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Introduction: Three-dimensional (3D) reconstruction is a novel imaging technique widely
used to improve surgical operations. Some studies have identified its role in Urology for
percutaneous nephrolithotomy (PCNL).

Objective: To explore the potential benefits of 3D reconstruction technology in PCNL
for complex renal calculi treatment.

Methods: A retrospective study involving 139 patients with complex kidney stones
who underwent PCNL was conducted between September 30, 2018, to September 30,
2019. Group A patients (72) underwent the 3D reconstruction technique before PCNL,
while group B (67) did not. The operation time, the duration of the hospital stay, the
puncture accuracy, the decrease in hemoglobin concentration, the stone clearance rate,
and the postoperative complications were noted and compared between the two groups.

Results: The initial stone clearance rates 2 weeks after PCNL were 81.9 and 64.2%
in groups A and B, respectively (P < 0.05). The first-time puncture success rates were
87.5 and 47.8 % in groups A and B, respectively (P < 0.05). Group A had a shorter
operation time than group B (62 vs. 79 min, P < 0.05). Besides, the 3D reconstructive
technique-assisted patients (91.7%) had no or mild complications, compared with
(74.6%) group B patients. There was no significant difference in hemoglobin decline and
hospital stay between the two groups.

Conclusions: The 3D reconstruction technology is an effective adjunct to PCNL in the
complex renal calculi treatment.

Keywords: complex kidney calculi, efficacy, percutaneous nephrolithotomy, three-dimensional reconstruction,
computed tomography

INTRODUCTION

Renal stone disease, such as nephrolithiasis or urolithiasis, is a common urinary disease. It has a
prevalence rate of 1-5% in Asia (1), and the rates tend to increase. Currently, about 5.8% of adults
have renal calculi in China (2). Metabolic bone disease (MBD), chronic kidney disease (CKD), and
end-stage renal disease (ESRD) are associated with renal stone disease (3).
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Percutaneous nephrolithotomy (PCNL) has been the standard
treatment for complex renal stones since 1955 (4, 5). PCNL
improves the stone-free rate (6-8). Localization and accurate
puncture are essential to PCNL and directly impact the success
of the surgery (9, 10). Real-time ultrasound localization is
commonly used in clinical practice. However, it is difficult to
accurately select the puncture path using the two-dimensional
intraoperative ultrasound or X-ray images to treat complex
renal calculi, such as calculus in kidney with congenital
anomaly and staghorn stones. The shape and the actual calculi
position are indistinct, increasing the risk of extra injuries
during the operation. Therefore, such operations have higher
complication risks (11). In recent years, three-dimensional (3D)
CT reconstruction has been used to reduce the rate of surgical
concomitant injury and maximize operation accuracy. Moreover,
this technique is common in liver operations (12) and is rarely
reported in kidney operations. Enhanced CT was often used for
3D reconstruction before PCNL in earlier years. Previous studies
indicated that preoperative planning of complex stone situations
with 3D-CT had a significant impact on operative procedure,
resulting in a low number of access punctures (13, 14). Our
research aims to use the non-contrast CT which reduces the
impact of the contrast agent on the patient’s body and reduces the
economic pressure of the patient to perform 3D reconstruction.

In this study, the auxiliary effects of the 3D reconstructive
technique on the PCNL were retrospectively investigated. This
study can help assess the feasibility and applicable value of the
3D reconstruction technique to treat complex renal stones.

MATERIALS AND METHODS

Patients

The Ethics Committee of the Affiliated Yantai Yuhuangding
Hospital of Qingdao University (Yantai, Shandong) approved this
study (Approval NO. [2018]71). Each patient who underwent
the 3D reconstruction signed the informed consent form. Our
study is a retrospective study and it was reported according to
STROBE Statement. Patients with solitary kidney and a history
of open-stone surgery were excluded. A total of 139 patients with
complex renal stones were included in this study. The patients
were treated via the PCNL between September 30, 2018, to
September 30, 2019, and we have de-identified all patient details.
Partial or complete staghorn calculi, renal calculi with renal
calyx neck stenosis or dilation, and renal calculi with abnormal
kidney anatomy defined the complex renal calculi. The financial
situation, personal wishes, and other factors determined if 3D
reconstruction technique was used in patients or not. Therefore,
the participants were divided into two groups (A and B) based on
whether or not 3D reconstruction was used.

