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Introduction

Generally, a stone in the upper ureter larger than 10– 
15 mm is defined as a large upper ureteral stone (1). 
According to publications, the treatment modalities 
for these stones include extracorporeal shock wave 
lithotripsy (ESWL), transurethral lithotripsy, percutaneous 
nephrolithotomy (PCNL), retroperitoneal laparoscopic 
ureterolithotomy (RPLU) and open surgery (2,3). However, 

the best choice is controversial.
Recommended by European Association of Urology 

(EAU), ESWL is the first-line choice for upper ureteral 
stones that do not pass spontaneously; however, for large 
upper ureteral stones, the stone-free rate (SFR) is lower. 
Lopes Neto (4) reported that when upper ureteral stones 
were larger than 10 mm, the stone clearance rate with 
ESWL was only 35.7%. Although both PCNL and RPLU 
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are associated with the highest success rates for large 
proximal ureteral calculi, many disadvantages also concern 
urologists, such as hemorrhage, postoperative pain, longer 
procedures, and longer hospital stays (4,5). Traditional 
semirigid ureteroscopic lithotomy (URSL) is more 
minimally invasive but is usually associated with various 
problems, especially a low SFR due to stone migration (6).  
The addition of flexible ureteroscopy as an adjunct to 
URSL can achieve satisfactory stone clearance; nonetheless, 
this procedure is costly and vulnerable.

To achieve better treatment outcomes with URSL, 
several additions and modifications to the procedures used 
to treat ureteral stones have been made (7-9). Recently, 
Li (10) and his colleagues reported that a novel semirigid 
Sotn ureterorenoscope was effective and safe for managing 
proximal ureteral and renal pelvic stones. In this study, 
we retrospectively investigated the difference and relative 
advantages between Sotn-URSL and PCNL in the 
management of large upper ureteral stones.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tau-20-1218).

Methods

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the Ethics Committee of Xiangya Hospital, 
Central South University (No. 202009124) and informed 
consent was taken from all the patients.

Patients

After obtaining approval (Proof number: 202009124) from 
the Ethics Committee of Xiangya Hospital, Central South 
University, we reviewed the medical records of the patients 
in our institution between February 2018 and December 
2019. The inclusion criteria were a patient age >18 years, 
stone localization between the lower border of the L4 
spine and the ureteropelvic junction, and a longest stone 
diameter ≥1.5 cm, as revealed by unenhanced computed 
tomography (CT). The exclusion criteria were anatomic 
abnormalities of the urinary tract, pregnancy, active urinary 
tract infection, and a history of any intervention operation 
on the corresponding ureter.

According to the therapeutic methods, patients were 
divided into two groups: group 1 (Sotn-URSL) and group 
2 [minimally percutaneous nephrolithotomy (mPCNL)]. 

The surgical choice was made by the patients, who balanced 
the benefits and risks after discussing the advantages and 
disadvantages of each procedure, including but not limited 
to bleeding, infectious complications, ureteral strictures 
and requirements of multi-session procedures. All relevant 
detailed demographic and clinical data were collected 
retrospectively and evaluated. Laboratory data included pre- 
and postoperative routine complete blood counts, serum 
creatinine, platelet counts, bleeding, coagulation profiles, 
and urine bacterial cultures. To control the infection, a 
sensitive antibiotic was given to the patients with positive 
cultures at least 5 days before the surgical intervention. In 
patients with negative baseline urine cultures, levofloxacin 
was given both 1 day and a half hour before the operation. 
Plain films of the kidney, ureter, and bladder (KUB), 
ultrasound scans and unenhanced CT scanning were 
performed in all patients preoperatively. Enhanced CT was 
performed when the creatinine value was within the normal 
range. The most important evaluation indicators were the 
SFR and complications before discharge. The SFR was 
defined as no stone fragments or residual fragments <3 mm 
according to postoperative follow-up KUB or unenhanced 
CT. Complications were evaluated and classified in 
accordance with the modified Clavien-Dindo classification 
system (11). Other indicators included the operation time, 
hospital stay after surgery, and stone migration ratio. The 
operation time was defined as the period from satisfactory 
anesthetic effects to completion of the operation.

Surgical procedures

All procedures were performed by the same urologist (Dr. 
HC) under general anesthesia.

Sotn-URSL

The Sotn ureteroscope (Sotn, ShuoTong Medical Co., 
Ltd., China; Figure 1) is also called the negative-pressure-
combined ureteroscope and has five main components: (I) 
a Sotn ureteral access sheath (Sotn-UAS); (II) a standard 
ureteroscope; (III) a console ureteroscope; (IV) an adapter; 
(V) an irrigation and suctioning platform. All the specific 
parameters of this novel device have been described by Li 
and his colleagues (10).

