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Abstract

Background and objective: The aim of this study was to evaluate the stone-free status
(SFS) rate and complications after flexible ureteroscopy (fURS) for treatment of renal
stones using a flexible and navigable suction (FANS) ureteral access sheath.
Methods: Data for adults undergoing fURS in 25 centers worldwide were prospectively
collected (August 2023 to January 2024). Exclusion criteria were abnormal renal anat-
omy and ureteral stones. All patients had computed tomography scans before and within
30 d after fURS with a FANS ureteral access sheath. SFS was defined as follows: grade A,
zero fragments; grade B, a single fragment�2 mm; grade C, a single fragment 2.1–4 mm;
and grade D, single/multiple fragments >4 mm. Data for continuous variables are pre-
sented as the median and interquartile range (IQR). Multivariable logistic regression
was performed to evaluate predictors of grade A SFS.
Key findings and limitations: The study enrolled 394 patients (59.1% male) with a med-
ian age of 49 yr (IQR 36–61). The median stone volume was 1260 mm3 (IQR 706–1800).
Thulium fiber laser (TFL) was used in 45.9% of cases and holmium laser in the rest. The
median lasing time was 18 min (IQR 11–28) and the median operative time was 49 min
(IQR 37–70). One patient required a blood transfusion and 3.3% of patients had low-
grade fever. No patient developed sepsis. Low-grade ureteral injury occurred in eight
patients (2%). The grade A SFS rate was 57.4% and the grade A + B SFS rate was 97.2%,
while 2.8% of patients had grade C or D SFS. Eleven patients underwent repeat fURS.
Multivariable analysis revealed that a stone volume of 1501–3000 mm3 (odds ratio
0.50) and of >3000 mm3 (odds ratio 0.29) were significantly associated with lower prob-
ability of grade A SFS, while TFL use was associated with higher SFS probability (odds
ratio 1.83). Limitations include the lack of a comparative group.
Conclusions and clinical implications: fURS using a FANS ureteral access sheath resulted
in a high SFS rate with negligible serious adverse event and reintervention rates.
Patient summary: We looked at 30-day results for patients undergoing telescopic laser
treatment for kidney stones using a special type of vacuum-assisted sheath to remove
stone fragments. We found a high stone-free rate with minimal complications.
� 2024 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Despite continued advances in retrograde intrarenal sur-
gery (RIRS), recent real-world data for 6669 patients in
the FLEXOR registry revealed residual fragments in 21.7%
of patients, of whom 51.5% required a second intervention
[1]. The sepsis rate in the same study was just 1.3%. Hence,
there is still much to improve in terms of technical expertise
and technology for RIRS. Many aids have been introduced to
streamline RIRS and improve procedural success. These
include suction via a scope or ureteral access sheath
(UAS), postintervention catheters, slimmer single-use
scopes, and high-power lasers [2,3]. These improvements
have made RIRS a standard of care according to interna-
tional guidelines [4,5]. It has been reported that vacuum-
aided or suction aspiration sheaths have strong potential
to improve the stone-free status (SFS) rate and minimize
infectious compilations associated with the negative effects
of high intrarenal pressure and temperature [6]. However,
the true potential of the aforementioned advances for RIRS
has yet to be investigated. The ideal game-changing techno-
logical innovation for RIRS should improve all key outcomes
of the procedure, including the rate of immediate single-
stage SFS, perioperative and postoperative complications,
and the reintervention rate for residual fragments. One
recent innovation that has shownmuch promise is a flexible
and navigable sheath (FANS) [7]. We conducted a prospec-
tive, real-world, global study to assess whether FANS could
be a potential game-changer for RIRS in adults with renal
stones.
2. Patients and methods

2.1. Study protocol

We conducted a prospective, multicenter, investigator-led study as pro-

posed by the ureteroscopy committee of the European Association of

Urology Urolithiasis Section. Patients were enrolled between August 1,

2023 and January 10, 2024 by 25 surgeons in 25 centers in 20 countries.

