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While cystolitholapaxy for bladder stones is commonly
performed using a transurethral approach, large or com-
plex stone burdens in patients with complex lower
urinary tract anatomy may make this inefficient or infea-
sible. Percutaneous cystolitholapaxy is a safe, effective,
minimally invasive alternative for diverse indications,
including patients with benign prostatic hyperplasia,
urethral stricture disease, closed bladder neck, conti-
nent catheterized channel, or other urinary diversion.

In this article, we review the indications for and advan-
tages of percutaneous cystolitholapaxy and describe
our step-by-step technique for this procedure, includ-
ing representative imaging and favored equipment. We
also discuss preoperative and postoperative considera-
tions, management of potential complications, strategies
to optimize clinical outcomes and patient safety, and
comparisons with transurethral approaches. Finally, we
report outcomes from our institutional series of percuta-
neous cystolitholapaxy cases to highlight the safety and
efficacy of the procedure.
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Introduction

Surgical treatment of bladder stones has evolved
from open cystolithotomy to endoscopic approaches.
While transurethral cystolitholapaxy (TUCL)
is the most common operation, percutaneous
cystolitholapaxy (PCCL) is an effective alternative
for specific scenarios.

PCCL mirrors the technical framework for
percutaneous nephrolithotomy (PCNL) and
involves percutaneous bladder access to create
a cystostomy tract. This may be performed with
ultrasound/fluoroscopic guidance or direct vision
following bladder access. Dilation of the cystostomy
tract then permits the use of various lithotripsy
modalities and direct stone evacuation.

Historical context
The earliest published reports of PCCL date back to
1988 and 1991,1,2 wherein ultrasonic lithotripsy via
rigid nephroscope was used to treat pediatric bladder
stones. Ikari et al. subsequently published a series
of 36 patients treated with percutaneous ultrasonic
lithotripsy with difficult urethral access due to BPH
or urethral stricture, reporting an 89% success rate.3 In
1996, Van Savage et al. published a series of 10 pedi-
atric patients with a history of bladder augmentation
and limited urethral access treated with stone aspi-
ration or electrohydraulic lithotripsy.4 All patients
achieved stone clearance, with a mean hospitalization
of <1 day.

Clinical indications
The primary indication for PCCL is difficult, delicate,
or dead-end urethral access (Table 1). One impor-
tant population is patients with a history of major
reconstruction for neurogenic bladder or congenital
anomalies. Many such patients have bladder aug-
mentation using bowel, often with a catheterizable
channel. In patients who also underwent bladder
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TABLE 1. Indications for percutaneous cystolitholapaxy

Clinical indication Anatomic considerations Operative considerations

Closed bladder neck +/–
augmentation cystoplasty

Altered anatomy from prior
abdominal surgery

Preoperative CT scan to define
anatomy and ensure a safe access
window

Alternative avenues for bladder
access (catheterizable channel)

Flexible ureteroscope through
catheterizable channel

Interface between bowel augment
and normal bladder urothelium

Longer duration of postoperative
catheterization to allow the
augmented bladder to heal

Continent urinary diversion
Altered anatomy from prior
abdominal surgery

Preoperative CT scan to define
anatomy and ensure a safe access
window

Location of access point on the
abdomen, avoiding any fecal
diversion

Flexible ureteroscope through
catheterizable channel

Longer duration of postoperative
catheterization to allow the
reservoir to heal

Urethral stricture disease
Length and caliber of stricture Flexible cystoscope or ureteroscope

through stricture vs. percutaneous
access with imaging guidance

Feasibility of endoscopic bladder
access

Postoperative urethral catheter if
dilation is required

Severe BPH
Prostatic configuration and
presence of median lobe

A flexible cystoscope or
ureteroscope through the prostatic
urethra

Feasibility of endoscopic bladder
access

Postoperative catheter if concern
for incomplete emptying
Consider concomitant BPH outlet
procedure

Radiation damage in the
urethra/bladder neck

Location of radiation damage A flexible cystoscope or
ureteroscope through the urethra

Tissue friability
Feasibility of endoscopic bladder
access

Consider continuous bladder
irrigation if there is an increased
risk for hematuria from radiation
cystitis

