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Preface

V

We have published a monograph every year since 1999. Recent Advances in
Endourology, Volume 8 deals with new, clinically relevant developments in 
interventional management of urological diseases. Members of the medical 
profession know that few procedures can be carried out by only one method.
Endourology has developed significantly as a result of rapid changes in surgical
techniques and innovative instruments, aided by the use of new energy sources.
Endourological procedures now can be performed via the urethra or tiny inci-
sions, eliminating the need to make large incisions. Postoperative patient recov-
ery and pain can be dramatically reduced by the endoscopic surgical approach,
and cosmetic effects can also be significantly improved by such surgical proce-
dures. In the past 30 years, transurethral resection of the prostate, bladder, and
ureteral tumors has been refined, using a variety of instruments and energy
sources such as laser beams. Transurethral microwave thermotherapy (TUMT)
has matured in the past 10 years as a nonsurgical option for treatment of benign
prostatic obstruction. There also has been significant change in percutaneous
surgery, made possible by the miniaturization of the endoscope and by newly
developed instruments. Needle ablation techniques, which have been added to
the armamentarium for treatment of small renal cell tumors, have significantly
decreased pain and shortened hospital stays of patients.

The goal of this volume is to provide the most recent clinical information on
various endourological treatment modalities and innovative materials. For that
purpose, we asked recognized experts to outline their techniques clearly and con-
cisely. We are deeply grateful to the authors for contributing their enlightening,
informative chapters. This book could never have appeared without the excep-
tional cooperation of all concerned.

Shiro Baba, M.D., Ph.D.
Professor and Chairman, Department of Urology

Kitasato University School of Medicine
Kanagawa, Japan

Yoshinari Ono, M.D., Ph.D.
Associate Professor, Department of Urology

Nagoya University School of Medicine
Nagoya, Japan
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Access Techniques for Percutaneous
Renal Surgery

Nicole L. Miller, Brian R. Matlaga, Samuel C. Kim, and 
James E. Lingeman

Summary. Percutaneous nephrolithotomy (PNL) remains an important part of
the urologist’s armamentarium. Although PNL can be used to treat upper tract
calculi of any size, it is particularly effective for treating patients with complex
stone disease or coexisting renal pathology such as ureteropelvic junction
obstruction or stone-containing calyceal diverticula (CD). Since its introduction
in the late 1970s, PNL has undergone a considerable evolution in technique.
However, the performance of PNL is entirely dependent on achieving satisfac-
tory access. This chapter reviews the current access techniques for percutaneous
renal surgery.

Keywords. Kidney, Nephrolithiasis, Percutaneous nephrolithotomy, Calyceal
diverticulum, Upper pole access

Introduction

Modern urological management of nephrolithiasis has evolved significantly with
the introduction of shock wave lithotripsy (SWL) and advances in endoscopic
technology. Presently, SWL and other endourological procedures, such as
ureteroscopy (URS) and percutaneous nephrolithotomy (PNL), have sup-
planted the use of open stone procedures. These minimally invasive techniques
allow the safe removal of virtually any urinary calculus regardless of composi-
tion, location, or stone burden. The fundamental principle guiding treatment
selection is to maximize stone clearance while minimizing patient morbidity. To
this end, PNL is ideally suited for the treatment of complex stone disease and/or
coexisting renal pathology [i.e., ureteropelvic junction obstruction (UPJO),
calyceal diverticulum (CD)].
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Since its introduction by Fernstrom and Johanssson in 1976 [1], there has been
considerable refinement in the technique of PNL due to increased experience,
advances in endoscopic instruments, and more effective intracorporeal
lithotripsy devices (pneumatic, Ho:YAG laser). The most critical step in per-
forming successful PNL is establishing safe and effective percutaneous access.
The ideal site of percutaneous puncture should be selected to maximize the use
of rigid instruments, minimize the risk of complications, and achieve stone-free
status. For optimal outcomes, it is necessary to outline criteria for proper patient
selection, preoperative planning, and postoperative management. In this chapter,
we review the current access techniques for percutaneous renal surgery.

Indications

Stone-related characteristics (size, number, location, and composition), renal
anatomy, and patient clinical factors should all be considered, in conjunction with
equipment availability and procedural morbidity, when selecting a surgical
approach for renal calculi (Table 1). Although SWL and URS are less invasive
modalities than PNL, they do not provide adequate treatment for all stones.
Stone burden is perhaps the most important factor in determining the appro-
priate treatment modality [2]. As stone burden increases, stone-free rates with
SWL decline [3,4]. Furthermore, the higher rate of residual stones after SWL
increases the need for ancillary procedures and retreatment.

