulsion (0.16 %). According to modified Satava

classification system, there were 4.5 % grade 1; 4.4 %

grade 2a; 3.2 % grade 2b; and 0.57 % grade 3 complica-

tions. (Table 1).

The most common complication in the grade 1 group

was mucosal injury of urothelium in 20 cases (1.6 %).

Proximal stone migration was the most common compli-

cation in the grade 2 group (3.5 %). Twenty-three patients

were treated with SWL as an additional procedure which

78 % of them completely stone-free after two sessions. The

remaining 20 patients (1.6 %) were effectively managed

with flexible URS or PNL in the same or second session.

Extraureteral stone migration was diagnosed in 4 patients

(0.33 %), and all of them were stented (grade 2a).

Fourteen patients (1.1 %) with mucosal lacerations or

false-route and 8 patients (0.6 %) with ureteral perforation

were treated with double-J stents and/or secondary URS

(grade 2). Placement of a double-J stent was abandoned in

2 cases of ureteral perforation and both were managed by

percutaneous nephrostomy drainage in ultrasonographic

guidance (Fig. 1). One month later, they were treated with

open surgery (the stone was removed by open

ureterolithotomy, and the perforation was closed at ure-

terovesical junction).

Two further patients (0.16 %) required open surgical

intervention due to complete ureteral avulsion (grade 3,

Fig. 2). Both of the avulsions occurred simultaneous ure-

terovesical junction and ureteropelvic junction because of

continued force applied to introduce the ureteroscope and

then withdraw the stone despite resistance to extraction.

The avulsed ureter coating the ureteroscope exited from the

urethral meatus. We performed proximal anastomosis and

distal refluxing ureteroneocystostomy over a double-J stent

in both of the patients. However, one of them temporarily

lost to follow-up after stent retrieval and returned 5 months

later. At that time, complete ureteral stenosis and non-

functioning hydronephrotic kidney was found.

Twenty-two failures (1.8 %) were due to the inability to

access ureter or reach the stone because of narrow or tor-

tuous segment of ureter. Twenty of them were managed

with SWL (grade 2a) or secondary URS (grade 2b) after

double-J insertion, and remaining two patients were treated

with open surgery (grade 3). Bleeding was observed in 23

(1.9 %) cases, but no patients required blood transfusion.

Mostly, it was minor and self-limited. However, in 4 cases

Table 1 Categorization of intraoperative ureteroscopy complications using Satava classification system

No. (%)

Grade 1 complications (incidents without consequences) 54 (4.5)

Minimal mucosal injury of ureter/bladder/urethra (mucosal tears) 20 (1.6)

Mild bleeding 19 (1.5)

Malfunctioning or breakage of instruments 10 (0.8)

Proximal stone migration requiring observation 5 (0.41)

Grade 2 complications (incidents treated with endoscopic surgery) 92 (7.6)

Grade 2a complications (incidents treated intraoperatively with endoscopic surgery) 53 (4.4)

Proximal stone migration requiring stent insertion ± shockwave lithotripsy 23 (1.9)

Proximal stone migration treated with flexible ureteroscopy or percutaneous nephrolithotomy in the same session 15 (1.2)

Mucosal injury (false-route or thermal injury) requiring stent insertion 6 (0.5)

Extraureteral stone migration requiring stent insertion 4 (0.33)

Inability to reach stone requiring stent insertion ± shockwave lithotripsy 5 (0.41)

Grade 2b complications (incidents requiring endoscopic re-treatment) 39 (3.2)

Proximal stone migration requiring secondary flexible ureteroscopy or percutaneous nephrolithotomy 5 (0.41)

Inability to access ureter or reach stone requiring secondary ureteroscopy 15 (1.2)

Mucosal injury (false-route or thermal injury) requiring stent insertion and secondary ureteroscopy 8 (0.66)

Ureteral perforation requiring stent or nephrostomy insertion and secondary ureteroscopy 8 (0.66)

Severely bleeding requiring termination of the procedure and secondary ureteroscopy 3 (0.24)

Grade 3 complications (incidents requiring open or laparoscopic surgery) 7 (0.57)

Severely bleeding requiring termination of the procedure 1 (0.08)

Inability to access ureter or reach stone requiring conversion to open surgery 2 (0.16)

Ureteral perforation 2 (0.16)

Ureteral intussusception –

Ureteral avulsion 2 (0.16)
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(0.33 %), bleeding required termination of procedure and

patients were treated with a second session URS (grade 2b)

or open surgery (grade 3).

Discussion

Ureteroscopy is an effective treatment option for ureteral

stones with high fragmentation and minimal complication

rates. Recently published URS series have demonstrated

stone-free rates of 85–99 % [12–14]. Our success rates of

88.3 % are similar to those in published series. Despite its

effectiveness and minimally invasive nature, some intra-

operative complications have been identified and occur at

reported rate of up to 50 % [12–17].

