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Abstract: Objective: To investigate the efficacy and safety of 3D laparoscopic surgery for ureteral stricture. Methods: 
There were 47 patients with ureteral stricture and treated with 3D laparoscopic surgery from December 2017 to 
December 2020, and comprehensive analysis of relevant clinical data. Among the patients with ureteral stricture, 
there were 31 males and 16 females, 28 were left-sided and 19 were right-sided, aged 20-78 years, with an average 
age of 43 years; the number of upper and middle ureteral stricture cases was 34, and the lower ureteral stricture 
was 13, with a stricture length of 0.5-4.0 cm; all patients had different degrees of hydronephrosis before surgery, 
and the degree of separation of the renal collecting system before surgery was 36.19±4.09 mm. Preoperative se-
rum creatinine was 82.00±35.49 μmol/L. Patients with upper and middle ureteral stricture underwent 3D laparo-
scopic ureteral stricture resection plus ureter end anastomosis, and patients with lower ureteral stricture underwent 
3D laparoscopic ureteral bladder reimplantation. Results: All patients had successful surgery, with an operative 
time of 132.87±27.64 min, an estimated intraoperative bleeding volume of 58.94±22.29 ml, a postoperative hos-
pital stay of 7.81±1.74 days, and no complications such as intestinal injury and abdominal hemorrhage occurred; 
the ureteral stent tube was removed 8-12 weeks after the operation, and the follow-up was 3-36 months, with a 
mean of 18.98±11.36 months. The patients’ hydronephrosis was reduced or disappeared, and the symptoms such 
as back pain and swelling were effectively relieved. The degree of separation of the renal collecting system was 
15.28±3.26 mm and the creatinine value was 72.38±29.20 μmol/L on postoperative reexamination, which were 
statistically significant compared with those before surgery (P<0.05). Conclusion: 3D laparoscopic ureteral stricture 
resection plus ureter end anastomosis or 3D laparoscopic ureteral bladder reimplantation for ureteral stricture is 
safe and effective, with few complications and rapid postoperative recovery.
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Introduction

Ureteral stricture is an obstruction of the uri-
nary tract caused by partial or complete nar-
rowing of the ureteral lumen. Ureteral stricture 
can lead to dilatation of the upper urinary tract 
or pain in the kidney area, and if left untreated, 
can eventually lead to irreversible renal failure. 
The goal of ureteral stricture treatment is to 
relieve ureteral obstruction, restore patency of 
the ureteral lumen, and protect renal function 
as much as possible. For ureteral stricture, dif-
ferent surgical approaches exist, and their 
respective clinical outcomes vary. 

In the past, benign ureteral stricture was often 
treated with open surgery, including urete- 