Dystrophic calcification in the
urethra/bladder neck

Location of calcification and tissue
quality

A flexible cystoscope or
ureteroscope through the urethra

Feasibility of endoscopic bladder
access

May require removal or resection
of urethral calcification

Large stone burden with a
surgical foreign body

Presence of extruded mesh or
foreign body

Direct trajectory from the access
site to the stone
Concomitant or staged removal of
foreign body

Pediatric patient Age of the patient Consider mini-PCCL with
pediatric instruments

Prior urethral reconstruction
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closure, urethral access is infeasible. Furthermore,
manipulation of large-bore instruments through a
catheterizable channel is preferably avoided due
to the potential for mechanical trauma, leading to
channel stenosis or disruption of the continence
mechanism. Unfortunately, these patients are predis-
posed to bladder stones due to bowel mucus and
incomplete emptying. PCCL provides an efficient
route for stone removal while protecting the channel.

Additional patients with complex urethral access
include those with severe benign prostatic hyperpla-
sia (BPH) or urethral strictures. Incomplete emptying
secondary to these processes predisposes to stone
formation. However, passing rigid instruments per
urethra may be challenging due to bladder neck
angulation and may increase the risk of postoperative
incontinence. An analogous concern exists in patients
with radiation damage to the urethra or bladder neck,
which may predispose to dystrophic calcification.

The pediatric urethra may not accommodate
large-bore rigid instruments to facilitate efficient
stone evacuation. A smaller urethral diameter
may also increase the risk of urethral injury
and subsequent stricture formation following
transurethral procedures.

Laser lithotripsy through a flexible endoscope
may be a reasonable alternative for many of the
indications above. However, the extraction of stone
fragments or irrigation of stone debris may add
considerable operative time and risk trauma to the
urethra or channel. The choice of percutaneous vs.
transurethral approach in these cases should be indi-
vidualized based on the degree of stone burden,
patient anatomy, navigability of the urethra or chan-
nel, and importance of complete stone clearance (i.e.,
infection stones, stagnant urine in a continent reser-
voir).

Finally, all patients with large multi-centimeter
stone burdens, including those secondary to cal-
cified extruded mesh or other foreign bodies, can
be considered for PCCL due to the direct trajec-
tory onto the stone and the ability to use large-bore
instruments for efficient lithotripsy. Open cystolitho-
lapaxy remains an option for large stones, but
catheter duration, operative time, and hospitalization
appear to favor endoscopic approaches;5 small-
incision techniques may mitigate these disadvantages
in well-selected patients.

Method and Technique

Ethics approval
This study was approved by the Mayo Clinic Insti-
tutional Review Board, IRB #24-010902. Informed
consent has been waived.

Preoperative evaluation
Patients typically present with bladder stones
diagnosed on cystoscopy, ultrasound, or computed
tomography (CT) scan. Pertinent history includes
bladder augmentation, state of the bladder neck,
history of urethral or bladder neck stricture, BPH, and
bladder outlet procedures, and prior pelvic radiation.
For patients who catheterize routinely, the size of the
catheter and the anatomy of the catheterized channel
are relevant considerations. Finally, the reversibility
of anticoagulation or antiplatelet therapy should
be considered.

Additional imaging is obtained selectively. Office
cystoscopy can evaluate the feasibility of urethral
access and assess for strictures, calcification, and
prostate configuration. Prostate sizing may be help-
ful with severe BPH, and a pre-operative CT scan
can assess the safety of percutaneous access. This is
especially relevant in those with a history of bladder
reconstruction or other complex abdominal surgery.
Specific anatomic considerations include bowel or
other structures anterior to the bladder, the position
of catheterizable channels or fecal diversions, and
other barriers that may constrain a safe percutaneous
access window.

We routinely obtain a complete blood count, basic
metabolic panel, and urine culture prior to surgery.
Positive urine cultures should be treated with culture-
directed antibiotics. Patients are instructed to hold
any therapeutic anticoagulation, with bridging if
indicated, according to the relevant guidelines.

Positioning and preparation
PCCL can be performed in either the supine or
dorsal lithotomy position. The surgeon typically
stands at the side of the table opposite the sur-
geon’s dominant hand. Thus, right-handed surgeons
would stand on the patient’s left. The assistant may
stand on the opposite side of the table for supine
positioning or between the patient’s legs for dor-
sal lithotomy. We typically position female patients
in dorsal lithotomy when performing concomitant
cystoscopic urethral access.