Significant risk of treatment failure exists with SWL for stones greater than 2
cm, especially with newer SWL devices. URS can be used to treat upper tract
stones larger than 2cm; however, stone clearance is significantly less than with
PNL and recurrence can be rapid (16% over 6 months) [5]. PNL is a more effec-
tive approach for larger stones [6].

In 2005, the American Urological Association (AUA) published guidelines 
for the management of staghorn calculi [7,8]. The panel recommended PNL as
the first treatment for most patients with staghorn calculi. Combined PNL and
SWL (sandwich therapy) for complex stones was common in the 1990s; however,
PNL techniques have improved and the need for SWL has declined. PNL
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Table 1. Indications for percutaneous nephrolithotomy (PNL)

1. Staghorn calculi
2. Large calculi >2.0cm
3. Calculi composed of cystine, brushite, struvite, or calcium oxalate monohydrate
4. Impacted or large proximal ureteral calculi
5. Calyceal diverticular calculi
6. Ectopic renal calculi (horseshoe kidney, pelvic kidney, or transplant kidney)
7. Coexisting ureteropelvic junction obstruction (UPJO) and renal calculi
8. Lower pole renal calculi >1.0cm
9. Ureteroscopy (URS) or shock wave lithotripsy (SWL) failures



monotherapy has become an attractive option with the expanding role of flexi-
ble nephroscopy with holmium laser lithotripsy. Even the largest of staghorn
calculi can be cleared percutaneously with the aid of second-look nephroscopy
and/or multiple accesses [8].

Recent studies have focused on outlining the best treatment strategy for lower
pole calculi. Although clearance rates for PNL and SWL are comparable for
small (<10mm) lower pole calculi, as the stone size increases the stone-free rate
dramatically decreases. A prospective randomized multicenter trial showed the
superiority of PNL over SWL in clearance of lower pole calculi greater than 
10mm (stone-free rates of 91% vs 21% for PNL and SWL respectively) [9].
Retreatment rates (16% vs 9%) and ancillary treatment rates (14% vs 2%) were
also higher for the SWL group. A second prospective, randomized trial by the
Lower Pole Study Group compared URS and PNL for the treatment of lower
pole calculi. Stone-free rates for larger stones (11–25mm) as determined by non-
contrast computed tomography (NCCT) were 70.6% for PNL versus 29.6% for
URS [10].

Stone composition is another important factor when considering the most
appropriate treatment. Cystine, brushite, and calcium oxalate monohydrate
stones are noted to be resistant to fragmentation with SWL [11,12]. Stone-free
rates for cystine calculi are significantly better following PNL (67.2%) than when
treated with SWL (14.8%) or URS (11.5%) [11]. PNL has also been shown to
produce superior results in the treatment of brushite calculi. Klee and colleagues
[12] reported a 100% stone-free rate with PNL versus 66% and 11% for URS
and SWL, respectively. Finally, patients suspected of having struvite or infection
calculi may achieve better outcomes following PNL due to the thorough removal
of all stone fragments and optimal drainage of the collecting system [13–17].

CD are nonfunctioning, congenital urothelial-lined outpouchings of the renal
collecting system. Calculous formation occurs in up to 50% of CD [18,19]. Tra-
ditionally, these diverticula were treated with open surgical techniques [18–20];
however, these approaches have largely been replaced by minimally invasive
treatments such as ureteroscopy [21–23], laparoscopy [24,25], and percutaneous
procedures [21,26–28].

Although SWL has been shown to offer symptomatic pain relief for CD calculi
in 36%–70% of patients, the narrow neck of the diverticulum can impede
passage of fragments and fulguration of the diverticulum is not possible [28,29].
URS is minimally invasive and allows for incision of the narrow infundibulum
and ablation of the diverticulum; however, accessing the diverticulum may be
difficult, particularly in the lower pole. Stone-free rates following URS have
ranged from 19% to 58% [21,22]. URS may be best employed for anterior upper
pole CD with minimal stone burden. Laparoscopy may be best for treating CD
with thin overlying parenchyma, or those that are large and anterior [24].

PNL is an ideal treatment for CD because it allows for both stone removal
and ablation of the diverticular cavity [27,28,30–32]; this is particularly true for
lower pole diverticula and those greater than 1.5cm [21,22,33]. PNL offers excel-
lent stone free rates (93%–100%) and successful obliteration of the diverticular
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cavity (76%–100%) [27,28,32]. Percutaneous access is the main challenge in
treating CD with PNL.