ral anastomosis, uretero-vesical anastomosis, 
and vesicoureteroplasty [1]. Although open sur-
gery is effective, it has the disadvantages of 
high trauma, serious complications, and long 
hospital stays [2, 3]. In recent years, endoscop-
ic techniques have become popular with some 
urologists. Common endoscopic techniques 
include balloon dilation, ureteral stent place-
ment, and ureteral stricture segment dissection 
using a laser or cold knife; However, these pro-
cedures do not remove the stenotic scar tissue, 
and the inflammatory reaction caused by ure-
teral dilation and incision can cause fibroblasts 
to proliferate and scar the ureter again, thus 
creating a vicious cycle [4]. A related study 
showed that the success rate for patients with 
ureteral stricture treated with balloon dilation 
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at three months follow-up was 60%±10%, the 
success rate for balloon dilation at 6 to 12 
months postoperative follow-up was 54%±14%, 
and the average success rate for patients with 
ureteral stricture ≤2 cm in length was 69±16%, 
while the average success rate for patients  
with ureteral stricture >2 cm was 19±29% [5]. 
Balloon dilation is mainly indicated for ureteral 
strictures due to stones, post-lithotripsy and 
strictures <2 cm in length. Short-term success 
rates for ureteral stricture segmental endotomy 
have been reported in the literature to range 
from 63% to 83% [6]. Hafez et al. summarized 
that the overall efficiency of endoureteral resec-
tion for ureteral strictures ranged from 60% to 
86%, and they concluded that the success rate 
of dilation by endoureteral resection was main-
ly related to the site of ureteral strictures [7]. In 
contrast, in the study of Razdan et al. the suc-
cess rate of ureteral strictures was not exactly 
related to the site of stricture [8]. Therefore, 
there is controversy as to whether the efficien-
cy of endotomy for ureteral stricture correlates 
with the site of stricture. The patient’s renal 
function is evaluated before the decision to 
perform ureterotomy, and renal function affects 
the success of the procedure; Worf et al. stud-
ied 69 patients with benign ureteral stricture 
treated with 77 endoureterotomies, of which 9 
patients with ipsilateral renal function below 
25% of total renal function failed completely 
[9]. Therefore, the patient should be adequately 
evaluated preoperatively. Ureteral stenting can 
be used as a temporary treatment for ureteral 
stricture and is independent of the length of 
the ureteral stricture segment. Some studies 
have shown that ureteral stent placement and 
retention for 2-6 weeks is an appropriate treat-
ment for patients with ureteral injuries up to 
2.5 cm in length [10-12]. In patients after litho-
tripsy, ureteral stenting improves stone clear-
ance and reduces the incidence of renal colic, 
and in patients with ureteral injury, ureteral 
stenting reduces the risk of ureteral stricture. 
However, some studies have shown a high inci-
dence of distant ureteral stricture with ureteral 
stenting for medically induced ureteral injury 
[13, 14]. Therefore, close postoperative follow-
up is required. Although the endoluminal  
technique has the advantages of minimally 
invasive, fast recovery and simple operation, 
this procedure has a high rate of postoperative 
stricture recurrence and unsatisfactory long-
term results. The endoluminal technique is pri-

marily indicated for the treatment of patients 
with short stricture lengths and a low degree of 
ureteral stricture. It can be used as the initial 
treatment for ureteral stricture.

In this article, we will study the efficacy as well 
as the safety of 3D laparoscopic ureteral stric-
ture resection plus ureter end anastomosis or 
3D laparoscopic ureteral bladder reimplanta-
tion for ureteral stricture.

Materials and methods

Materials

There were 47 patients with ureteral stricture 
and treated with 3D laparoscopic surgery from 
December 2017 to December 2020, there 
were 31 males and 16 females, 28 were left-
sided and 19 were right-sided, aged 20-78 
years, with an average age of 43 years; the 
number of upper and middle ureteral stricture 
cases was 34, and the lower ureteral stricture 
was 13, with a stricture length of 0.5-4.0 cm. 
All patients with ureteral stricture had varying 
degrees of low back pain or soreness and swell-
ing at the time of admission, and all patients 
had varying degrees of hydronephrosis. The 
diagnosis of hydronephrosis can be made with 
the help of imaging tests, including ultrasound, 
X-ray, CT, and MR, which can clearly show the 
presence or absence of hydronephrosis, its 
extent, and its unilateral and bilateral nature. 
Currently, ultrasound and intravenous urogra-
phy are the most widely used methods for grad-
ing the degree of hydronephrosis in clinical 
practice. According to ultrasound, hydronephro-
sis is classified as mild (renal collecting system 
separation: 2-3 cm), moderate (renal collecting 
system separation: 3-4 cm), and severe (renal 
collecting system separation: >4 cm). The pre-
operative degree of separation of the renal col-
lecting system was 36.19±4.09 mm, with 5 
cases of mild hydronephrosis, 35 cases of 
moderate, and 7 cases of severe hydronephro-
sis (Table 1).

Methods

Preoperative preparation: Complete the rou-
tine examination of admission and imaging 
examinations such as CTU, intravenous pyelo-
gram, retrograde pyelogram and MRU. If the 
patient has severe hydronephrosis and urinary 
tract infection, nephrostomy, anti-inflammato-
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ry, infection control and symptomatic treatment 
can be performed first, and then surgery can be 
prepared.

