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Introduction

Endoscopic combined intrarenal surgery (ECIRS) combines 
flexible ureteroscopic lithotripsy (fURS) and percutaneous 
nephrolithotomy (PCNL). Although it yields a high stone-

free rate (SFR) (1,2) severe complications, such as urinary 

injury and bleeding, can often occur (3-6). Gaining renal 

access is the most critical step for effective and safe PCNL 

or ECIRS. However, complications often occur during the 
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creation of the percutaneous tract. Advances in available 
equipment have produced minimally invasive percutaneous 
tracts, which reduce the risk of complications (7-10). We 
have previously reported surgical techniques for preventing 
complications in ECIRS using a thin needle (22 gauge), 
which under ultrasound (US) and ureteroscopic lithotripsy 
(URS) guidance, helped suppress bleeding (11). We have 
also reported that the use of real-time virtual sonography 
is effective and is associated with a lower incidence of 
bleeding-related complications (12).

Although these technical improvements have been 
beneficial in reducing complications, some risks of bleeding 
and urinary injury remain. Procedures that could cause 
complications when creating a tract include inserting the 
main tract after guidewire placement and placing a safety 
(second) guidewire. The current one-shot dilation method 
has been reported to be convenient and safe but requires 
experience (13-15). Furthermore, insertion of the safety 
guidewire requires removal and re-insertion of the tract, 
increasing the risk of complications, particularly when less-
experienced doctors perform the procedure. Although the 
use of disposable dilation kits, balloon dilation kits, and/
or double-lumen tubes could resolve these issues and aid in 
achieving nephrostomy tract safety, they require additional 
costs. We subsequently focused on the structure of an inner 
ureteral access sheath (i-UAS). In ECIRS, we used either 
Bi-Flex™ UAS or Navigator™ UAS during URS. As the 
former i-UAS has a double-lumen channel, we discovered 
the unique idea to utilize this i-UAS as not only a dilator 
but also a double-lumen catheter to insert a safety guidewire 
instead of using a dilation kit and/or double-lumen tube 
during the creation of the nephrostomy tract.

In the current study, we evaluated the safety and efficacy 
of using an i-UAS in ECIRS as a dilator and a double-lumen 
catheter and compared the outcomes with those of the 
conventional one-shot dilation technique. We hypothesized 
that the use of an i-UAS could be safer and more efficient 
than the conventional method. We present the following 
article in accordance with the STROBE reporting checklist 
(available at https://dx.doi.org/10.21037/tau-21-611).

Methods

Study design

This was a single-center non-randomized cohort study 
at the Nagoya City University Hospital, which was 
conducted from January 2016 to April 2020. Patients 

who underwent ECIRS due to large kidney and proximal 
ureteral stones were enrolled in this study. Most of the 
surgeries were performed by resident surgeons under 
the instructions of certified urologists. We compared the 
outcomes for percutaneous tract dilation performed using a 
conventional one-shot dilation (one-shot group) collected 
before July 2018 with those using i-UAS dilation (i-UAS 
group) collected after July 2018. We analyzed patients’ 
demographics encompassing performance status (PS), sex, 
age, body mass index (BMI), and history of diabetes mellitus 
(DM), and perioperative information, including details 
of preoperative antibiotic use, indwelling ureter stents, 
and nephrostomy, pyelonephritis, hydronephrosis (G0), 
main stone location [upper pole, middle pole, lower pole, 
and pelvis/ureteropelvic junction (UPJ)], staghorn stone, 
total stone number, stone density and volume (assessed by 
calculating length × width × depth × 0.167), and surgery 
position.

Fur thermore ,  we  co l lec ted  the  opera t ive  and 
postoperative data regarding operative time (time from 
draping to wound dressing), fluoroscopy time, tract creation 
troubles (including tract loss and pelvic injuries during 
tract creation), urinary injury (defined as mucosal injury in 
the renal pelvis and calyx and perforations during PCNL), 
postoperative pyelonephritis, decrease in the hemoglobin 
level, duration of hospitalization, the indwelling of ureter 
stent and nephrostomy, additional surgical interventions 
as well as SFR after 3 months, which was defined as 
the absence of residual stones based on the computed 
tomography findings, and hereafter referred to as SFR (3M).

