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Abstract

Objective: To present our experience in surgical management of urolithiasis in patients after urinary diversion.

Patients and Methods: Twenty patients with urolithiasis after urinary diversion received intervention. Percutaneous
nephrolithotomy, percutaneous based antegrade ureteroscopy with semi-rigid or flexible ureteroscope, transurethral
reservoir lithotripsy, percutaneous pouch lithotripsy and open operation were performed in 8, 3, 2, 6, and 1 patients,
respectively. The operative finding and complications were retrospectively collected and analyzed.

Results: The mean stone size was 4.563.1 (range 1.5–11.2) cm. The mean operation time was 82.0611.5 (range 55–120)
min. Eighteen patients were rendered stone free with a clearance of 90%. Complications occurred in 3 patients (15%). Two
patients (10%) had postoperative fever greater than 38.5uC, and one patient (5%) suffered urine extravasations from
percutaneous tract.

Conclusions: The percutaneous based procedures, including percutaneous nephrolithotomy, antegrade ureteroscopy with
semi-rigid ureteroscope or flexible ureteroscope from percutaneous tract, and percutaneous pouch lithotripsy, provides a
direct and safe access to the target stones in patients after urinary diversion, and with high stone free rate and minor
complications. The surgical management of urolithiasis in patients after urinary diversion requires comprehensive
evaluation and individualized consideration depending upon the urinary diversion type, stone location, stone burden,
available resource and surgeon experience.
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Introduction

Radical cystectomy has been a well established treatment option

for invasive bladder cancer in clinical practice [1]. Postoperative

changes in anatomy as well as other metabolic factors often result

in urinary tract infection and urolithiasis in patients after urinary

diversion [2]. The reported incidence of stones associated with

urinary diversion ranges from 9% to 11% after ileal conduit

diversion [3–4], 17% to 27% for pouch stones after Kock pouch

diversion [5–6] and 11% to 12.9% after Indiana pouch diversion

[6–7]. These stones also have a 33% to 63% recurrence rate

within 3–5 years after the initial intervention [8–9].

The surgical management of stones in patients after urinary

diversion is challenging. Open operation monotherapy has a

limited role in the treatment of urolithiasis in these patients on

account of the high recurrence rate of stones, postoperative scar,

tissue adhesion and the changed anatomy. The advancement in

equipments and increasing experience are making minimally

invasive endourologic techniques an appropriate alternative choice

for these cases as seen in several reports [9–12]. Recently, the

introduction of flexible ureteroscopy, and new generation litho-

tripters including Ho: YAG laser and ultrasonic lithotripter of

Swiss LithoClast Master have made the application of endour-

ologic techniques in urinary tract stones treatment much more

effective [13–14]. However, these techniques have not been well

tested in patients with urolithiasis after urinary diversion.

In the present study, we present our experience in the

management of urinary tract stones in patients after urinary

diversion.

Patients and Methods

Between January 2005 and December 2013, 20 patients with

urinary tract stones after urinary diversion received intervention in

the Department of Urology. Complete data was collected

retrospectively, written informed consents were obtained from all

participants, and the present study was approved by the Ethics

Committee of the First Affiliated Hospital of Guangzhou Medical

University.
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The preoperative assessment included medical history, physical

examination, complete blood count, urinary analysis, midstream

urine culture and sensitivity test, coagulation profiles, electrolyte

biochemical tests, ultrasonogrphy, abdominal plain X-ray film of

kidney, ureter, and bladder (KUB). Intravenous urography (IVU)

was required if serum creatinine (SCr) was normal. All patients

received non-contrast helical CT scan to evaluate the stone

characteristics and peripheral organ disposition. Patients with

preoperative positive urine culture received a complete course of

culture specific antibiotics treatment. Prophylactic antibiotic was

administered to all patients before surgery.

The operative finding, intra- and post-operative complications

were recorded. Stones were analyzed using infrared spectroscopy

to identify the stone composition. KUB and CT scan was

performed to evaluate the stone free status. The success was

defined as complete clear or the presence of stone fragment less

than 4 mm without any clinical symptoms.