Surgery methods: In 34 patients with upper or 
middle ureteral stricture, 3D laparoscopic ure-
teral stricture resection plus ureter end anasto-
mosis was performed. Under general anesthe-
sia, the patients were placed in the healthy-side 
position, routinely disinfected with towels, esta- 
blished a pneumoperitoneum, carefully freed 
the surrounding tissues, exposed the ureter, 
fully freed the stenotic segment of the ureter, 
and then resected the stenotic ureter, per-
formed posterior ureteral wall suturing with 4-0 
absorbable thread, and then placed a suitable 
ureteral stent tube, and then the anterior ure-
teral wall was sutured. The surgical area was 
then carefully inspected to confirm that there 
were no bleeding spots and a drainage tube 
was placed, and the incision was closed layer 
by layer. 

13 patients with lower ureteral stricture under-
went laparoscopic ureteral bladder reimplanta-
tion. Under general anesthesia, the patients 
were placed in a head-down position, routinely 
disinfected and toweled, a pneumoperitoneum 
was established, the ureter was exposed, the 
ureter was carefully separated, the dilated ure-
ter was disconnected from the bladder, and the 
distal end was clamped. A double J tube was 
left proximally. The bottom of the affected blad-
der was freed to the vicinity of the triangle, and 
a 2-cm longitudinal incision was made on the 

bladder wall medial to the ureteral stump, the 
muscular layer and mucosal layer were incised, 
and the ureter was buried under the bladder 
mucosa by making an external papilla, and the 
bladder muscle layer was intermittently anasto-
mosed to the ureteral wall with 4-0 absorbable 
thread, and the bladder mucosa was intermit-
tently sutured to the external wall of the ureter 
with 4-0 absorbable thread. The surgical area 
was carefully checked for active bleeding, and 
after confirming that there was no bleeding, 
one pelvic drain was left in place and the inci-
sion was closed layer by layer.

Postoperative follow-up and outcome evalua-
tion

The double J tube was removed 8-12 weeks 
after surgery. After removal of the double J 
tube, the patient’s clinical symptoms of ureteral 
stricture are reduced or disappeared, and the 
review of urological ultrasound, urography or 
urological CT indicates that the hydronephrosis 
is reduced or not aggravated, and the review of 
blood creatinine value is lower than that before 
the operation is considered effective. Patients 
with unrelieved clinical symptoms or further 
worsening of symptoms, worsening of hydrone-
phrosis, or elevated blood creatinine values 
were considered ineffective.

Statistical methods

SPSS22.0 software was applied for statistical 
analysis, and the measurement data were 
expressed as mean ± standard deviation (

_
x±s) 

and the two-sample t-test was used to compare 
the preoperative and postoperative data, and 
the difference was considered statistically sig-
nificant at P<0.05.

Result

All patients completed the operation success-
fully, the operation time was 132.87±27.64 
min, the intraoperative bleeding volume was 
58.94±22.29 ml, all patients had no intraoper-
ative blood transfusion, all had mild hematuria 
after the operation, 8 cases had low fever, and 
the symptoms of hematuria and low fever dis-
appeared after postoperative treatment with 
anti-infection, hemostasis, rehydration and 
symptomatic treatment; All patients had no 
major bleeding, no important organ damage or 
serious infection and other serious complica-

Table 1. Basic characteristics of the patient, 
narrow information
Items Value
Sex (n)
    Male 31
    Female 16
Age (y)
    Mean (range) 43 (20-78)
Side (n)
    Left 28
    Right 19
Location
    Upper and Middle 34
    Lower 13
Stricture length (cm)
    Mean (range) 1.4 (0.5-4.0)
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tions. The postoperative hospitalization time 
was 7.81±1.74 days. The double J tube was 
removed 8-12 weeks after surgery, the follow-
up period was 3-36 months, with a mean of 
18.98±11.36 months. All patients’ clinical sym- 
ptoms were effectively relieved, and there was 
a statistically significant difference between 
the postoperative review of renal collecting sys-
tem separation and preoperative comparison 
(P<0.05); there was a statistically significant 
difference between the postoperative follow-up 
review of serum creatinine and preoperative 
comparison (P<0.05) (Table 2).