We evaluated the association between the use of i-UAS 
as a dilator and a double-lumen catheter and perioperative 
parameters. The primary endpoint was urinary injury and 
postoperative pyelonephritis, and the secondary endpoints 
were SFR (3M), operative time, fluoroscopy time, and 
duration of hospitalization. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). The study was approved by the ethical committee of 
the Nagoya City University (60-19-0044, 60-19-0083) and 
informed consent was taken from all the patients.

Surgical methods

For ECIRS, we constructed a nephrostomy and performed 
surgery using the following methods: (I) patients were 
oriented in the prone split-leg position or modified Valdivia 
position (the position was chosen based on the surgeon’s 
discretion considering the main stone location, staghorn 
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stone, and infection risk); (II) one urologist performed 
retrograde intrarenal surgery by using a flexible ureteroscope 
through a 10/12- or 12/14-Fr UAS (Bi-Flex™, Rocamed, 
Monaco; generally selecting 35 cm for females and 45 cm 
for males) in the i-UAS group and a 11/13- or 12/14-Fr 
UAS (Navigator™, Boston Scientific, MA, USA; generally 
selecting 36 cm for females and 46 cm for males) in the 
one-shot group, whereas another urologist performed renal 
puncture using a 22-gauge nephrostomy needle under US 
guidance; (III) the puncture of the nephrostomy needle 
into the collecting systems was monitored under direct 
ureteroscopic vision as much as possible, and we punctured 
repeatedly until we confirmed that the renal calyx had been 
punctured precisely; (IV) in the i-UAS group, we inserted 

the i-UAS with a double lumen along the guidewire for 
dilation, and a safety guidewire was inserted through 
another lumen; (V) a percutaneous tract (16.5/17.5 or 
16.5/19.5 Fr; KARL STORZ, Tuttlingen, Germany) was 
inserted to establish working access (Figure 1); (VI) in the 
one-shot group, after successful puncturing, a single-step 
dilation using a 16.5/17.5- or a 16.5/19.5-Fr metal tract 
was performed; (VII) after inserting the safety guidewire, 
we removed the percutaneous tract immediately and re-
inserted the percutaneous tract along the other (non-safety) 
guidewires (Figure 2); (VIII) after inserting the percutaneous 
tract, each urologist worked simultaneously to fragment and 
wash out the renal calculi using laser and Swiss LithoClast® 2 
(Boston Scientific) and a 12-Fr MIP-M nephroscope (KARL 

Fluoroscopic imagesExtracorporeal images Endoscopic images

A

B

C

Figure 1 Dilation and insertion of a safety guidewire using an i-UAS. In the i-UAS group, we inserted i-UAS along the guidewire for 
dilation (A), and a safety guidewire was inserted through the double-lumen channel (B); further, we could insert a main tract along the 
guidewire (C). i-UAS, inner ureteral access sheath.
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STORZ); and (IX) at the end of surgery, a nephrostomy 
tube and/or ureteral catheter was inserted.

Statistical analysis

Continuous, normally distributed variables were expressed 
as mean ± standard deviation, and non-normally distributed 
variables as median [25% interquartile range (IQR), 75% 
IQR]. Categorical variables were presented as proportions. 
Student’s t-test and the Mann-Whitney U test were used 
for continuous data, and chi-squared and Fisher’s exact 
tests for categorical data. Multivariate logistic and linear 
regression analyses were performed and adjusted for age, 
BMI, sex, i-UAS use, preoperative non-hydronephrosis, 
stone density, stone volume, pelvic and UPJ stone, staghorn 
stone, total stone number ≥5, spine position, and history of 
DM, to identify the factors associated with perioperative 
urinary injury, postoperative pyelonephritis, SFR (3M), 
decrease in the postoperative hemoglobin level, operative 
time, fluoroscopy time, and duration of hospitalization. A 
P value <0.05 was considered statistically significant. All 
statistical analyses were performed using EZR (Saitama 
Medical Center, Jichi Medical University, Saitama, Japan), 

which is a graphical user interface for R (The R Foundation 
for Statistical Computing, Vienna, Austria) (16).