Approach

A senior surgeon who accomplished the PCNL over 200
cases conducted all operations. Before the surgical operation,
several tests were conducted on the 139 participants, including
blood analysis, urine culture, urine analysis, kidney function,
and coagulation profile. Imaging examination involving
ultrasonography and CT scan was used to determine the stone

characteristics. Patients in both groups were received non-
contrast CT scan before operation, the radiation dose required
to perform 3D reconstruction is ~10 mSv, which is consistent
with the dose required for standard preoperative evaluation.
Ultrasound-guidance were used intraoperatively to located renal
stones. The demographic data of each patient, including age,
sex, and body mass index (BMI) were recorded. Clinical indices,
such as stone characteristics (stone size, stone type, and stone
side), were collected. Besides, the preoperative hydronephrosis
perioperative indices, including the operation time, first-time
success rate, time to successful puncture, and the change in
hemoglobin concentration, were recorded. Postoperative indices
recorded, included the hospital stay duration, initial stone
clearance rate, final stone clearance rate, and classification of
complications were noted.

Stone size was measured at maximal diameter on non-
contrast computed tomography scan of the abdomen to reduce
measurement error. Each stone was measured three times by
three different radiologists and the mean value was taken. The
initial and final stone-free rates, were evaluated at 2 and 12
weeks post-operatively via the CT scan. Stone-free status was
defined as no residual stones in the kidneys or residual fragments
sized <3 mm. The modified Clavien grading system was used to
evaluate the complication.

PCNL Preparation

The 3D reconstructive technique (CAS; Hisense Technology,
Qingtao, CN) was used to thoroughly depict the stones in the
coronal, vertical, and transverse sections of patients who received
3D reconstruction. The 3D reconstructive CT scans clearly
showed the stone’s contour indicating the precise calculi location
compared to the traditional CT scans (Figure 1). Furthermore,
the 3D reconstructive technique showed the relationship between
stone, kidney, and collection system (Figure2), enabling
surgeons to evaluate kidney stones from various angles and
providing more information on anatomical structures.

Statistical Analysis

SPSS 25 software was used for all statistical analysis. All
continuous variables were represented as the median and
interquartile range (IQR) and categorical variables as the number
of cases (no) and percentage (%). The Pearson x2 correlation
was used to analyze the significance between categorical variables.
Besides, the Mann-Whitney U test was used to compare the
significance of continuous data. Statistical significance was set at
p <0.05.

RESULTS

Patient Characteristics

A total of 139 patients successfully underwent PCNL. Group A
patients (72) received the 3D reconstruction technique, while
group B (67) did not. The median ages were 57 and 59 years in
groups A and B, respectively (P = 0.16). Males were 70.8 and
61.2% in group A and B, respectively (P = 0.89). The median
stone size was not significantly different between the two groups
[3.3cm (IQR 2.6-5.2cm) and 2.9 cm (IQR 2.5-3.7 cm) in groups
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FIGURE 1 | Reconstructed models of two complex renal calculi cases. (A) A staghorn stone (red arrow) located in the right kidney; red indicates artery, blue shows
vein, and yellow indicates stone. (B) Multiple renal calculi (red arrow) complicated with ureteral calculi (red arrow); green shows renal pelvis and ureter.

A and B, respectively] (P = 0.43). Furthermore, eight patients
had partial staghorn calculi, and 17 had complete staghorn
calculi in group A. Nine and 14 patients, respectively had partial
and complete staghorn in group B. There was no significant
difference in stone location (P = 0.24) and the preoperative
hydronephrosis between the two groups (P = 0.91). The detailed
patient characteristics are shown in Table 1.

Perioperative Data
No intraoperative complications occurred in all the patients, and
none required blood transfusion. The 3D reconstructive
technique-assisted ~comprehensive PCNL planning was
conducted. The puncture point and direction were planned
before PCNL. The median puncture time in group A was
significantly shorter than in group B (7.7 vs. 13.3 min, P = 0.02).
Additionally, most group A patients (87.5%, 63/72) successfully
penetrated the required calyx in a single attempt, significantly
higher than in group B (47.8%, 32/67), the differences were
statistically significant (P = 0.03). The operation time was
shorter in group A than group B [62min (IQR 39-131min)
vs. 79min (IQR 42-s 146 min)] (P = 0.01). The initial stone
clearance rates in group A were 81.9% (59/72) and 64.2% (43/67)
in group B (P = 0.01). The final stone clearance rates in group
A were 90.3% (65/72) and 83.6% (56/67) in group B (P = 0.01).
Five patients in group A underwent the second PCNL using
the same puncture channel, and two went through shock wave
lithotripsy, eight patients in group B underwent the second
PCNL and three through shock wave lithotripsy (Table 2).

The 3D reconstruction technique reduced the incidence of
postoperative complications. Most group A patients (91.7%,
66/72) had no (grade 0) or mild complications (grade I),

significantly higher than in group B (74.6%, 50/67). Grade
II complications occurred in both group A (n = 4) and
group B (n = 13). Four group B patients underwent
endoscopic invention for ureteric obstruction treatment (class III
complication). The decrease in hemoglobin concentration and
hospital stay duration was not significantly different between
the two groups (less in group A). Table 2 shows the detailed
perioperative data.

