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Laparoscopic Vesico-Ureteral
Reimplantation with Lich-Gregoir Approach
in Children: Medium Term Results of 159
Renal Units in 117 Children

Victor Soulier’, Aurélien Scalabre?, Manuel Lopez? Chi-Ying Li?,
Sodara Thach’, Sophie Vermersch?, Francois Varlet?

Abstract

Purpose: Vesico-ureteral reflux (VUR) represents one of the most significant risk factors for acute
pyelonephritis in children. Surgery is an important part of its management. Laparoscopic ureteric
reimplantation using the Lich-Gregoir technique is an option for VUR. The aim of this study is to
assess short- and medium-term outcomes of this approach.

Materials and Methods: This is a retrospective study including all children with VUR treated by
laparoscopic extravesical ureteral reimplantation with the Lich-Gregoir technique in University
Hospital of Saint-Etienne from August 2007 to May 2016. Surgery was performed after the age of
12 months in cases with repeated urinary tract infection (UTI) and a deterioration of renal func-
tion. All patients were followed-up post operatively.

Results: 117 children (92 girls, 25 boys) representing 159 renal units were included. The mean age
at surgery was 47.1 months (+32.7 months). The mean follow-up was 59.3 months (+31 months).
The resolution rate for VUR in terms of no febrile UTIs was 98.3%. The mean operative time was
96 min (+37.7 min) for unilateral procedures and 128 min (+46.1 min) for bilateral procedures.
The mean hospital stay was 25.3 h (6.3 h). There was no difference between males and females
regarding age, weight, renal function or follow-up duration.

Electronic supplementary material The online version of this article (doi:10.1007/s00345-017-2064-y) contains supplementary
material, which is available to authorized users.
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Conclusions: Laparoscopic reimplantation with Lich-Gregoir technique is an efficient, quick and
safe technique for the management of VUR. The success rate is comparable to open techniques
with the advantages of laparoscopic approach; this can potentially be performed as a Day Case
procedure.

Keywords Laparoscopy, Vesico-ureteral reflux, VUR, Lich-Gregoir, Children
Introduction

Vesico-ureteral reflux (VUR) represents one of the most significant risk factors for acute pyelone-
phritis in children. Surgery is an important part of its management [1]. Ureteral reimplantation is
an effective treatment of high-grade VUR [2]. Open procedures such as Cohen technique are the
current gold standard with a success rate over 98% [3]. However, minimally invasive techniques
such as endoscopic, laparoscopic or robotic approaches are promising alternatives [4].

Purely laparoscopic reconstructive surgery can be technically challenging, even for experi-
enced laparoscopic surgeons. Efforts have been directed towards reducing the perioperative mor-
bidity and the duration of hospitalization. The aim of this study is to report our experience in
the treatment of VUR using laparoscopic extravesical ureteral reimplantation according to Lich-
Gregoir technique.

Materials and Methods

We retrospectively reviewed the medical charts of all children treated for VUR including those
who underwent laparoscopic extravesical ureteral reimplantation with the Lich-Gregoir tech-
nique in our institution from August 2007 to May 2016.

Inclusion criteria were: age between 1 and 18 years at the time of surgery, diagnosis of VUR,
patients operated by laparoscopic extravesical ureteral reimplantation with the Lich-Gregoir
technique and minimal follow-up of 6 months.

The severity of VUR was evaluated on the results of the voiding cystourethrogram (VCUG)
using the international classification (grade I to V) [5]. Differential renal function was evalu-
ated by dimercaptosuccinic acid (DMSA) scintigraphy preoperatively, 3 months at least after the
last UTI. The indications for surgery were, as recommendations from the American Urological
Association (AUA): high grade reflux >III with deterioration of renal function or recurrence of
acute pyelonephritis despite antibiotic prophylaxis [6]. Presence of anatomical disorders was
noticed (duplicated systems, Hutch diverticulum).

In cases of severe reflux (grade III or more) with a deterioration of renal function on isotope
renography, a laparoscopic procedure was performed after the age of 12 months. A thorough
post-operative follow-up was performed consisting of a renal and bladder ultrasonography at 1,
3, 6, 12, 24 months and subsequently longer intervals. No additional imaging was routinely done
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for asymptomatic patients. Success outcome of the procedure was defined as absence of febrile
urinary tract infection during follow-up. We decided to exclude of this study children with mega-
ureters we operated (7 in total), we considered relative value unit (RVU) and mega-ureters to be
different condition and mixing them in the same study could be confusing.

The laparoscopic technique was previously described by Riquelme et al. article [7]. Figure 1
presents the surgeon, Ist assistant and nurse positions during the procedure. Figure 2 shows the
per-operative aspect of a right re-implanted ureter in a 2-year-old male patient. Using R-statistics
software, we performed a Student’s f test and Fischer’s exact tests to compare results in males and
females. We applied a Bonferroni correction to adjust the p-value to multiple statistic tests (cor-
rected p value <0,05 was considered statistically significant).
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Fig. 1: Surgeon, first-assistant, scrub nurse and trocars positioning: example of an extra-vesical laparoscopic right
reimplantation with Lich- Gregoir approach.
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Fig. 2: Per-operative aspect of reimplanted right
ureter in a 2-year-old boy.

Results

In total 117 children (92 girls, 25 boys) with VUR operated by laparoscopic extravesical ureteral
reimplantation with the Lich-Gregoir technique were included.

We observed 23 renal units with VUR grade I-II and 136 renal units with VUR grade >III.
The mean age at surgery was 47.13 months (+32.7 months). The mean follow-up was 59.3 months
(31 months) and the mean weight was 17.11 kg (+8.4 kg). Mean differential renal function was
36.9% (+16.1%) for unilateral reflux. There were no significant difference between males and
females regarding age, weight, DMSA or follow-up duration. There was no statistically significant
difference considering grades of VUR between females and males, clustered in grade I-II and
grade ITI-V using AUA model (p = 0,37, IC95% [0.52; 22.03]).

We performed 49 bilateral and 61 unilateral reimplantations (Table 1). Fifteen bilateral VUR
with low grade on one side (fourteen grade I and one grade II) and a high grade on the other side
were treated by endoscopic sub-ureteral injection and a laparoscopic reimplantation, respectively,
during the same procedure. Eight patients (five females, three males) had Hutch diverticulum
treated by doing a precautionary suture in the lower part of the bladder channel, twenty-eight
patients had VUR in the lower pole of a duplicated collecting system (DCS) including five bilateral
VUR. Three patients with ureteroceles and destructed renal upper pole had upper polar hemi-
nephrectomy during the same procedure. In two cases, a contralateral total nephrectomy was
performed in the same operative time for atrophic and non-functional kidneys.

The mean operative time was 96 min (+37.7 min) for unilateral reimplantation and 128 min
(+46.1 min) for bilateral reimplantation. Four unilateral VUR were discharged 8 h after surgery.
The mean hospital stay was 25.3 h (£6.3 h). One-third of these procedures were performed by a
resident or a registrar under supervision of an experienced surgeon.

The resolution rate, in terms of no further febrile UTIs accounted to 98.3% (115/117 patients).
Nevertheless, we observed an asymptomatic VUR grade I in a child who had a postoperative
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Table 1: Characteristics, statistic analysis and results in our series.

I N I N I

Population 92 (78.6%) 25 (21.4%)
Age (months) 49.6 (£33.1) 38.1 (+£32.7) p =0.14; 1C95% [-3.65; 25.63]
Weight (kg) 17.5 (£8.4) 15.6 (£8.6) p =0.34;1C95% [-1.90; 5.50]
%DMSA (unilateral VUR) 37.8 (£9.0) 33.6 (£18.0) p=0.27;1C95% [-3.48; 11.81]
Follow-up (months) 59.2 (+30.9) 59.5 (+31.3) p =0.16; 1C95% [-46.56; 1.32]
Right VUR 7 3
Left VUR 41 10
Bilateral VUR 42 7
Number of renal unit (R.U.) 132 27
Grade 1 15 (11.4%) 0
(endoscopic treatment) 15 0
Grade 2 6 (4.5%) 2 (7.4%)
(endoscopic treatment) 1 0
Grade 3 56 (42.4%) 10 (37.0%)
Grade 4 53 (40.2%) 13 (48.1%)
Grade 5 2 (1.5%) 2 (7.4%)
Low and high grade
Grade 1-2 21 2
Grade 3-5 11 25 p =0.37;1C95% [0.52; 22.03]
Duplicated collecting 24 4
systems
Hutch diverticulums 5 3
Ureterocele endoscopic 4 0
incision

Average operating time (min)

Unilateral reflux

Right 82.85 (+38.8) 103.3 (+28.87) p =0.36;1C95% [-76.67; 35.72]
Left 96.03 (+34.2) 104.2 (+39.06) p = 0.56; 1C95%[-37.39; 21.04]
Bilateral reflux 125.43 (+48.8) 147.14 (+£29.28) p =0.13;1C95%[-50.77; 7.34]
Complications
Mucosa perforation 5 0
Supra pubic catheter 0 1 For 10 days
insertion
Ureteral fistula 2 0 J7 and J15 post-operative,
respectively
Reimplantation failure 1 1
Cured by open procedure 0 1 Grade 2, 1 year after surgery,
(Cohen) confirmed by VCUG
Cured by endoscopic 1 0 Grade 1

injection of deflux®
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VCUG after the laparoscopic reimplantation procedure; we just followed-up him and he never
experienced urinary tract infection.

Early Complications

In 5 cases, a mucosal perforation occurred during the detrusorotomy, treated immediately by an
endo-loop repair. One temporary urinary retention occurred after a bilateral reimplantation. The
patient had supra-pubic pain and no urine in the nappy 6 h after the procedure. A supra-pubic
catheter was placed under general anesthesia and removed 10 days later with uneventful recovery.
Two patients needed reintervention for a uretero-peritoneal fistula 7 and 15 days after surgery.
One was treated by Cohen procedure and one by removing two stitches of the reimplantation with
ureteral suturing and double ] stent.

We observed two VUR recurrences; both were revealed by pyelonephritis recurrence and
confirmed by VCUG. We decided to treat the first one by an open Cohen procedure (VUR grade
II), and the other by endoscopic injection of Deflux® (VUR grade I). These complications are sum-
marized in Table 2.

Late Complications

During follow-up, 17 children had a lower urinary tract infection and 3 an asymptomatic bac-
teriuria (14 girls, 3 boys), treated by oral antibiotics. They were all treated for constipation by a
multidisciplinary approach including dietetic information, laxatives and physiotherapy. Eighteen

Table 2: Early complications encountered in our series according to Clavien-Dindo classification
system.

| Any deviation from normal post-operative course without 0
pharmacological

Il Requiring pharmacological treatment other than such 0
allowed for grade |

llla Requiring intervention non under GA 1 (Bladder retention with necessity of
supra-pubic catheter)

b Requiring intervention under GA 2 ureteral fistulas

2 persistent VUR (1 treated by Cohen
procedure, 1 by bulking agent)

IVa Life threatening complications with single organ dysfunction 0

IVb Life threatening complications with multi-organ dysfunction 0

Vv Death of the patient 0

Suffix If the patient suffers from a complication at the time of

“d” discharge, suffix“d” is added to the respective grade of
complication

Clavien-Dindo classification of surgical complications
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patients were also treated for functional urinary disorders (Table 3). There was no other late
complication.