Data were gathered after approval from the respective institutional

review boards (IRB). Patient consent was obtained for inclusion in an

IRB-approved anonymized database (#AINU 12/2022) maintained by

the principal investigator (Asian Institute of Nephrology & Urology,

Hyderabad, India). Inclusion criteria were patients aged �18 yr with nor-

mal renal anatomy who were undergoing RIRS using FANS for single or

multiple renal stones deemed suitable for flexible ureteroscopy (fURS).

Only patients for whom a FANS was successfully deployed on first place-

ment were enrolled, regardless of whether they had a preoperative stent

or not. All patients underwent a preoperative and at least one postoper-

ative noncontrast computed tomography (CT) scan to assess stone fea-

tures and residual fragments within 30 d of the index procedure, as

described in the study protocol. Children and patients who had abnor-

mal renal anatomy, ureteral stones, or insufficient data records were

excluded. As most surgeons were either new users or had limited expo-

sure to FANS use before participation in the study, as well as to standard-
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ize the procedure across centers, all surgeons were asked to view a step-

by-step video on FANS use [8] and perform a trial of at least one case.

Moreover, surgeons were instructed to start suction at the lowest pres-

sure and then sequentially increase the pressure intermittently while

ensuring adequate irrigation so that the pelvicalyceal system did not

rapidly collapse during suction. Any surgeon who did not feel capable

of performing this procedure subsequently left the study.

2.2. Baseline and operative characteristics

Data for baseline and operative characteristics were collected. Stone vol-

ume was assessed from CT images by measuring the diameter in three

axes and using the ellipsoid formula (length � width � depth � p � 0.

167). All patients with a positive preoperative culture were treated in

accordance with local antibiotic sensitivity. Anticoagulant or antiplatelet

use was stopped 3 d before fURS and restarted at the surgeon’s discre-

tion. The scope and FANS model and sheath size and the energy source

used for lithotripsy depended on local availability and the surgeon’s

preference. Patients were stented either for symptom relief or as part

of staged surgery, and perioperative decisions and postoperative exit

strategy were at the surgeon’s discretion according to their experience

and the resources available. Exit strategies included stent placement,

an overnight ureteric catheter, or no drainage tube. Surgeons were asked

to grade their experience of FANS use at the end of each case using a 5-

point Likert-type scale (1 = excellent; 2 = very good; 3 = good; 4 = aver-

age; 5 = difficult). Surgeons were also asked for subjective ratings on

whether FANS use had influenced a change in their routine exit strategy.

The three FANS models most commonly used (Fig. 1) were ClearPetra

(Well Lead Medical, Guangzhou, China), Elephant II (Zhejiang YiGao

Medical Technology, Hangzhou, China), and Innovex Medica (Shanghai,

China).

2.3. Patient follow-up and study outcomes

Loin pain was assessed on postoperative day 1 and scored using a stan-

dard 10-point visual analog scale (VAS), where 0 was the lowest score.

All patients were followed for 30 d. Readmissions, reinterventions, and

complications reported within 30 d were documented. Longer-term data

collection for reinterventions and outcomes is still ongoing. The primary

outcome was the SFS rate. SFS was assessed using the bone window for a

noncontrast CT scan performed any time within 30 d of RIRS. As there

are no standardized grading systems for assessing SFS, we aimed to mea-

sure SFS outcomes using the strictest criteria possible and standardized

CT imaging in the bone window. The most common threshold for clini-
Fig. 1 – External and internal views of the ureteral access she
cally insignificant residual fragments following RIRS on CT imaging is

currently 2 mm [9]. Hence, we used the following grading scheme to

optimize our SFS reporting:

� Grade A: 100% stone-free, with zero residual fragments.

� Grade B: a single residual fragment of not more than 2 mm in largest

diameter.

� Grade C: a single residual fragment of 2.1–4 mm in largest diameter.

� Grade D: multiple fragments or a single residual fragment of >4 mm

in largest diameter.

While there is still debate regarding clinically significant versus

insignificant residual fragments, most definitions agree that 2-mm frag-

ments spontaneously pass and that this is an acceptable standard to ren-

der patients stone-free [10]. We grouped outcomes into a single-stage

SFS category that included grades A and B (as these patients were not

candidates for reintervention according to repeat CT imaging), and a

non–stone-free category that included grades C and D (patients with

an indication for reintervention). This categorization helps in simplifying

the reintervention strategy.