Results

A total of 221 patients were enrolled during the study 
period. Of these, 108 were in the i-UAS group, and 113 
were in the one-shot group. Approximately 95% of the 
patients had a PS score of 0. There were no significant 
differences between the two groups in patients’ history of 
DM, age, sex, BMI, preoperative antibiotics use, ureter 
stent, nephrostomy, pyelonephritis, hydronephrosis, stone 
location, staghorn stone, or total stone number. In the i-UAS 
group, the stone density was smaller and the modified 
Valdivia position was selected more often (Table 1).

In terms of operative and postoperative details, the 
operative time was shorter in the i-UAS group. No 
differences in tract creation troubles (P=0.05), postoperative 
pyelonephritis, decrease in the hemoglobin level, indwelling 
ureter stents, nephrostomy, duration of hospitalization, 
additional surgical intervention, and SFR (3M) were observed 
between the two groups (Table 2). There were no cases of 
failure when creating a nephrostomy tract with i-UAS.

Figure 2 Insertion of a safety guidewire in the one-shot group. In the one-shot group, after performing a single-step dilation, we inserted a 
safety guidewire as well as the other guidewire thorough the tract (A,B). Thereafter, we removed the percutaneous tract, re-inserted it along 
the other (non-safety) guidewire (C), and inserted an outer tract along the inner tract (D).

B

D

A
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Multivariate analyses revealed that the use of i-UAS 
as a dilator and a double-lumen catheter to insert a safety 
guidewire was not significantly associated with complications 
(e.g., urinary injury, postoperative pyelonephritis), 
fluoroscopy time, and duration of hospitalization. However, 
the use of i-UAS was a strong factor for a shorter operative 
time and reduced tract creation troubles. Moreover, 
staghorn stone, total stone number ≥5, higher stone density, 
and higher stone volume were significantly associated with a 
longer operative time (Tables 3,4). Our results indicated that 
older patients had a greater chance of operative injuries and 

male patients required longer hospitalization. Further, the 
modified Valdivia position contributed to lower chances of 
urinary injuries and postoperative pyelonephritis.

Discussion

PCNL is the standard treatment for renal stones larger 
than 20 mm (17-19); however, it contributes to increasing 
the risk of severe perioperative complications (7). To 
reduce complications with PCNL, minimally invasive 
PCNL (mini- and ultra-mini PCNL) (8-10) and ECIRS 

Table 1 Patient demographics and perioperative information

Variable One-shot group, n=113 i-UAS group, n=108 P value

PS (n, %) 0.69

0 107 (94.7) 105 (97.2)

1 3 (2.7) 1 (0.9)

2 1 (0.9) 0 (0.0)

3 0 (0.0) 1 (0.9)

4 2 (1.8) 1 (0.9)

Sex: male (n, %) 79 (69.9) 75 (69.4) 1

Age 54.69 (17.62) 56.57 (13.71) 0.37

BMI 24.27 (4.40) 23.85 (4.34) 0.47

DM (%) 21 (18.6) 27 (25.0) 0.25

Preoperative antibiotic use (n, %) 14 (12.4) 10 (9.3) 0.52

Preoperative ureter stent (n, %) 13 (11.5) 11 (10.2) 0.83

Preoperative nephrostomy (n, %) 3 (2.7) 3 (2.8) 1

Preoperative pyelonephritis (n, %) 12 (10.6) 17 (15.7) 0.32

Preoperative hydronephrosis G0 (n, %) 55 (48.6) 54 (50.0) 0.91

Main stone location (n, %) 0.08

Upper pole 14 (12.5) 10 (9.3)

Middle pole 7 (6.2) 5 (4.7)

Lower pole 30 (26.8) 16 (15.0)