Discussion

VUR management is controversial; some specialists recommend complete and long-term medical
treatment and surgery is only indicated in case of force-majeure while others prefer to adopt
a more proactive surgical approach. There is no strong consensus about prophylactic antibiotic
treatment, operative indications, age of surgery or follow-up management [2, 6].

The mean age at surgery in the present series was 46.4 months, which is comparable to other
reported series [7, 8]. It seems important to perform surgery after the age of 12 months, when
bladder-nerves and functional structures growth is sufficient [2].

According to AUA recommendations [6] we decided to operate on children with grade III
VUR or more, with renal dysfunction (DMSA < 40%) or renal scarring demonstrated on isotope
renography or children developing recurrent pyelonephritis despite optimal medical treatment.
We performed endoscopic injection of bulking agent for low grade VUR in accordance with the
literature [9, 10] which is a reasonable alternative to open surgical reimplantation, although long-
term results at adulthood remain unknown.

When surgery is indicated, open surgery remains the gold standard for ureteral reimplanta-
tion with good long- term results (success rate over 98%) [11]. The goal of any anti-reflux pro-
cedure is to restore anti-refluxing mechanism of the ureterovesical junction [12]. Lich-Gregoir
technique was described by Lich and Gregoir in 1961 and 1964, respectively [13, 14]. The Lich-
Gregoir technique is associated with a high success rate [4, 15] and extra-vesical reimplantation
has been associated with reduced morbidity in comparison with intravesical techniques such as
Cohen’s procedure [4]. However, reported incidence of urinary retention and impaired voiding
efficiency are 8-15% after bilateral extravesical reimplantation by open approach [16, 17]. This
might be a result of neurovascular injury during wound handling and ureteral or bladder dis-
section [17]. A nerve-sparing technique proposed by David in 2004 allows to reduce this

Table 3: Post-operative infectious issues and urinary tract infection in our series.

Infectious issues

Asymptomatic bacteriuria 3
Lower urinary tract infection 17
Upper urinary tract infection 0
Constipation management 23
Urinary Tract dysfunction 18
Overactive bladder 6
Noctural enuresia 5

Detrusor sphincter dyssynergia 7
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complication (2% of transitory bladder retention) [17]. Casale et al. in 2008 reported a series of
41 patients, who underwent nerve-sparing extravesical reimplantation by robotic approach,
respectively, for bilateral VUR, without episodes of urinary retention. The authors attributed the
absence of retention to improved visualization of the neurovascular bundle lateral to the ure-
teral hiatus [18] compared with open procedures. A recent series of pediatric robotic extravesical
ureteral reimplantation using the same technique reported an incidence of 30% of postoperative
voiding difficulties in bilateral cases [19]. In 2012, Baynes et al. reported the largest cohort of
patients undergoing extravesical ureteral reimplantation by laparoscopy with Lich-Gregoir tech-
nique in the literature with an incidence of urinary retention of 6.5% after bilateral reimplantation
[20]. Esposito et al. [4] described a 1.33% rate of urinary retention in open-Cohen procedures;
Herz et al. [21] reported a 0 and 5.6% of temporary urinary retention for unilateral and bilateral,
respectively, robot-assisted reimplantation. Although the incidence of urinary retention was much
lower in this study (0, 8%), there is certainly a real risk of voiding difficulty. In the present series,
only one patient presented with a transitory bladder emptying difficulty after a bilateral reim-
plantation. He required a suprapubic catheter under local anesthesia for 10 days (Clavien IIla).
We agree that lateral dissection of the ureter and bladder should be limited to avoid damage to
pelvic nerves [18] and we recommend a gentle and soft tissue dissection around the lower ureteral
part and no extensive coagulation. We decided to perform a laparoscopic approach of vesicoure-
teric reimplantation with Lich—-Gregoir technique for several reasons. We consider it as minimally
invasive, meaning a surgical approach which allows good functional results, comparable to open
techniques, with some other advantages, such as lower pain, shorter recovery and hospital stay,
acceptable cosmetic results. We make three small incisions, one of 5 mm-diameter (open-coelis-
copy and video-camera) and 2 of 3 mm-diameter (for instruments). We use the open-laparoscopy
principle to avoid the dreadful laparoscopic complications (visceral and vascular injuries, not
observed in our center after more than 4000 procedures). We use a 10 mmHg CO, insufflation
pressure for all of our patients and we did not observe anesthesiological complications during
our laparoscopic surgeries. Furthermore, this approach allows us to get a very good vision of the
posterior bladder wall during the dissection and Lich-Gregoir procedure. All our laparoscopic
interventions are video-recorded, which help us to share our experience and techniques with our
students, residents and colleagues. We also reanalyze and criticize our procedures a posteriori and
to improve our technique when we front complications.

We observed two febrile VUR recurrences in our series (Clavien ITIb), that is to say 1.36% of
failure revealed by febrile UTI. One was treated by injection of bulking agent and the other one by
open-Cohen technique. This result is comparable with the literature; Bayne et al. [20] reported a
1.02% of VUR recurrence for laparoscopic procedures; Esposito et al. [4] observed a 6.66% VUR
recurrence in open Cohen procedures, whereas Kasturi [22] and Herz [21] showed, respectively,
0.6 and 2.8% of VUR recurrence for robot-assisted procedures.

Lich-Gregoir laparoscopic technique has significant advantages [4, 15]. Esposito et al. com-
pared laparoscopic approach with open Cohen technique and showed that hospitalization was
shorter in the laparoscopic group (2.42 days + 0.86 vs 12.58 days + 4.26 in the Cohen group,
p = 0.03), use of painkillers was shorter (1.30 days + 0.59 vs 4.83 days + 2.87 for Cohen group,
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p =0.001) with a postoperative VAS score between 0 and 3 for all laparoscopic patients. Bladder
catheters were less frequent in the laparoscopic group (26.6% vs 90% for Cohen group, p = 0.001).
In our opinion, no bladder catheter is needed during the post-operative period. The mean opera-
tive time for unilateral reimplantation was 96 min (+37.7 min) and 128 min (+46.1) for bilateral
procedure, which is comparable to literature data [4, 20]. In addition, decreased hospital stay with
faster recovery allows this surgery to be performed as a day-case [8]. Our median hospital stay was
25.3 h (11-48); the last four patients who presented unilateral VUR were operated on and went
back home the same day (median hospital stay was 8 h (7-10 h)). The laparoscopic extravesical
reimplantation of the ureter has a certain learning curve but is easily feasible and well-standard-
ized. In our series registrars or residents, under senior control, made one-third of procedures.
We decided not to compare inter-operators time of procedure to represent the “real-life” of our
theater room. A study is necessary to describe the learning curve of this procedure. Even if we
cannot exclude that laparoscopic skills certainly influence dexterity or the operating time, we have
the feeling that this procedure is technically reproductible, even for young surgeons as far as they
are involved in laparoscopic procedures. We strongly believe in this technique and try to diffuse
it because of its reproducibility. We try to elaborate a laparoscopic simulator of this technique,
which allows motivated surgeons to be trained in the future, or so we hope.

We decided to consider the operative success as the absence of recurring febrile urinary tract
infection, which is for us clinically pertinent. We did not perform other imaging routinely in
asymptomatic children with normal renal ultrasound [8, 21, 22]. Several authors showed that
routine postoperative VCUG and renal functional studies are not mandatory in asymptomatic
patients [23, 24] because no correlation was shown between a persistent postoperative VUR and
the risk of febrile urinary tract infection. In our institution, post-operative VCUG was only per-
formed at the beginning of our experience to set our technique up.

Extravesical robotic-assisted laparoscopic ureteral reimplantation (RALUR) is an alternative
to open and laparoscopic surgery. This approach has been described in 2010 by Sorensen et al.
[25] in 50 children (mean age: 8.6 years old). Smith et al. in 2011 [19] compared open-technique
to robotic approach with a high success rate (97%, mean age: 69 months). A recent retrospec-
tive analysis published in 2016 by Herz et al. [21] presents results of children who underwent
unilateral (RALUUR) or bilateral (RALBUR) laparoscopic robotic-assisted ureterovesical reim-
plantation. Surgical success was higher for unilateral (91.7%) in comparison with bilateral reim-
plantation (72.2%). Mean age was 5.2 years (range 2.5-13.1). Mean operative time was 206.5 min
(range: 145-256 min) and 306.2 (range: 229-444 min) for unilateral and bilateral reimplantation,
respectively. Trocars size were 12 mm (61.1%) or 8.5 mm (38.9%) for camera and 8 mm (77.8%) or
5 mm (22.2%) for instruments, with the presence of 5 mm-assistant trocars in two-third of the
procedures. In the present study, Lich-Gregoir procedures were performed under laparoscopy
using a 5 mm optic trocar and two 3 mm instrumental trocars. We strongly believe that robotic
surgery has many advantages: viewing quality, high precision of motion, but larger trocars size
can be a break even if incidence of port-site complications remains low (0, 83%) [26]. Moreover,
operative time is significantly longer in robotic-assisted ureteral reimplantation, which has to be
taken into consideration for anesthesiologists and operating theater team.
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One of the most common operative complications in laparoscopic extravesical ureteral reim-
plantation is ureteral injury or obstruction (ischaemia) owing to excessive handling of the ureter
or an excessive closure of the new channel [7]. Lakshmanan and Kasturi in 2000 and 2012, respec-
tively [22, 27], reported 6.3% (3/47) and 0.6% (1/150) intra-abdominal urinary leak requiring
drainage and bilateral pigtail stents for 2 months. Bayne et al. observed a 2.04% rate of ureteral
leakage [20] and Esposito et al. showed a 1.33% of the same complication in open Cohen proce-
dures [4]. The common symptoms and signs of these patients are: mild to severe abdominal, flank
or back pain, fever, vomiting, urinary leakage, haematuria, and leukocytosis. Physical examina-
tion may reveal a tender, distended abdomen and sometimes signs of peritoneal irritation. In
contrast to the often delayed presentation, a ureteral injury resulting in a urinoma (extravasation
of urine which may collect at different sites, depending on the location of injury) can be quickly
diagnosed on ultrasound-scan or on CT-scan, [28]. These imaging studies are valuable in the
diagnosis and management of complications after laparoscopic urologic surgery. At the beginning
of our series, two patients presented with a ureteral perforation at 7 and 15 days postoperative,
respectively (Clavien IIIb). A distal ureteral injury was diagnosed on CT scan. We performed an
open reimplantation for the first patient with Cohen technique and a redo laparoscopic procedure
for the second patient, requiring drainage pigtail stent. In these two cases, we founded a urinoma
and a ureteral perforation at the distal part of the ureter. We reviewed the surgery video but did
not find the traumatic cause for this perforation. We assume that the probable causes were due to
ischaemia caused by excessive handling of the ureter, a burn with the diathermy hook dissection
or an excessive closing of the new tunnel. To avoid this complication we opted to wrap a soft band
around the ureter for manipulation and limit the amount and duration of cautery. Another prob-
able intraoperative complication is the risk of visceral organ injury and postoperative bowel adhe-
sion. Fortunately, these complications have not been observed in our series or in the literature.

