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Background: Ureteropelvic junction obstruction (UPJO) caused by crossing vessels is a common upper 
urinary tract abnormal development in which the vessels compress the upper segment of the ureter leading 
to different grades of hydronephrosis. Compared with routine computed tomography (CT) examination, 
three-dimensional visualization technology (3DVT) can help surgeons better understand the anatomical 
structure of the target surgical area. The aim of this study was to investigate the clinical value of 3DVT for 
the diagnosis, preoperative surgical planning, perioperative outcomes, and patient education of UPJO caused 
by crossing vessels.
Methods: In this study, we retrospectively analyzed the clinical data of 28 patients who were admitted to 
the Department of Urology in Xiangya Hospital between January 2016 and December 2021 presenting 
with UPJO caused by crossing vessel compression. Among the 28 patients included, 13 patients underwent 
preoperative 3DVT and 15 patients underwent routine computed tomography (CT) scans. After the initial 
evaluation, all patients received standardized dismembered LP. The 2 groups of patients were compared in 
terms of demographic parameters, intraoperative data, and perioperative results. After surgery, all patients 
were asked to complete a Likert scale questionnaire to gain insight into their understanding of the disease 
and surgery, as well as their satisfaction with the use of different imaging techniques.
Results: There were no statistically significant differences in age, gender, body mass index (BMI), side of 
obstruction, blood vessel compressing the ureteropelvic junction (UPJ), mean duration of hospitalization, 
and surgical efficacy between the 2 groups. However, the 3DVT group experienced a significant reduction 
in operation duration (120.8±7.0 versus 144.0±7.9 min, P=0.039), time required for dismemberment of the 
UPJ (14.8±1.7 versus 24.0±2.2 min, P=0.004), and the amount of intraoperative blood loss (60.8±10.5 versus 
95.3±11.9 mL, P=0.041). The 3DVT group was also notably superior to the conventional CT group in terms 
of the overall levels of patient satisfaction and understanding of the disease and surgery.
Conclusions: 3DVT is a helpful preoperative examination tool which can clearly show the anatomical 
relationship between crossing vessels and the UPJ. In addition, 3DVT can also help patients better 
understand their conditions and surgical plans, thereby improving patient satisfaction. 
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Introduction

Ureteropelvic junction obstruction (UPJO) is a relatively 
common disease of the urinary system and is one of the 
common causes of hydronephrosis, with an overall incidence 
of approximately 67 cases per 100,000 adults each year  
(1-3). UPJO may also cause chronic infections or urolithiasis 
and can result in progressive deterioration of renal function 
(2,4). Vascular compression is a common cause of UPJO. 
UPJO caused by crossing vessel compression accounts for 
10–28.1% of adult primary UPJO (5,6). Crossing vessels 
can produce mechanical compression or traction at the 
ureteropelvic junction (UPJ), causing obstruction and 
deformation of the local ureter which leads to poor drainage 
of urine, hydronephrosis, and renal dysfunction (7). 

The crossing blood vessels compressing the UPJ are 
mainly composed of crossing renal vessels (also known 
as aberrant renal vessels), including crossing renal 
arteries and crossing renal veins (8). The crossing renal 
vessels are usually located at the ventral side of the UPJ 
and enter the kidney without passing through the renal 
hilum. Additionally, some of the crossing blood vessels 
directly enter the lower pole of the kidney (5). Since the 
UPJ is usually rich in blood vessels, especially in the case 
of crossing vessel compression, accurate preoperative 
assessment and understanding of  the anatomical 
relationships at the UPJ are important factors in reducing 
surgical risk and difficulty, thereby reducing the incidence 
of postoperative complications.

Laparoscopic pyeloplasty (LP) is currently the preferred 
treatment option for UPJO, including UPJO caused by 
crossing vessel compression. This is due to its advantages 
of intraoperative visualization, reduced blood loss, fewer 
postoperative complications, faster recovery, and better 
cosmetic effect (1). Computed tomography (CT), especially 
CT-based vascular reconstruction, can help surgeons to 
preliminarily observe the relationship between the UPJ and 
peripheral structures before surgery (9). However, image 
reconstruction using traditional CT is often unsatisfactory 
because of the complex structure around UPJ. Based on CT 
or magnetic resonance imaging (MRI), three-dimensional 
visualization technology (3DVT) is an emerging technology 
developed in recent years that allows a visual display of the 
anatomical relationships surrounding the surgical area on 
computers or mobile applications after 3D reconstruction 
using software (10-12). This technique can help surgeons 
better understand the anatomical structure of the target 
surgical area before surgery for early planning, and it can 
also help patients better understand their conditions (13,14).