Sotn-URSL was performed in the lithotomy position. 
First, the UAS was connected to the standard ureteroscope 
and inserted into the lower end of the stone. If the 
ureteroscope was unsuccessful in reaching the stone 
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Figure 1 The picture of the instruments and component of Sotn-URSL: (a) a Sotn-UAS; (b) a standard ureteroscope; (c) a console 
ureteroscope; (d) an adapter; (e) an irrigation and suctioning platform. Sotn-URSL, Sotn ureteroscopic lithotomy.
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because of ureteral stenosis or kinking, a 6F double-J stent 
was inserted, and the second procedure was performed 
2 weeks later. Second, the ureteroscope was disconnected 
and removed. The adapter with the dust container was 
connected to the UAS. The console ureteroscope was 
connected to the UAS with the assistance of an adapter. 
The other side of the dust container was connected to a 
suctioning system. The adapter was adjusted in real time by 
the surgeon to control negative pressure and prevent stone 
migration. The stone was fragmented with a holmium:YAG 
laser using a 200-µm laser fiber with an energy of 12–20 W 
at 20 Hz. The interspace between the shaft of the console 
ureteroscope and the UAS was enough to ensure continuous 
outflow by vacuum suctioning; furthermore, large 
fragments could be sucked out following the slow recession 
of the console ureteroscope. If stone migration occurred, 
flexible ureteroscopy was used with the Sotn-UAS. After 
fragmentation, a 6F double-J stent was routinely placed and 
was removed 2–4 weeks later.

mPCNL

This procedure was performed as previously described (12).  
Patients were placed in the lithotomy position, and a 5F 

ureteral catheter was inserted into the ipsilateral ureter. 
Then, the patient was rotated to the prone position. 
Ultrasound-guided percutaneous puncture was made by the 
urologist with an 18-gauge puncture needle that was pushed 
into the upper or middle renal calyx. The track was formed 
using Amplatz dilators until an 18F peel-away sheath was 
placed in the tract. An 8.0/9.8F rigid ureteroscope was 
used when the smaller tract was dilated. The stone was 
fragmented with a holmium:YAG laser using a 400-µm  
laser fiber with an energy of 30–40 W at 20 Hz. After 
fragmentation, the ureteral catheter was removed, and a 6F 
stent was inserted in an antegrade fashion. Subsequently, a 
16F Foley catheter was inserted into the collecting system 
as a nephrostomy tube if significant bleeding was observed 
intraoperatively.

Statistical analyses

All calculations were performed using SPSS 22.0 statistical 
software. The continuous or categorical data are expressed 
as the mean ± standard deviation (SD) or percentile and 
frequency, as appropriate. Categorical variables were 
analyzed by the Chi-squared test (or Fisher’s exact test), and 
continuous variables were analyzed by independent-sample 
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t-test. Differences were considered statistically significant at 
P<0.05 in all tests.

Results

Forty-six patients were treated with Sotn-URSL, and 51 
were treated with mPCNL. The details of the patient and 
disease characteristics are presented in Table 1. There was 
no statistically significant difference between the groups 
in terms of age, sex ratio, stone laterality, stone size, body 
mass index (BMI), CT value, comorbidity, or American 
Society of Anesthesiology (ASA) grade (P>0.05). However, a 
significant difference was observed in severe hydronephrosis 
(P=0.021), which may largely be due to case selection bias.

The designated procedure failed in three patients in the 
Sotn-URL group because it was difficult to reach the stone 
location. One of these patients then underwent mPCNL 
successfully after asking for his deputy’s opinion. The 
other two patients were treated with secondary Sotn-URL 
4 weeks after placing the double-J stent. In the mPCNL 

group, one patient experienced failure because of ureteral 
kinking, and the stone was removed by retroperitoneal 
ureterolithotomy. The mean operation time was slightly 
longer in the mPCNL group (52.9±8.0 min) than in the 
Sotn-URSL group (50.5±5.9 min), but this difference did 
not reach statistical significance (P=0.106). Additionally, the 
mean hospital stay after surgery was significantly shorter 
in the Sotn-URSL group (1.4±0.6 vs. 2.3±0.7; P<0.001). 
Stone migration took place in three procedures in the Sotn-
URSL group, and then the fragment was managed by f-URL 
through the Sotn-UAS. The cases that required f-URL 
management were categorized as having residual stones. A 
total of 67.4% (31/46) of patients in the Sotn-URSL group 
and 72.5% (37/51) in the mPCNL group received non-
contrast CT (P=0.580), and the remaining patients received 
KUB in the two groups. The SFR after 1 month in the 
Sotn-URSL group was 89.1% (41/46), which was lower 
than that in the mPCNL group (50/51, 98%); however, 
there was no significant difference between the two groups 
(P=0.098).