We observed in our series 17 children who suffered from lower urinary tract infections
(Clavien II), representing 14.5%, which is comparable with robotic-reimplantation data 5.5-11%
for Herz et al. [21] in extravesical approach and up to 9% for open-Cohen approach [4]. We
cannot exclude that this urinary tract infection could be linked with nerve damage during dis-
section. We noticed that all these children were constipated and could also explain the urinary
emptying issues. We attach great importance to intestinal transit in these patients since we know
the urinary and intestinal systems strong interactions.

Refluxing DCS associated with obstruction, VUR or both, can be managed by laparoscop-
ic approach in a one-stage procedure involving upper and/or lower urinary tract. In our series,
refluxing DCS was associated with obstruction in 4 of 28 patients. Three had ectopic intravesi-
cal ureterocele with complete deterioration of the upper kidney function. Upper hemi-nephro-
ureterectomy, excision of the ureterocele and ureteric reimplantation were done during the same
procedure. Thakre et al. also reported that laparoscopic hemi-nephro-ureterectomy with excision
of ureterocele and ureteric reimplantation can be safely and effectively performed in a single-stage
laparoscopic procedure. The procedure minimises the need of traditional open surgery and its
consequences in patients with refluxing DCS associated with ureterocele and complete deteriora-
tion of upper moiety function and VUR [29].
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Even if our results seem promising, the retrospective and monocentric nature of the study
certainly limit them. Multi-centric and prospective series with long-term follow-up are needed to
confirm the effectiveness of this approach.

Conclusion

Laparoscopic extravesical ureteral reimplantation with the Lich-Gregoir technique is a safe, effec-
tive, and feasible procedure for the treatment of VUR in children with good initial and medium-
term results comparable to open procedures, with a low morbidity and good resolution of VUR.
This series is one of the largest available in pediatric surgery literature. The technique results in
short hospital stay and reduced recovery period can be applied to unilateral VUR, bilateral VUR
and duplex system. We did not observe postoperative bladder dysfunction even after bilateral
reimplantations. This procedure should become an established treatment option.
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Abstract

Purpose: To report our experience with total ultrasound-guided percutaneous nephrolithotomy
(PCNL) in the management of patients with solitary kidney, and evaluate the safety and feasibility
of this technique.

Materials and Methods: Between October 2014 and December 2016, 48 patients with solitary
kidneys underwent total ultrasound-guided PCNL at our institution. Stone-free rate (SFR),
auxiliary procedures, and complications were recorded. Changes in renal function were evalu-
ated by comparing preoperative and postoperative estimated glomerular filtration rates (eGFRs).
Perioperative factors that may affect renal function were analyzed to define factors predicting
renal function improvement on long-term follow-up. Of 48 patients, 44 were followed at least 6
months, whereas four patients were lost to follow-up.

Results: Among all patients, staghorn calculi were found in 18 (37.5%) patients. 14 (29.2%)
patients required a two-stage PCNL. Struvite was found in six (12.5%) patients. Complications
were reported in eight (16.7%) patients. Severe bleeding was noticed in three patients; no angi-
oembolization was required. After a median follow-up of 12 (6-26) months, the final SFR was
81.8% after auxiliary treatments. There was a significant improvement of eGFR from 53.9 + 24.0
t0 61.3 £25.4 mL/min/1.73 m? (P < 0.01). Renal function was stable, improved and worse in 65.9%
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(n=129),27.3% (n =12), and 6.8% (n = 3) of patients, respectively, compared with preoperative
levels.

Conclusions: Ultrasound-guided PCNL is a safe and feasible procedure with an acceptably low
complication rate in patients with solitary kidneys. At long-term follow-up, the renal function
in more than 90% of the patients with solitary kidneys can be improved or stabilized after ultra-
sound-guided PCNL.

Keywords Ultrasound guidance, PCNL, Solitary kidney

Abbreviations

PCNL Percutaneous nephrolithotomy

SER Stone-free rate

eGFR Estimated glomerular filtration rate

CKD Chronic kidney disease

MS Metabolic syndrome

CIRFs Clinically insignificant residual fragments
RIRS Retrograde intrarenal surgery

DM Type 2 diabetes mellitus

Introduction

Percutaneous nephrolithotomy (PCNL) is the standard treatment approach for large and complex
renal calculi. High stone-free rates of greater than 90% have been reported [1]. However, there are
risks of complications such as uncontrollable bleeding that may necessitate embolization or even a
nephrectomy [2]. Therefore, PCNL for the treatment of stones in a solitary kidney still represents
a special operative challenge.

Another main concern when performing PCNL in solitary kidneys was the long-term effect
of percutaneous surgery on renal function [3]. However, it is difficult to evaluate this effect accu-
rately due to the influence of the contralateral kidney. Therefore, the solitary kidney represents
an appropriate model in which to study the impact of PCNL on renal function and find out the
underlying factors correlated with renal function improvement or deterioration.

There are many reports that addressed the issue of PCNL in management of stones in a sol-
itary kidney [4]. However, most of them were under fluoroscopic guidance. Access for PCNL
under total ultrasound guidance has been increasingly demonstrated as an acceptable alternative
to fluoroscopy [5]. However, its safety and effectiveness have never been reported in the solitary
kidneys.

In the present study, we reported our experience with total ultrasound-guided PCNL in the
treatment of patients with solitary kidneys, evaluated its outcomes, complications, and investi-
gated factors affecting renal function changes after long-term follow-up.
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Materials and Methods

We retrospectively reviewed the records of 48 patients who underwent PCNL for stones in a soli-
tary kidney at our institution between October 2014 and December 2016. No patient in our study
underwent routine dialysis. Seven patients had a congenital solitary kidney (14.6%), 12 patients
had a previous contralateral nephrectomy (25%), and 29 patients had a solitary functioning
kidney with contralateral atrophy (60.4%). Non-functional contralateral kidneys were confirmed
by Tc-99 m-DTPA renography. Patient demographic characteristics, including gender, age, the
presence of type 2 diabetes mellitus (DM) and hypertension, body mass index (BMI), as well as
previous ipsilateral kidney open surgery were recorded. Preoperative laboratory tests included
serum creatinine, fasting glucose, triglyceride, total cholesterol, high-density lipoprotein (HDL)
cholesterol, low-density lipoprotein (LDL) cholesterol levels, serum uric acid, liver function tests,
complete blood count, coagulation screen tests, and urine cultures. Eighteen patients with posi-
tive preoperative urine cultures were treated according to antibiotic sensitivity tests. Preoperative
nephrostomy was performed in five patients (10.4%) to relieve anuria and infection due to
obstruction. Only the nadir serum creatinine after relief of obstruction was used for calculation
of preoperative eGFR. Two patients with concurrent ureteral stones were initially treated with
ureteroscopy. Stones were classified as complex (renal caliceal stones with pelvis stones, partial or
complete staghorn stones,) or simple (isolated renal caliceal or pelvis stones), regardless of their
size. Metabolic syndrome (MS) was diagnosed according to NCEP ATP-III criteria (2005 revi-
sion) [6].

Technique

A retrograde 5F ureteric catheter was inserted into the renal pelvis with the patient in lithoto-
my position and renal access achieved with the patient prone. Access to the selected calyx was
achieved under ultrasound guidance (3.5 MHz probe, LOGIQ e, GE Healthcare, USA) using
a 17.5-gauge coaxial needle targeting its fornix, as we described in detail previously [7]. The
tract was dilated with serial or balloon dilators (X Force® N30 balloon dilator, Bard Urological,
Covington, Georgia) up to 24F under X-ray-free condition. The "two-step” method was used for
serial dilation [7], and the process of balloon dilation was monitored under real-time ultrasound
guidance (Supplementary material). Fragmentation of the stones was accomplished using an
ultrasonic lithotripter or pneumatic lithotripter (Swiss Lithoclast, EMS Electro Medical Systems,
Nyon, Switzerland) under a rigid nephroscope. Ultrasonography for residual stones was con-
ducted to define whether additional tracts were needed. At the conclusion of the procedure, a 6F
stent was inserted antegrade into the ureter and 14Fr nephrostomy tube was placed within the
renal pelvis or the involved calyx. A plain X-ray of the kidneys, ureters, and bladder (KUB) was
obtained 48 h after the operation. The nephrostomy tube was removed when the urine ran clear or
during the next stage of surgery. SWL, retrograde intrarenal surgery (RIRS) or repeat PCNL was
considered as auxiliary treatment alternative when indicated. The Double-J stent was left in situ
for four weeks to facilitate the passage of stone fragments. Blood transfusion was administrated
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when hemoglobin (Hb) < 7.0 g/L during or post operation. Severe bleeding was defined as intra-
operative or postoperative renal hemorrhage requiring blood transfusion or angiographic embo-
lization. Stone free was defined as the absence of any residual stones in kidney or had clinically
insignificant residual fragments (CIRFs), meaning < 4 mm, non-infectious, non-obstructive and
asymptomatic residual fragments. All patients were assessed by KUB or computerized tomogra-
phy (CT) 1 month after the final procedure to confirm the final stone-free rate (SFR).

Follow-up

Follow-up protocol included history, blood routine test, urine analysis, serum creatinine, KUB
and renal ultrasonography. CT scan was performed for assessment of patients with deteriorated
renal functions or stone recurrence. Serum creatinine was measured before and 2 h after the
operation, on the first postoperative day, and at each follow-up visit. The eGFR was calculated
using the four-variable modification of diet in renal disease (MDRD) equation.

Statistical Analysis

Of 48 patients, 44 were followed for at least 6 months, whereas four patients were lost to follow-up;
therefore, eGFR and CKD were calculated for the remaining 44 patients. Paired ¢ test was used to
compare the changes in the preoperative and postoperative serum creatinine and eGFR values.
Increase in the eGFR over 20% was considered as improvement, decrease over 20% as deteriora-
tion, and changes within 20% as stationary in renal function [8]. Perioperative clinical factors
that may affect renal function were tested using univariate (Student’s ¢ test or Fisher’s exact test)
analyses to define factors predicting renal function improvement on long-term follow-up.

