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Background: The aim of this study was to evaluate the effectiveness and safety of real-time surgical
navigation by three-dimensional (3D) virtual reconstruction models in robot-assisted laparoscopic
pyeloplasty (RALP).

Methods: Between November 2018 and January 2020, 38 patients with ureteropelvic junction obstruction
(UPJO) who underwent RALP were retrospectively enrolled. The operations were assisted in real time
by 3D models in 16 patients, while 22 patients underwent surgery without navigation. Based on whether
patients had a prior intervention history, crossing vessels or congenital deformities, we further divided
them into the “complicated UPJO” cohort and the “regular UPJO” cohort for subgroup analysis. The
demographic characteristics, intraoperative parameters, perioperative data and follow-up data were recorded
and compared between the groups.

Results: All of the procedures were successfully performed without open or laparoscopic conversion. The
mean dissection time to the UPJ was shorter in the navigation group than in the non-navigation group, both
in the whole cohort (15.3 vs. 24.8 min, P=0.011) and in the complicated cohort (15.4 vs. 27.5 min, P=0.004),
while there was no significant difference in the regular cohort. The overall operative time and estimated
blood loss in the navigation group tended to be less, although the difference was not statistically significant.
No difference in anastomosis time, postoperative hospital stay or complications was noted between the two
groups in either cohort. At a mean follow-up of 11.2 months, the overall success rate was 94.7% (36/38), and
there was no significant difference between the two groups.

Conclusions: Real-time navigation by 3D virtual reconstruction models might be helpful to improve
surgical efficiency and safety of RALP by facilitating the dissection around the UPJ, especially for cases of
complicated UPJO. However, the prospective study with larger sample size is further needed to confirm the

results.
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Introduction

Pyeloplasty has been the gold standard surgical
management of ureteropelvic junction obstruction (UPJO)
since its introduction (1). In recent years, laparoscopic
pyeloplasty (LP) and robot-assisted laparoscopic pyeloplasty
(RALP) have become first-line options with high success
rates, better cosmetic results, faster recovery and less
pain (2,3). In particular, the unique advantages of robotic
platforms, including three-dimensional (3D) visualization
and multidirectional EndoWrist systems, have greatly
facilitated the intracorporeal cutting and suturing to reduce
the operation difficulty (2,4).

In these cases, the most challenging surgical step might
be converted to the dissection around the ureteropelvic
junction (UPJ) rather than intracorporeal anastomosis in
RALP (5,6). The surrounding abnormal anatomy makes
it technically challenging even for experienced surgeons
to identify and dissect the UP]J, especially in complicated
scenarios, such as recurrent UPJO with dense fibrosis scars,
UPJO with concomitant congenital malformations and
UPJO with crossing vessels (7-9). Although the robotic
platforms have provided great advantages for pyeloplasty,
there remain unmet needs for the application of navigation
tools to locate the UPJ and further improve surgical
efficiency and safety.

Rapid developments in imaging technology, such as 3D
virtual reconstruction, 3D printing, and augmented reality
(AR), have provided new options for personalized surgical
management (10). The application of 3D reconstruction
in urology has been reported in various fields with
satisfactory results, such as in calculus disease, renal
neoplasms and prostate cancer (11-13). In our center, the
3D reconstruction has also been used for the management
of ureteral strictures, including diagnosis, patient education,
surgical planning, intraoperative navigation and outcomes
measurement. However, few published studies have focused
on this special field, and no study has evaluated its efficiency
as a surgical navigation tool in pyeloplasty by comparative
analysis.

To further improve the surgical efficiency and safety
of pyeloplasty, we reviewed our experience using the
3D virtual reconstruction model as a real-time surgical
navigation tool in RALP and evaluated its safety, feasibility
and effectiveness by comparing perioperative parameters
for the first time. We present the following article in
accordance with the STROBE reporting checklist (available
at http://dx.doi.org/10.21037/tau-20-1006).
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Methods
Study population

We retrospectively reviewed 38 patients who underwent
RALP for UPJO in our center between November 2018
and January 2020. RALP was performed in 16 patients
with real-time navigation by 3D models, while the other
22 patients underwent RALP without navigation. All of
the patients were treated in the same period by a single
experienced surgeon. Patient demographics, perioperative
variables, postoperative complications and follow-up data
were recorded and compared between the navigation and
non-navigation groups.