Table 1 Demographic and clinical details of both groups

Characteristics Sotn-URSL (n=46) mPCNL (n=51) P value

Age (years) 46.3±13.2 48.6±13.2 0.395

Sex (M/F) 25/21 24/27 0.473

BMI (kg/m2) 23.8±2.3 23.5±2.0 0.497

ASA score 1.9±0.72 1.8±0.60 0.420

Comorbidities, n 0.920

Diabetes mellitus 9 12

Hypertension 15 14

Coronary heart disease 8 8

Positive urine culture 4 5 1.0

Solitary kidney 6 5 0.752

Stone size (mm) 17.7±2.6 18.4±3.2 0.271

Stone laterality (left/right) 22/24 28/23 0.486

CT value of stone (Hu) 996±178.8 945.8±188.0 0.182

Hydronephrosis, n

Mild 19 14 0.150

Moderate 18 16 0.424

Severe 9 21 0.021

Sotn-URSL, Sotn ureteroscopic lithotomy; mPCNL, minimally percutaneous nephrolithotomy; BMI, body mass index; ASA, American 
Society of Anesthesiologists; CT, computed tomography.
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Table 2 Operative characteristics of both groups

Characteristics Sotn-URSL (n=46) mPCNL (n=51) P value

Fail to reach stone, n (%) 3/46 (4.4) 1/51 (2.0) 0.602

Stone migration, n (%) 3/44 (6.8) 0 0.099

Operation time (min) 50.5±5.9 52.9±8.0 0.106

Complications, n

Grade I

Pain 3 11 0.044

Fever 6 5 0.752

Nausea/vomiting 4 5 1.0

Grade II

Urinary tract infection 3 2 0.666

Blood transfusion 0 3 0.244

Hospital stay after surgery (days) 1.4±0.6 2.3±0.7 <0.001

SFR after 1 month, n (%) 41 (89.1) 50 (98.0) 0.098

Sotn-URSL, Sotn ureteroscopic lithotomy; mPCNL minimally percutaneous nephrolithotomy; SFR, stone-free rate.

According to the Clavien-Dindo classif ication, 
postoperative pain requiring analgesic therapy was observed 
in 3 and 11 patients in the Sotn-URSL and mPCNL 
groups, respectively (grade I, P=0.044). No significant 
difference was seen for other grade I complications, such as 
fever or vomiting. Postoperative fever requiring antibiotic 
therapy was observed in 3 and 2 patients in the Sotn-URSL 
and mPNL groups, respectively, and blood transfusion 
owing to a significant drop in hemoglobin was observed 
in 3 patients in the mPCNL group (grade II). These 
differences did not reach statistical significance (P=0.666, 
0.244, respectively). Additionally, there was no significant 
difference between preoperative and postoperative serum 
creatinine in Sotn-URSL (85.2±24.4 vs. 81.0±21.3 µmol/L;  
P=0.87) or mPCNL group (89.9±25.1 vs. 87.8±23.0 µmol/L;  
P=0.67). No other complications from grade III to V 
were documented in the present study. The operative 
characteristics of both groups were listed in Table 2.

Discussion

Sotn-URSL has recently been reported as a safe and 
effective surgical method to treat renal and upper ureteral 
stones (10). Our study compared the safety and validity 
of Sotn-URSL and mPCNL in treating upper ureteral 
stones larger than 15 mm and discovered that there was no 

significant difference in terms of the SFR between Sotn-
URSL and mPCNL; however, mPCNL was associated with 
a higher risk of postoperative complications and a longer 
hospital stay after surgery.

URSL through the natural human tract has been 
widely used to manage ureteral stones because of its 
minimal invasion and rapid recovery. However, a single 
URSL procedure usually fails to reach a satisfactory SFR. 
Preminger et al. reported that the success rate of URSL in 
treating upper ureteral calculi was only 77% (13). For upper 
ureteral calculi larger than 15 mm, traditional URSL faces 
multiple difficulties. For example, the calculi may escape to 
the pelvis or renal calyx, requiring additional f-URL (14), 
which is more costly to patients. Too many stone fragments 
will impact surgical vision and easily lead to secondary 
damage (15). Perfusion liquid cannot return effectively, and 
excessive intraoperative pressure will lead to postoperative 
pyrexia and even sepsis (16).

With the development of science and technology, f-URL 
has been widely used to manage renal calculi less than  
20 mm (5). However, large upper ureteral calculi usually 
lead to hydronephrosis. When calculi return to the kidney, 
especially with severe hydronephrosis, stone fragments 
can barely be removed even after the use of f-URL (17). 
When Sotn-URSL is used, because of the relatively large 
space between the console ureteroscope and UAS as well 
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as the balance between perfusion and negative-pressure 
suctioning, calculi can be attached to the end of the UAS to 
avoid calculus escape. Additionally, small stone fragments 
can also be suctioned out while relatively larger fragments 
are removed when withdrawing the ureteroscope, which is 
helpful for keeping a clear surgical view and improving the 
SFR (10). Moreover, in the current study, the SFR of Sotn-
URSL (89.1%) was slightly higher than that of the previous 
study (86.5%) on Sotn-URSL reported by Li et al. (10), 
which may be largely attributed to the exclusion of patients 
with ipsilateral renal stones, and some of the inconsistency 
is also partly caused by the varied stone burden in different 
studies.