DISCUSSION

PCNL is the gold standard and the best surgical approach
for complex renal calculi treatment. Several multi-center
retrospective studies have shown that PCNL has a higher stone
clearance rate and less trauma than traditional surgery, PCNL is
recommended in the EUA guidelines as the treatment of staghorn
calculi, and in addition, PCNL is also the preferred option for
treating the larger stones in the lower pole (6, 15-17). However,
PCNL is technically challenging and prone to perioperative
complications, such as bleeding and damage to adjacent anatomy,
if an unsuccessful puncture or improper dilation occurs (6, 18).
Therefore, it is necessary to establish an appropriate working
route for PCNL to easily reach the target renal calyx without
damaging important blood vessels or adjacent tissues. Puncture
accuracy and stability, which is the most critical stage for the
operation, determine the appropriate route (19, 20). Therefore,
advanced imaging techniques are necessary for preoperative
preparation. PCNL has been conducted via IVU, renal tract
ultrasonography. Besides, El-Wahab et al. recently reported
that preoperative multislice CT is a safer, more accurate, and
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stone. (D) Posterior view of the puncture location, during PCNL.

FIGURE 2 | The difference between traditional CT scans, and 3D reconstructive CT scans. (A,B) The CT scan showing a staghorn stone (red arrow). (C) The front
view of reconstructive urinary system including calculi (red arrow), kidney, collective system, and blood vessels, hiding the ureter to better reveal the location of the

non-invasive imaging technique for mapping the pelvicalyceal
system than IVU (21). Nevertheless, 2D CT scans, ultrasound,
and X-ray can only provide two-dimensional, lower-resolution,
and incomplete critical anatomical structure images. These 2D
images result in a long time for preoperative preparation, and
increases the risk of operation and anesthesia. Furthermore, some
stones could be adjacent to tiny secluded intrarenal blood vessels
easily ignored and injured during surgery, causing hemorrhagic
shock after surgery. Therefore, a detailed preoperative imaging
examination is required to help surgeons choose the ideal
puncture scheme.

In recent years, the 3D reconstruction technique has attracted
a lot of attention. He et al. indicated that 3D reconstruction
technology is effective in preoperative assessment and operation
planning of hepatic alveolar echinococcosis (Hae) (22). Tiirk
et al,, via the international guidelines, reported that contrast-
enhancement studies, especially Computed Tomography, are
recommended before stone management since it enables the 3D
reconstruction of the collected system (17). Thiruchelvam et al.
showed that the modified multidetector computed tomographic
urography (CTU) technique could be used for patients with
complex pelvicalyceal anatomy but at increased radiation
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TABLE 1 | Demographic information of the patients.

Variable Group A Group B P-value
No. of patients 72 67
Age (years), median (IQR) 57 (31-68) 59 (44-70) 0.16
Male, n (%) 51 (70.8%) 41 (61.2%) 0.89
BMI (kg/m?), median (IQR) 23.38 (17-33)  24.16 (20-32) 0.11
Stone status
Stone size (cm), median 3.29 (2.6-5.2) 2.97 (2.56-3.7) 0.43
(IQR)
Partial staghorn stone, n (%) 19 (26.4%) 24 (35.8%) 0.76
Complete staghorn stone, 27 (37.5%) 29 (43.3%)
n (%)
Other type of complex renal 26 (36.1%) 14 (20.9%)
caleuli, n (%)
Location of stones 0.24
Left side, n (%) 31 (43.1%) 35 (562.2%)
Right side, n (%) 41 (56.9%) 32 (47.8%)
Preoperative hydronephrosis 0.91
No or mild level, n (%) 43 (59.7%) 51 (76.1%)
Middle or severe level, n (%) 29 (40.3%) 16 (23.9%)
BMI, body mass index.
TABLE 2 | The intra- and postoperative clinical outcome.
Group A Group B P-value
Accuracy of puncture
Time to successful puncture 7.7(3-14) 13.3 (6-28) 0.02
(min), median (IQR)
First-time success rate 87.5% (63/72) 47.8% (32/67) 0.03
Operative outcome
Operating time (min), median 62 (39-131) 79 (42-146) 0.01
(IQR)
Decrease in hemoglobin 12.5 (7-32) 14.7 (8-34) 0.09
(9/L), median (IQR)
Initial stone clearance rate 81.9% (59/72) 64.2% (43/67) 0.01
Final stone clearance rate 90.3% (65/72) 83.6% (56/67) 0.02
Length of hospital stays 6 (3-13) 7 (3-14) 0.14
(day), median (IQR)
Classification of complications 0.03
Grade 0, n (%) 55 (76.4%) 34 (50.7%)
Grade I, n (%) 11 (15.3%) 16 (23.9%)
Grade Il, n (%) 4 (5.6%) 13 (19.4%)
More than grade Il, n (%) 2 (2.7%) 4 (6.0%)