At present, there is no literature showing 3DVT to be 
superior to conventional CT during LP for UPJO caused by 
crossing vessel. In this study, we evaluated the perioperative 
results following application of 3DVT in LP compared 
with those following conventional CT. We also evaluated 
whether this technique can improve the understanding of 
the disease and surgery among patients with UPJO caused 
by crossing vessel compression, as well as their levels of 
satisfaction. We present the following article in accordance 
with the STROBE reporting checklist (available at https://
tau.amegroups.com/article/view/10.21037/tau-22-695/rc).

Methods

Study design

This study included 132 adult patients who were 
diagnosed with UPJO using CT scans and were admitted 
to Xiangya Hospital of Central South University to 
undergo LP between January 2016 and December 2021. 
Abdominal CT examination was completed because of 
waist pain or hydronephrosis found by B-ultrasound. 
Among the 132 included patients, 63 patients underwent 
preoperative 3DVT followed by laparoscopic surgery, and 
69 patients underwent conventional CT scans followed 
by laparoscopic surgery. Among 132 UPJO patients,  
28 patients were diagnosed as UPJO caused by crossing 
vessel compression after operation. The clinical data of  
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28 patients postoperatively diagnosed with UPJO caused by 
crossing vessel compression were retrospectively analyzed, 
including 13 patients undergoing preoperative 3DVT and 
15 patients undergoing conventional CT scans (Figure 1). 
The study inclusion criteria were as follows: adult patients, 
unilateral UPJO, no other treatment prior to this surgery, 
diagnosis confirmed on intraoperative and postoperative 
pathology, and ≥6 months of postoperative follow-up. This 
study was approved by the Ethics Committee of Xiangya 
Hospital of Central South University (No. 202103503) 
and informed consent was obtained from all individual 
participants. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013).

3DVT

CT scans were performed with a 64-row spiral CT scanner 
at 5-mm intervals, and contrast-enhanced CT scans were 
acquired in the cortical, medullary, and excretory phases. 
All image data from CT scans were transmitted in Digital 
Imaging and Communications in Medicine format for 

segmentation and reconstruction before the medical image 
3D visualization system (Yorktal, China) was used to 
generate 3D images. After the modeling data were imported 
for reconstruction, surgeons could use the E3D cloud-
based digital health platform to observe the anatomical 
relationships surrounding the UPJ on a phone or computer. 
The kidneys, ureters, local arteries, and local veins in the 
images were marked with different colors (Figure 2). With 
the help of this system, surgeons could rotate, amplify, 
or delete the anatomical structures in the surgical area or 
make some of the structures transparent to better visualize 
the anatomical relationship between the UPJ and the 
compressing blood vessel before surgery.

Response evaluation criteria

On the day before surgery, the researcher used CT 
images and 3D visualization models to explain the disease 
condition and surgical regimen to patients. After surgery, 
a survey containing 5 questions on a 10-point Likert scale  
(Appendix 1) was administered to the patients with the 

Screening adult UPJO (n=132)

3DVT (n=63) CT (n=69)

Caused by crossing 

vessels (n=13)

Caused by crossing 

vessels (n=15)

Communication

Operation
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and retrospective analysis

UPJO caused by 

crossing vessels (n=13)

UPJO caused by 

crossing vessels (n=15)

Diagnosed Diagnosed

Figure 1 The flow chart of this study. 3DVT, three-dimensional visualization technology; UPJO, ureteropelvic junction obstruction; CT, 
computed tomography.
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consent of the patients and their family members to evaluate 
their understanding of the disease and surgical regimens as 
well as their satisfaction levels. 

Surgery, pathological examination, and follow-up

All 28 patients underwent LP, during which ureteral 
stricture at the level of the UPJ and localized compression 
of the UPJ by crossing blood vessels were observed. 
Laparoscopic Anderson-Hynes UPJ-dismembered 
pyeloplasty via the transabdominal approach was performed 
for all patients, and crossing blood vessels were retained 
for dorsal-side anastomotic reconstruction. Postoperative 
pathological examinations suggested chronic inflammatory 

changes at the UPJ in all patients. Patient follow-up was 
performed at 3 and 6 months post-surgery, and then 
annually. During follow-up visits, assessment of clinical 
symptoms, serological tests of renal function, renal 
ultrasound, and intravenous pyelography (IVP) or CT scans 
were performed. The criteria for surgical success included 
relief of subjective pain and improvement or stabilization of 
renal function and hydronephrosis.

Statistical analysis

SPSS 26.0 software was used for statistical analysis. 
Qualitative variables were analyzed using Fisher’s exact test, 
and quantitative variables were compared using Student’s 

Figure 2 3DVT model of the urinary system based on CT. (A) CT transverse scan; (B) CT coronal scan; (C) CT median sagittal scan; (D) 
3DVT model of the urinary system and vessels (view from the front); (E) 3DVT model of the urinary system and vessels (veins removed); 
(F) 3DVT model of the urinary system and vessels (view from behind). 3DVT, three-dimensional visualization technology; CT, computed 
tomography.
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t-test after being tested for normality with Levene’s test. All 
tests were two-sided, and P<0.05 was considered statistically 
significant. 