We shave the suprapubic area from the base of the
penis or mons to just below the umbilicus. Chlorhexi-
dine is used for sterile preparation from the umbilicus
to the upper thighs, with povidone/iodine used to
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TABLE 2. Equipment for percutaneous cystolitholapaxy

Category Suggested equipment Alternative equipment

Percutaneous access
Boston Scientific NaviGuide™
Percutaneous Access Needle, 18 gauge

Cook Medical Amplatz Renal Dilator
Set, 6–30 Fr

Cook Medical Fascial Dilator, 8 Fr
Boston Scientific NephroMax™ High
Pressure Balloon Catheter (24 Fr or 30 Fr)
and sheath

Guidewire Boston Scientific Sensor™ Nitinol
Guidewire with Hydrophilic Tip

Boston Scientific Amplatz Super
Stiff™ wire
Boston Scientific ZIPwire™ Nitinol
Hydrophilic Guidewire

Flexible instruments Karl Storz flexible HD-VIEW™ video
cystoscope

Ambu aScope™ 4 single-use flexible
cystoscope
Boston Scientific LithoVue™
single-use flexible ureteroscope

Rigid instruments Karl Storz HOPKINS R© Telescope 6◦ (rigid
nephroscope)

Karl Storz minimally invasive
percutaneous nephroscope
(mini-PCNL)

Karl Storz rigid cysto-urethroscope
Lithotripter Swiss LithoClast R© Trilogy Lithotripter
Laser Boston Scientific Lumenis Pulse™ 120H

Holmium Laser System with MOSES™
Technology

Stone basket Cook Medical Perc NCircle R© Nitinol
Tipless Stone Extractor

Boston Scientific Zero Tip™ Nitinol
Stone Retrieval Basket

prep the genitalia and urethral meatus if urethral
access is planned.

We use a PCNL drape with a pouch connected to
suction on the surgeon side for supine, and a litho-
tomy drape with the window opened to include the
suprapubic access site for dorsal lithotomy. Using an
adhesive drape such as 3M Steri-Drape™ or applying
3M Ioban™ tape around the drape window assists
with directing irrigation fluid to the suction pouch.

Table 2 summarizes our typical equipment for
PCCL. If transurethral endoscopy is planned and/or
percutaneous access is to be performed under
direct vision, then separating equipment for the
transurethral and percutaneous portions of the case
on two sterile tables may be helpful.

Prophylactic antibiotics should be administered
within 1 h before the procedure. In patients
with negative preoperative urine culture, we
typically give a single dose of cefazolin or
trimethoprim/sulfamethoxazole, consistent with
antimicrobial prophylaxis guidelines for clean-
contaminated lower tract procedures.6 We perform

PCCL under general anesthesia, although spinal
anesthesia could be considered for high-risk patients.

Operative technique
Percutaneous bladder access may be performed
under direct vision with a flexible cystoscope or
with imaging guidance. In patients with catheter-
izable channels, we prefer to obtain access under
direct vision with a flexible ureteroscope, which
can safely traverse the channel. The bladder is
inspected, noting the position of the ureteral orifices,
the dependent locations of the stones, and any visible
distinction between native urothelium and bowel in
patients with augmentation cystoplasty. The access
site is selected based on anatomic considerations and
pre-operative imaging, favorable trajectory onto the
stone, and puncturing native bladder tissue.

Alternatively, a catheter can be placed into the
bladder to backfill with either saline for blind or
ultrasound-guided puncture or radiopaque contrast
for fluoroscopic puncture. The access site is generally
chosen 2 fingerbreadths above the pubic symphysis
to remain extraperitoneal. We typically obtain access
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FIGURE 1. Intraoperative fluoroscopic cystography
demonstrating (A) large bladder stone, (B) percuta-
neous needle access using bull’s eye technique, (C)
balloon dilation of cystostomy tract, (D) final cys-
togram following suprapubic catheter placement

at the midline, but a lateral site may be preferred if
dictated by distorted anatomy or to avoid a catheter-
izable channel or bowel diversion.