All patients were preoperatively diagnosed with UPJO based
on radiographic examinations, such as diuretic renography,
computerized tomography (CT), and intravenous or retrograde
pyelography. Indications for surgery included recurrent flank
pain, recurrent pyelonephritis, evident anatomic obstruction
based on images and deterioration of renal function. The
standardized dismembered pyeloplasty technique was used as
we previously reported (14), and all surgeries were performed
in a four-arm transperitoneal manner by the da Vinci Si robot
platform (Intuitive Surgical, Sunnyvale, CA, USA). Patients
were excluded from the analysis if the peri- or postoperative
data were missing. All procedures performed in this study were
in accordance with the Declaration of Helsinki (as revised
in 2013) and approved by the Ethics Committee of Peking
University First Hospital (approval number: 2020-283). Because
of the retrospective nature of the research, the requirement for
informed consent was waived.

Measurements and outcomes

The efficiency of the 3D model navigation was evaluated
by operative times, recorded as the overall operative time
(from skin incision until wound closure, excluding calculus
removal), dissection time to UP] (from the opening of
Gerota’s fascia until the exposure completion immediately
before pelvic incision) and anastomosis time (from the first
stitch to the completion of pyeloplasty anastomosis). Safety
was evaluated by the estimated blood loss and complications
(according to the Clavien-Dindo classification system) (15).
For further analysis, we defined secondary UPJO, the
appearance of crossing vessels in the dissection area, and
concomitant horseshoe kidney as the “complicated UPJO”
cohort in the current study. The patients not meeting any the
above criteria were categorized into the “regular UJPO” cohort.

Postoperative follow-up was performed at 3 and
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Figure 1 The 3D virtual reconstruction models. The models include semitransparent kidney (in reddish brown), collecting system (in

green), blood vessels (arteries in red and veins in blue) and potential calculus (in yellow). (A) The 3D model of one case with tangled crossing

vessels. (B) The 3D model of one case with failed prior intervention history. (C) The 3D model of one case with horseshoe kidney. 3D,

three-dimensional.

6 months and then annually. The follow-up examinations
included ultrasonography, retrograde pyelography,
renography and CT. Success criteria were the alleviation of
subjective pain, the improvement of hydronephrosis and the
stable or improved renal function.

3D virtual reconstruction and surgical navigation

Preoperative enhanced CT images were acquired by a
64 multidetector-row CT scanner (Philips, Best, The
Netherlands) with 0.5-mm step intervals. The data used
for the subsequent analysis were stored in the Digital
Imaging and Communications in Medicine (DICOM)
format. We used independently developed reconstruction
model processing software, IPS (Yorktal, Inc., Shenzhen,
Guangdong, China) to perform the 3D reconstruction. By
manual adjustments, 2D cross-sectional CT imaging in 3.0
DICOM format could be segmented and reconstructed
semiautomatically into a 3D virtual reconstruction
model using this software. The 3D surface-rendered
semitransparent renal parenchyma, collecting system,
local blood vessels, and potential calculus were included in
the formed models with different colors (Figure 1). Each
section of the reconstructed model allows for appearance/
disappearance, zooming in/out and rotation at any angle.
During surgery, the 3D model was imported inside the
robotic console and displayed alongside the surgical field.
According to the real-time surgical field images, surgeons

© Translational Andrology and Urology. All rights reserved.

can control the appearance/disappearance of the model,
while assistants can rotate and zoom it synchronously to
match the anatomical landmarks. Based on the 3D models,
the surgeons can have a comprehensive understanding
of the anatomic structures in operative region. Under its
guidance, the peri-UPJ dissection can be conducted in the
proper region and in a targeted spatial direction. It can help
surgeons access the UPJ in the shortest distance and avoid
the underlying injuries (Figure 2).

Statistical analysis

Statistical analysis was performed using SPSS 25.0 (IBM
Corporation, Armonk, NY, USA). Categorical variables
were presented as frequencies and percentages. Continuous
parametric variables were shown as the mean + standard
deviation and nonparametric variables were expressed as
median (interquartile range). The Fisher’s exact test was
used for the comparison between categorical variables,
while the Student #-test or Mann-Whitney U test was
performed for continuous variables. A two-sided P<0.05
defined statistical significance.

Results
Clinical characteristics of patients

A total of 38 patients, consisting of 21 males and 17 females,
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Figure 2 Intraoperative real-time navigation by the 3D models in RALP. (A) The navigation in one case with anterior crossing vessels.