Surgery procedure
Upper urinary tract stone. In lithotomy position, retro-

grade ureteroscopy for catheterization or ureteral stones was

attempted firstly, but all failed due to difficulty in locating the neo-

ureteral orifices and in traversing the ureteroenteric anastomosis.

The patient was then turned to prone position. The targeted renal

calyx was punctured with an 18-gauge needle under sonography

guidance. Contrast media was injected into the renal collecting

system through the needle sheath and nephrography was

administered to check the puncture status, repuncture was

arranged if needed. A flexible 0.035-inch flexible guide wire was

inserted into renal collecting system under fluoroscopic guidance.

The tract was then dilated to 22 Fr using sequential fascial

dilators; matched peel-away sheath was inserted.

Kidney stones were fragmented and extracted by ultrasonic

lithotripter of Swiss LithoClast Master under nephroscopy. For

upper ureteral stone, 8/9.8 Fr semi-rigid ureteroscope (Richard

Wolf, Germany) was used to inspect the ureter, stones were

fragmented by Ho: YAG laser and stone fragments were extracted

by forceps. For distal ureteral stone, flexible ureteroscope

(Olympus P5, Japan) was advanced into renal collecting system

via the percutaneous tract, and then inserted to the distal ureter

following the guide wire. Stones were fragmented by Ho:YAG

laser with 200 mm laser fiber. Stone fragments were picked out

using 2.2 Fr Nitinol stone basket.

After stone extraction, antegrade urography was performed. In

patients without evident ureteral obstruction, a long 5 Fr ureteral

catheter was inserted to reservoir with the proximal tip inset into

the nephrostomy tube, and removed on postoperative fourth day.

If obstruction from uretero-vesical anastomosis was noted, dilation

was arranged. A flexible guide wire was inserted into reservoir, the

distal tip of guide wire was stretched out form the neo-bladder

outflow tract, dilation was performed with long fascial dilator up to

12 Fr, and two double-J stents were indwelled for 2 months. 20 Fr

nephrostomy tube was placed at the end of procedure.

Reservoir Stone. In 2 patients with reservoir stones after

orthotropic urinary diversion, 14 Fr nephroscope was advanced

into neo-bladder in a transurethral approach. Stones were

fragmented and extracted by ultrasonic lithotripter of Swiss

LithoClast Master.

In 2 patients with pouch stones after non-orthotopic urinary

diversion, percutaneous pouch lithotripsy was performed. Based

on the preoperative CT evaluation results, sonography guided

puncture to the pouch was administered, then 0.035-inch flexible

guide wire was inserted into pouch. The tract was dilated to 22 Fr

using sequential fascial dilators, and 22 Fr peel-away sheath was

inserted. Stones were fragmented and extracted by ultrasonic

lithotripter. During the operation, fluoroscopy was required to

detect the residual stones hide behind the mucosal folds. At the

end of procedure, 20 Fr Foley catheter was placed.

In one patient with giant reservoir stones (11.2 cm), open

operation was performed, stones were taken out and reservoir

conduct was re-established.

Results

The present study included 18 men and 2 women, with a mean

age of 58.369.4 years (range 45–72). These cases were 9 patients

with ileal conduit (Bricker), 6 patients with colon conduit, 3

patients with ileal orthotopic neobladder (Kock), and 2 patients

with Indian Pouch continent diversion. The intervention interval

for urinary tract stones to urinary diversion was 27 months (range

15–47 months). The mean stone size was 4.563.1 cm (range 1.5–

11.2). Kidney stone, ureteral stone and reservoir stones were noted

in 8, 3, and 9 patients, respectively. Detailed information for

patients’ demographics and stone characteristics were list in

Table 1.

The mean operation time was 82.0611.5 min (range 55–120).