The technique for initial access mirrors percuta-
neous renal access. Scout fluoroscopy can confirm
the stone position (Figure 1A). We perform the ini-
tial puncture using a percutaneous access needle
(Boston Scientific NaviGuide™ Percutaneous Access
Needle, 18 gauge). A bull’s eye technique facili-
tates a midline suprapubic puncture directly over the
stone (Figure 1B). Successful bladder entry should
yield urine return through the hollow needle. Two
guidewires are passed and curled in the bladder.
The safety wire is secured to the drape. If the access
is performed under vision, needle entry and wire
passage may be confirmed directly (Figure 2A). In
patients with a pre-existing suprapubic tube (SPT),
a guidewire may be directed through or alongside
the catheter to obtain access. Performing a cystogram
through the SPT may help confirm the wire position.

Once bladder access is achieved, the cystostomy
tract is sequentially dilated. We typically pass an 8 Fr
fascial dilator followed by a 24 Fr or 30 Fr dilation bal-
loon (Boston Scientific NephroMax™ High-Pressure
Balloon Catheter). The balloon is dilated with contrast
so that it can be visualized under fluoroscopy during

FIGURE 2. Intraoperative endoscopy demonstrat-
ing (A) percutaneous needle puncture under direct
vision, (B) bladder stone with Swiss LithoClast R© Tril-
ogy lithotripter probe, (C) basket extraction of stone
fragments, (D) extraction of stone fragments using
grasping forceps

inflation (Figure 1C), and any “waisting” indicative
of incomplete dilation is revealed. In patients with
a chronic SPT, fascial fibrosis may preclude suc-
cessful balloon dilation, and manual dilation with
sequential Amplatz dilators may be required. Once
complete dilation is achieved, an access sheath is
advanced over the balloon into the bladder to estab-
lish the cystostomy tract. The balloon is deflated and
removed, maintaining the safety wire outside the
sheath. A rigid nephroscope with a parallel eyepiece
is advanced into the bladder to confirm appropriate
trajectory to the stones.

In select cases, the tract may be dilated to a smaller
diameter (≤18 Fr), analogous to a mini-PCNL. Typi-
cally, the small decrease in morbidity is outweighed
by the efficiency of using a rigid nephroscope and
combination lithotripter through a standard 24–30 Fr
tract to evacuate large stones. One specific indication
for a “mini-PCCL” would be a patient with limited
stone burden but a closed bladder neck and continent
catheterizable channel, where percutaneous access is
the only available approach.

Various devices can be used for stone frag-
mentation and evacuation. We generally prefer the
Swiss LithoClast R© Trilogy, as the combination of
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ballistic and ultrasound energy and suction evac-
uation facilitates highly efficient stone removal
(Figure 2B). Smaller stones or residual fragments may
be extracted using a basket such as the Cook Med-
ical Perc NCircle R© basket (Figure 2C) or grasping
forceps (Figure 2D). When patient anatomy allows,
advancing a flexible cystoscope or ureteroscope per
urethra or catheterizable channel helps locate resid-
ual fragments and relocate them for treatment via the
percutaneous tract. Stone fragments may be collected
for composition analysis. In patients with recurrent or
elevated infection risk, we obtain a bacterial and/or
fungal culture of stone material.

Exit and postoperative considerations
We perform a cystogram following stone treatment
to rule out intraperitoneal extravasation (Figure 1D).
There are several options for bladder drainage post-
operatively. We generally leave a 14 Fr urethral Foley
or a 16 Fr SPT for 5–7 days. However, no optimal
duration or route of bladder catheterization has been
established and thus may be directed by surgeon
preference and patient anatomy.

For patients who void spontaneously per urethra,
leaving a SPT capped allows the patient to void
immediately after surgery, and uncapping the SPT in
case of retention. An SPT can also be placed on ten-
sion to tamponade residual bleeding from the access
tract if present. For patients with an augmented blad-
der or bowel diversion, we favor leaving the SPT
for 2 weeks to allow the bowel segment adequate
time to heal. Patients with a channel may continue to
catheterize as usual during this time.

The access sheath is removed over a wire in case
reentry is required. Holding several minutes of man-
ual pressure over the puncture site may help achieve
hemostasis. We inject a solution of 1% lidocaine and
0.25% bupivacaine along the cystostomy tract and
incision for local anesthesia. The incision is then
closed, and the catheter may be irrigated to ensure
clear urine output.

