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Abstract Objective: To evaluate the feasibility of access sheath insertion and ure-
teric stent placement without image guidance in flexible ureteroscopic lithotripsy
with holmium:yttrium-aluminium-garnet laser for renal stones.

Patients and methods: Between March 2014 and October 2015, 80 patients with
renal stones treated with flexible ureteroscopic laser lithotripsy were evaluated. Indi-
cations for surgery were renal obstruction, failed shockwave lithotripsy (SWL),
stones in polycystic kidneys, and mal-rotated kidneys. A 6.5-F Cobra flexible
ureteroscope was used in all cases with an access sheath of 12 F, 35/45 cm in length.
Fluoroscopy was not intended for use in all cases and postoperative JJ stenting was
optional. The perioperative complications were listed and the collected data were
analysed.

Results: The study included 80 patients (66 male, 14 female), with a mean (SD;
range) age of 48.2 (8; 28–54) years and a stone burden of 13 (3.5; range 6–23)
mm. In all, 26 patients had a stone burden of >15 mm and 48 patients had lower
calyceal stones. The mean (SD; range) operative time was 71.5 (20; 25–130) min.
Overall, 76 (95%) access sheath insertions were performed successfully without
the use of fluoroscopy. JJ stenting was used in 22 patients (27.5%). The mean
(SD; range) hospital stay was 10 (8.5; 10–36) h. After one session, a stone-free rate
(SFR) of 87.5% was achieved (93.3% for stones of <15 mm). A single session was
9.
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URS, ureteroscopy;
URSL, ureteroscopic
laser lithotripsy;
US, ultrasonography/
ultrasound;
YAG, yttrium-
aluminium-garnet
successful in 87.9% of cases with lower calyceal stones, with a SFR of 91.7% for
post-SWL failure cases. The perioperative complication rate was 15%.

Conclusion: Access sheath insertion without fluoroscopic guidance is feasible. This
technique reduces radiation exposure in patients requiring flexible ureteroscopy.

� 2016 Arab Association of Urology. Production and hosting by Elsevier B.V. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.

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

In the last two decades, shockwave lithotripsy (SWL) has
been the first-line treatment for upper ureteric calculi of
<20 mm. However, these stones are increasingly being
treated by flexible ureteroscopes with holmium:yttrium-
aluminium-garnet (Ho:YAG) laser lithotripsy. Growing
awareness of the radiation hazards associated with rou-
tine medical imaging and intraoperative exposure has
prompted the search for methods to reduce patient, sur-
geon, and intraoperative team exposure [1]. The USA
Food and Drug Administration recommend that physi-
cians reduce radiation exposure during imaging studies
and fluoroscopic-guided procedures [2]. During flexible
ureteroscopic lithotripsy, the placement of a ureteric
access sheath exposes the patient to significant amounts
of radiation. Thus, the goal is to insert the access sheath
without the use of fluoroscopy. In the present study, we
evaluated the feasibility of access sheath insertion and
ureteric stent placement without image guidance in flexi-
ble ureteroscopic lithotripsy withHo:YAG laser for renal
stones.

Patients and methods

Between March 2014 and October 2015, 80 patients with
renal stones treated with flexible ureteroscopic laser
lithotripsy (URSL) were evaluated. Indications for sur-
gery were: renal obstruction, failed SWL, stones in poly-
cystic kidneys, and mal-rotated kidneys, calculi in
calyceal diverticula, calculi in inferior calyces with nar-
row, long infundibulum, calculus in a patient with severe
kyphoscoliosis and presence of coagulopathy, including
use of warfarin. A Cobra flexible ureteroscope (6.5 F
Wolf) was used in all cases with an access sheath of
12 F, 35/45 cm in length (Fig. 1A–C), and Road runner
guidewires. A fluoroscope was not intended to be used
in any of the cases. Intraoperative stenting was optional
and stents were inserted under direct vision using a rigid
8-F ureteroscope with a 5-F working channel. The peri-
operative complications were recorded.