Any patient for whom reintervention was planned within 30 d

underwent a repeat noncontrast CT scan 1–2 d before the reintervention

to reassess their residual fragment status. The modality planned for the

reintervention was also documented. Other secondary outcomes mea-

sured within 30 d of the index procedure were intraoperative and post-

operative complications, including bleeding, transfusion, ureteric injury,

pelvicalyceal system injury, infectious complications, persistent hema-

turia, and sepsis, defined according to the Third International Consensus

(Sepsis-3) [11]. These outcomes were analyzed to investigate whether

FANS can improve the single-stage SFS rate and minimize repeat

interventions.
2.4. Statistical analysis

Results are reported as the median and interquartile range (IQR) for con-

tinuous variables, and as the frequency and proportion for categorical

variables. Variables included in multivariable analysis models were pre-

determined on the basis of results in the literature. A priori multivariable

logistic regression analysis was performed to identify predictors of 100%

SFS (grade A), with odds ratio (OR) and 95% confidence interval (CI)

results reported. Statistical significance was set at p < 0.05. All statistical

analyses were performed using R version 4.1.2 (R Foundation for Statis-

tical Computing, Vienna, Austria).
aths used: (A) Elephant, (B) ClearPetra, and (C) Innovex.



Table 2 – Operative characteristics for the 394 patients

Parameter Result

General anesthesia, n (%) 324 (83.2)
Sheath size, n (%)
12–14 Fr 83 (21.1)
11–13 Fr 147 (37.3)
10–12 Fr 164 (41.6)

Sheath brand, n (%)
ClearPetra 244 (61.9)
Innovex 25 (6.3)
Elephant 94 (23.9)
Other 31 (7.9)

Disposable scope, n (%) 352 (89.3)
Scope tip size �8 Fr, n (%) 173 (43.9)
Thulium fiber laser, n (%) 181 (45.9)
Median laser time, min (interquartile range) 18 (11–28)
Median ureteroscopy time, min (interquartile range) 35 (25–55)
Median total operative time, min (interquartile range) 49 (37–70)
Stone lithotripsy technique, n (%)
Dusting with suction evacuation 155 (39.3)
Popcorn mode with suction evacuation 16 (4.1)
Fragment evacuation using suction 223 (56.6)

Basket use for repositioning or extraction, n (%) 52 (13.2)
Need for a sheath change because of malfunction, n (%) 8 (2.0)
Sheath able to access all parts of the kidney, n (%) 342 (86.8)
Suction working effectively, n (%) 381 (96.7)
Postoperative exit strategy, n (%)
Double J stent 311 (78.9)
Overnight ureteric catheter 56 (14.2)
No stent or ureteric catheter (totally tubeless) 27 (6.9)

Median Likert-scale rating for UAS performance (interquartile range)
Ease of suction 2 (1–2)
Manipulation 2 (1–2)
Visibility 1 (1–3)

UAS = ureteral access sheath.
aSignificant p values are in bold font.
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3. Results

Data for 420 patients were collected. Of these, 26 patients
were excluded because they did not report back in time
for a CT scan because of regional constraints, leaving 394
patients for analysis. Table 1 shows the patient characteris-
tics at baseline. The median age was 49 yr. 59.1% were male,
and 69% were first-time stone formers. The most common
symptom at presentation and indication for intervention
was pain (80.7% of cases). Only 9.9% of patients underwent
surgery for incidental stones. Some 19% of patients had a
positive preoperative urine culture and 93% received a sin-
gle dose of antibiotics at induction. Preoperative stenting
was performed in 58.6% of the patients, which was part of
an elective staged RIRS in 84 cases (21.3%). The most preva-
lent stone diameter category was 1.1–2 cm (58.6%), fol-
lowed by <1 cm (24.1%) and >2 cm (17.3%). Some 64.2% of
patients had a stone volume of <1500 mm3. Stone location
was the interpolar region or renal pelvis in 37.6% of cases,
and the lower pole in 32.0%.