Urinary calculi are often associated with UPJO. Stasis of urine and metabolic
factors are thought to play a role in stone formation [34,35]. SWL is not a treat-
ment option due to impaired drainage and obstruction. Patients with UPJO and
concurrent renal calculi have traditionally been treated with open pyeloplasty
and pyelolithotomy. Less invasive approaches such as PNL with antegrade
endopyelotomy and laparoscopic pyeloplasty with pyelolithotomy are now more
commonly employed. Ramakumar et al. [36] reported on 19 patients who under-
went laparoscopic pyeloplasty with concurrent pyelolithotomy. The pyeloplasty
was successful in 90% with a stone-free rate of 90%. Although laparoscopic
stone removal is feasible, PNL with antegrade endopyelotomy is a more efficient
treatment for larger stone burdens. This approach has a reported success rate of
86% [37] and allows secondary access for any residual stone.

Calculi formation in horseshoe kidneys occurs in 20%–61% of patients
[38–40]. Although SWL may be used as initial treatment, stone-free rates vary
greatly [41–45]. PNL is the most definitive treatment for calculi within a horse-
shoe kidney with stone-free rates of 75%–87.5% [46–48]. Furthermore, PNL
allows for simultaneous endoscopic treatment of UPJO that can coexist with
horseshoe kidney.

The anatomy of the pelvic kidney prevents a standard approach to the treat-
ment of urinary calculi. The retroperitoneal location, posterior to the peritoneal
cavity and anterior to the sacrum, with interposing bowel loops precludes a direct
puncture with fluoroscopic techniques alone. SWL has been used to treat small
stones in ectopic pelvic kidneys [49], but it is not efficient for treating larger stone
burdens. Similarly, malrotation and difficulty accessing the lower pole of the
pelvic kidney makes URS a less desirable option, especially for larger stone
burdens. Laparoscopic-assisted PNL techniques have been developed to treat
ectopic kidney calculi [36,50–55]. Holman and Toth [56] reported a technique in
which the bowel was mobilized laparoscopically to visualize the pelvic kidney
and percutaneous access was then attained under laparoscopic visualization,
allowing successful removal of all stones with minimal morbidity. Zafar and
Lingeman [55] described a modified laparoscopic-assisted transperitoneal PNL
technique involving intracorporeal suturing of the nephrotomy site and ureteral
stent placement to eliminate the need for a nephrostomy tube. In addition,
Matlaga et al. [57] have utilized CT guidance to obtain percutaneous access in
select patients with calculi in ectopic kidneys.

Calculi within a transplant kidney pose some of the same difficulties as those
in the pelvic kidney. The use of SWL [58], URS [59], and PNL [60,61] have all
been reported. SWL is best reserved for small stones as ureteral obstruction from
residual fragments may lead to acute renal failure in transplant patients. PNL is
a better option for larger stones. Placement of the donor kidney extraperi-
toneally within the iliac fossa causes the kidney to be rotated 180° on its axis.
The posterior calyces point anteriorly and the renal pelvis medially. Therefore,
an anterior approach for percutaneous access to the transplant kidney can be
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performed similar to a posterior approach to native kidneys. Some have advo-
cated the concurrent use of fluoroscopy and ultrasound for percutaneous access
to avoid bowel injury [60].

While SWL is successful in treating 84% of proximal ureteral stones less than
1cm and 72% of stones over 1cm [62], large and/or impacted proximal ureteral
stones are more resistant to SWL [62–63]. URS with holmium laser lithotripsy
is an effective method for treating proximal ureteral calculi; however, PNL
should be considered in cases of complex proximal ureteral calculi, such as
impacted stones that have failed other modalities, dilated renal collecting
systems, large stone burdens, urinary diversions, and distal ureteral strictures
[64].

Preoperative Evaluation

A complete medical history and physical examination should be performed in
all patients before PNL. Special attention should be paid to identifying condi-
tions in which PNL is contraindicated, such as bleeding disorders and active
urinary tract infection. If medically feasible, aspirin and other antiplatelet 
medications should be discontinued 7 days before the date of surgery [65]. Pre-
operative laboratory evaluation should include complete blood count, serum
electrolytes, and renal function measurement.