Surgical procedure

All patients received prophylactic parenteral third
generation cephalosporin antibiotics (Ceftriaxone)
preoperatively. General anaesthesia and endotracheal
intubation or laryngeal mask associated with neuromus-
cular blockage was used for all patients.

Briefly, after diagnostic ureteroscopy (URS), a 0.64-
mm straight tip Terumo guidewire was smoothly posi-
tioned in the kidney and a 0.89-mm straight tip Road
runner guidewire was inserted in the ureter up to the
kidney. Ureteric dilatation was performed by the use
of two semi-rigid ureteroscopes. The first ureteroscope
6–7.5 F was inserted and maintained in situ for 2 min,
followed by the second larger ureteroscope 8.5–11 F
under direct vision. The introduction of a 12-F access
sheath after dilatation was feasible and convenient with-
out any difficulties in most of the cases. Presence of a
pre-existing stent obviated the need for dilatation. Using
good lubrication, a cystoscopic sheath 18–22 F was
inserted guided with the Road runner guidewire into
the bladder. A technique was devised to allow placement
of a ureteric access sheath without image guidance by
replacing fluoroscopy with visual and tactile cues. The
access sheath 12 F, 35/45 cm in length (Navigator, Bos-
ton Scientific Corp., USA) was used in all patients
(Fig. 1A), as it yields direct access to the renal pelvis,
better fluid irrigation, and permits removal of stone
fragments. In female patients, we attempted to use the
short access sheath (35 cm) without the cystoscopic
sheath. We fixed an 8-F Foley catheter to maintain blad-
der drainage during the procedure instead the cysto-
scopic sheath in females.

The flexible ureteroscope (Richard Wolf Medical
Instruments Corp., USA) has outer and tip diameters
of 9.9 F and 6 F, respectively. This instrument has the
same upwards and downwards deflection of 270�. It
was introduced through the access sheath to the renal
pelvis (Fig. 1C) [3]. Once the scope reaches the pelvica-
lyceal system, it is rotated gently on both sides with use
of the deflecting mechanism, to visualise the pelvicalyceal
system clearly. Continuous irrigation and/or intermittent
manual pumping of normal saline ensured a clear
ureteroscopic view. Once the particular calyx is identified
and the calculus is seen, the Ho:YAG laser was inserted
(200–272 lm fibre, Megapulse stone laser, Richard Wolf
Medical Instruments Corp.) for fragmentation. The laser
apparatus settings were adjusted to produce 200–
4000 mJ with a pulse frequency of 3–25 Hz. After com-
plete fragmentation, the process is stopped when only
very small stone fragments (2 mm) are seen, avoiding
the need for basket stone retrieval. The laser fibre was

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Figure 1 (A) Access sheath 12 F, 45 cm in length. (B) The NGage stone basket. C1–C2, the flexible ureteroscope, its base and flexed tip.

Fluoroscopy free flexible URS with Ho:YAG laser lithotripsy 125
withdrawn and the calyx flushed with saline under pres-
sure to clear the fragments. When the stone is fragmented
into significant fragments (>3 mm), the fragments were
removed with the zero-tip NGage basket (Cook Urolog-
ical Inc., USA) (Fig. 1B).

If the lower pole calyx stones could not be frag-
mented, the ureteroscope was moved to a less dependent
calyx position by using the NGage basket or water flush,
thus facilitating stone fragmentation and removal. All
collecting systems were inspected at the end of fragmen-
tation (Fig. 2A and B).