Results

The study included 48 patients [33 men (68.8%) and 15 women (31.2%)]. Patients’ mean age was
51.4 + 12.0 years (range 24-74 years). The mean operative time was 75.1 + 23.8 min (range 30-130
min). The mean length of postoperative hospitalization was 4.63 + 0.97 days (range 3-7 days). In
the 44 patients who completed the study, 24 patients (56.8%) were stone free after single session
PCNL. For auxiliary treatments, 14 patients (31.8%) had residual stones for second stage PCNLs,
RIRS retrieval was performed for five patients, and SWL was performed for three patients. After
all the procedures, nine more patients became stone free, and three had insignificant fragments
< 4 mm. So, the final stone-free rate was 81.8%. After a median follow-up of 12 months (range
6-26), spontaneous stone passage was noticed in one patient with CIRFs, two showed growth of
the residuals, six showed the same post-PNL residuals, whereas one patient had recurrence of the
stones. Those patients with recurrence or regrowth of the residuals were managed with RIRS or
PCNL. Average eGFR values were 53.9 + 24.0 mL/min/1.73 m? during the preoperative period,
49.6 £ 21.0 mL/min/1.73 m?2 h after operation, 50.9 + 24.5 mL/min/1.73 m?* post operative day
1, and 61.3 £ 25.4 mL/min/1.73 m?at the last follow-up visit (= 6 months), respectively. The late
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Table 1: Univariate analysis of risk factors for deterioration of the renal function after PCNL in
solitary kidney (Fisher or t test). Univariate analysis of factors for improvement of renal function
after PCNL in solitary kidney (Fisher or t test).

Deteriorated or stationary Improved eGFR
eGFR

Age in year, mean (SD) 50.4 (13.4) 50.6 (9.3) 0.967
Baseline eGFR (ml/ min/1.73 m?), mean (SD)  55.5 (23.8) 49.7 (24.9) 0.476
N (%) N (%)

Gender 1.000
Male 23(71.9) 9(28.1)
Female 9 (75.0) 3(25.0)

Metabolic syndrome 0.663
Yes 5(62.5) 3(27.5)
No 27 (75.0) 9(25.0)

Hyperuricemia 0315
Yes 18 (66.7) 9(33.3)
No 14 (82.4) 3(17.6)

Open surgery history 1.000
Yes 8(72.7) 3(27.3)
No 24(72.7) 9(27.3)

eGFR category 0.322
> 30 mL/min 29 (76.3) 9(23.7)
15-30 mL/min 3(50) 3(50)

Urine culture 0.733
Positive 14 (77.8) 4(22.2)
Negative 18 (69.2) 8(30.8)

Nature of solitary kidney 0.507
Non-functional 15 (78.9) 4(21.1)
Functional 17 (68.0) 8(32.0)

Stone burden 0.259
Simple 7 (58.3) 5(41.7)
Complex 25 (78.1) 7(21.9)

Number of tracts 0.068
Single 19 (63.3) 11(36.7)
Multiple 13 (92.9) 1(7.1)

Hydronephrosis 0.658
None or mild 28(73.7) 10 (26.3)
Moderate or severe 4 (66.6) 2(33.4)

PCNL 0.068
One stage 19 (63.3) 11 (36.7)
Staged 13(92.9) 1(7.1)

(continued)...
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...(continued)

Deteriorated or stationary Improved eGFR
eGFR

Tract dilation
Balloon
Serial

Severe Bleeding
Yes
No

Post-PCNL residuals
Stone free
Residual stones

Stone composition
Struvite
Non-struvite

Auxiliary procedure
Yes
No

Preoperative anemia
Yes

No

10 (66.7)
22(75.9)

3(100)
29 (70.7)

18 (69.2)
14 (77.8)

3(50)
29(76.3)

17 (85.0)
15 (62.5)

3(42.9)
29 (78.4)

5(33.3)
7 (24.1)

0(0)
12(29.3)

8(30.8)
4(22.2)

3(50)
9(23.7)

3(15.0)
9(37.5)

4(57.1)
8(21.6)

0.722

0.551

0.733

1.000

0.173

1.000

Table 2: Literature review of guidance method, outcomes, complications, and postoperative
renal function changes of patients with solitary kidneys underwent PCNL.

References

Liou et al. [22]
Canesetal.[13]
Resorlu et al. [23]
Akman etal. [14]
Basiri et al. [24]
Bucuras et al. [25]

Wong et al. [26]
El-Tabey et al. [8]
Torricelli et al. [27]
Hosseini et al. [28]
Bai et al. [29]

US ultrasound, NR not reported

Patient

number

16

30
189

17
200
27
412
60

X-ray
X-ray
X-ray
X-ray
X-ray
X-ray and/
orUS
X-ray
X-ray
X-ray
X-ray
X-ray

Initial stone-
free rate (%)

81.3
84.5
NR

65.4

58.8
81.5
NR
81
357

Final stone-
free rate (%) | cation (%)

93.7
90.9
95.3
NR

76.5
89.5
67

91.3
88.3

62.5
10.6
233
29.6

353
17

29.6
19.2
31.7

Trans-
fusion (%)

18.8
6.4
33
10.1

5.9
5.0
18.5
4.6
11.7

Renal

function
change

Stable
Improved
Improved
Improved
Stable

Improved

Improved
Improved
Improved
NR
NR

postoperative eGFR was significantly improved when compared with the preoperative eGFR
(P <0.01). Twelve patients (27.3%) showed improvement in eGFR, 29 (65.9%) showed stationary
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eGFR, whereas three (6.8%) showed deterioration. No patient developed end stage renal disease
or maintained on hemodialysis.

In the 33 patients (68.7%) with complex stones, staghorn calculi were found in 18 (37.5%)
patients. Stone analysis showed 40 (83.3%) calcium based stones, 2 (4.2%) uric acid stones,
6 (12.5%) struvite (magnesium ammonium phosphate).

Complications were reported in 8 patients (16.7%). Five patients (10.4%) had fever (tempera-
ture of 38.5 °C or greater). Blood transfusions were required in three (6.3%) patients. All of them
were successfully treated conservatively; no angioembolization was required. No urosepsis was
detected. Neither hydrothorax nor hemothorax developed in any patient. Factors that may associ-
ated with renal function changes were listed and analysed in Table 1.

Discussion

PCNL is recommended as the gold standard intervention for patients with large and complex
renal calculi [9]. This procedure has the advantages of a higher stone-free rate and acceptable
complications when compared with other treatment alternatives such as RIRS and open surgery
[2]. For challenging cases such as patients with solitary kidneys, PCNL is also an appropriate
treatment choice [4].

Previous reported PCNLs in solitary kidneys were mostly performed under fluoroscopic
guidance [4]. Ultrasound-guided renal access for PCNL has becoming more widely used, and was
found to have shorter puncture time, higher success rate of first puncture, and less blood loss, as
compared with fluoroscopic guidance in patients with normal bilateral kidneys [10]. However,
it is seldom reported in patients with solitary kidneys. In present study, all percutaneous renal
accesses were achieved under total ultrasound guidance. Our final stone-free rate of 81.8% and
total complication rate of 16.7% were comparable to those of fluoroscopy-guided PCNL in soli-
tary kidneys (Table 2). Moreover, staghorn calculi were found in 37.5% of patients in our study.
These results fully demonstrated that ultrasound guided PCNL is a safe and effective treatment
approach for stones in solitary kidneys.

The primary concern of PCNL in solitary kidneys is the risk of uncontrollable hemorrhage
that may necessitate embolization or even a nephrectomy [2]. Transfusion rate for severe bleeding
generally varies between 3.3 and 18.8% according to previously reported PCNL series in solitary
kidneys (Table 2). Most bleeding can be managed with conservative treatment, with less than
1.5% of the patients requiring angioembolization [11]. Reported risk factors for severe bleeding
included multiple accesses, solitary kidney and an inexperienced surgeon [12]. In the present
study, hemorrhage that required a blood transfusion was observed in three (6.3%) patients. The
transfusion rate was comparable to prior fluoroscopy-guided series. All the three patients who
needed blood transfusion had the staghorn calculi and required multiple accesses during the
PCNL procedure. However, all of them were successfully treated conservatively, and no angioem-
bolization was required.
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The second concern when performing PCNL in solitary kidneys was the possible effect
of PCNL on renal function at both short- and long-term follow-ups. In the present study, the
mean preoperative eGFR was 53.9 + 24.0 mL/min/1.73 m? and calculated at 50.9 + 24.5 and
61.3 £ 254 mL/min/1.73 m? during the early and late postoperative periods, respectively.
A significant improvement in mean eGFR was detected at the last follow-up when compared with
the preoperative level (P < 0.01). Thus, the postoperative function of solitary kidneys after long-
term follow-up was significantly improved in our study. This result was in accordance with other
fluoroscopic-guided series (Table 2). The possible reasons for such improvement could be clear-
ance of infection and relief of obstruction by stone removal [13]. However, a temporary decrease
in mean eGFR during the early postoperative period was also detected, which may be due to acute
injury or hydrodistention of the kidney during the surgery [14].

Without the compensation of contralateral normal kidney, patients with solitary kidneys
provided a unique opportunity to investigate the factors affecting renal function in the late post-
PCNL period. Struvite pertains to the infectious stones, which were associated with infection
of urease-producing bacteria, such as proteus mirabilis [15]. Patients with struvite are deemed
at high risk of recurrence, and often suffer from repeated urinary infection, which deteriorated
the renal function [16]. Mayo et al. [17] found significant improvement in the function of renal
units containing infectious stones underwent PCNL through radionuclide studies. However, in
our study, we detected no statistically significant correlation between stone composition and post-
operative kidney function.

Tract dilatation is a major procedure in PCNL, which can be done using serial or balloon
dilators. Balloon dilation has been observed with higher bleeding and transfusion rates as well
as a total longer operative time compared with serial dilation [18]. However, their influence on
renal function has never been reported due to the influence of normal contralateral kidney. In our
series of patients with solitary kidneys, balloon dilation was used in 34.1% of the patients;the rest
of them were dilated with serial dilation. We detected no significant correlation between dilation
method and postoperative kidney function. This result indicated that the dilation method has
little effect on renal function improvement after PCNL.

The metabolic syndrome (MS) is a cluster of cardiovascular disease risk factors that includes
dyslipidemia, hypertension, central obesity, hyperglycemia, and diabetes mellitus [6]. This disease
is also associated with an increased risk for chronic kidney disease and urolithiasis [19]. Akman
et al. [19] reported that MS was associated with worsening renal function in patients underwent
PCNL after a minimum follow-up of 12 months, and the mean eGFR was decreased significantly
at last follow-up in the MS group. However, the normal contralateral kidney may be a confound-
ing factor in this study. In two studies about PCNL in solitary kidney, underwent PCNL, patient-
related factors including BMI, hypertension and diabetes mellitus, which were components of
MS, have been reported to have no significant correlation with postoperative kidney function [8,
14]. In the present study, eight patients were diagnosed with MS. The eGFR at last follow-up were
deteriorated in one patient, improved in three patients, and stationary in others. We detected no
statistically significant correlation between MS and postoperative kidney function. In addition,
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we also found no significant correlation between postoperative kidney function and hyperurice-
mia, which is closely associated with MS and has been considered as an independent risk factor
for renal impairment in patients who had renal cell carcinoma and underwent unilateral nephrec-
tomy [20, 21].Therefore, the correlation between MS, hyperuricemia and post-PCNL renal func-
tion needs further investigation depending on a large-scale prospective study.