Discussion

Ureteral stricture is one of the common diseas-
es in urology and also difficult for urologists to 
manage. There are many causes of ureteral 
stricture, which can be divided into benign and 
malignant factors. Benign causes include con-
genital and secondary factors, such as surgical 
injury, ureteral stones, infection, trauma, radia-
tion therapy, renal transplantation, etc., while 
malignant factors include primary ureteral 
malignancy or external compression by tumors 
adjacent to the ureter [15]. With the advance-
ment and widespread use of endoluminal tech-
niques, especially the damage to the ureter 
during laparoscopic surgery and ureteroscopic 
Holmium laser lithotripsy, the rate of ureteral 
stricture has also increased [16, 17]. According 
to the literature, the incidence of ureteral stric-
ture due to holmium laser treatment of ureteral 
stones under ureteroscopy was reported to be 
4.1% to 7.8% [17]. Ulvik Y et al. summarized 
1001 patients after ureteral stone surgery and 
found that the incidence of ureteral stricture at 
3 months after surgery was 3.0% [18]. Ureteral 
stricture is difficult to treat clinically, and there 
is no uniform standard for the treatment of ure-
teral stricture. Treatment of ureteral stricture is 
aimed at early release of obstruction, protec-
tion of renal function and relief of clinical symp-
toms [19, 20]. 

Laparoscopic surgery is characterized by mini-
mal trauma, rapid recovery, and short postop-
erative hospital stay, and has been shown to 

have a success rate and efficiency comparable 
to that of open surgery [21-23]. The surgical 
approach is mainly determined by the location, 
length, and nature of the stricture. Laparoscopic 
pyeloplasty can be chosen for stricture of the 
ureteral junction, laparoscopic ureteral stric-
ture resection plus ureter end anastomosis for 
upper and middle ureteral stricture with a stric-
ture length less than 3 cm, and laparoscopic 
ureteral bladder stricture for lower ureteral 
stricture with a stricture length less than 3 cm.

As the traditional 2D laparoscopic technique 
lacks a sense of three-dimensionality and 
depth in the image, this defect leads to the loss 
of a sense of hierarchy in the original tissue 
structure, which makes it impossible for the 
operator to accurately identify the exact loca-
tion of the organs and instruments, making the 
operation more difficult, especially when per-
forming a series of delicate operations, such as 
microscopic knotting and suturing, which fur-
ther prolongs the operation time and affects 
the patient’s postoperative recovery and prog-
nosis. The emergence of 3D laparoscopy has 
brought a new dawn to medicine, and the 
advantages of traditional laparoscopy have not 
only been retained, but also the original imag-
ing principle has been changed to make its 
imaging technology more perfect, and the 
three-dimensional imaging sense and longitudi-
nal depth make the presented human tissue 
structure closer to the real anatomy, with a 
clearer sense of hierarchy, allowing the opera-
tor to perform the surgery more precisely and 
reduce the mis-injury caused by imaging limita-
tions [24]. 3D laparoscopic techniques provide 
a high quality surgical vision similar to that of 
open surgery, which allows surgeons to have a 
higher surgical precision with a shorter learning 
curve [25].

In this study, 3D laparoscopic ureteral stricture 
resection plus ureter end anastomosis or 3D 
laparoscopic ureteral bladder reimplantation 
was used to treat ureteral stricture, focusing on 
complete resection of the stenotic ureter fol-
lowed by tension-free ureter end anastomosis 
or ureteral bladder reimplantation to ensure 

Table 2. Degree of separation of the renal collecting system and serum creatinine
Preoperative Postoperative P