Ureteric stenting was also performed, as it is recom-
mended after completion of ureteroscopic lithotripsy if
ureteric injury, stricture, solitary kidney, renal insuffi-
ciency, or a large residual stone burden is present. A
JJ 4-F ureteric stenting (Marflow AG, Soodstrasse,
Figure 2 (A) KUB showed a right JJ stent migrated to the kidney and

KUB after flexible URS for the same patient, residual renal stones an
Zurich, Switzerland) was performed when indicated in
22 patients without the use of the fluoroscope. The ure-
teric stent is inserted through the 8.5–11 F ureteroscope
(working channel 5 F) under direct vision after flexible
URS. The upper coil is delivered easily under direct
vision into the renal pelvis and the lower coil is delivered
into the bladder. The stent was removed after �2 weeks.
All patients were treated on a day-case basis, and all
procedures were scheduled as outpatient procedures
unless any complications occurred during the procedure.

Follow-up

All patients were available for their 2-week and 3-month
follow-ups, which consisted of imaging studies compris-
ing of a plain abdominal radiograph of the kidneys,
multiple radiopaque shadows in the region of the right kidney. (B)

d JJ stent have been removed.



Figure 3 (A) Renal US showed multiple lower pole stones and the tip of the JJ stent intrarenal. (B) KUB for the same patient showed

multiple radiopaque shadows in the region of left kidney and a left JJ stent in situ.
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ureters and bladder (KUB) (Fig. 2B) and ultrasonogra-
phy (US). The US, KUB or CT-KUB were used as a
control for all patients at the last follow-up (Figs. 3
and 4). Results were classified by the largest single
fragment as: stone-free (no residual fragments
observed or residual fragments of <3 mm), residual
stone (stones >3 mm requiring a second procedure),
or failure (due to intraoperative complications or
technical problems).

Complications were categorised into intraoperative
(limited to ureteric perforation) or postoperative com-
plications (hospitalisation extension for >12 h for pain
or haematuria).
Figure 4 CT KUB (Coronal film) with reconstruction techniques

for urolithiasis showed bilateral renal calyceal stones.
Statistical analysis

Data were statistically analysed using SPSS V. 21 for
Windows and Epi info program, with a P < 0.05 con-
sidered statistically significant for all results. Data are
shown as the mean (SD) and range, 95% CI, frequency
and percentage. The chi-squared test was used for qual-
itative variable analysis, along with Fischer’s exact test
for 2 � 2 tables, when the expected cell count was <5
in >25% of cases. Student’s t-test was used for nor-
mally distributed quantitative variables to measure
means and SDs. The Z-test was also performed. The
Kolmogorov–Smirnov Z-test indicated that most of
the data was normally distributed, allowing parametric
tests to be performed to establish associations.

Results

The study included 80 patients (66 male, 14 female),
with a mean (SD; range) age of 48.2 (8; 28–54) years,
with a stone burden of 13 (3.5; 6–23) mm. A stone bur-
den of >15 mm, lower calyceal stones, and a single
renal stone were reported in 26 (32.5%), 48 (60%) and
52 (65%) patients, respectively. Ureteric stones were
seen in association with renal stones in 13 (16.3%)
patients. These patients were managed first with uretero-
scopic lithotripsy and JJ-stent insertion followed by the
flexible URS procedure for renal stones after 2 weeks.
Only 10 patients had bilateral renal stones (Table 1).
Indications for surgery were failure of SWL in 36
patients (45%), pain in 28 (35%), UTIs in four (5%),
and calcular obstruction in eight (10%). Three patients
(3.75%) had polycystic kidney disease and another
patient was using acetylsalicylic acid. The mean (SD;
range) operative time was 71.5 (20; 25–130) min. Fluo-
roscopy guidance was used in four cases only (5%)
due to failure of our technique, whilst 22 (27.5%)
patients required JJ stenting at the end of the procedure.
The mean (SD; range) hospital stay was 10 (8.5; 10–36)
h (Table 2).



Table 1 Demographics of patients treated with flexible URSL

with Ho:YAG laser for renal calculi.

Variable Value Test of sig.