All patients should have a preoperative urine sample sent for culture and 
sensitivity to identify the presence of infection; this is particularly important in
patients with neurogenic bladder and urinary diversion who are often colonized
with bacteria and/or infected with organisms that are resistant to commonly pre-
scribed antibiotics [66]. In patients with preoperative bacteriuria, Larsen and
associates [67] found stone cultures produced bacteria in 77% of cases. Even if
the preoperative urine culture is negative, the stone itself may harbor bacteria.
Mariappan and associates [14] reported that the best correlate with post-PNL
sepsis is stone culture or renal pelvic urine culture, not bladder urine culture. For
this reason, a 2-week course of broad-spectrum preoperative antibiotics is rec-
ommended. Antibiotic therapy may also reduce bleeding by decreasing inflam-
mation and friability of the renal parenchyma. Cephalosporins are the most
appropriate antibiotics for surgical prophylaxis immediately before surgical pro-
cedures in noninfected stone patients, as the most common secondarily infect-
ing organism is Staphylococcus epidermidis. High-risk patients can be treated
with intravenous ampicillin and gentamicin.

Morbidly obese patients warrant special preoperative consideration. They
often have cardiac and/or pulmonary disease that can represent a challenge for
the anesthesiologist. Careful positioning of these patients is important to avoid
position-related injuries. PNL in obese patients achieves stone-free rates com-
parable to the nonobese population [68,69]. The major difficulty in performing
PNL in the morbidly obese patient is the long distance from the skin to the col-
lecting system, which may exceed the length of the working sheath and/or the
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length of the rigid nephroscope. Therefore, when performing PNL in these
patients it is important to have an extra-long Amplatz working sheath (20cm)
and rigid nephroscope readily available.

Finally, preoperative imaging is essential in planning PNL. Intravenous pyel-
ography (IVP) has been largely supplanted by NCCT. NCCT is particularly
useful in cases of congenital renal anomalies, transplant kidney, morbid obesity,
and spinal cord deformities to allow evaluation of adjacent visceral structures.
NCCT can also identify the presence of a retrorenal colon.Although rare (<1%),
the incidence may be higher in patients with jejunoileal bypass and spinal cord
injury [70]. IVP and/or retrograde pyelogram (RPG) remain useful in patients
with CD to define the relationship between the diverticular cavity and the renal
collecting system.

Access Techniques

The spectrum of access techniques may be best understood as a process of
matching the proper percutaneous approach to the clinical situation. These
access techniques include standard lower pole, CD/obstructed calyx, supracostal,
and nondilated punctures.

Standard Lower Pole
The first step in performing PNL is cystoscopic placement of a ureteral catheter
for retrograde opacification of the collecting system. Placement of the ureteral
catheter is performed in the dorsal lithotomy position as catheter placement 
is rapid and all anatomical conditions, such as urethral or ureteral strictures,
can be easily addressed. A 5 or 6Fr open-ended ureteral catheter is routinely
used; however, a 7Fr occlusion balloon catheter should be considered when
stone burden is large or the proximal ureter is dilated. A Foley catheter ensures
bladder drainage during PNL.

The patient is placed in the prone position with the side to be treated elevated
on a foam pad at 30°. This position aids in ventilation of the patient and brings
the posterior calyces into a vertical position. All pressure points are padded.
The patient’s arm on the side of the stone is flexed at the elbow and placed on
an arm board, while the contralateral arm is placed at the patient’s side. For 
bilateral PNL, the patient is placed in the straight prone position and the more
symptomatic side or the side with the larger stone burden is addressed first.
Intravenous extension tubing is connected to the ureteral catheter, or the occlu-
sion balloon port, to allow inflation or deflation of the balloon or the instillation
of contrast material.

The preferred access site into the lower pole of the kidney is through a pos-
terior calyx because the posterior calyces are usually oriented toward the avas-
cular area between the anterior and posterior arterial divisions of the kidney
(Brödel’s bloodless line of incision). Therefore, a puncture through a posterior
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calyx traverses this line, avoiding the major branches of the renal artery (Fig. 1)
[71]. In addition, puncture through a posterior calyx is the shortest access path
to the renal collecting system. The determination of calyceal orientation and the
selection of the optimal calyx of entry are best determined using biplanar C-arm
fluoroscopy. A C-arm fluoroscopic unit is preferable to a urotable with a fixed
X-ray tube because it permits more active movement between anteroposterior
and oblique views of the kidney and reduces operator exposure to radiation
scatter as the X-ray source is under the table rather than over it.