Degree of separation of the renal collecting system (mm) 36.19±4.09 15.28±3.26 P<0.05
Serum creatinine (μmoI/L) 82.00±35.49 72.38±29.2 P<0.05
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normal blood flow to the ureter. According to 
relevant studies, resection of the stenosed ure-
ter followed by end-to-end anastomosis and 
ureteral reconstruction to restore normal ure-
teral peristalsis can lead to satisfactory long-
term results [26]. In this study, 47 patients who 
underwent 3D laparoscopic ureteral stricture 
resection plus ureter end anastomosis or 3D 
laparoscopic ureteral bladder reimplantation 
were followed up for 3-36 months after surgery, 
and all patients had different degrees of symp-
tom relief. Seideman CA et al. performed lapa-
roscopic ureteral bladder reimplantation in 46 
patients with ureteral stricture, with a mean 
follow-up of 24.1 months after surgery and an 
effective success rate of 96% for ureteral stric-
ture [27]. Kapogiannis F et al. found laparo-
scopic treatment of ureteral strictures to be 
safe and effective through a retrospective 
study [28]. The choice of laparoscopic approach 
can be divided into transabdominal and retro-
peritoneal routes, both of which have advan-
tages and disadvantages. The retroperitoneal 
approach is characterized by a rapid finding  
of the ureter without contaminating the ab- 
dominal cavity, whereas the transperitoneal 
approach allows for a wide range of operations 
and space, making it easier to operate, but 
postoperative complications such as infection 
and intestinal obstruction may be combined. In 
the study by Qadri et al., the retroperitoneal 
approach had a reduced operative time and a 
lower rate of tissue organ damage during the 
procedure compared to the transabdominal 
route [29]. In contrast, in the study by Abuanz 
et al., the transabdominal approach had less 
operative time and a higher probability of inter-
mediate specialization to open surgery with the 
retroperitoneal approach, but the final overall 
results of the two approaches were close [30]. 
In our experience, the choice between the two 
approaches should be determined on a patient-
by-patient basis. The retroperitoneal approach 
is more suitable for patients with ureteral stric-
ture close to the renal pelvis and who have not 
undergone previous retroperitoneal surgery, 
whereas the peritoneal approach is more suit-
able for patients with inferior ureteral stricture, 
long ureteral stenotic segments, and who have 
undergone previous retroperitoneal surgery.

In 13 patients with lower ureteral stricture, we 
used 3D laparoscopic ureteral bladder reim-
plantation with good results in postoperative 
follow-up. Ureteral bladder reimplantation be- 

comes a good option when the ureteral stric-
ture is located in the lower ureter and the lower 
ureteral stricture is long and a tension-free ure-
teral anastomosis cannot be performed. When 
performing ureteral bladder reimplantation, the 
blood supply to the ureter should be ensured as 
much as possible, and distortion of the ureter 
should be avoided during the procedure.

We should fully evaluate the length of the ste-
notic segment before surgery because if the 
length of the stenotic segment is not fully eval-
uated before surgery, the stenotic segment 
may be too long, and then the ureteral anasto-
mosis may be too much tension and the anas-
tomosis may not be possible, and then we have 
to change the surgical approach. Our experi-
ence is that ureteral stricture resection plus 
ureter end anastomosis and ureteral bladder 
reimplantation can be considered for patients 
with ureteral stricture of less than 3 cm in the 
upper or middle segment and less than 2.5 cm 
in the lower segment. In this study, the longest 
ureteral stricture was 4.0 cm, and we believe 
that the tension of the anastomosis should be 
minimized when performing ureteral stricture 
resection with end-to-end anastomosis, and 
the maximum length of the ureteral stricture 
can be achieved as long as the anastomosis is 
tension-free. When the ureteral stricture is too 
long to perform ureteral stricture resection plus 
ureter end anastomosis, bladder flap uretero-
plasty, pelvic ureteroplasty, oral mucosal ureter 
repair, appendiceal patch ureter repair, intesti-
nal replacement ureter, autologous kidney 
transplantation and other upper urinary tract 
reconstruction methods can be used, However, 
ureteral stricture resection plus ureter end 
anastomosis and ureteral bladder reimplanta-
tion are the most commonly used procedures.