We recognize three limitations in our study. First, it is limited by its retrospective nature
as well as relatively short follow-up duration and small patient numbers. Future large-scale and
long-term prospective studies are needed. Secondly, the influence of some variables such as mean
stone volume, operative time, history of PCNL, and estimated blood loss were not included in our
study. Thirdly, we can not analyze risk factors for renal function deterioration after PCNL, which
is important in differentiating high-risk patients before operation. Further studies can be done
from this perspective.

Conclusions

Ultrasound-guided PCNL is a safe and feasible procedure, compared to fluoroscopy-guided
PCNL, with acceptably low complication rate in patients with solitary kidneys. The renal function
in more than 90% of the patients with solitary kidneys can be improved or stabilized after PCNL
at long-term follow-up.
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Abstract

Purpose of Review: This review discusses factors aftfecting outcomes during ureteroscopy (URS)
with laser lithotripsy (LL), explores specific clinical challenges to the efficacy of URS LL, and
reviews the available literature comparing the dusting and basketing approaches to URS LL.
Recent Findings: Data show high stone-free rates with URS LL in all locations of the urinary
tract and with all stone types and sizes. Recent data comparing LL with dusting versus basket-
ing suggest higher rates of residual fragments with dusting but less utilization of ureteral access
sheaths and potentially shorter operative times. Differences in postoperative complications, re-
intervention rates, and other outcome parameters are not yet clear. Interpretation of published
data is problematic due to variability in laser settings, follow-up intervals, and definitions for what
constitutes stone-free status.

Summary: URS has overtaken shock wave lithotripsy in the last decade as the most commonly
utilized surgical approach for treating urolithiasis. Two primary strategies have emerged as the
most common techniques for performing LL: dusting and basketing. There is a relative paucity
of data examining the difference in these techniques as it pertains to perioperative outcomes and
overall success. We attempt to synthesize this data into evidence-based and experience-based
recommendations.
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Introduction

For the past three decades, technological innovation has driven evolution in surgical management
of urolithiasis. Flexible fiber-optic ureteroscopes, first introduced in the 1980s, simplified access
into the ureter and kidney and allowed visualization of regions that were unreachable with the
preexisting rigid and semi-rigid instruments [1]. Dual deflection mechanisms improved access to
the lower and upper poles of the kidney. These ureteroscopes, however, were still relatively large
with sizes up to 11.5 Fr and associated with a risk for significant complications, as high as 6.6% [2].

Extracorporeal shock-wave lithotripsy (SWL), developed in the early 1980s, was an attrac-
tive and less invasive alternative to ureteroscopy (URS) that ultimately became the mainstay of
treatment for uncomplicated urolithiasis. However, harder stones (calcium oxalate monohydrate
and cysteine) fragment poorly with SWL [3]. Since SWL only generates an equivalent volume of
stone fragments, the patient must spontaneously pass all fragments to achieve stone-free status.
This is particularly problematic for lower pole stones when the infundibulopelvic angle is acute,
since gravity tends to trap fragments inferiorly. To facilitate passage of lower pole fragments after
SWL, urologists developed a variety of complicated positional drainage maneuvers (i.e., total
body inversion) [4-6]. Moreover, stone-free rates (SFR) with SWL for larger stones are low and
multiple procedures are often required [7-10]. Consequently, the AUA guidelines recommend
limiting SWL to stones <1.5 cm that are not located in the lower pole [11].

During the 1990s, miniaturization and improved mechanics fueled development of smaller
flexible ureteroscopes with large working channels. These new instruments delivered effectors
(i.e., baskets and lasers) to less accessible areas of the kidney, greatly improving the versatility
of URS. Clearer visualization with digital ureteroscopes as compared to the original fiber-optic
system shortened procedure times and improved safety [12, 13]. The result has been a nearly 20%
drop in SWL usage among urologists in favor of URS, which has overtaken SWL in the last decade
as the most commonly utilized surgical approach for urolithiasis [14]. Data demonstrating high
SER with URS for stones in all urinary tract locations have led to guideline statements encourag-
ing URS for an expanding group of patients with various stone compositions and locations [11,
15].

Cost is a significant concern for flexible ureteroscopes, particularly due to the frequency of
scope damage requiring costly repair [16-18]. Beyond good surgical technique, the use of less
traumatic ball-tipped laser fibers may extend instrument life and lower the frequency of repairs
[19]. High quality, low-cost disposable ureteroscopes may also decrease the cost of ownership and
improve general access to flexible URS [20, 21].

Intracorporeal lithotripsy can be accomplished by applying ultrasonic, mechanical, electro-
hydraulic, or laser energy to the stone under direct vision. Laser lithotripsy (LL) has become the
recommended ureteroscopic energy source by the American Urologic Association (AUA) and the
European Urologic Association (EUA) due to its compatibility with rigid, semi-rigid, and flexible
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ureteroscopes, relative safety with regards to adjacent tissue injury, lower risk of stone migration,
and efficacy for fragmenting all types of stones.

“Basketing” and “dusting” have emerged as two alternative strategies for LL [22]. Basketing
involves laser fragmentation of stones into smaller fragments using high-power, low frequency
laser pulses followed by active removal with retrieval devices, often through a ureteral access
sheath (UAS). Dusting utilizes low-power, high-frequency laser pulses to melt stones into tiny,
dust-like fragments that can be passed spontaneously. In this review, we will outline the important
factors differentiating each technique, summarize the available data comparing them, and provide
recommendations concerning the ideal clinical scenarios for each.

Physics of Laser Lithotripsy

A basic understanding of laser physics is a prerequisite to any discussion of basketing and dusting.
Lasers optically or electrically excite a semi-conductive material and then oscillate photons
released by uniform population inversion between two mirrors [23]. One of these mirrors is
slightly less reflective, resulting in the release of a beam of photons of a specific wavelength from
that end. The pulse energy is absorbed by the stone and generates an oscillating cavitation bubble,
creating mechanical shockwaves that destabilize and fragment most types of stones [23].

The most commonly used laser type for LL is the holmium/ YAG laser (Ho/YAG), a solid-
state laser producing a 350 ms pulse with a wavelength of 2150 nm to deliver 200-4000 m]. Small
diameter fibers (<200 pm) are widely available for this laser, allowing energy to be applied through
ureteroscopes with small working channels. This maximizes scope deflection, flexibility, and irri-
gant flow for better maneuverability and visibility. The Ho/YAG destabilizes stones via a photo-
thermal effect, as the energy is absorbed by water near the stone, creating a vaporization bubble
around the tip of the laser that achieves stone destabilization and fragmentation. The Ho/YAG
fiber tip should be kept 1 mm from ureteral and renal tissue with adequate irrigation to minimize
risk of damage secondary to heat production or direct cutting action. Higher powered Ho/YAG
lasers (120 W) provide greater flexibility in adjusting pulse parameters to customize the effect to
an individual stone composition or technique of LL.

When purchasing a Ho/YAG laser generator for ureteroscopic LL (URS LL), recognize that
total power is not necessarily the most critical feature. The versatility of a laser in treating stones
is a function of three factors: total power, pulse frequency, and pulse width. Lower powered lasers
(i.e., most 30 W units) are smaller, less costly, and more convenient to operate with standard 110
V power. Yet, they cannot usually support the high pulse frequencies (up to 80 Hz) used for stone
dusting. Lasers of 100 and 120 W are more costly and often require 220 V power outlets, creating
logistical problems in the operating room. However, the ability to use high-frequency pulses with
these lasers, along with their utility for prostate surgery, may make the investment worthwhile.
Another factor is the ability to control pulse width, a feature limited to a subset of 100-120 W
units. Pulse width adjustment can minimize “retropulsion” which refers to backward bouncing
movement of a stone in response to LL. Less retropulsion may make URS LL more convenient and
efficient in the ureter, resulting in less “chasing” of the stone proximally.
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Challenges to the Interpretation of the Literature

Investigators focus on SFR when comparing different forms of lithotripsy. However, SFR criteria
are not standardized across studies and can differ greatly depending on the length of follow-up
and the imaging modality. Non-contrast CT (NCCT) is most sensitive for stone detection and is
particularly superior to other modalities such as ultrasound and plain abdominal films (KUB) for
detecting stones <4 mm [24]. Ultrasound, in experienced hands, provides accurate information
about renal stone burden but is poor for visualizing ureteral calculi, particularly in obese patients.
The operator dependent nature of ultrasound can lead to inconsistencies in determining SFR after
lithotripsy. While inexpensive and convenient, KUB cannot detect radiolucent stones and may
miss residual stones obscured by overlying abdominal contents, bowel gas, or stool.

SER does not always reflect complete clearance of all stone fragments. Published studies use
varying definitions of stone-free that include residual stones ranging from 1 to 4 mm. Variability
in patient factors such as anatomy, stone location, stone composition, total stone burden, compli-
ance (either with post-procedure medication and/or imaging follow-up), equipment, and surgeon
skill/persistence can complicate comparisons across studies.

Factors Affecting Stone-Free Rate in Ureteroscopic Laser Lithotripsy

URS LL results in an excellent SFR for stones at all levels of the upper urinary tract [25-27].
However, two categories of patients warrant closer examination: those with stones >2 cm and
those with lower pole calyceal stones [28].

For stones >2 cm, percutaneous nephrolithotomy (PCNL) is considered first-line therapy due
to superior SFR [11, 29]. URS LL can be considered when patients are poor candidates for PCNL
due to medical comorbidities, anatomic challenges to percutaneous access, or an inability to stop
anticoagulation. Staged URS for large stones may be an option but can require several lengthy
procedures. Multiple long ureteroscopic procedures may also carry an increased risk of infectious
complications [30]. A 2010 meta-analysis of URS LL management of stones >2 cm found a 95%
SER after a mean of 1.46 procedures, but SFR definitions were not standardized across studies,
and the follow-up interval was <3 months [31]. More recently, Al-Qahtani et al. and Cohen
et al. reported SFR of 97 and 87% at 1 and 3 months, respectively, with mean 1.6 procedures
[32,33]. Hyams et al. investigated single-stage URS procedures and found SFR 0of 63% (no fragments
>2 mm) or 47% (fragment-free) at 2-month follow-up [34].

Ureteroscopic access to lower pole stones poses challenges due to the greater deflection
required. Instruments in the working channel can decrease deflection as much as 10-45° and
limit clearance of residual fragments [35]. Retained fragments in the lower pole calyx may be less
likely to pass into the renal pelvis due to gravity, especially in patients with an acute infundibu-
lopelvic angle [36, 37]. Despite these factors, URS LL has achieved high SFR in the treatment of
lower pole stones with lower retreatment rates compared to SWL (8 vs 60-85%) [38-40]. URS also
allows repositioning of stones into upper pole calyces which can facilitate spontaneous passage of
residual fragments created by LL.
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Basketing

Basketing involves using URS LL to break stones into 2-4mm fragments that can be actively
removed using a retrieval device (usually a coaxial basket or grasper) rather than left in situ for
spontaneous passage. This theoretically allows for complete stone removal under direct visualiza-
tion. Retrieval also provides stone samples for chemical analysis, helping guide lifestyle recom-
mendations and medical management to attenuate the ~52% 10-year risk of stone recurrence in
first-time formers [41-44].