Z-test

P

Mean (SD; range) age,

years

48.2 (8;

28–54)

Male/female, n 66/14 8.3 <0.001

Right/left, n 18/62 8.1 <0.001

Symptomatic/

asymptomatic, n

72/8 10.1 <0.001

Associated ureteric stones,

n (%)

13 (16.3) 8.6 <0.001

Bilateral/unilateral, n 10/70 9.4 <0.001

Single/multiple, n 52/28 3.8 <0.001

Lower calyx/different

calyces, n

48/32 2.5 0.01

Mean (SD; range) stone

size, mm

8.4 (2.6; 3–

23)

3.4 <0.001

Mean (SD; range) stone

number

2.2 (0.3; 3–

8)

2.9 0.001

Mean (SD; range) stone

burden, mm

13 (2.5; 6–

23)

4.3 <0.001

Stone burden (mm), n (%)

<15 64 (80) 7.6 <0.001

P15 26 (20) 7.6 <0.001

Localisation, n (%)

Lower calyx 58 (72.5) 5.8 <0.001

Other calyces 18 (22.5) 6.8 <0.001

Pelvis 4 (5) 11.4 <0.001

Table 3 Postoperative complications.

Postoperative complications n/N

(%)

Test of

sig. Z-test

P

Failure of access sheath

insertion

4/80 (5) 11.4 <0.001

Ureteric perforation – 12.6 <0.001

Prolonged haematuria 8/80

(10)

10.1 <0.001

UTI 1/80

(1.3)

9.4 <0.001

Table 2 Operative data.

Variables Value Test of

sig.

P

Mean (SD; range) operative

time, min

71.5 (20; 25–

130)

1.7* 0.09

Use of fluoroscopy guidance, n

(%)

4 (5) 11.99y 0.001

JJ stenting, n (%) 22 (27.5)

No stenting, n (%) 58 (72.5) 0.2y 0.47

Mean (SD; range) hospital stay,

h

10 (8.5; 10–

36)

2.24* 0.02

SFR, n/N (%)

<15 mm 60/64 (93.3)

>15 mm 10/16 (62.5) 8.75y 0.003

Lower calyx 51/58 (87.9)

Different calyces 16/18 (94.4) 0.09y 1

Pelvis 3/4

After SWL 33/36 (91.7) 0.03y 0.36

* t-Test.
y Fisher’s exact test.
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Stone-free rate (SFR)

A SFR of 87.5% (70/80 patients) was achieved. A single
session was successful in 87.9% (51/58) of patients with
lower calyceal stones and 91.7% (33/36) of patients after
SWL failure. However, overall stone clearance occurred
in 62.5% (10/16) and 93.3% (60/64) of patients, with
stone sizes of >15 and <15 mm, respectively (Table 2).

Complications

The overall complication rate was 15% (Table 3), with
four patients (5%) having intraoperative complications
due to failure of the insertion of the access sheath, as
a result of kinks in the ureter or a small calibre ureter.
Prolonged gross haematuria occurred in eight patients
(10%) postoperatively and was managed conservatively
with bed rest, haemostatic drugs, and i.v. fluids; if urine
was not cleared within 12 h we extended the patient stay
until the urine became clear. One patient developed a
UTI and fever, and was hospitalised and managed with
i.v. antibiotic and fluids, according to the urine and
blood culture. Following the procedure, 76 patients
(95%) were discharged at 612 h and only four (5%)
required a longer stay due to pain or haematuria.

Discussion

Flexible URS is an efficient therapeutic tool, benefiting
from reduced ureteroscope size, greater working channel
size, and small stone baskets for stone extraction and
holmium laser fibres for stone fragmentation. The active
deflection of the flexible ureteroscope into acute angles
enables access to all calyces, including the lower calyx
[4]. Flexible URS is usually performed under general
anaesthesia [3,4]. In our present study, all patients
underwent general anaesthesia and neuromuscular
blockage to facilitate stone access.