We perform PCCL either as an outpatient surgery
or with overnight observation, depending on the
patient’s comorbidities, duration and complexity of
the case, and concern for postoperative infection. Inci-
sional pain is typically managed with acetaminophen
and nonsteroidal anti-inflammatory drugs, and opi-
oids are seldom necessary.

Complications and pitfalls
Post-PCCL urinary infections can be treated with
culture-directed antibiotic therapy. Bladder stone cul-
ture, if obtained, may help guide antibiotic selection.
In patients with a history of urinary retention, a

longer duration of catheterization to ensure max-
imal bladder emptying can be considered. Septic
infections are infrequent but should be treated
with broad-spectrum empiric antibiotic therapy, fluid
resuscitation, and bladder decompression.

Uncontrolled hemorrhage is the most common
serious complication requiring active management.
Bleeding due to urothelial injury during lithotripsy
can be identified during inspection of the bladder
before completion of the procedure. If necessary,
electrocautery may be used for the fulguration of
bleeding sites.

Following sheath removal and cystostomy clo-
sure, postoperative hemorrhage is often from the
cystostomy tract. If an SPT was inserted, the first
step is to fill the balloon to 20 mL and place the
SPT on traction to provide tamponade. Continuous
bladder irrigation (CBI) can be initiated using the
SPT for inflow and a urethral catheter for outflow if
patient anatomy allows. However, CBI may not be
effective for tract site bleeding. We would advise a
low threshold to return to the operating room for clot
evacuation and fulguration if there is no significant
improvement in hematuria and/or clinical signs of
continued hemorrhage within 24 h.

Complications due to intraoperative injury are
uncommon. Endoscopic orientation of the lower tract
anatomy from a suprapubic trajectory may be less
familiar to urologists, so care must be taken to identify
and avoid the ureteral orifices during tract dilation,
lithotripsy, and suction evacuation. Suction injury
may result in transient edema that can obstruct
ureteral drainage, so ureteral stent placement should
be considered if there is any concern for injury. Care
should also be taken at the posterior bladder wall, as
inadvertent loss of control of the lithotripter can cause
perforation and even rectal injury.

Bladder perforation is also uncommon but may
be more likely to occur in patients with chronic
bladder outlet obstruction and trabeculation. Per-
forming a final cystogram prior to closure can help
identify potential perforation. Most cases of intraperi-
toneal perforation will require open cystorrhaphy,
thus underscoring the importance of extraperitoneal
puncture during initial access.

Clinical outcomes
After obtaining institutional review board approval,
a retrospective chart review was performed of
consecutive PCCL cases performed by a single
surgeon from 2020 to 2024. Indications, clinical
characteristics, and outcomes are shown in Table 3.
Notably, the stone-free rate was 96%—only one
patient with a 900 cm3 stone required a staged open
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TABLE 3. Indications, clinical features, and outcomes of percutaneous cystolitholapaxy
in single-surgeon series. Demographic data is displayed as a number (percentage), and
numerical data is reported as median (interquartile range)

Total 25

Male 24 (96%)
Female 1 (4%)

Indication
Urethral stricture or bladder neck contracture 8 (32%)
Benign prostatic hyperplasia 6 (24%)
Concern for post-prostatectomy incontinence 4 (16%)
Bladder reconstruction with bladder neck closure 2 (8%)

Prior urologic procedures
Radical prostatectomy 6 (24%)
Prostate radiation 6 (24%)
Transurethral cystolitholapaxy 5 (20%)
Stricture procedure 4 (16%)
Bladder outlet procedure 4 (16%)

Age (years) 71 (65, 79)
BMI (kg/m2) 26 (24, 31)
Prostate size (g)* 65 (29, 86)
Stone number 2 (1, 5)
Diameter of largest stone (cm) 2.3 (1.4, 3)
Total stone volume (cm3) 5 (1.9, 11.7)
Operative time (min) 60 (46, 93)
EBL (cc) 20 (10, 25)
Postop catheter duration (days) 7 (5, 7)

*for male patients with a prostate (n = 14)

cystolithotomy. Median operative time was 60 min,
12 patients (48%) were discharged the day of surgery,
and 10 patients (40%) were discharged following
<24-h observation. Five patients experienced
Clavien I/II complications within 30 days, and 2
patients experienced a Clavien III complication
(ongoing hemorrhage requiring operative clot
evacuation in both cases).