exposure cost (23). Furthermore, the CTU is time-consuming,
expensive, not universally available, and is a radiological
technique with high radiation dose. Previous reports have shown
that 3D CT scan reconstruction is noninvasive, cost-effective with
high-quality 3D images of renal calculi (24-26). Therefore, 3D
reconstruction can significantly enhance PCNL.

In this study, group A patients (72) received the 3D
reconstructive technique. The operation time and the incidence
of postoperative complications were significantly reduced in
group A, indicating that 3D reconstruction may provide more

effective technical assistance in complex renal calculi treatment
requiring high precision puncture. The 3D reconstructive renal
stone images aided comprehensive PCNL planning. Therefore,
the renal calyx puncture was accurate, with the initial and final
stone clearance rates in groups A are higher than those of
group B. Additionally, the 3D reconstructive technique improved
the puncture accuracy as estimated via two markers (time to
successful puncture and the first-time success rate). The first-time
success rates were significantly different between the two groups.
Moreover, the 3D reconstructive technique aids the surgeon to
accurately select the target calyceal before surgery and formulate
an exact puncture angle and needle depth, reducing the time
required for a puncture (Table 2).

Group A patients had advanced 3D reconstruction images
before the operation, while those in group B had CT KUB.
Tailly et al. reported that advanced techniques such as 3D
reconstruction technology provide no added value compared to
simple manual measurements of stone burden with respect to
stone-free status. Nevertheless, Tailly et al. indicated that 3D
reformatting of CT images could provide a more accurate stone
burden measure than one or two-dimensional measures and
valuable information for PCNL planning (27), consistent with the
study results.

A decrease in hemoglobin after PCNL is common. Recently,
several clinical studies have shown that the occurrence of blood
transfusions caused by PCNL varies widely, from 1 to 5% (28-30).
Previous studies showed that 1-12% require a blood transfusion
after PCNL (31, 32). Several recent studies have demonstrated
that the blood transfusion rate is <2.5% (33), and only 3%
of patients experience severe bleeding with symptoms, such
as hypotension, shock, or renal insufficiency (34, 35). In this
study, while the length of hospital stays and the hemoglobin
decrease was less in group A than in group B, the difference
was not statistically significant. Therefore, it is necessary to use
a large study to verify if the differences between the groups are
substantial. The reduced operation time caused by the experience
and specialization of the surgical team also affects the incidence
of complications.

The 3D reconstructive CT scans of renal stones provide
more information on the overall operation planning, thus
improving the success rate and safety of PCNL. This study
demonstrates the effectiveness of using 3D reconstruction
techniques in patients with kidney stones with renal anatomical
structure variation and all complex kidney stones, to choose
the optimal percutaneous approach to reduce the operation
time and improve safety. Although this technique does not
amend the standard patient position, it is cost-effective and
can significantly improve preoperative understanding of stone
location, size, shape, and orientation via the 3D models
compared to CT alone. Notably, the 3D viewing of the
anatomy significantly improved preoperative understanding of
the optimal calyx of entry. Furthermore, the 3D reconstruction
technique improved patients’ knowledge of stone disease and
reduced their preoperative anxiety. Importantly, a 3D renal stone
database can be developed to train urologist residents in PCNL
due to the increased 3D images of complicated renal calculi
reconstructed using this new method.
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However, this study has some limitations. The nature of
retrospective design and analysis was the major limitation. This
research was non-randomized. The study also used limited cases
from a single medical center, thus the statistical analysis of
data could be biased. Background differences cannot be fully
controlled and can affect results.

Further larger and longer-term studies are required
to investigate surgical outcomes. Nevertheless, 3D
reconstruction can be novel and effective in managing
complex renal stones. In this experiment, 3D reconstruction
has been shown to shorten the operation time,
improve the stone-free rate, improve the success rate
of puncture, and the first puncture and reduce the
puncture time.

CONCLUSION

The 3D reconstructive technique can help obtain comprehensive
information before PCNL. Besides, it provides technical
feasibility for the comprehensive planning of patients
with complex kidney stones. It can minimize the risks
associated with the operation and improve the stone
clearance rate. Therefore, 3D reconstruction technology
can be used before PCNL to obtain easy, direct, and safe
access, improve stone clearance, and reduce complication rates.
However, large, well-conducted studies are needed to verify
these results.
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