In order to understand the length of the ureter-
al stricture segment, imaging is very important. 
In clinical work, CTU, MRU, cascade angiogra-
phy, retrograde angiography, or a combination 
of cascade angiography and retrograde angiog-
raphy are often applied to understand the 
length of the ureteral stricture segment, the 
stricture, the thickness of the ureteral wall, 
adhesions with the surrounding area, and other 
information, which is very valuable information. 
There are many variables in the repair and 
reconstruction of the upper urinary tract. In 
addition to ureteral stricture resection plus ure-
ter end anastomosis, if we can master some 
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other alternative ureteral procedures, such as 
oral mucosal ureteral repair and intestinal sub-
stitution ureter, it can bring us a great help in 
the safety of the procedure.

The 3D laparoscope has good spatial vision, 
which enables the operator to better perform 
various laparoscopic operations, such as sepa-
ration and resection, and thus effectively 
improves the accuracy of surgery; the tissue 
structure and hierarchical relationship in the 
human body can be clearly demonstrated 
under the 3D laparoscope, and the angle and 
direction of needle entry and exit can be better 
adjusted under the 3D laparoscope, which 
improves the accuracy and speed of laparo-
scopic anastomosis. On the other hand, the 
anatomical structure of tissues and the loca-
tion of small blood vessels can be more easily 
identified under 3D laparoscopy, which can 
lead to more accurate surgical positioning and 
significantly reduce the incidence of intraopera-
tive injuries and perioperative complications. 
This will make the surgeon more confident dur-
ing the surgery and reduce the stress of the 
surgeon during the surgery. In the study by 
Nguyen DH et al., operations such as dissec-
tion, suturing, and identification of vessels 
could be more precise and rapid under 3D lapa-
roscopy, and bleeding points could be quickly 
identified and timely and effective hemostasis 
performed, reducing blood loss, and the spatial 
orientation of the stitches could be better 
determined in the 3D laparoscopic view, mak-
ing suturing relatively simple and therefore the 
time for suturing would be relatively reduced, 
and thus the operative time could be shortened 
[31]. Regarding the European Basic Skills 
Training Programme in Laparoscopic Urology, 
although there was a trend towards reduced 
operative time with the use of 3D vision, a 
meta-analysis showed no statistical difference 
in the use of these two imaging systems for the 
beginner and expert surgeon groups [32]. This 
may be related to the fact that different 3D  
laparoscopic systems were used. In a study by 
Romero-Loera, divided into two groups, a 3D 
laparoscopic group and a 2D laparoscopic 
group, all physicians had no experience in lapa-
roscopic surgery, and it was found that the 3D 
laparoscopic group was able to complete the 
task faster, with a shorter time and a shorter 
learning curve [33]. 3D laparoscopy has a bet-
ter sense of depth and spatial dimensionality, 
which will enable operators to operate more 

precisely, reduce errors, shorten the learning 
curve, and help the training of young surgeons. 
This will be of great use in teaching.

The sense of depth and spatial three-dimen-
sionality of human tissues in the images under 
3D laparoscopic system was significantly im- 
proved, which can effectively shorten the oper-
ation time for some complex movements and at 
the same time can guarantee the precision of 
the operation. In this study, 47 patients were 
successfully operated in 3D laparoscopy, with 
an average operation time of 132.87±27.64 
min and bleeding volume of 58.94±22.29 ml. 
All patients had no serious complications, such 
as hemorrhage and important organ damage. 
No recurrence was observed during the follow-
up period. It shows that 3D laparoscopic sur-
gery for ureteral stricture is safe and effective.

Shortcomings of this study: (1) this study is a 
retrospective study and bias exists; (2) the 
sample size is small and the sample size can be 
increased in the future to ensure the accuracy 
of the study; (3) the sample source is single and 
a multicenter study of the clinical application of 
3D laparoscopy is needed.

Conclusion

In conclusion, 3D laparoscopic ureteral stric-
ture resection plus ureter end anastomosis or 
3D laparoscopic ureteral bladder reimplanta-
tion for ureteral stricture is safe and effective 
without serious complications, and is worth 
promoting in clinical practice.
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