Results

Patients and surgical outcomes

The 2 groups of patients were comparable in gender 
(5/8 versus 9/6, P=0.449), age (32.3±3.7 years versus  
34.1±2.8 years, P=0.705), and body mass index (BMI) 
(22.9±0.6 versus 22.4±0.4 kg/m2, P=0.515), with no 
statistically significant inter-group differences in these 
indicators (Table 1). All 28 patients underwent successful 
surgery without intraoperative conversion to open surgery, 
and none of the patients experienced postoperative bleeding 
or urine leakage. There were no statistically significant 
inter-group differences in the affected side and the type 
and location of the blood vessels compressing the UPJ 
(Table 2). We found that compression of the UPJ by a 
single crossing artery or double compression by both a 
crossing artery and a crossing vein was most common, 
and compression by only 1 vein was the least common. 
The site of compression was mostly at the anterior side of 
the UPJ. Only 1 patient experienced compression at the 
posterior side of the UPJ. The results of this study showed 
that the 3DVT group experienced a reduction in operation 
duration (120.8±7.0 versus 144.0±7.9 min, P=0.039), time 

required for dismembering the UPJ (14.8±1.7 versus  
24.0±2.2 min, P=0.004), and amount of intraoperative 
blood loss (60.8±10.5 versus 95.3±11.9 mL, P=0.041) 
compared with the CT group. The inter-group differences 
in the mean hospital stay and surgical success rate were not 
significant (Table 3). 

Patient understanding of the disease and surgery, and 
satisfaction level 

A total of 28 patients with a mean age of 33.3 years 
participated in this study, and all patients who completed 
the questionnaire had obtained at least a high school 
diploma. The results of the Likert scale questionnaire 
suggested that patients in the 3DVT group had a better 
understanding of “pathology”, “anatomy”, and “surgical 
plans” than those in the conventional CT group based on 
scale scores. Overall patient satisfaction in the 3DVT group 
was significantly higher than that in the conventional CT 
group (Table 4). Patients generally believed that the 3DVT 
model could help them gain a clear understanding of the 
etiology of UPJO caused by crossing vessel compression 
and the surgical regimens of the physician.

Discussion

UPJO has a variety of causes, including abnormal 

Table 1 Patient demographic characteristics

Characteristics 3DVT CT P value

Gender (male/female) 5/8 9/6 0.449

Age (years) 32.3±3.7 34.1±2.8 0.705

BMI (kg/m2) 22.9±0.6 22.4±0.4 0.515

Continuous variables were presented as mean ± standard deviation. 3DVT, three-dimensional visualization technology; CT, computed 
tomography; BMI, body mass index. 

Table 2 Crossing vessel characteristics

Characteristics 3DVT CT P value

Total vessels (n) 17 21

Laterality (left/right) 7/6 8/7 1.000

Vessel type (artery/vein/artery and vein) 6/3/4 7/2/6 0.765

Vessel location (anterior/posterior) 13/0 14/1 1.000 

3DVT, three-dimensional visualization technology; CT, computed tomography.
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development of muscle fibers at the UPJ, high insertion 
of the ureter, valves at the UPJ, compression of the UPJ 
by the surrounding crossing vessels, and fibrous cords and 
stricture caused by lithiasis, tumors, and inflammation 
(15,16). Crossing vessel compression is a common cause of 
UPJO and is mostly related to congenital development (17). 
At present, UPJO caused by crossing vessel compression is 
mainly diagnosed by CT and MRI (18). MRI can provide 
high sensitivity, specificity, and accuracy in the diagnosis 
of UPJO caused by crossing vessel compression (19). 
However, the longer time required for MRI scans leads to a 
lower spatial and temporal resolution than that of computed 
tomography angiography (CTA). Furthermore, the poor 
visualization of vessels <2 mm in diameter has restricted 
the wider application of MRI. CT scans can offer high 
spatial and temporal resolution but may not be completely 
accurate in visualizing the anatomical relationship between 
the surrounding crossing vessels and the UPJ. Mitterberger 
et al. reported an accuracy of approximately 93% (18). 
Of these 132 UPJO patients, the artery compressing the 
UPJ was not effectively detected by preoperative CT in 1 
patient, and the radiologist failed to accurately capture that 
blood vessel, possibly because of its small diameter. 