The skin puncture is usually performed approximately 1cm inferior and 1cm
medial to the tip of the 12th rib (Fig. 2). The preferred point of entry into the
collecting system is along the axis of the calyx, through the papilla. Aligning the
access with the infundibulum also allows the most efficient use of a rigid nephro-
scope and reduces the need for excessive torque on the rigid instruments, which
may cause renal trauma and bleeding. Infundibular puncture should be avoided
if possible, as should direct puncture of the renal pelvis with its elevated risk of
vascular injury, potential prolonged urinary leak, and easy tube dislodgment.

Biplanar fluoroscopy permits careful identification of the point of entry into
the collecting system to avoid through-and-through puncture. After the targeted
calyx is identified with fluoroscopy, orientation of the line of puncture is per-
formed using a triangulation technique. The C-arm is moved back and forth
between two positions: one parallel to and one oblique to the line of puncture.
With the C-arm oriented parallel to the line of puncture, adjustments are made
in the mediolateral (or left/right) direction. The C-arm is rotated to the oblique
position and adjustments are made in the cephalad/caudad (or up/down) orien-
tation of the line of puncture, taking care not to alter the mediolateral orienta-
tion of the needle. To reduce radiation exposure to the surgeon, the C-arm is
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Fig. 1. The ideal percutaneous access traverses the renal parenchyma at the postero-
lateral aspect of the kidney through the relatively avascular Brödel’s zone, entering a 
posterior calyx. (Reprinted with permission from Indiana University Office of Visual
Media)



angled away from the line of puncture with the image intensifier angled toward
the patient’s head. Maintaining the needle orientation in one plane while making
adjustments in the other plane is critical to preserve proper orientation. If the
surgeon rests his or her forearm on the patient’s torso, the line of puncture is
stabilized and drift is minimized, facilitating precise puncture.

Once the proper orientation of the line of puncture has been obtained,
respirations are suspended in full expiration. Contrast is instilled through the 
retrograde catheter to opacify and distend the collecting system. An 18-gauge
diamond-tipped needle is advanced toward the desired calyx in the oblique posi-
tion to gauge the depth of puncture. Before the renal capsule is entered, final
adjustments are made. Manipulating the needle after entering renal parenchyma
is discouraged because it may displace the kidney, affecting the position of the
target calyx.

Puncture lateral to the posterior axillary line can result in injury to the colon
[73]. A very medial puncture should also be avoided because it may traverse the
paraspinus muscles, increasing postoperative pain. Finally, puncture should not
be performed too close to the rib as it may injure the intercostal nerve and
vessels.

Aspiration of urine will verify proper calyceal puncture. A hydrophilic nitinol
core glidewire is then passed through the needle and into the collecting system.
This type of wire is preferred for obtaining initial access because it is quite
maneuverable and resists kinking. Under fluoroscopic guidance, an attempt is
made to advance the glidewire down the ureter. If the wire does not pass easily
into the ureter, it can be coiled in the renal pelvis.An 8Fr fascial dilator is passed
into the calyx followed by a 5Fr cobra-tipped angiographic catheter. The angio-
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Fig. 2. For a lower pole puncture, a good starting point is 1cm inferior and 1cm medial
to the tip of the 12th rib. 11, 12, 11th and 12th rib. (Reprinted from [72] with permission
from Humana Press)



graphic catheter helps direct the glidewire toward the ureteropelvic junction,
facilitating placement of the wire down the ureter. Once the glidewire is posi-
tioned in the ureter, it is exchanged for a stiffer, Teflon-coated working wire such
as an Amplatz super-stiff wire. The glidewire should not be used as a working
wire because its lubricious nature makes it prone to displacement. An 8–10Fr
coaxial dilating system is then used to place a second safety wire, usually a 0.035-
in. straight removal core wire. It is imperative to have a safety wire in place
before proceeding with dilation of the percutaneous tract.

Several methods of tract dilation are available, including metal telescoping
dilators, semirigid Amplatz dilators, and balloon dilators [74–76]. Balloon dila-
tors have been reported to cause significantly less bleeding than sequential dila-
tors [77] because the radial force used to spread the renal parenchyma is less
traumatic than the shearing or cutting action of sequential Amplatz dilators or
metal telescoping dilators. Sequential dilators (Amplatz or metal dilators) may
be useful in the setting of extensive perirenal fibrosis from previous renal
surgery. Alternatively, in the presence of flank scarring, a 4.5-mm fascial incising
needle (Cook Urological, Spencer, IN, USA) can be placed over the working
wire to facilitate balloon dilation. An Amplatz working sheath is placed follow-
ing balloon dilation of the tract to 30Fr. Care should be taken to avoid over-
advancement of the sheath as this may cause bleeding and trauma to the renal
parenchyma or the collecting system.