Two anterior venae were indicated by yellow arrows both in the 3D model and the surgical field. The green arrow pointed out the proper

dissection area of the next step. The surgeon can access the UPJ directly without encountering any other structure as shown in 3D model. (B)

The navigation in a recurrent UJPO case. One anterior vena and one arteriole were indicated by yellow arrows both in the 3D model and

the surgical field. The green arrow pointed out the proper dissection area of the next step. (C) The navigation in one case with horseshoe

kidney. The lowest pole of abnormal pelvic was indicated by the yellow arrow and the potential location of UPJ was pointed out by the green

arrow. The quick localization of UPJ and confirmation of the absence of aberrant vessels greatly simplified the dissection step. 3D, three-

dimensional; RALP, robot-assisted laparoscopic pyeloplasty; UPJ, ureteropelvic junction; UJPO, ureteropelvic junction obstruction.

were enrolled in this study. The mean age of the patients was
32.5 years old. Twenty-one (55.3%) patients complained of
lateral flank pain, 3 (7.9%) patients presented with hematuria,
and 16 (42.1%) patients were asymptomatic. All patients
presented with moderate or severe hydronephrosis and were
diagnosed with UPJO, with 18 left-sided, 15 right-sided
and 5 bilateral cases. Six patients had prior interventions for
UPJO. Fifteen patients had crossing vessels in the dissection
area and 5 patients had horseshoe kidneys (1able 1).

Comparison between the navigation and the non-
navigation groups

Sixteen patients underwent RALP with the real-time
navigation by 3D models, while the other 22 patients
underwent regular RALP. All procedures were successfully
performed without open or laparoscopic conversion.
There were no significant differences between the two
groups in terms of age, BMI (body mass index), laterality,
previous intervention history, malformation or crossing
vessels. We found that the mean dissection time to the
UPJ in the navigation group was shorter than that in the
non-navigation group (15.3 vs. 24.8 min, P=0.011). There
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were no differences in overall operative time, anastomosis
time, estimated blood loss, postoperative hospital stay
or complications between the two groups. One major
postoperative complication (grade IIla) occurred in the non-
navigation group. This patient had urinary extravasation
postoperatively due to a misplaced DJ stent, which required
a second surgery for stent replacement (7able 2).

We further compared the intraoperative parameters and
perioperative outcomes in the “complicated UPJO” and
the “regular UPJO” cohorts. In the complicated UPJO
cohort, we found that the mean dissection time to the UPJ
was significantly shorter in the navigation group (15.4 vs.
27.5 min, P=0.004). Meanwhile, there were trends towards
a reduced overall operative time and estimated blood
loss in the navigation group of the complicated cohort,
although the difference was not statistically significant
(Table 3). Conversely, there was no significant difference in
the dissection time between the two groups in the regular
cohort (14.6 vs. 21.6 min, P=0.457) (data not shown).

Follow-up data
All 38 patients were followed up successfully. During the
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Table 1 Demographic and clinical data of all patients

Variable Value
Number of patients, n 38
Gender, n

Male 21

Female 17
Age, years, mean + SD 32.5+11.9
BMI, kg/m?, mean + SD 23.0+4.1
Chief complaints, n

Flank pain 21

Hematuria 3

Asymptomatic 16
Affected side, n

Left 18

Right 15

Bilateral 5
Concurrent complications, n

Crossing vessels 15

Calculi 14

Horseshoe kidney 5
Previous interventions for UPJO, n

Laparoscopic pyeloplasty 2

Balloon dilation 1

Ureteroureterostomy 2

Multiple interventions

Laparoscopic pyeloplasty plus balloon 1

dilation

BMI, body mass index; UPJO, ureteropelvic junction obstruction.

mean follow-up of 11.2 months, all of the patients had
stable or improved renal function and patent drainage
without obstruction. All patients with preoperative flank
pain experienced improvement, among whom 12 patients
(57.1%) experienced complete pain resolution. Thirty-
six patients (94.7%) who demonstrated no or mild
hydronephrosis were regarded as having hydronephrosis
improvement. Two patients in the non-navigation group
experienced persistent hydronephrosis, but they remained
asymptomatic and their renal function was stable. The
overall success rate was 94.7% (36/38), and there was no
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significant difference between the two groups (100% uvs.
90.9%, P=0.499).

Discussion

Anderson-Hynes dismembered pyeloplasty, which can resect
the stenotic or adynamic segment and reduce the enlarged
renal pelvis, can be applied in various scenarios (16).
It has exhibited a consistently high success rate since its
introduction (1). Following the development of better
instruments and skilled intracorporeal techniques,
laparoscopic and robot-assisted dismembered pyeloplasty
has demonstrated promising success rates and been widely
adopted because of the better cosmetic results, shorter
recovery time and reduced morbidity (2).