However, currently, no standard classification system is

available for grading these complications. The ideal

method must be a grading system that is quick, simple and

easy to apply. Satava classification system is one of the

most widely used grading systems for intraoperative

adverse events [11]. According to original version of this

classification, grade 1 complications includes incidents

Fig. 1 IVU (a) and

nephrostogram (b) show

extravasation from the distal

part of the right ureter due to

perforation

Fig. 2 Complete ureteral

avulsion (a) and postoperative

nephrostogram (b)
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without consequences for the patient, grade 2 complica-

tions includes incidents which are recognized and repaired

intraoperatively, and grade 3 complications includes inci-

dents requiring re-operation. Dogan et al. [10] used this

classification system in their pediatric URS series. Intra-

operative complications were observed in 25 (3.9 %)

patients and except in 3 cases with conversion to open

surgery, all complications were managed with endouro-

logical methods. However, in the original Satava classifi-

cation system, most severe and dreaded complications of

ureteroscopic stone treatment which treated intraopera-

tively such as ureteral perforation, intussusception and

avulsion will be in the same category (grade 2) with minor

complications such as mucosal injury or extraureteral stone

migration requiring stent insertion and proximal stone

migration treated with flexible URS or PCNL in the same

session. Therefore, we modified this classification to

stratify of intraoperative complications in patients under-

going URS for ureteral stones. In our series, 153 patients

(12.6 %) had complications, of which the majority were

Satava grade 1 (4.5 %) and grade 2a (4.4 %). Remaining

46 patients required endoscopic re-operation or open

surgery, and they were classified as grade 2b (3.2 %) or

grade 3 (0.57 %).

Large series reported an incidence of 0–18 % for ure-

teral perforation and 0–0.5 % for ureteral avulsion [3, 15–

21]. In a review of intraoperative ureteric injuries between

1984 and 1992, Stoller and Wolf [19] identified 17 ureteral

avulsions (0.3 %) and 314 complete ureteral perforations

(6.1 %). In another two studies, ureteral perforations were

reported in 17 and 18 % of the patients and most of the

cases were treated with ureteral stents (grade 2) [22, 23].

Our study confirms that the majority of perforations (80 %)

can be treated by insertion of double-J stent (grade 2b).

However, the morbidity of URS has been significantly

reduced compared with earlier series due to using of

smaller instruments [14]. Harmon et al. [20] observed a

decrease in significant complication rates including ureteral

perforation, avulsion and stricture from 6.6 to 1.5 % during

10-year period, and it was attributed to use of smaller

instruments. In recent studies, ureteral perforation rates

have been reported lower than 2 % when using predomi-

nantly small-caliber scopes [5, 14, 17, 24]. This was

obvious in our study because all the grade 3 perforations

and avulsions occurred in procedures performed with large

caliber ureteroscopes.

Mucosal injury (mucosal tears or false-route) is a com-

mon complication of URS observed in 2.8 % of our

patients. Often mucosal injury occurs during introduction

of the ureteroscope, guidewire, laser fiber or another

working instruments [5]. Short-term placement of a dou-

ble-J stent is sufficient in most of the cases (grade 2),

although mucosal tears or small false-routes can be man-

aged conservatively without a stent (grade 1) [4]. However,

some injuries may cause slight or severe bleeding and may

require premature termination of the procedure (grade 2b

or grade 3). Brandt et al. [25] reported that mild bleeding

was the most common reason for repeat ureteroscopy in

their series of 346 procedures. In another study, Abdel-

Rezzak et al. [26] noted a 2.1 % rate of bleeding that

required termination of procedure. In our study, intraop-

erative bleeding was observed in 23 patients (1.9 %),

whereas the operation had to be terminated due to severe

bleeding in only 4 patients (0.33 %).

Proximal stone migration was the most frequently

encountered complication in our study which observed in

3.9 % of patients. However, in the majority of cases, this

complication has been solved endoscopically (flexible URS

or PNL) in the same session (1.2 %) or underwent SWL

(1.9 %) after stent insertion (grade 2a). Only 0.4 % of our

patients required re-operation because of stone migration

(grade 2b). Arıdogan et al. [27] showed that proximal

migration was more likely when the stone was located in

the proximal ureter (29 %) than in the middle or distal part

of ureter (6 %). Similarly, El-Nahas et al. [1] reported a

Table 2 Patient, stone and operative characteristics

Mean age (range) 43.1 years (1–78)

Gender

Male (%) 672 (55.6 %)

Female (%) 536 (44.4 %)

Mean stone size (range) 11.5 mm (3–32)

Stone side

Right (%) 558 (46.2 %)

Left (%) 612 (50.7 %)

Bilateral (%) 38 (3.1 %)

Position of stone

Distal ureter (%) 614 (50.8 %)

Mid-ureter (%) 309 (25.6 %)

Proximal ureter (%) 285 (23.6 %)

Dilation of the ureteral orifice (%) 67 (5.5 %)

Coaxial dilators (%) 37 (3 %)

Balloon dilators (%) 30 (2.5 %)

Intracorporeal lithotripsy (%) 1,155 (95.6 %)

Pneumatic (%) 923 (76.4 %)

Holmium:YAG laser (%) 232 (19.2 %)

Basket only (%) 53 (4.4 %)

Success rates (%) 1,067 (88.3 %)

Distal ureter (%) 566 (92.2 %)

Mid-ureter (%) 277 (89.6 %)

Proximal ureter (%) 224 (78.6 %)

Mean operation time, min (range) 39.2 min (15–180)

Mean hospitalization time, days (range) 1.18 days (0–7)

No. of postoperative double-J stents 495 (40.9 %)
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high incidence (35 %) of secondary procedures to manage

upward stone migration or complications after URS pro-

cedures for proximal ureteral stones. In a recent study,

Leijte et al. [28] showed that the stone location was not a

predictive factor for the success of URS when the flexible

URS and holmium laser were used.

Conclusion

We think that modified Satava classification is a quick and

simple system for describing the severity of intraoperative

URS complications and this grading system will facilitate a

better comparison for the surgical outcomes obtained from

different centers or surgeons. However, our findings must

be confirmed by further large prospective studies for the

more clearly classifying the described complications.
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