Procedures were preferentially performed under general
anesthesia (Table 2). A 10/12 Fr sheath was the size most
commonly used (41.6%) and a single-use or disposable
scope was preferentially used (89.3% of cases). Thulium
fiber laser (TFL) was used in 45.9% of cases and holmium
laser (30–100 W) was used in the remainder. The median
laser time (recorded on the machine) was 18 min and the
median URS time (actual time for which the scope was
used) was 35 min. The median total operative time (from
UAS insertion to the exit strategy) was 49 min. The most
Table 1 – Patient characteristics at baseline (n = 394)

Parameter Result

Median age, yr (interquartile range) 49 (36–61)
Male, n (%) 233 (59.1)
American Society of Anesthesiologists score, n (%)
1 222 (56.3)
2 139 (35.3)
3 33 (8.4)

Median body mass index, kg/m2 (interquartile range) 26 (24–29)
Anticoagulant/antiplatelet use, n (%) 45 (11.4)
First-time stone former, n (%) 272 (69.0)
Presentation, n (%)
Hematuria 34 (8.6)
Pain 318 (80.7)
Fever 11 (2.8)
Incidental 39 (9.9)

Preoperative positive urine culture, n (%) 75 (19.0)
Antibiotic prophylaxis, n (%) 327 (83.0)
Prestented (any reason), n (%) 231 (58.6)
Elective presentation for staged surgery, n (%) 84 (21.3)
Right-sided kidney, n (%) 166 (42.1)
Largest stone diameter, n (%)
<1 cm 95 (24.1)
1.1–2 cm 231 (58.6)
>2 cm 68 (17.3)

Median Hounsfield units (interquartile range) 1085 (890–1225)
Median stone volume, mm3 (interquartile range) 1260 (706–1800)
Stone volume category, n (%)
�1500 mm3 253 (64.2)
1501–3000 mm3 98 (24.9)
>3000 mm3 43 (10.9)

Stone location, n (%)
Multiple locations 25 (6.3)
Upper pole only 95 (24.1)
Renal pelvis/interpolar region 148 (37.6)
Lower pole only 126 (32)
common lithotripsy strategy was fragmentation and suction
evacuation (54.8%), followed by pure dusting and suction
(39.3%). A basket was used for either repositioning or frag-
ment extraction in only 13.2% of cases. In eight patients, a
sheath malfunction requiring a change of sheath occurred.
In five of these cases, this occurred at the end of the proce-
dure, when the surgeon fired the laser onto the sheath dur-
ing suction/extraction of a trapped stone, which created a
hole and led to suction failure. For the other three cases,
no reason was given.

The median Likert-scale score for sheath performance
was 2 (IQR 1–2) for ease of suction, 2 (IQR 1–2) for manip-
ulation, and 1 (IQR 1–3) for visibility. Overall, a suction
mechanism that worked well was reported for 96.7% of
cases, and access to all parts of the kidney with the FANS
for 86.8% of cases. Among kidneys for which FANS did not
reach all parts of the collecting system, a reusable scope
was employed in 82.1%. The exit strategy was a double-J
stent in 78.9%, an overnight ureteric catheter in 14.2%, and
no drainage tube in 6.9% of cases.

Table 3 reports intraoperative and postoperative out-
comes. In 6.1% of cases, there was mild oozing caused by
scope movement in the collecting system, but this did not
hamper the surgery. One patient experienced intraoperative
bleeding requiring transfusion in the immediate postopera-
tive period. No embolization was needed. None of the cases
reported persistent hematuria beyond 24 h. Some 3.3% of
patients had low-grade fever (defined as <37.5 �C; Clavien
grade 2), with no cases of sepsis reported. The median
VAS pain score was 1 (IQR 1–2). The median hospital stay



Table 3 – Intraoperative and postoperative complications for the 394
patients

Parameter Result

Intraoperative bleeding caused by the sheath/suction but not
obscuring surgery, n (%)

24
(6.1)

Case abandoned for any reason (n) 0
Intraoperative bleeding requiring a transfusion, n (%) 1 (0.3)
Cases with ureteric injury managed with stenting alone, n (%) 8 (2.0)
Pelvic-ureteral junction 2 (0.5)
Proximal ureter 2 (0.5)
Mid ureter 2 (0.5)
Distal ureter 2 (0.5)