The authors utilize higher power (0.8 to 1.2 J) and lower frequency (8-12 Hz) laser settings
for basketing. These settings can fracture stones into larger fragments but also create significant
stone movement and retropulsion [45]. Also, the high power of each individual pulse can poten-
tially damage the laser fiber and contributes to “burn back,” the process by which the tip of the
fiber becomes ablated during lithotripsy [46].

Unfortunately, there is a relative paucity of data comparing URS LL with basketing settings
and active retrieval to in situ passage of residual fragments. In the only randomized controlled trial
comparing the two strategies, Shatloff et al. treated 60 patients with ureteral stones by either active
retrieval or more vigorous fragmentation to <2 mm followed by spontaneous passage. Stones were
of mean size 9 and 10 mm, respectively. The number of ER visits was significantly higher (30 vs
3%, p < 0.01) at 1 month post-operation for the spontaneous passage treatment arm. Operative
time was equivalent between the two arms at a mean of 26 min. Other measures including SFR
(100% in the retrieval arm, 87% in the spontaneous passage arm) were not significantly different
[47]. In a prospective study investigating active stone retrieval, Portis et al. treated kidney and
proximal ureteral stones of mean size 9.4 mm with the basketing strategy. With residual stones
defined as <2 and <4 mm, they reported an SFR of 85 and 97%, respectively, at 1 month with
NCCT [48]. Using a more stringent definition of SFR as measured by NCCT 1-3 months postop-
eratively, two retrospective studies documented SFR of 55-60% for basketing vs 35% when URS
was performed with basketing laser settings but without active fragment retrieval [28, 49]. The
outcome is less clear for studies examining residual stones <2 and <3 mm [50, 51].

Use of a UAS can facilitate multiple passes to accomplish complete stone removal. Available
in various diameters and lengths to suit particular patients and procedures, UASs provide a pro-
tective barrier between instrumentation and the ureteral wall. They may also keep intrarenal pres-
sures lower during URS, decreasing the risk of post-procedure systemic inflammatory response
or sepsis [52-54]. This dilation and barrier function facilitate removal of sizable stone fragments
and efficient re-entry of the ureteroscope while minimizing ureteral trauma outside of the initial
placement of the device. UASs also decrease operative time and double durability of ureteroscopes
by protecting the tip and preventing kinking within the ureter [55, 56]. In cases with larger stone
burdens, the use of UASs virtually eliminates the risk of scope entrapment by distally migrated
stone fragments caught between the ureteroscope and ureteral wall.

Two studies have compared SFR in URS LL with and without UAS usage. In a retrospective
analysis for stones of mean size 1-2 cm, Berquet et al. found that placing a UAS was not associ-
ated with a significant difference in SFR at any anatomic location when residual fragments were
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defined as <3 mm assessed by CT or US at 1 and 3 months [57]. In a comparable study of UAS
usage for stones ranging from 5 to 10 mm, UEsperance et al. found a statistically significant overall
improvement in renal stone SFR with UAS usage at 2 months by IV urography (p = 0.04) [58].
Given limited comparative investigations, a definitive statement on SFR outcomes with UAS usage
is not possible.

Potential intraoperative and postoperative complications specific to UAS use exist. Ureteral
injury can result from shearing injury during UAS insertion into a narrow ureter or from ureteral
wall ischemia [59]. A 2013 prospective study reported that 46.5% of 359 patients had visible ureter
damage graded on a 4 point scale after 12 or 14 Fr UAS placement [60e]. This included 86% with
mucosal injury, 10% with damage through the mucosa to the smooth muscle, and 3.3% with full-
thickness ureteral injury. The factor with the greatest association ureteral injury with UAS use was
the absence of preoperative double-J stent placement. Thus, pre-stenting remains a valid consid-
eration in cases of difficult UAS placement or known damage and before URS in patients with
prior complications [11]. The impact of the observed damage on future stricture development is
unknown due to insufficient follow-up, although one study reported no increased risk when com-
pared to no UAS usage [61]. Also, a 2015 prospective global collaboration study on 2239 patients
comparing outcomes with and without UAS found no significant difference in intra-operative
bleeding or ureteral perforation, nor in postoperative bleeding or infection [62]. However, a ret-
rospective study including 298 URS LL patients found an association between increasing UAS
diameter and younger age with unplanned symptomatic encounters [63]. These data may be rep-
resentative of more recent widespread use of UASs and should serve as a reminder to approach
UAS usage and sizing thoughtfully with awareness of the potential for injury.

Additional potential downsides to the basketing technique include the added cost of retrieval
devices, increased technical challenge to manually remove stones, potentially longer operative
times, and surgeon frustration due to the tedium of sequentially basketing many fragments. None
of these factors have been studied.

Dusting

Dusting is a URS LL technique employing lower energy laser pulses (the authors recommend
0.2-0.4 J) at a much higher pulse rate (40-80 Hz), with the goal of reducing a stone to fine dust
that can be spontaneously passed in a pain-free manner. These settings require a more powerful
laser (100-120 W), which may not be available at all institutions. The difference between basket-
ing and dusting lies primarily in the size of the residual fragments generated. With dusting, the
stone is “painted” with the laser energy and dissolved into fine dust. Ideally, the dusting approach
results in no residual fragments of a size that might require basket extraction. Larger fragments
inadvertently created during dusting can be treated with similar settings by using a “popcorn tech-
nique” This involves treating multiple small fragments with constant laser energy at a very high
frequency directed in one area, causing the fragments to “bounce” around and contact the laser
energy by chance, eventually reducing them to dust. Given the available data showing reduced
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SER for lower pole stones following SWL, relocating lower pole calculi to another calyx using a
basket prior to dusting could potentially improve clearance of dusting fragments [64].

Dusting has several potential advantages over basketing. It eliminates the need for multiple
passes of the ureteroscope in and out of the ureter to remove multiple fragments and may lessen
the need for UAS placement. Dusting may decrease the tedium of extracting a large number of
stone fragments, possibly reducing operative time [65, 66]. However, stone composition may
affect the efficiency of dusting. Laser settings for dusting seem to be most effective for stones
under 1100 HU (i.e., calcium oxalate dihydrate, calcium phosphate, and uric acid). Dusting may
be less effective for denser stones with higher HU, such as calcium oxalate monohydrate, which
tend to fragment into large pieces that may require basket retrieval. Ghani compared dusting effi-
ciency with a 60-100-W holmium laser vs a 120-W holmium laser [67]. The more powerful laser
generator enables higher-frequency settings up to 80 Hz and provides greater control over pulse
width. Such versatility in laser parameters may allow for better fragmentation of various stone
types and locations. This retrospective study included 63 patients with stones of mean size 11.1
and 12.2 mm for the 60-100 and 120-W groups, respectively. Settings of 0.2-0.5 J and 30-50 Hz
were used with the lower powered lasers, and settings of 0.2-0.5 ] and 30-80 Hz were utilized for
the higher powered lasers. Popcorn settings of 0.5 ] and 80 Hz were also utilized in the 120 W
arm. The 120-W group had a statistically significant higher SFR as defined by zero frag-
ments (66% in 120 W vs 39%, p < 0.05). However, when SFR was defined using a 2-mm
threshold, the advantage for 120 W lost statistical significance. UAS usage was similar for
both groups.

Dusting Versus Basketing

While there is limited published outcome data evaluating the practice of dusting, several abstracts
have been presented at national and international meetings. The largest study to date is a multi-
institutional, prospective trial by the Endourologic Disease Group for Excellence (EDGE) consor-
tium. Final data has recently been made available but without statistical analysis [68e¢]. Across 8
centers, 152 patients with radio-opaque kidney stones 5-20 mm in size were treated with dusting
(n = 70) or basketing (n = 82). Stone size was larger in the dusting group (122.6 + 88.6 vs 82.3
+ 59 mm?), and densities for the dusting and basketing arms were 786 + 362.8 and 978 + 1150.9
HU, respectively. Three institutions involved utilized dusting and the remaining five institutions
utilized basketing. Data collected included complete SFR by KUB and US within 3 months, oper-
ative time, UAS usage, and laser power. All patients were stented postoperatively and given 1
month of alpha-adrenergic blockers. SFR was higher in the basketing arm at 86.3 vs 59.2% in the
dusting arm. There were no differences in stone type, rates of readmission, secondary procedures,
symptoms, complications, or postoperative creatinine. In the dusting arm, 21.7% of patients had
residual stones <2 mm, 10.9% 2-4 mm, and 12.5% >4 mm. Almost two-thirds had passed the
residual stones between surgery and follow-up. In the basketing arm, 9.8, 7.3, and 0% had residual
stones of <2, 2-4, and >4 mm, respectively. While the consortium reported early data showing a
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mean 19-min difference in operative time favoring dusting [65], final data results show a smaller
difference in time favoring basketing, with a mean operation time of 57.8 £ 31.8 and 60.4 + 141
min for basketing and dusting, respectively. As expected, UAS usage was much higher (100%) in
the basketing group, compared to 18.2% in the dusting group. Total laser energy was higher in the
dusting arm at 46.4 k], compared to 22.8 k] in the basketing arm. Unfortunately, lack of statistical
analysis limits definitive interpretation of this study in its current form.

Another randomized trial of dusting vs basketing by Gamal and Mamdoub examined 46
patients with <2-cm renal stones. Stone density was similar between the two groups [66]. Dusting
and basketing settings were 0.2-0.4 ] at 20-30 Hz and 1-2 J at 4-5 Hz, respectively. In contrast to
the EDGE study, SFR was high and similar for both techniques (86% dusting vs 89% basketing).
Also, dusting was associated with significantly lower operative time in this study (57 vs 70 min,
p=0.001). UAS usage was 0 and 100% in the dusting and basketing arms, and fewer intraoperative
complications were experienced during dusting as compared to basketing. However, interpreta-
tion of this study is limited because the abstract makes no mention of a standardized follow-up
period or imaging modality and does not give their definition of SFR. Importantly, the laser fre-
quency in this study for both dusting and basketing settings is lower than typically described in
the literature.

Although the lack of access to complete methods and statistical analysis limits the ability
of these studies to guide management at this point, several summary points are worth making
(Tables 1 and 2). There is a higher rate of residual stones with dusting in one of the studies, but
without a corresponding increase in postoperative short-term complications. Concerning opera-
tive time, data from the comparative prospective studies are at odds [66, 68ee]. UAS usage rates are
lower and total laser energy is higher with dusting. Finally, if dusting is effective and there are no
fragments to extract, stone analysis may not be obtained. These preliminary prospective studies
have opened the door for comparison of the two URS LL techniques (Fig. 1). More work is needed
to compare long-term outcomes such as stone recurrence and ureteral stricture formation.

Table 1: Summary of pre-published literature comparing basketing and dusting techniques for
URS LL.