Currently, the most challenging surgical step of
pyeloplasty is no longer intracorporeal tailoring or
suturing because of the unique features provided by robotic
platforms, including 3D visualization, reduced tremor
interference and improved dexterity of the articulated
EndoWrist (2,17). In contrast, surgeons might encounter
the most individualized variation during exposure of the
UPJ (5). The changeable structures cause many urologists
to be instinctively cautious and easily lost, leading to
increased mental and physical fatigue, and a higher risk
of tissue injury. Receiving more accurate information on
the UPJ location and aberrant anatomic structures where
potential surgical injury is likely to occur is critical for UPJ
dissection.

Surgeons’ current understanding of peri-UPJ anatomy
is mainly based on preoperative CT images along with
intraoperative visualization. It is probably sufficient for
surgeons to create a mental image of the UP] location and
relevant vessels in simple scenarios. However, this approach
becomes less effective for cases of complicated UPJO with
abnormal anatomy, which cannot be displayed intuitively
on 2D cross-sectional images. Therefore, the development
of new navigation tools is indispensable to reduce surgical
difficulty and improve surgical safety and efficiency.

Advancements in image technology have allowed
surgeons to get detailed and case-specific perceptions of
the surgical anatomy, facilitating surgical planning, real-
time guidance, skill training and patient education (10).
3D printing models can be handled easily and have gained
increasing popularity in recent years (18). However,
the additional cost and preparation time have limited
its widespread application (19). AR can greatly enhance
intraoperative understanding by overlaying 3D images on
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Table 2 Clinical characteristics, perioperative data and follow-up data of the navigation and non-navigation groups

Variable Non-navigation group Navigation group P value
Number of patients, n 22 16

Age, years, mean = SD 30.6+8.6 35.2+15.3 0.242
BMI, kg/m®, mean + SD 22.2+4.5 24.0+3.4 0.169
Surgical side, left/right, n 10/12 9/7 0.743
Prior intervention history, n 4 2 0.688
Horseshoe kidney, n 1 4 0.141
Crossing vessels, n 7 8 0.324
Dissection time to the UPJ, min, mean + SD 24.8+13.1 15.3+6.2 0.011*
Overall operative time, min, mean = SD 132.1£31.7 128.2+46.9 0.763
Anastomosis time, min, mean + SD 41.6+11.0 42.0+10.8 0.909
Estimated blood loss, mL, median [IQR] 30 [20-50] 20 [10-50] 0.271
Postoperative hospital stay, days, median [IQR] 4.0 [4.0-5.3] 4.0 [4.0-5.0] 0.737
Postoperative complications, n 1 (Grade llla) 0 NA
Follow-up time, months, mean + SD 11.2+4.3 11.3+3.9 0.924
Success rate, % 90.9% (20/22) 100% (16/16) 0.499

*, P<0.05. BMI, body mass index; UPJ, ureteropelvic junction; SD, standard deviation; IQR, interquartile range; NA, not available.

Table 3 Clinical characteristics, perioperative data and follow-up data in the complicated UPJO cohort

Variable Non-navigation group Navigation group P value
Number of patients, n 12 13

Age, years, mean = SD 30.4+10.4 38.7+14.8 0.123
BMI, kg/m’, mean + SD 22.6+5.0 23.6+3.1 0.542
Surgical side, left/right, n 7/5 6/7 0.695
Prior intervention history, n 4 2 0.378
Horseshoe kidney, n 1 4 0.322
Crossing vessels, n 7 8 1.000
Dissection time to the UPJ, min, mean + SD 27.5+11.8 15.4+5.8 0.004*
Overall operative time, min, mean + SD 137.6+30.0 123.7+42.2 0.353
Anastomosis time, min, mean + SD 40.9+11.2 42.3+12.2 0.776
Estimated blood loss, mL, median [IQR] 25 [20-50] 20 [10-35] 0.098
Postoperative hospital stay, days, median [IQR] 4.0 [4.0-5.8] 4.0 [4.0-5.0] 0.650
Postoperative complications, n 1 (Grade llla) 0 NA
Follow-up time, months, mean + SD 11.7+4.5 11.8+3.7 0.951
Success rate, % 83.3% (10/12) 100% (13/13) 0.220

*, P<0.05. UPJO, ureteropelvic junction obstruction; BMI, body mass index; UPJ, ureteropelvic junction; SD, standard deviation; IQR,
interquartile range; NA, not available.
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the operative field. However, the automatic registration
is immature and manual superimposition is still required
in most cases, along with the requirement of complicated
devices, making it far from being available for daily use (10).
In contrast, 3D virtual reconstruction models obtained from
CT or MRI are relatively inexpensive and easily acquired
without obvious technical barriers, so they can be highly
accessible for most centers.