Traxer grade of ureteric injury cases managed with stenting alone, n (%)
Grade 1 7 (1.8)
Grade 2 1 (0.3)

Ureteral injury in nonprestented patients, n/N (%) 5/163
(3)

Pelvicalyceal abrasion due to sheath movement, with no
contrast extravasation, n (%)

5 (1.3)

Perinephric stranding on the first CT scan but not requiring
intervention, n (%)

28
(7.1)

Fever within first 24 h, n (%) 12
(3.3)

Sepsis (n) 0
Persistent hematuria beyond 24 h (n) 0
Median loin pain score on postoperative day 1 (interquartile

range)
1 (1–2)

Median length of hospital stay, d (interquartile range) 1 (0–2)
Readmission within 30 d, n (%) 6 (1.5)

CT = computed tomography.

Table 4 – Multivariable logistic regression analysis of parameters
associated with 100% stone-free status at 30 d

OR (95% CI) p
valuea

Stone volume (reference: �1500 mm3)
1501–3000 mm3 0.50 (0.30–

0.82)
<0.01

>3000 mm3 0.29 (0.13–
0.62)

<0.01

Stone location (reference: multiple locations)
Upper pole 1.53 (0.59–

4.00)
0.38

Renal pelvis/interpolar region 0.99 (0.40–
2.47)

0.98

Lower pole 0.98 (0.39–
2.45)

0.96

Hounsfield units 1.000 (0.99–
1.01)

0.819

Use of thulium fiber laser (reference: holmium
laser)

1.83 (1.16–
2.92)

0.01

Total operative time 0.99 (0.99–
1.01)

0.19

Stone fragmentation (reference: dusting only)
Popcorn mode only 2.26 (0.70–

8.25)
0.19

Fragmentation and suction evacuation 0.75 (0.47–
1.21)

0.24

a Significant p values are in bold font.
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was 1 d. For eight patients (2%), a ureteral mucosal injury
with no contrast extravasation on a retrograde pyelogram
was identified on careful inspection after sheath removal.
All of these cases were managed via stenting alone. Six
patients required readmission for any reported complica-
tion within 30 d: five patients had stent symptoms (Clavien
grade 1) and one patient had a fungal urinary infection (Cla-
vien grade 2).

SFS results are reported in Supplementary Table 1.
According to visual intraoperative inspection, grade A SFS
was observed in 51.3% of cases. However, actual residual
fragment assessment on CT identified grade A SFS in
57.4%, grade B in 39.8%, grade C in 2.0%, and grade D in
0.8% of patients. A second intervention was initially planned
for 17 patients with residual fragments, but after a repeat
CT scan, only 11 underwent repeat RIRS within 30 d. Multi-
variable analysis (Table 4) revealed that stone volumes of
1501–3000 mm3 (OR 0.50, 95% CI 0.30–0.82; p < 0.01) and
>3000 mm3 (OR 0.29, 95% CI 0.13–0.62; p < 0.01) were sig-
nificantly associated with lower probability of grade A SFS,
while TFL use was associated with higher probability (OR
1.83, 95% CI 1.16–2.92; p = 0.01) of grade A SFS.
4. Discussion

While urologists have tried to standardize RIRS steps, real-
world studies show that fURS is in a transformative stage
because of technological innovations [1], such as the use
of suction [3] and more recently the use of FANS [7]. Even
though these options did improve surgical efficiency and
minimized complications [12], the limitation of earlier suc-
tion UAS models was a failure to achieve zero residual frag-
ments because of an inability to aspirate dust, debris, and
fragments that settle in dependent calyces, especially in
the lower pole. This is probably why Zhang et al [13] con-
cluded from their retrospective study that a flexible suction
UAS achieved a higher immediate SFS rate and could further
improve RIRS outcomes.

To the best of our knowledge, this is the first global,
prospective, multicenter, real-world study to investigate
whether the ability to deploy a scope and steer the flexible
tip into different parts of the kidney and to use suction aspi-
ration makes FANS a potential game-changer by improving
all key outcomes for RIRS. We focused on the probability of
achieving grade A SFS with negligible complication and
reintervention rates.