Nakada et al. found that the presence of crossing vessels 
lowered the success rate of endoluminal pyelotomy from 
92% to 64% and significantly increased the incidence of 
postoperative bleeding and other complications (20). Most 
crossing vessels are located at the anterior side of the UPJ, 
and crossing vessels located at the posterior side are less 
commonly seen. Leavitt et al. found that the location of 
the crossing vessel relative to the UPJ varied and included 
anterior (25.8%), anterolateral (36.8%), medial (14.6%), 
anteromedial (2.5%), lateral (12.9%), and posterior  
(7.4%) (8). The UPJ is mostly compressed by arteries, veins, 
or both arteries and veins. Mitterberger et al. found that of 
44 cases with UPJO caused by crossing vessel compression, 
44 of the UPJ-compressing blood vessels were arteries, 
4 were veins, and 32 were both arteries and veins (18). 
Among the 28 patients with UPJO caused by crossing vessel 
compression in this study, artery compression was the most 
common, followed by artery and vein double compression, 
and then vein compression.

Proper management of crossing blood vessels has always 
been a difficult challenge in pyeloplasty, and blind ligation 
of crossing blood vessels might lead to partial renal ischemia 
and consequent renal hypertension (21,22). Ellerkamp  

Table 3 Intraoperative and postoperative outcomes

Parameters 3DVT CT P value

Operating time (min) 120.8±7.0 144.0±7.9 0.039

Time of dissociating UPJ (min) 14.8±1.7 24.0±2.2 0.004

Estimated blood loss (mL) 60.8±10.5 95.3±11.9 0.041

Mean hospital stay (days) 6.5±0.2 6.7±0.3 0.481

Success rate 100% 100% 1.000

Continuous variables were presented as mean ± standard deviation. UPJ, ureteropelvic junction; 3DVT, three-dimensional visualization 
technology; CT, computed tomography. 

Table 4 Patient understanding of the disease and surgery, and satisfaction level

Questions 3DVT CT P value

Understand the cause of UPJO 8.4±0.3 6.2±0.3 <0.001

Understand the anatomy of UPJ 7.3±0.3 5.6±0.3 0.001

Feel safe performing surgery 8.1±0.2 7.9±0.2 0.668

Understand the surgical plan 7.5±0.2 6.7± 0.2 0.020

Overall satisfaction 8.7±0.2 7.7±0.2 0.002

Continuous variables were presented as mean ± standard deviation. UPJO, ureteropelvic junction obstruction; 3DVT, three-dimensional 
visualization technology; CT, computed tomography. 
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et al. found ureteral compression is usually accompanied 
by dysplasia or altered kinetics at the compressed ureteral 
segment, so the affected segment should be resected (5). 
In this study, we performed UPJ-dismembered pyeloplasty 
for all 28 patients and retained crossing blood vessels for 
dorsal-side anastomotic reconstruction. The results of long-
term follow-up demonstrated high surgical success rates and 
good therapeutic efficacy.

Our study revealed that 3DVT facilitates not only the 
diagnosis of UPJO caused by crossing vessel compression 
but also preoperative evaluation. Preoperative 3DVT 
can provide detailed insight into the anatomical types 
and variations of renal arteries and veins, the presence 
of crossing vessels surrounding the UPJ, and the precise 
anatomical relationship between the crossing vessels and 
the UPJ. This understanding plays an important role in 
the selection of a surgical regimen, the improvement of 
the surgical success rate, and the reduction of surgical 
complications. Thirteen patients in the 3DVT group were 
preoperatively diagnosed with crossing vessel compression, 
a l l  o f  which were  cons i s tent  wi th  postoperat ive 
confirmation. The results of this study showed that 3DVT 
can reduce the total operation duration, the time required 
for UPJ dismemberment, and the amount of intraoperative 
blood loss compared with conventional CT, and these 
factors are closely associated with accurate preoperative 
evaluation and surgical planning. 

Perioperative communication with patients is also a 
crucial component of surgical care. Previous studies found 
that 3D technologies can improve patient understanding 
of spinal (14), cardiac (23), sinus (24), and kidney (25) 
surgeries, as well as their levels of subjective satisfaction. 
However, the significance and role of 3D technologies in 
the education of UPJO patients have yet to be studied. This 
study is the first to suggest that 3DVT can improve patients’ 
understanding of the anatomy and physiology of UPJO, 
their disease conditions, and surgical plans. Individualized 
3DVT may also improve the levels of subjective patient 
satisfaction. 

However, the following limitations remain: (I) the 
study was retrospective and subject to recall bias; (II) the 
sample size was insufficient, and long-term follow-up of 
large samples is required; and (III) only adult patients 
were included in this study; hence, the effect of 3DVT on 
pediatric patients with UPJO caused by crossing vessel 
compression remains unclear.

Conclusions

In summary, 3DVT serves as an effective tool in pre-LP 
evaluation for UPJO caused by crossing vessel compression. 
It can accurately display the relationship between crossing 
blood vessels and the UPJ, helping surgeons to understand 
the anatomical structure of the target surgical area. This 
provides references for the planning of surgical strategies, 
helps reduce the operation duration and amount of 
intraoperative blood loss, and improves patient knowledge 
and satisfaction.
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