Pelvis/ureteropelvic junction 61 (54.5) 76 (71.0)

Staghorn stone (n, %) 56 (49.6) 39 (36.4) 0.06

Total stone number 2 [1–10] 2 [1–18] 0.23

Total stone density (HU) 1,292.17 [457.67–11,151.00] 1,163.00 [440.50–2,075.00] 0.04

Total stone volume (mm3) 6,084.06 [18.00–193,979.94] 6,045.60 [295.68–156,750.00] 0.76

Position: prone (n, %) 82 (72.6) 59 (54.6) <0.01

i-UAS, inner ureteral access sheath; PS, performance status; BMI, body mass index; DM, diabetes mellitus.
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with the simultaneous combined use of fURS and PCNL 
were developed (2). ECIRS has been reported to cause 
less bleeding than PCNL alone (20-22); nonetheless, the 
corresponding incidence of complications ranges from 

10.0% to 48.4% (3-6). Obtaining safe percutaneous renal 
access is, therefore, an important step in PCNL and ECIRS 
to reduce complications.

In this study, to further reduce complications, we 

Table 2 Operative and postoperative information

Variable One-shot group, n=113 i-UAS group, n=108 P value

Operation time (min) 121.00 [52.00–259.00] 105.00 [29.00–206.00] 0.02

Fluoroscopy time (min) 12.36 [4.53–45.57] 11.10 [0.00–112.90] 0.41

Tract creation troubles (n, %) 11 (9.7) 3 (2.8) 0.05

Perioperative urinary injury (n, %) 22 (19.6) 21 (19.6) 1

Postoperative pyelonephritis (n, %) 20 (18.3) 18 (16.8) 0.85

Postoperative 1.40 [0.00–4.90] 1.05 [0.00–5.80] 0.19

Hemoglobin drops (g/dL) 5.00 [4.00–6.00] 4.00 [4.00–7.00] 0.32

Postoperative hospitalization (days) 5.00 [2.00–40.00] 4.00 [2.00–14.00] 0.31

Postoperative ureter stent (n, %) 96 (85.7) 99 (91.7) 0.20

Postoperative nephrostomy ((n, %) 25 (22.1) 28 (25.9) 0.53

Additional surgical intervention (n, %) 10 (8.8) 13 (12.0) 0.51

i-UAS, inner ureteral access sheath.

Table 3 Multivariate analyses of logistic regression models (tract creation trouble, perioperative urinary injury, postoperative pyelonephritis

Variable

Tract creation troubles Perioperative urinary injury
Postoperative 
pyelonephritis

SFR (3M)

Odds ratio  
(95% CI)

P value
Odds ratio  
(95% CI)

P value
Odds ratio  
(95% CI)

P value
Odds ratio  
(95% CI)

P value

Age 1.02 (0.97–1.07) 0.45 1.04 (1.01–1.08) <0.01 0.99 (0.96–1.01) 0.35 0.99 (0.97–1.01) 0.4

BMI 1.07 (0.92–1.25) 0.39 1.04 (0.94–1.15) 0.44 0.98 (0.90–1.07) 0.67 1.00 (0.93–1.07) 0.98

Male 0.76 (0.19–3.09) 0.70 0.84 (0.38–1.89) 0.68 1.88 (0.83–4.27) 0.13 0.91 (0.47–1.75) 0.77

DM 0.75 (0.16–3.50) 0.72 0.59 (0.23–1.51) 0.27 2.84 (1.14–7.08) 0.02 0.91 (0.44–1.91) 0.81

Valdivia position 0.76 (0.20–2.86) 0.69 0.40 (0.17–0.94) 0.03 0.28 (0.11–0.76) 0.01 0.97 (0.51–1.85) 0.92

i-UAS use 0.18 (0.04–0.73) 0.01 1.17 (0.56–2.46) 0.68 0.97 (0.44–2.14) 0.93 1.75 (0.94–3.25) 0.07

Preoperative 
hydronephrosis (G0)