FANS were safely deployed and used in all 394 cases.
While no major reported issues with the suction or aspira-
tion mechanism were reported, sheath malfunction requir-
ing replacement occurred in 2% of cases, but this was not
associated with any particular FANS model. In 86.8% of
cases, the surgeon was able to navigate the sheath to all
parts of the kidney. We could not assess why this was not
possible in all cases, but this was only observed for the
12/14 Fr UAS size. Similar findings were reported by Gauhar
et al [7] for their analysis of 10/12 and 12/14 Fr sheaths
from a single company, and by Liang et al [14]. Both studies
identified steep infundibulum-pelvic angles as a key limita-
tion for large-diameter sheaths. Liang et al also mentioned
that this may hamper the ability to remove all fragments,
and baskets could still be needed for stone repositioning,
which is perhaps why baskets were used to either reposi-
tion or extract fragments in 13.2% of our cases. Mechanical
factors such as the use of reusable scopes, whose deflection
is perhaps compromised by wear and tear, as well as
surgeon preference, may have played a role in the use of
baskets. Against this background and taking into
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consideration the maximum performance achieved with a
fresh scope, surgeons in our study preferentially chose to
use disposable scopes. Whether FANS use can minimize or
completely obviate the need for baskets is an issue for fur-
ther research. However, the rate of basket use in our study
was much lower than rates reported for use of a traditional
UAS [1].

The goal driving innovation and the use of better tech-
nology in RIRS is further improvement in the single-stage
SFS rate [14,15]. Apart from technical developments to min-
imize residual fragments, an equally important issue is the
application of strict criteria to identify and categorize frag-
ments. Hence, we used residual fragment categories for our
reporting. Our grade A SFS rate (single intervention within
30 d) was 57.4%. Our overall single-stage grade A + B SFS
rate of 97.2% demonstrates how a technique and technology
when used well can yield good results in this setting,
despite the large stone volumes in our series. To mitigate
the need for reintervention because of overestimation of
the residual fragment burden on CT [16], we performed a
second CT scan in 17 patients for whom reintervention
within 30 d was planned to justify the need for an endouro-
logical reintervention and to counsel patients accordingly.
Eventually, 11 RIRS reinterventions were performed, as
the literature indicates that fragments >4 mm only have a
9% chance of spontaneous expulsion and are associated
with significantly higher odds of further stone events or
reinterventions over 1-yr follow-up [10]. Thus, our 30-day
reintervention rate was just 2.8%, which is significantly
lower than in previous studies. Guideline suggestions that
later imaging, preferably after 6 wk, is a better point at
which to estimate the true fragment burden in patients
for whom 100% on-table clearance was uncertain [4,5] and
could avoid unnecessary repeat imaging. The ability to visu-
ally inspect and simultaneously remove fragments meant
that surgeons in our study were confident of achieving
on-table zero fragments in 56.1% of cases, which corre-
sponded to the postoperative CT findings. Good use of tech-
nology and appropriate imaging techniques can improve
surgeon confidence in realistically counseling patients on
expected outcomes in the immediate postoperative period,
convincing them to adopt a wait-and-see strategy to avoid
hurried interventions in real-world practice [17]. Impor-
tantly, our results were achieved despite cases with stones
>2 cm (17.3%), stone volumes >3000 cm3 (10.9%), lower-
pole stones (32%), and stones in multiple locations (6.3%).
While RIRS is safe in such cases, these factors can poten-
tially contribute to a lower single-stage SFS rate following
RIRS [18,19]; further studies are needed to understand the
nuances of FANS use in these cases. While we did have a
high SFS rate, it is important to consider that this was a
prospective study performed in a real-world setting. Thus,
failure to access the collecting system in 13.2% of cases
could also be attributed to suboptimal mechanical ability
of reusable scopes, whereby wear and tear might have
affected their deflection. Use of a disposable scope for all
cases might be a solution to overcome this issue.