Since the introduction of PCNL in the 1970s, this 
technology has fundamentally changed the treatment of 
nephrolithiasis and is achieving constant improvements. A 
meta-analysis showed that mPCNL had better validity and 
safety than URL in treating impacted proximal ureteral 
calculi (18). Currently, PCNL has been recommended 
as the first treatment option for renal or upper ureteral 
calculi larger than 2 cm (5). The literature has shown 
that the success rate of PCNL in treating upper ureteral 
calculi larger than 15 mm is between 85% and 100% (19).  
According to our experience, because we usually use 
18F mPCNL, almost all ureteral calculi above L4 can be 
managed through this method, except for a few challenging 
cases due to severe hydronephrosis or severe ureteral 
distortion. In this study, the PCNL group had an SFR of 
98%, and 15 patients in this group had calculi whose largest 
diameter was larger than 2 cm; these were successfully 
removed. While the overall SFR of Sotn-URSL was 89.1%, 
the current study indicated that Sotn-URSL achieved 
similar treatment results to PCNL.

A large number of studies (19-21) have shown that 
URSL apparently has a shorter surgical time and a shorter 
postoperative hospitalization time than PCNL. We 
discovered that the overall surgical time of Sotn-URSL 
was the same as that of mPCNL, but the lithotripsy time 
of Sotn-URSL was longer than that of mPCNL. One 
possible explanation could be the use of 200-µm fibers with 
relatively smaller energy. Additionally, Garofalo et al. (22) 
demonstrated that tubeless PCNL significantly reduced 
postoperative pain assessment scores and shortened the 
hospitalization length. In our experience, we checked the 
tract by the end of mPCNL. If no obvious bleeding was 
observed, nephrostomy was not performed. The wide 
application of enhanced recovery after surgery (ERAS) 
technology in the perioperative period of mPCNL also 

shortened postoperative hospitalization. However, it was 
still significantly longer than that of Sotn-URSL.

Postoperative hemorrhage amounts to 14–24% of all 
patients managed by PCNL, among whom 0.8% need 
interventional embolization (23), which severely affects the 
safety of PCNL. Many studies reported that multiple tracts, 
staghorn stone, thick parenchyma and diabetes mellitus were 
independent risk factors of hemorrhage secondary to PCNL 
(24,25). In this study, the PCNL group had no patients 
requiring interventional embolization, but there were three 
patients experiencing blood transfusion after the operation. 
We found that these patients shared characteristics in thick 
parenchyma with mild hydronephrosis, and there were two 
cases in which the tract was not located in the fornix of 
renal calyx. Moreover, we considered the risk of bleeding as 
a potential disadvantage of mPCNL. Infection is another 
common complication associated with lithotripsy; in some 
severe cases, it may even cause life-threatening urine-
derived sepsis that is close to high intraluminal pressure (16).  
We believe that the appropriate perioperative use of 
antibiotics and intraoperative pressure control are key 
measures to prevent this fatal complication.

In the current study, Sotn-URSL group has the advantages 
over mPCNL group in terms of the shorter hospital stay 
after surgery and less postoperative pain requiring analgesic 
therapy, and there was no significant difference between two 
groups regarding mean duration of surgery, SFR and other 
complications. In spite of it, the procedure should be tailored 
to those patients with upper ureteral stones larger than  
15 mm. Considering the hemorrhage needing transfusion 
or even embolization as the potential complications for  
PCNL (16), patients with anatomic or functional solitary 
kidney were recommended for Sotn-URSL. On the other 
hand, mPCNL might be a preferential choice for patients 
with a history of ureteral strictures or distortion.

The limitation of the study is that it was a retrospective 
study. The surgical method choice impacted the study 
results to some extent. On the other hand, it lacked 
further assessment of long-term complications, especially 
postoperative ureteral strictures, despite that the injury of 
ureteral mucosa was not observed during the procedure of 
Sotn-URSL. Taken together, further well-designed studies 
with long-term follow-up are needed to confirmed the 
results of the current study.

Conclusions

In conclusion, the current study indicated that there was no 
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significant difference in the safety or validity between Sotn-
URSL and mPCNL for upper ureteral stones larger than 
15 mm; however, Sotn-URSL had advantages over mPCNL 
in terms of a lower postoperative bleeding risk and a shorter 
postoperative hospitalization time. Therefore, we consider 
that both mPCNL and Sotn-URSL are suitable for upper 
ureteral stones with a diameter of >15 mm.
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