1.47 (0.87–2.49) 0.15 1.08 (0.76–1.53) 0.68 1.03 (0.69–1.54) 0.88 0.79 (0.60–1.05) 0.11

Pelvic and UPJ stone 1.19 (0.35–4.12) 0.78 0.66 (0.31–1.42) 0.29 0.72 (0.32–1.64) 0.44 2.11 (1.11–4.01) 0.02

Staghorn stone 0.50 (0.12–2.09) 0.34 1.01 (0.45–2.28) 0.98 1.10 (0.47–2.60) 0.83 1.35 (0.68–2.68) 0.39

Stone number ≥5 1.52 (0.32–7.29) 0.60 1.96 (0.82–4.69) 0.13 1.19 (0.46–3.13) 0.72 0.26 (0.12–0.59) <0.01

Stone density#1 0.89 (0.74–1.07) 0.21 1.00 (0.95–1.05) 0.92 0.99 (0.95–1.04) 0.66 1.06 (0.98–1.14) 0.13

Stone volume#2 1.00 (0.98–1.03) 0.68 1.00 (0.98–1.02) 0.97 1.01 (1.00–1.03) 0.05 0.98 (0.96–1.00) 0.01
#1 and #2: stone density and volume were scaled for every 100 HU and 1,000 mm3, respectively. SFR 3M, stone-free rate after 3 months; 
CI, confidence interval; DM, diabetes mellitus; i-UAS, inner ureteral access sheath; UPJ, ureteropelvic junction.
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examined the safety and efficacy of using an i-UAS with 
double-lumen channels for the dilation and insertion of a 
safety guidewire when creating a nephrostomy tract. This 
technique reduced tract creation troubles and did not 
cause any further perioperative complications compared 
with previous methods. Consistent with current studies, a 
history of DM was identified as a predictor for an increased 
risk of postoperative infection. We also found staghorn 
stone, a larger number of stones, higher stone density, 
and higher stone volume as strong factors associated with 
longer operative time, while the use of i-UAS significantly 
decreased the operative time. The use of i-UAS showed 
no association with the increase in fluoroscopy time and 
duration of hospitalization as well as with the decrease in 
SFR (3M).

Because most ECIRS procedures at our institute 
were performed by young doctors under the instructions 
of certified urologists, a safe protocol for creating the 
nephrostomy tract was required. Compared to the 
conventional dilation method using the dilation kit or 
balloon dilator, one-shot dilation is more likely to decrease 
the fluoroscopy time and bleeding amount and is currently 
becoming a common technique in creating percutaneous 
tracts. However, this technique might be associated with 
renal parenchymal damage, microvasculature damage, and 
a lower successful dilation rate due to a lack of surgical 
experience (13-15). Given that approximately 60 cases are 
needed as a learning curve for competence in percutaneous 
renal access (23,24), the selection of one-shot dilation by 
less-experienced surgeons remains debatable. Therefore, 
to reduce nephrostomy tract-related morbidity, the use of 
dilator kits might be an option for inexperienced doctors 
and in cases with high resistance due to perinephric scar 
tissue (25). Although utilizing dilator kits was helpful for 
the procedure, this requires additional cost. The use of 
certain types of dilators, such as the Amplatz-type renal 
dilator and NephroMax™ High Pressure Nephrostomy 
Balloon Catheter Kit, requires an extra cost of almost 400 
US dollars per application. Further, for alternative methods, 
we used i-UAS with a double-lumen sheath as a dilator. In 
over 90% of ECIRS cases, we selected a tract (outer sheath) 
of 17.5 Fr or greater. Therefore, we considered that tract 
placement could be performed more safely using 10-Fr or 
12-Fr i-UAS as a dilator without extra cost. The results 
showed that dilation with an i-UAS was not associated with 
urinary injury, decrease in the postoperative hemoglobin 
level, and longer fluoroscopy time, but was associated with a 
lower chance of tract creation troubles.