Interestingly, our regression analysis revealed that TFL
use was significantly associated with higher odds of achiev-
ing zero fragments. Other studies identified TFL as a better
laser for RIRS, as demonstrated by a recent meta-analysis
[20]. However, successful SFS may be attributed to the sur-
geon rather than to the laser modality, and TFL is not avail-
able in all centers. Another interesting point is that
surgeons preferred fragmentation or dusting as a lithotripsy
strategy over the popcorn mode, and were able to achieve
high SFS rates by carefully deploying active suction-
aspiration to remove dust and fragments. This was done
within short operative times and a minimal lasering time,
with a median of just 18 min. Our lasing time and efficiency
seem better than those reported for traditional non-suction
RIRS [1]. As fragments can be easily evacuated in real time
during laser lithotripsy, when its global use increases, fur-
ther studies could assess if laser type and power remain
predictors of RIRS outcomes.

Even though many surgeons in our study were either
new users or had limited exposure to FANS use, we
observed a good safety profile. The ability of FANS to reduce
intrarenal pressure over conventional suction [21] defi-
nitely contributed to our very low rate of infectious compli-
cations. There were no cases of sepsis in our study and only
3.3% of patients had low-grade fever, which resolved within
24 h. Patients showed good tolerance to FANS use, and
almost all patients were discharged in 24 h. The lowmedian
VAS score for loin pain reported by patients on postopera-
tive day 1 is in line with other studies [14,15]. Studies using
vacuum-assisted UAS have shown that the absence of
intravasation due to intermittent suction/aspiration pre-
vents overstretching of the collecting system and minimizes
postoperative inflammatory changes and postoperative loin
pain [7,22]. Active movement of the sheath into different
parts of the collecting system did lead to some oozing, but
this did not hinder the surgery, as any blood can be easily
aspirated to maintain clear vision. However, this movement
could have been responsible for the mucosal abrasion noted
on final inspection in five cases, but there was no extravasa-
tion of contrast suggestive of perforation. For all five
patients, a stent was inserted as a precaution. Of the eight
patients who had a ureteric injury, five did not have a pre-
operative stent and were managed postoperatively with
just double-J stenting. An incorrect insertion technique
and a large UAS size in patients without a preoperative stent
have been identified as risk factors for UAS ureteral injury,
and all necessary precautions should be taken to mitigate
this complication [23]. There were no ureteric avulsions
and only one patient needed a transfusion because of bleed-
ing. The 30-d readmission rate was low at 1.5%, and the
readmissions were mainly for stent symptoms. Stents are
a boon and bane to urologists and patients alike. While
unavoidable in certain circumstances, they must be used
judiciously, as they cause stent symptoms that defeat good
fURS outcomes [24]. In our study, management involved an
overnight ureteric catheter in 14.25% of patients and a stent
was completely avoided in 6.9%. This suggests that if used
properly, FANS is not only safe and effective but can facili-
tate visual inspection to ensure complete fragment removal
and the absence of injury. Thus, FANS use could enhance the
RIRS experience for patients by mitigating stent placement
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and consequent problems. While not assessed here, future
studies could investigate whether FANS use can improve
quality of life for patients undergoing RIRS.

If a technique or technological innovation significantly
helps in changing the way a surgical procedure is per-
formed, it may be a potential game-changer; if it becomes
a measure of excellence that can be universally replicated,
it may become a gold standard [25]. Our global study sup-
ports the prediction by Schoenthaler et al [26] that use of
the newest generation of advanced technical equipment—
FANS, in our case—and a CT protocol as the benchmark for
evaluation of stone fragments can result in a very high SFS
rate and low reintervention rates without compromising
RIRS safety, as clearly reflected in our results.

Our study limitations include a patient population with-
out anatomic anomalies, no comparator group, and lack of
assessment of the direct impact on costs and patient quality
of life. Nevertheless, our results show that FANS use is safe
and efficacious, with acceptable surgical morbidity and no
serious adverse events. Importantly, the complication and
reintervention rates were significantly lower than those in
previous studies using conventional UAS [27].
5. Conclusions

A FANS can help in achieving zero residual fragment status
if used judiciously. It is possible to achieve a very high
single-stage SFS rate with negligible serious adverse event
and reintervention rates for stones in all locations. We feel
that the combination of suction and a FANS could pave
the way to improving and changing the way in which RIRS
will be performed in the future.
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