Eighteen patients were rendered stone free with a clearance of

90%, one case had 5 mm residual stone located in lower pole

following percutaneous nephrolithotomy (PCNL), and one patient

had 6 mm residual stone in pouch, they received conservative

watching treatment. No severe intraoperative complication was

noted. Minor postoperative complications were noted in 3 patients

(15%, 3/20). Two patients (10%, 2/20) had postoperative fever

greater than 38.5uC, one patient with renal calculi received

PCNL, and another patient with ureteral stone and uretero-vesical

anastomosis obstruction received antegrade ureteroscopy and

dilation of obstruction. Both patients received culture specific

antibiotics and were cured. One patient (5%, 1/20) suffered urine

extravasations from percutaneous tract required delayed extuba-

tion, while with good recovery. No transfusion or other severe

postoperative complication was noted. Stone composition in this

series was listed as follows: calcium oxalate (40%, 8/20), struvite

stone (45%, 9/20), calcium phosphate (10%, 2/20), and uric acid

(5%, 1/20).

In the 12–48 months follow-up, recurrent bacteriuria were

present in 9 patients (45%, 9/20), five patients (25%, 5/20) had

persistent hydronephrosis. One patient developed high-grade

hydronephrosis resulting from the uretero-vesical anastomosis

obstruction, and was treated with incision and dilation of the

stricture and indwelling double-J stents. The stone recurrence rate

was 20% (4/20). Recurrent kidney stones in 2 patients received

conservative observation, and pouch stones in 2 patients were

successfully treated with the previous technique. All patients had a

stable or improved renal function according to the postoperative

SCr level of 0.960.3 (range 0.7–1.7)mg/dl, even though there was

no statistical significant difference when compared to preoperative

SCr level of 1.060.4 (range 0.8–2.0) mg/dl, two out of the 4 cases

with preoperative renal insufficiency demonstrated normal SCr

level, and no patient required dialysis in the follow-up.

Discussion

Many options have been described for the intervention of

urolithiasis in patients after urinary diversion, including PCNL,

ureteroscopy, extracorporeal shock wave lithotripsy (SWL), open

or laparoscopy operation [10–12,15–18]. Comprehensive evalua-

tion and individualized consideration were required, based on the

urinary diversion type, stone location, stone burden, available

resource and surgeon experience [9–10]. Nevertheless, all the
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studies reported positive results [9–12,16–18]. In the present

study, patients received minimally invasive surgery got a high

stone free rate with minor complications.

The small asymptomatic urolithiasis in patients after urinary

diversion always received conservative treatment. SWL was the

ideal initial treatment option for patients with small stone burden

requiring intervention, given the potential challenges in surgery on

account of urinary diversion [17,21]. The included patients in the

present study had a mean stone size of 4.5 cm, therefore, no

patient received SWL. In another hand, the fate of stone

fragments after SWL was unpredictable; there was great risk of

stone reformation in pouch where the stone fragments have little

possibility in spontaneous passage.

Regardless of the urinary diversion type, the distortion of lower

urinary tract after urinary diversion did not bring great challenge

to urologists in performing PCNL in these patients. Exactly, the

main difficulties in these cases tend to be in locating the neo-

ureteral orifices and retrograde ureteral catheterization [9].

However, sonography can provide excellent guidance in puncture

procedure when retrograde urography was not available [19]. We

did not experience special difficulties in the PCNL procedure,

including in patients needing multiple tracts. Patients with urinary

diversion tolerate PCNL well [11], and the success rates ranged

from 60% to 86% [9,23]. Our data with a stone free rate of 87.5%

(7/8) for PCNL in patients with urinary diversion was consistent

with previous reports [9,23].

Retrograde ureteroscopy was technically challenging in patients

after urinary diversion, as it was hard to get through the neo-

ureteral orifice in reservoir. In the study from Delvecchio [15],

antegrade advancement of guide wire into neo-bladder, and a

subsequent retrograde approach to upper urinary tract stones with

flexible ureteroscopy was feasible. However, the time consuming

procedure and the need for patients’ position changing did not

demonstrate significant advantage when compared to the ante-

Table 1. Patients’ demographics, stone characteristic and treatment results (n = 20).