Additionally, the placement of a safety guidewire could 
be an option for safely performing procedures. The 
American Urological Association guidelines recommend the 
use of a safety guidewire when performing PCNL, in case 
the primary wire is lost or displaced or the collecting system 
is injured (18). Recent studies have described that only 56% 
of surgeons in high-case-volume hospitals with >100 cases 
of PCNL per year use a safety guidewire, compared to the 
84% of urologists in low-case-volume hospitals having 
<50 cases who utilize it (26), indicating that inexperienced 
surgeons are more likely to place the safety guidewire. 
Given these facts, we adopted the technique of placing 
safety guidewires during the creation of the nephrostomy 
tract. Despite its role in safety, the placement of a safety 
guidewire during one-shot dilation carries an increased 
risk of urinary injury and bleeding owing to the removal of 
the tract and re-insertion after the placement of the safety 
guidewire.

Using a double-lumen tube might help resolve this issue; 
however, it entails the additional cost of disposable tubes 
or hospital resources in terms of sterilization of reusable 
ones. For example, the cost of a dual lumbar ureteral access 
catheter (Cook Medical, IN, USA) is 80 US dollars per 
application. Based on our results, using an i-UAS with 
double-lumen channels enabled us to simultaneously place 
safety guidewires without extra cost and did not contribute 
to an increase in perioperative complications. For reference, 
the prices of other UASs are 410 US dollars for Bi-Flex ™, 
390 US dollars for Navigator™, and 530 US dollars for 
Flexor™ Ureteral Access Sheath (Cook Medical). When 
we use both a commercial base dilator and a dual-lumen 
catheter, the maximal total cost is found to be 870 US 
dollars (when using a Navigator™) and 1010 US dollars 
(when using a Flexor™), respectively (Table 5). Considering 
the absence of substantial price differences, selecting i-UAS 
with a double-lumen channel for the URS side has a safe 
and efficient role in creating nephrostomy for the PCNL 
side.

Furthermore, the current study also showed that 
the use of i-UAS was associated with a decrease in the 
operative time. This is uncertain due to the lack of exact 
time recorded for the tract creation, and the simultaneous 
placement of the safety guidewire without a replacement 
tract could contribute to a shorter operative time. On the 
contrary, the conventional method of one-step dilation 
requires an additional insertion of the inner metal tract 
after replacing a safety guidewire through the outer 
metal sheath. This double insertion of the inner metal 
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tract is difficult and could cause complications, including 
bleeding or misplacement of the inner tract, for young 
doctors with little experience and can be time-consuming. 
This is beneficial because prolonged operative time has 
been reported to increase the risk of infection (27). The 
occurrence of lower SFR, longer operative time, and longer 
hospitalization periods are mainly dependent on stone 
density and volume.

Our study has some limitations. First, when designing 
this study, we did not perform randomization when 
grouping the patients. Furthermore, this study was a single-
center cohort study, which may have resulted in biases, such 
as facility-specific surgery cases. Second, although most 
surgeries were mainly performed by residents, there was a 
potential bias as some of the differences in outcomes may 
be considered due to a learning curve, considering that 
the operations in the two groups were performed during 
different periods. Comparing the procedures between 
2017–2018 in the one-shot group (n=50) and 2018–2019 
in the i-UAS group (n=50), there were no significant 
differences in terms of patients’ demographics. However, 
the operative time was still shorter in the i-UAS group  
(Table S1), suggesting that the learning curve might not 
affect the results. Moreover, because the surgical procedure 
may differ depending on the timing of surgery, in the i-UAS 
group, the stone density was smaller, and the modified 
Valdivia position was selected more frequently; this may 
have significantly influenced the outcomes. Finally, as we 
did not examine the presence of fluoroscopy time, and 
procedure time during tract creation, we could not compare 
the direct effects of using an i-UAS on tract creation.

In conclusion, we found that the use of an i-UAS as 
a dilator and a double-lumen catheter to insert a safety 
guidewire during ECIRS is a convenient and safe technical 

method that can reduce the operative time. These results, 
which are from real-world data and reflect our daily practice, 
require further validation. However, they have technical 
ingenuity for creating a nephrostomy tract, especially for 
surgeries with a relatively short operative time.
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