Discussion

PCCL is an important technique in the stone sur-
geon’s arsenal to manage bladder stones in patients
with complex anatomy. It has been shown to be safe
and efficacious across three decades of utilization.
Two studies of patients with bladder augmentation
who underwent PCCL using a similar technique
to that described here showed stone-free rates of
90%–95%, inpatient stays of 1.1–1.3 days, and no
major complications.7,8 A recent randomized con-
trolled trial (RCT) randomized 100 boys <14 years old

to TUCL vs. PCCL.9 Patients with neurogenic bladder,
bladder augmentation, and urethral stricture were
notably excluded. They found no significant differ-
ence in stone-free rate or hospital stay, and PCCL had
a significantly shorter operative time (13 vs. 22 min).

Two systematic reviews were conducted to inform
the European Association of Urology (EAU) guide-
lines for bladder stone treatment.10 Donaldson et al.
performed a systematic review and meta-analysis
that included 4 RCTs comparing TUCL to PCCL.5

Notably, studies investigating patients with bladder
augmentation were excluded. They found no differ-
ence in stone-free rate, unplanned procedures, major
complications, or retreatment rate. TUCL had lower
pain scores and hospital stays by 0.8 days. TUCL
had a faster operative time when a nephroscope
was utilized (−10 min) but a longer operative time
with a cystoscope (+13 min). A subsequent system-
atic review focusing on pediatric patients included 4
retrospective studies comparing TUCL and PCCL.11

Similarly, there was no difference in stone free rate,
unplanned procedures, recurrence, catheter duration,
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or complications. There was no significant difference
in urethral stricture rate, but the authors note that
the overall incidence of strictures was higher in the
TUCL group. Overall, both studies found compa-
rable stone free rates between TUCL, PCCL, and
open cystolitholapaxy, with endoscopic approaches
displaying shorter operative time, hospital stay, and
catheter duration. Ultimately, the EAU guidelines rec-
ommend TUCL for most adults with bladder stones,
which is similar to our practice. However, PCCL is
the preferred procedure when TUCL is infeasible due
to anatomy or unfavorable due to stone burden, as
well as in children with a high risk of urethral stric-
ture (i.e., young age, urethral reconstruction, spinal
cord injury).10

After treating the bladder stone itself, it is imper-
ative to address the root cause of stone formation.
Primary/endemic bladder stones are rare in devel-
oped nations, where the most common cause is outlet
obstruction from BPH. Studies have supported the
safety and efficacy of concomitant cystolitholapaxy
and prostate resection or enucleation,12,13 although the
procedures may be staged if preferred. As single-
port simple prostatectomy has been increasingly
described, concomitant or stand-alone single-port
cystolithotomy represents a fascinating technique for
future study. In patients with bladder augmentation,
regular bladder irrigations to reduce urinary stasis
and evacuate debris and stone matrix have been
shown to decrease stone recurrence rate.14,15 Patients
with calcified extruded mesh or other foreign bod-
ies as a nidus of stone formation should undergo
concomitant or staged foreign body removal.

Finally, PCCL is an excellent procedure for
educating trainees on the fundamental techniques
of percutaneous endoscopic surgery. PCCL mim-
ics nearly all the steps of PCNL, including access,
scope handling, and lithotripsy. The capacious nature
of the bladder and lower overall vascularity com-
pared to the kidney reduces the risk of serious
hemorrhage and allows trainees to gain universal per-
cutaneous endoscopic surgical skills in a lower-risk
environment.

Conclusions

Percutaneous cystolitholapaxy is a safe and efficient
procedure to treat large or challenging bladder stones
in patients with complex lower urinary tract anatomy.
The procedure incorporates well-established tech-
niques for percutaneous urinary surgery and can be
adapted for patients with bladder outlet or urethral
obstruction, urinary diversion, or abdominopelvic

reconstruction. It may be performed in the outpa-
tient setting and can be combined with procedures
to address the underlying etiology of bladder stones,
including BPH treatment, urethral stricture repair, or
foreign body removal.
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