No. Patients Stone Zero Fragment Residual stones Maodality HU Laser % UAS  Operative % Complications
size SFR Settings Time (Clavien)
(time to ffu) (minutes)
Chew et <Zmm| 2-4 mm| >4 mm
alss
Dusting: 72 59.2% 21.7% 10.9% 12.5% KUB 790£30 18.2% 6042141 16.4%
5-20 mm &US NS
Basketing: 80 B6.3% 98% 7.3% 0% 978£1150 100% 57.8:31.8 13.6%
(3 months)
Gamal et
als Dusting: 23 B 79030 0.2-04) 0% 57
<20 mm NS NS 20-30 Hz NS
121
Basketing: 23 89% 948245 45 H 100% 70
(N5) (p=0.001)

SFR stone-free rate, f/u follow-up, NS not specified, HU Hounsfield units, UAS ureteral access sheath usage
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Table 2: Pre-published studies evaluating URS LL outcomes with 120 vs 60-100 W Holmium/YAG
laser using dusting settings.

No. Pts Stone SFR by Definition Modality HU Laser % UAS % Complications 9% Staged
size (time to f/u) Settings (Clavien) Procedures
Ghani et ZF | <2 mm
al**
60-100 W: 28 11.1 mm 39% 57% KUB, US, 1015 02-05] 32% 10.7% 11%
or CT 30-50 Hz
02-05)
120 W: 35 12.2 mm 66% 77% 948 30-80 Hz 37% 11.4% 32%
(p=0.41)  (p<0.05) (p=0.11) (p=0.45) (p=0.06)
(102 days)
Ghani et ZF | <2 mm
al™ KUB, US, 0.2-0.5]
120wW:71 11.5mm 67.2% 803% or CT 10329  30-80 Hz 21.1% 14% 7%

SFR stone-free rate, f/u follow-up, ZF zero fragment, HU Hounsfield units, UAS ureteral access sheath

120

B0 7

60

40 +

AT 145 qa
I —

SFR (%) ‘Dperative Time (mins) UAS usage (%) *Complications (%)  *Symptoms from Residual  *Hospital and ER Re-
Fragments (%) Admissions (%)

" Dusting ®Basketing

Fig. 1: Mean results from prepublished, prospective studies comparing dusting and basketing [65, 66].

Residual Fragments

Residual fragments <4 mm have been traditionally considered insignificant, with the logic being
that patients can pass these stones without significant complications [69]. However, some data
challenge the validity of this concept. Streem et al. found a 43.1% rate of symptomatic events
or need for secondary intervention in patients with <4-mm residual stones after surgery [70].
Subsequent comparable investigations have found similar rates of secondary intervention (21.4-
54.3%) [69, 71-73]. Across these studies, rates of stone growth were 10— 48.7% with mean follow-
up periods ranging from 12 to 40.6 months [69, 72, 74].
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Rebuck et al. retrospectively studied 46 patients with <4 mm residual renal stones by NCCT
for a mean follow-up of 18.9 months [49]. The investigators measured stone growth, stone
passage, and “stone events,” defined as emergency department (ED) visits, admission, or second-
ary intervention for symptoms, obstruction, or removal of residual stone. Nearly 20% of patients
experienced such an event, and another 21.7% of patients passed fragments symptomatically but
without complication. The other 58.7% patients remained asymptomatic. Among patients with
stone events requiring an additional encounter, stone growth over time was observed by NCCT:
2.5,7.1,5.8, and 6. 3 mm at 3, 14.4, 21.8, and 26. 8 months, respectively.

The EDGE Consortium attempted to study the natural history of residual stones both <4
and >4 mm [75e¢]. Stone events were defined as residual stone growth >1 mm by KUB or CT,
stone passage, intervention, or complications (symptom recurrence, ED visit, admission, or acute
kidney injury). They found a stone event rate of 44%. Re-intervention was required in 29%, and
there was a complication rate of 15% at a mean follow-up of 16.7 months. Despite no significant
difference between residual stones <4 and >4 mm in rates of spontaneous passage, residual frag-
ments >4 mm were more likely to grow (p < 0.001), result in complications (p = 0.039), or expe-
rience re-interventions (p = 0.01). In further subset analysis, significantly higher rates of stone
growth were seen in residual stones >2 mm when compared to <2 mm (p < 0.001), suggesting an
incremental increase in morbidity with increasing residual fragment size. Preoperative stone size
and lithotripsy technique (dusting vs basketing) were not associated with significant differences
in outcomes. These data suggest that residual stones, even when <4 mm, should not be dismissed
as clinically insignificant.

Conclusions

Over the past decade, indications for URS LL have greatly expanded to encompass larger stones
and more diverse renal anatomy. New technologies such as high-frequency/ high-wattage lasers,
purpose-built UASs, improved endoscope optics/mechanics, and more durable laser fibers have
driven urologists to push the envelope with URS. Despite somewhat impassioned debate concern-
ing the relative risks and benefits of basketing vs dusting, post-URS SFR is still primarily a func-
tion of total stone burden and stone location.

Both basketing and dusting can provide excellent surgical outcomes for patients with uro-
lithiasis in skilled hands. In the authors’ experience, a combination of dusting and basketing set-
tings, tailored to an individual stone’s composition, can often be employed to provide optimal
outcomes and efficiency. Today, the available data remains too limited to make firm conclusions
about which technique is most advantageous and the choice remains one of surgeon preference.
However, 100-120-W lasers are rapidly becoming more widely available. This provides a future
opportunity for randomized controlled trials to definitively study the relative advantages and dis-
advantages of both URS LL techniques.

As more research examines surgical outcomes for urolithiasis, we urge investigators in this
field to standardize definitions of SFR and postoperative surveillance techniques to better compare
studies. This will allow better comparisons of techniques and improve recommendations.
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Cystoscopic Ureteral Stent Placement:
Techniques and Tips
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Abstract

Introduction and Hypothesis: We present a video demonstrating technical considerations and
tips for cystoscopic placement of external, lighted, and internal ureteral stents.

Methods: Cystoscopic ureteral stent placement is useful in cases where difficult pelvic periureter
dissection is expected or encountered. In this video, we review cystoscopy basics, our approach to
various types of retrograde stent placement, and performing retrograde pyelograms. Traditional
external ureteral stent and lighted stent placement for prophylactic purposes are discussed, with
attention to understanding stent markings, appropriate resistance, and steps for externalization.
Internal, double-] ureteral stent placement with the use of fluoroscopy is initiated with placement
of a guidewire. An open-ended ureteral catheter is advanced over the wire in the pelvic portion
of the ureter, and a retrograde pyelogram is performed. The wire is reintroduced and the stent
advanced to the renal pelvis under fluoroscopy. The proximal curl is confirmed to be in the appro-
priate position with fluoroscopy. The string attached to the stent is then cut and removed, the
guidewire is removed, and the stent is deployed with the distal curl in the bladder.

Conclusions: This video reviews key steps for cystoscopic ureteral stent placement in a prophy-
lactic setting, cases of challenging anatomy, or ureteral injury.

Keywords Cystoscopy, Ureteral stent, Retrograde pyelogram, Ureteral injury
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title or DOl number, and on the article page click on‘Supplementary Material’
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Introduction

Ureteral injury is a potentially serious complication of pelvic surgery, with an estimated rate of
0.4-2.5% during benign gynecologic surgery [1]. This risk may be increased in cases of large
pelvic masses, endometriosis, advanced malignancy, pelvic inflammatory disease, or previous
radiation [2]. In cases where difficult periureteral dissection is anticipated, selective preopera-
tive ureteral stent placement may aid in intraoperative ureteral identification, dissection of the
ureter, and intraoperative identification of an injury should one occur [2, 3]. The latter is an
important consideration, as early identification decreases perioperative morbidity and mortality
[4]. Additionally, when minor ureteral injuries or ureteral obstruction is encountered, ureteral
stent placement provides decompression, preservation of renal function, and allows for adequate
healing [5]. In this setting, performing a retrograde pyelogram to guide stent placement is an
important consideration. Blind stent placement in the setting of injury or obstruction can worsen
the degree of ureteral injury or lead to ureteral perforation. To familiarize pelvic surgeons with
various methods for cystoscopic ureteral stent placement, we present a video highlighting several
techniques and tips.

Materials and Methods

We start with a review of basic cystoscopy, including cystoscope assembly. The cystoscope is com-
posed of three components: a lens, a working port, and a sheath. For stent placement, we prefer
using a 70° lens, with the working ports attached to an Albarran bridge to allow deflection of the
wire or stent, and a 22-F sheath to accommodate stent passage.

Using a cadaveric specimen, we demonstrate techniques for traditional external stent place-
ment (i.e., ureteral catheters), lighted ureteral stent placement, retrograde pyelography, and dou-
ble-J ureteral stent placement. For traditional external ureteral stent placement, it is important to
be cognizant of stent-length markings, which are visualized cystoscopically during stent place-
ment. There should be minimal resistance during stent placement, before reaching the renal pelvis
or an upper-pole calyx. If resistance is encountered before this, stent advancement without fluor-
oscopy should be stopped, as a mucosal flap or ureteral perforation may occur. In this setting, a
retrograde pyelogram should be considered for guiding stent placement (internal or external).
The process can then be repeated as needed for bilateral stent placement. Once the stents are in
place, the remainder of the stent can be externalized, secured to a Foley catheter, and placed to
drainage for monitoring during the case.

Lighted ureteral stents are external stents that emit infrared light in either a continuous or
intermittent fashion from a powered filament within the stent lumen. They may be useful in lapa-
roscopic or robotic cases given less tactile feedback. For placement, a 0.035 sensor-tip guide-
wire is advanced up the ureter until gentle resistance is felt proximally in the kidney, usually an
upper-pole calyx. With the wire in place, the transparent open-ended ureteral catheter sheath is
placed over the guidewire and advanced, with careful attention to the stent markings. The wire
is then removed, and the ureteral catheter sheath is externalized and secured to a Foley catheter
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in a similar fashion to traditional external ureteral stent placement. Once secured, a light fiber is
connected to a power source and advanced through the transparent sheath, and the stent can be
illuminated during the pelvic portion of the surgery.

Internal double-J ureteral stent placement can be used prophylactically when one expects
distorted pelvic anatomy and there is a need to retain the stent temporarily in the postoperative
period or in the event of ureteral obstruction or minor injury. Here, an appropriate indwelling
ureteral stent length must be selected, as the position of the distal stent curl (across the midline)
has been associated with greater stent-related discomfort and voiding symptoms [6]. Several
methods can be used to estimate the appropriate stent length [7-9]. It can be estimated from
measuring the distance from renal pelvis to ureteral insertion on the coronal view of a computed
tomography (CT) scan, directly measured with a ureteral catheter, or estimated using the patient’s
height (formula: height in inches minus 42 for adults, or height category: 5 ft. 10 in. to 6 ft. 4 in.
predicted to need a 24-cm stent) [7-9]. Stent diameter has not been associated with the degree of
stent-related discomfort, and most commonly, a 6- or 7-F stent is used [10].