A ureteric sheath allows fast, safe, and multiple
accesses to the upper urinary tract, as well as increasing
ureteroscope lifespan, whilst decreasing intra-renal pres-
sure by continuous drainage [3–5]. More effective irrig-
ant flow also increases visibility. The use of normal
saline with continuous drainage of the irrigant fluid
decreases any risk of hyper-absorption of the fluid. In
our present study, the use of a cystoscope sheath during
the procedure also ensured continuous bladder drai-
nage, whilst supporting the access sheath. We used a
35-cm length without a cystoscope sheath for females
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and 45-cm length with a cystoscope sheath of 16–20 F
for male patients. We replaced the cystoscope sheath
in females with an 8-F Foley catheter to maintain blad-
der drainage during the procedure.

Wu et al. [6] described a technique using fluoroscopy
for positioning the proximal and distal stent coils. In our
institution, fluoroscopy free access sheath placement has
evolved, as we use progressively less fluoroscopy during
endoscopic cases. We believe that this technique could
be easily adapted to any urological practice and will
facilitate fluoroscopy reduction in all patients undergo-
ing ureteroscopic lithotripsy.

The impetus to perform fluoroscopy free procedures
is not unique to urology. McGee et al. [7] have per-
formed sacral neuromodulation without fluoroscopic
guidance. In urology, many centres have replaced fluo-
roscopy with the US-guided percutaneous nephrolitho-
tomy (PCNL) technique [8]. Mandhani et al. [9] have
successfully performed distal URS in three patients
using a fluoro-less method. However, our present study
is the first to describe and quantify the results of a tech-
nique for ureteric access sheath placement without any
form of image guidance.

Our goal was to reduce the amount of fluoroscopy
required during ureteroscopic lithotripsy, as up to 3%
of annual cancer cases globally are linked to ionising radi-
ation from medical imaging, which is cumulative. Radia-
tion levels 0.01 Sv above background may cause one in
1000 patients to develop neoplasia [1], which may result
from ureteroscopic lithotripsy using fluoroscopy [10].
Therefore, efforts should be made to limit such radiation
exposure. According to Söylemez et al. [11], whilst 96%
of urologists in Turkey use fluoroscopy guidance as the
initial choice for PCNL, only 2.8% and 1% use US guid-
ance and CT-guided access, respectively. Moreover, only
46% of urologists always use thyroid shields during fluo-
roscopy, as these are considered impractical.

The development of the Ho:YAG laser and its appli-
cation in urology has expanded the use of flexible URS
for upper urinary tract stones. Laser energy is rapidly
absorbed by water and has minimal tissue effect through
a 200-pm core sized fibre. This small fibre allows greater
ureteroscope deflection without compromising irrigant
flow and consequently visibility [12].

We claim that operative times can be reduced in
patients undergoing the fluoroscopy free technique due
to the free movement of the team, the lack of use of
aprons, protective shields and the avoidance of moving
the fluoroscope in and out of the operating table. How-
ever, our present operative time is not statistically differ-
ent from that previously reported [4,13]. In the future,
we plan to conduct a prospective study to compare the
operative time, radiation exposure, and complication
rate between the fluoroscopic and fluoroscopy free
technique.
SFR

Stone-free status after a single procedure is directly
related to stone burden. SWL should be considered the
first line of therapy for stones of <10 mm, as it has
85% success rate after one procedure [14]. Although suc-
cess rates of flexible URS may be similar, the more inva-
sive nature of endoscopic surgery counteracts this
advantage. The presence of residual fragments after
SWL, necessitating multiple procedures, is often associ-
ated with stones of >20 mm and lower calyceal location.
Owing to the effectiveness of the holmium laser in frag-
menting unresponsive stones, flexible retrograde URS
can be considered for salvage therapy after SWL failure.
Grasso et al. [15] reported that 76% of 45 patients with
renal stones of >20 mm that underwent URS were stone
free after a single procedure. After second-stage proce-
dures, the success rate increased to 91%without intraop-
erative complications in 15 patients.