Index Value

Age (year) 58.369.4 (45–72)

Sex (M:F) 18:2

Stone size (cm) 4.563.1 (1.5–11.2)

Stone location (n, %)

Kidney 8(40%)

Ureter 3 (15%)

Reservoir 9 (45%)

Preoperative serum creatinine (mg/dl) 1.060.4 (0.8–2.0)

Urinary diversion type (n, %)

Ileal conduit (Bricker) 9 (45%)

Colon conduit 6 (30%)

Ileal orthotopic neobladder(Kock) 3 (15%)

Indian Pouch 2 (10%)

Pathological outcome for previous bladder cancer (n, %)

Transitional-cell carcinoma (T1–2N0M0) 19 (95%)

Squamous carcinoma (T2aN0M0) 1 (5%)

Intervention received (n, %)

Percutaneous nephrolithotomy 8 (40%)

Antegrade ureteroscopy 3 (15%)

Percutaneous pouch lithotripsy 6 (30%)

Transurethral neo-bladder lithotripsy 2 (10%)

Open operation 1 (5%)

Operation time (min) 82.0611.5 (55–120)

Clearance (%) 90% (18/20)

Complications (n, %)

Fever 2 (10%)

Urine extravasations 1 (5%)

Postoperative serum creatinine (mg/dl) 0.960.3 (0.7–1.7)

Stone composition (n, %)

Calcium oxalate 8 (40%)

Struvite 9 (45%)

Urine acid 1 (5%)

Calcium phosphate 2 (10%)

doi:10.1371/journal.pone.0111371.t001
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grade flexible ureteroscopy. In addition, sometimes, the passage of

guide wire through an impacted ureteral stone was impossible.

Percutaneous based antegrade ureteroscopy provided an alterna-

tive approach for management of ureteral stones. It was possible to

inspect the renal pelvis and upper ureter up to L4 through a

middle pole percutaneous access with semi-rigid ureteroscope

[20]. Furthermore, in the present study, the antegrade flexible

ureteroscopy could get to the distal ureter.

The management of reservoir stone differed depending on the

urinary diversion type, stone location and burden. A transurethral

approach in patients with orthotropic urinary diversion, or a trans-

stoma approach in patients with continent diversion, seemed to be

ideal. However, excessive torque during the operation might

damage the stomal continence mechanism, and also risking in

stomal stenosis in a long term [16]. This approach was therefore

only recommended in patients with minor stone burden.

Percutaneous pouch lithotripsy has been recommended in

previous studies [10,12,22]. The new generation ultrasonic

lithotripter was powerful enough in stone fragmentation and

provided stone fragments suction out simultaneously, making the

stone extraction procedures much more efficient. However, it was

still time consuming for stones with large stone burden. In the

other hand, the potential reservoir outlet obstruction required

further management rather than an endourological procedure.

Open operation for stone extraction and reservoir re-establish-

ment could be performed in some cases, but with great challenge

since the tissue scar and adhesion [23]. In the present study, we

extracted giant stones (11.2 cm) in one patient and rebuilt the

reservoir and outlet tract with open operation, while patients with

medium reservoir stone burden were successfully managed with

percutaneous pouch lithotripsy, transurethral or trans-stoma

approach were only administrated in patients with minor stone

burden.

According to the follow up results from the present study,

recurrent UTI and hydronephrosis were the most frequently noted

issues, underlining the need to concern the reservoir empty

capability and uretero-enteric anastomosis obstruction [10].

Management of uretero-enteric anastomosis obstruction, urine

culture and subsequent culture specific antibiotics were required to

prevent further development of hydronephrosis and related UTI

or urolithiasis [10].

The limitation of this retrospective study was the lack of

metabolic evaluations, and based on a small cohort of patients

from a single center. Further study based on larger series from

multiple centers was needed to corroborate our results.

Conclusions

The percutaneous based procedures, including percutaneous

nephrolithotomy, antegrade ureteroscopy with semi-rigid uretero-

scope or flexible ureteroscope from percutaneous tract, and

percutaneous pouch lithotripsy, provides a direct and safe access

to the target stones in patients after urinary diversion, and with

high stone free rate and minor complications. The surgical

management of urolithiasis in patients after urinary diversion

requires comprehensive evaluation and individualized consider-

ation depending upon the urinary diversion type, stone location,

stone burden, available resource and surgeon experience.
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