Internal double-] stent placement typically includes use of fluoroscopy and retrograde pye-
lography and is initiated with placement of a 0.035 sensor-tip guidewire. After placement of the
wire (or before if using a Rutner catheter) a retrograde pyelogram is performed. This allows evalu-
ation of ureteral anatomy, assessment for contrast extravasation (which would be seen in a ure-
teral injury) and ureteral obstruction, and identifies filling defects (e.g., as would be seen with
urolithiasis, urothelial cancer, or other space-occupying pathologies). If using a ureteral catheter
for the pyelogram, the catheter is advanced over the wire in the distal pelvic portion of the ureter,
the wire removed, contrast instilled through the ureteral catheter, and fluoroscopy used to carry
out the retrograde pyelogram. The wire is then reintroduced and advanced to the renal pelvis.
Using a push—pull technique, the ureteral catheter is removed while maintaining the wire in the
renal pelvis. The stent is then advanced over the wire to the renal pelvis under cystoscopic and
fluoroscopic guidance with use of a stent pusher. Cystoscopically, the surgeon can rely on mark-
ings on the outside of the stent to determine how far it has been advanced. Once it has been
advanced to the renal pelvis, partially withdrawing the guidewire forms the proximal stent curl,
which can be confirmed on fluoroscopy. A curl of at least 180° is preferred due to the risk of stent
migration. If an inadequate curl is seen, the stent can be manipulated using the string attached to
the distal portion and the stent pusher. Once an adequate proximal curl is confirmed, the string
is cut and removed while the stent pusher is held to maintain stent position. The guidewire is
then completely removed, the cystoscope pointed away from the ureteral orifice, and the pusher
advanced to deploy the distal stent curl. The distal curl should also have at least a 180° curl, and,
as noted above, should not cross the midline in the bladder [6].

Conclusions

A variety of techniques are available for cystoscopic ureteral stent placement both for prophylactic
purposes and in the event of obstruction or injury. It is important that pelvic surgeons be familiar
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with these techniques, which may be useful when approaching challenging pelvic surgeries or

inadvertent ureteral issues.
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A Large Bladder Stone Caused by the
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Abstract

Background: A wide variety of complications due to the extrauterine migration of intrauterine
contraceptive devices have been reported in the literature. Here we describe the case of a large
bladder stone formed around a migrated Copper T380A device that was neglected and detected
15 years after insertion.

Case presentation: A 48-year-old Sri Lankan woman underwent a workup for lower urinary tract
symptoms and recurrent urinary tract infections over the previous 6 months. The radiographs
showed a large bladder stone with an imprint of an intrauterine contraceptive device in the center
of it. The device had been inserted 15 years previously. Two years after the insertion, it was con-
sidered to be missing, but our patient did not comply with the recommended follow-up. She had
been completely asymptomatic until she developed lower urinary tract symptoms. After confirm-
ing the location of the stone via ultrasonography, a vesicolithotomy was performed, revealing a
stone with three limbs corresponding to the shape of the Copper T380A device. The device and
the threads were fully covered with the stone material. Our patient was asymptomatic following
the surgery.

Conclusions: A migrated intrauterine contraceptive device can act as the nidus for the formation
of a secondary bladder stone. The detailed imprint of the device inside the stone and the laminated
appearance of the stone material were characteristic of a secondary bladder stone formed around
an intrauterine contraceptive device. Radiography and ultrasonography are adequate for the diag-
nosis of intravesical migration of intrauterine contraceptive devices.
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Background

Vesicolithiasis is a rare condition in an otherwise normal bladder that can be caused by outflow
obstruction, chronic or recurrent infections, and intravesical foreign bodies [1]. A rare iatrogenic
cause of vesicolithiasis (bladder stones) is a migrated intrauterine contraceptive device (IUCD).
IUCDs are known for uterine perforation and extrauterine migration, with perforations being
reported at a rate of 1.2 to 1.6 per 1000 IUCD insertions [2]. The most common sites for IUCD
migration are the omentum, rectum, sigmoid colon, peritoneum, and bladder [3]. The nature of
symptoms caused by the migration depends on the destination of the device. Transvesical migra-
tion usually results in lower urinary tract symptoms, even in the absence of a secondary bladder
stone.

Here we have described the asymptomatic migration of an IUCD, previously considered to
be missing, resulting in the formation of a large secondary bladder stone detected 15 years after
the insertion. A plain X-ray was characteristic in showing the layers of stone material laid down
around the limbs of the IUCD and an ultrasound scan was useful in confirming the location of
the stone. Even though computed tomography is recommended for the localization of a missing
IUCD, a plain radiograph and ultrasound scan was adequate in this case. The prolonged asymp-
tomatic period observed in this case has resulted in the formation of a large stone and delayed the
seeking of medical care.

Case Presentation

A 48-year-old Sri Lankan woman was referred to our general surgical clinic for the management
of a bladder stone following successful treatment for a urinary tract infection complicated with
upper tract involvement. She complained of intermittent nonspecific lower abdominal pain,
dysuria, and hematuria over the previous 6 months. During the same period of time she had three
uncomplicated urinary tract infections that were managed by her general practitioner. The urine
culture grew a pure growth of Proteus each time. She was managed with orally administered co-
amoxiclav, according to the antibacterial sensitivity report, for 1 week during each episode. She
was put on nitrofurantoin as a urinary antiseptic after the third episode of urinary tract infection.
On presentation for the complicated, fourth urinary tract infection, this case underwent further
investigation. She was found to be septic with a heart rate of 110 beats/minute, blood pressure
of 130/90 mmHg, temperature of 38.9 °C (102 °F), and respiratory rate of 20/minute. She had
neutrophil leukocytosis (18 x 10°/ml), but her liver and renal function tests were normal. The
radiographs of her kidney, ureter, and bladder showed a large bladder stone with three limbs and
an imprint of a typical Copper T380A IUCD (Pregna International Ltd., Mumbai, India) in the
middle of the stone (Fig. 1). An ultrasound scan of her kidney, ureter, and bladder confirmed
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the intravesical location of the stone and left-side pyelonephritis. Urine culture yielded a mixed
growth of coliform and Proteus. She was managed with intravenously administered cefotaxime
according to the antibacterial sensitivity report for 1 week and was continued on the nitrofuran-
toin until she underwent surgery.

On further inquiry, our patient indicated that she had an IUCD inserted 15 years previ-
ously, after the delivery of her third child. Two years later, the threads of the IUCD could not be
found during a routine visit to a Well Woman Clinic, and it was documented as a missing [UCD.
A further workup was not conducted since she did not return for a follow-up. She had forgot-
ten about the missing IUCD and only mentioned it after being questioned. She denied having
any urinary or lower abdominal symptoms until the last 6 months. She did not have any previ-
ous medical conditions. She was a housewife and had no other risk factor for urolithiasis. She
had no family history of urolithiasis. Her general and abdominal examinations were otherwise
unremarkable.

The diagnosis of a bladder stone formed around a migrated IUCD was made and an open
vesicolithotomy was scheduled for 4 weeks later due to the large size of the stone. The vesicoli-
thotomy was uncomplicated, and the interior of her bladder was normal. A large bladder stone
with three limbs measuring 6 x 5 cm was removed, the stone was broken, and the IUCD was
found inside. The three limbs of the stone were shaped to cover the three limbs of the IUCD, with
the threads of the device also completely covered by the stone material (Fig. 2). Her postoperative
period was uncomplicated and she was asymptomatic after the removal of the stone. At 6 months
there were no further attacks of urinary tract infections.

Discussion

The transmigration of an IUCD occurs due to traumatic primary perforation of the uterus or due
to a long-term inflammatory process, the exact mechanism of which is not fully understood. The
copper contained in some IUCDs can mount an inflammatory reaction that results in the con-
traceptive effect, but it can also be involved in the process of long-term uterine perforation and
transmigration [4]. In this case, our patient could feel the threads of the IUCD during the first 2
years after insertion, but later was diagnosed as having a missing IUCD. Moreover, she did not
adhere to the recommended follow-up. The perforation of the bladder wall or the mere presence

Fig. 1: Plain radiographs. a The
imprint of the intrauterine contra-
ceptive device is seen in the center
of the stone. b A magnified view of
the Xray showing the characteristic
laminated appearance of the stone
due to the concentric layers of stone
material deposited around the intra-
uterine contraceptive device (¥).
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Fig. 2: Features of the stone. a
and b The copper coil (*) and
the threads (**) of the intrauter-
ine contraceptive device after
breaking the stone.

of a foreign body, like an IUCD, can cause an array of lower urinary tract symptoms. Our patient
did not have any symptoms over the 13 years prior to this incidence, and all of her presenting
symptoms could be attributed to the presence of a large bladder stone alone. Thus, this is a case
of the chronic asymptomatic migration of an IUCD into the bladder, which was discovered only
after our patient became symptomatic due to the secondary stone. The imprint of the IUCD on
the stone and the concentric layers of stone material noted around the IUCD in the X-ray films
of our patient are characteristic of a secondary stone formed around a migrated IUCD. These two
features could be seen clearly in a similar case reported by Amin and Mahmood [5]. The radio-
graphs and ultrasonography were adequate to make the diagnosis in this case, as well as in similar
cases with intravesical migration [5, 6]. However, for IUCDs lodged in other areas of the body,
computed tomography may be necessary for proper localization.

The nature of the complications from a migrated IUCD depends mainly on its destination.
Cases of both intraperitoneal and extraperitoneal migration locations have been reported. The
omentum is the most common lodging site after intraperitoneal migration. A wide variety of
complications have been reported due to such intraperitoneal IUCDs; for example, Weerasekera
et al. reported a case of a sigmoid colocolic fistula due to an intraperitoneal IUCD [7]. Moreover,
the bladder, rectum, and ureter are reported extraperitoneal IUCD migration sites. Several cases
of intravesical migration have been previously reported, and a number of them have resulted in
vesicolithiasis [5, 6, 8-11]. Rectal perforation [12] and ureteric erosion [13] caused by migrated
IUCDs have also been reported.

In this case, the complex etiology of our patient’s bladder symptoms became clear only after
performing the relevant imaging and taking a thorough history. Bladder symptoms due to an
TUCD can also arise from the partial invasion of the bladder wall without transmigration [8].
Thus, a high index of suspicion should be kept in mind when managing patients with either in situ
or missing IUCDs complaining of bladder symptoms. Moreover, this highlights the importance of
arranging proper workups for all patients with missing IUCDs. The removal of a migrated IUCD
after proper localization is advisable because of the unpredictability of the natural history.

Conclusions

A migrated IUCD can act as the nidus for the formation of a secondary bladder stone. A high
index of suspicion should be kept in mind when managing patients with missing IUCDs
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complaining of bladder symptoms. The detailed imprint of the device inside the stone and the
laminated appearance of the stone material were characteristic of a secondary bladder stone
formed around an IUCD. Radiography and ultrasonography are adequate for the diagnosis of
intravesical migration of IUCDs.

Abbreviation
TUCD: Intrauterine contraceptive device
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