In our present study, fluoroscopy free flexible URSL
was successful in 87.5% cases, with 91.7% noted for flex-
ible URSL (33 patients) after failure of SWL. Moreover,
the results were related to stone size, especially for stones
>15 mm (P = 0.003). A single session was successful in
60 patients (93.3%) with stones of <15 mm and 10
patients (62.5%) with stones of >15 mm. However, we
noted that better clearance was achieved for middle
and upper calyceal stones (94.4%) compared with lower
calyx stones (87.9%, the difference was not statistically
significant, P = 0.09). A renal pelvis stone was cleared
in only three out of four patients. Our findings are con-
gruent with those reported in the literature [16]. In addi-
tion, larger stones required longer operative time [13].
SFRs were also strongly influenced by definition of suc-
cess (residual fragments of <3 mm). Portis et al. [12]
reported a 94.6% SFR based on fragments of <4 mm.

Ureteric stents were placed in prolonged procedures
(>60 min), when large amounts of stone debris or evi-
dent ureteric oedema/trauma were present [4]. Thus,
22 patients (27.5%) were indicated for stenting, which
was performed without fluoroscopy guidance. A new
technique was developed by inserting the 4-F stents
through the semi-rigid ureteroscope under direct vision.

The 15% complication rate we noted is comparable
with other studies. In four cases, we failed to insert the
access sheath without fluoroscopic guidance due to ure-
teric kinks or strictures. In addition, eight patients had
postoperative gross haematuria and were treated in hos-
pital with bed rest, haemostatic drugs, and i.v. fluids. It
was not clear what the cause of the haematuria was,
whether it was due to the non-fluoroscopy guided access
sheath insertion or not. Further evaluation is needed to
determine the site and the cause of the haematuria. Only
one patient had a postoperative UTI, but improved
following conservative management.
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However, according to Takazawa et al. [17], the suc-
cess of flexible URS decreases when the treated stone bur-
den increases. In their study, they reported 67% of stones
>40 mm required almost two procedures (1.8 proce-
dures), whereas all stones between 20 and 40 mm in size
required 1.3 procedures to clear all stones. Thus, PCNL
should be the preferential treatment for stones of
>40 mm. Recently, the ‘mini-perc’ or ‘tubeless PCNL’
technique was developed, which has a smaller calibre of
nephrostomy tract, and would be expected to decrease
the risk of perioperative complications. PCNL has an
excellent success rate in clearing large renal stones. How-
ever, its invasiveness counteracts non-negligible major
complication rates. A recent global study of PCNL out-
comes reported 7.8% cases of significant bleeding,
3.4% renal pelvis perforation, and 1.8% hydrothorax.
Blood transfusions were required in 5.7% of cases, and
high-grade fever occurred in 10.5% of the patients [18].

The new robot for flexible URS produced by Elmed-
Turkey was recently used in Ankara, Paris, and Heil-
bronn. Rassweiler et al. [19] reported that Avicenna
Roboflex is feasible and suitable for the flexible URS
procedure with improved ergonomics, as it is more com-
fortable to be sitting at a control unit with an armrest
and free control of all functions.

A drawback of our new technique is that it needs
experienced surgeons and is not suitable for residents
and surgeons in training. Moreover, the insertion of
the access sheath is a blind procedure, which may cause
renal and ureteric injuries. The need for two semi-rigid
ureteroscopes for ureteric dilatations under direct vision
may not be affordable for all centres, as it increases the
cost of the procedure.

The present study, despite a small number of cases,
provides valuable evidence of access sheath insertion
and JJ stenting without fluoroscopic guidance. Nonethe-
less, further randomised controlled studies are needed to
draw firm conclusions.

Conclusion

Access sheath insertion without fluoroscopic guidance is
feasible and reduces the risk of radiation exposure. Flu-
oroscopy free flexible URSL with Ho:YAG laser for the
treatment of renal calculi is a safe and effective option.
In addition, it achieved >93% stone clearance in stones
of <15 mm.
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