In urologic surgery, the 3D reconstruction has been
mainly implemented in the management of prostate and
kidney cancer (11,20,21), while quite limited exploration
in the urinary reconstruction area has been reported. He ez
al. described that CT angiography with 3D reconstruction
was reliable in the diagnosis of hydronephrosis caused by
aberrant renal vessels (22). Similarly, Wang er a/. reported
that the 3D-MR angiography had a high prediction rate of
83% for the crossing vessels (23). As for surgical simulation,
Cheung et al. reported that the 3D-printed model is a
promising tool in laparoscopic pyeloplasty, while Bendre
et al. demonstrated its role in robotic pyeloplasty (24,25).
However, there are still no available reports to date of the
real-time intraoperative navigation by 3D reconstruction
models in UPJO treatment.

For the first time, we used quantified methods to
investigate the efficiency of 3D virtual reconstruction
models for surgical navigation in pyeloplasty. We found that
3D model navigation could promote the efficiency of one
critical step: exposure of the UPJ. The dissection to the UPJ
in the navigation group took approximately one-third less of
the time that it took in the non-navigation group (P=0.011).
Although dissecting the ureter and renal pelvis only
accounts for a small proportion of the whole procedure, it
might be the most challenging step in the robotic era and
the step at which there remains room for improvement.
Under the navigation of 3D models, the surgeon can
clearly understand the UPJ location and predict potential
anatomic structures in the perirenal fat tissue or fibrosis
scar. Once intact exposure of the dilated pelvis and UPJO is
accomplished, the subsequent cutting and anastomosis steps
can be regarded as standardized procedures without much
variation (5).

The messy anatomical structures in some complicated
situations are much more difficult to manage, even for
experienced surgeons. Baek (5) found that the exposure
time of the UPJ] was 86.4% longer for reperformed cases
than primary cases and blamed it on scar formation
after the previous intervention. The scar formation and
neovascularization in secondary UPJO might lead to an
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extended operative time and increased estimated blood loss, as
confirmed by other studies (8,26-28). Besides, the concomitant
crossing vessels can lead to complications if incautious
isolation is conducted and vessel injury occurs (16). Although
the percentage of vessel injury is quite low, less than 2.5%
according to a previous report (29), careful identification
and meticulous dissection of the vessel are time consuming
and raise high technical requirements (7). In addition,
congenital malformations, such as horseshoe kidneys,
have quite different anatomic structures and adjacency
relationships. They are also prone to have crossing vessels
due to the anomalous blood supply (30).

By subgroup analysis, we found that 3D model navigation
might be more helpful in complicated situations, saving
almost half the time of UP] dissection (P=0.004). The more
accurate and real-time intraoperative information might
be the reason for the favorable outcomes. Interestingly, no
obvious improvement of the dissection step was observed in
the regular cohort. One likely explanation was that all of the
surgeries were performed by an experienced surgeon who
has performed more than 200 laparoscopic or robot-assisted
pyeloplasty procedures. We believe that there is no need for
experienced surgeons to use 3D navigation in simple cases.
However, it might still be helpful for beginners because
of the complexity and relatively steep learning curve of
pyeloplasty.

Furthermore, no intraoperative complication occurred
and there was no difference in the estimated blood loss or
postoperative complications between the navigation and
non-navigation groups, indicating that the 3D models can
be a safe tool for surgical navigation. Besides, the navigation
group showed a trend towards a less estimated blood loss,
although the difference was not statistically significant,
which might be partially due to the relatively small
sample size. A future larger cohort is needed to confirm
the protective effect of 3D navigation on vessel or tissue
injuries. Notably, the success rates were 90.9% and 100%
in the navigation and non-navigation groups, respectively,
which were comparable or even better than those in
previous RALP reports (3,6). These results demonstrate
that RALP is feasible and effective and that the greatest
benefit of 3D navigation might lie in improving the surgical
efficiency and safety, especially for complicated UPJO.

There are several limitations of our study. It was a
retrospective and single-center study, which might have
resulted in selection bias. Additionally, the sample size of
this study was small, which might affect the stability of our
findings. Therefore, a prospective and randomized study
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with a larger sample size is required to further validate
our results. Moreover, all of the surgeries in our study
were performed by an experienced surgeon, and further
evaluation should also be conducted in inexperienced
beginners.

Conclusions

Based on these initial results, we presume that the observed
improvement of dissection step was probably resulted
from the application of real-time navigation by 3D virtual
reconstruction models. It might be helpful to reduce the
difficulty of this critical step, dissection around the UP],
and improve surgical efficiency and safety, especially
for complicated cases of UPJO in RALP. However, a
prospective and randomized study with larger sample size is
warranted to better delineate the role of this navigation tool
in the treatment of UPJO.
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