Rigid nephroscopy is performed through the Amplatz sheath. The stone
burden can be treated with a combination of intracorporeal lithotripsy and a
rigid grasper or stone basket.As the entire renal collecting system cannot usually
be evaluated by rigid nephroscopy alone, flexible nephroscopy is used during
every PNL to systematically survey the entire collecting system for residual stone
fragments. Pressurization of irrigation fluid is necessary during flexible
nephroscopy to permit adequate visualization. Contrast instillation through the
flexible nephroscope is also helpful in verifying that all calyces have been
inspected. Depending on size, stones can be fragmented with the holmium laser
and/or removed with a nitinol basket. Alternatively, stone fragments can be
flushed or manipulated into the renal pelvis with a combination of high-pressure
irrigant and a floppy-tipped J-wire, where they may be retrieved with rigid
instruments. Stone fragments should be routinely sent for analysis and culture.
At the end of the procedure, a nephrostomy tube is placed through the access
tract. Factors in choosing a nephrostomy tube are discussed next. A single dose
of intravenous furosemide is administered when the nephrostomy tube is placed
to promote diuresis and prevent plugging of the nephrostomy tube.

Calyceal Diverticulum/Obstructed Calyx
Percutaneous access into a CD or a calyx with an obstructed infundibulum 
containing stone material warrants a special access technique. Direct puncture
of the diverticulum can be difficult due to the small size of the cavity or if the
diverticulum is in the upper pole. Even when the diverticulum is successfully
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punctured, passing a guidewire through the communication with the renal col-
lecting system is usually not possible.

The surgical technique used in the percutaneous treatment of CD and diver-
ticular stones has varied. Some advocate dilation of the diverticular communi-
cation or creation of a neoinfundibulum to theoretically improve the drainage
of the diverticulum and reduce the risk of stasis [26,27,30,32,78,79]. Unfortu-
nately, these techniques require prolonged nephrostomy tube drainage across
the infundibulum. Monga and associates [31] questioned the need for establish-
ing communication between the diverticulum and the renal collecting system.
They performed direct percutaneous puncture of the diverticulum and fulgura-
tion of the diverticular lining without cannulation or dilation of the diverticular
infundibulum. Obliteration of the diverticular cavity was documented in all
patients by contrast radiography.

Opinions have also varied as to the necessity of diverticular fulguration. In a
meta-analysis, Shalhav et al. [32] noted a higher rate of diverticular persistence
(38% vs 9%) in patients who did not undergo fulguration. However, Hulbert
and coworkers [27] reported treating 10 patients with CD and suggested that
trauma to the wall of the diverticulum caused by the dilation process is sufficient
to ablate the diverticular lumen. In this series however, a nephrostomy tube was
left in place for 2 weeks.

The author’s preferred technique involves a single-stage percutaneous
approach that obviates placement of a ureteral catheter or entrance into the
renal collecting system [80]. The patient is placed in the prone position with the
side containing the CD elevated 30°. A C-arm fluoroscopy unit is used to visu-
alize the diverticular calculi, and a direct infracostal puncture is performed using
an 18-gauge diamond-tipped needle and a biplanar fluoroscopic triangulation
technique as described previously. When access is achieved, a 0.035-in. J-tipped
removable core guidewire is coiled inside the diverticular cavity. The major
advantage of the removable core J-wire is that the flexible distal end of the wire
can be adapted to the size of the diverticulum, while the wire proximal to the
removed core remains rigid enough to function as the working wire. The lubri-
cious nature of a hydrophilic wire, such as a glidewire, makes it prone to 
dislodgement, which can result in loss of access with manipulation of the wire.
With the J-wire in place, an 8/10Fr coaxial dilator is passed over the J-wire in a
sequential fashion. The 8Fr dilator is removed, and a second 0.035-in. J-tipped
removable core wire is curled inside of the diverticulum to be used as a safety
wire.

A balloon dilator (NephroMax; Boston Scientific, Natick, MA, USA) is passed
over the working wire, and dilation of the nephrostomy tract performed. A 
30Fr Amplatz sheath is then advanced over the balloon dilator using fluoro-
scopic guidance. Special attention is paid to prevent overadvancement of the
balloon dilator and sheath to avoid traumatizing the opposite wall of the diver-
ticulum (Fig. 3A). The balloon dilator has a tapered distal end that often pre-
cludes placement of the sheath directly into the diverticular cavity unless the
diverticulum is large. A 24.5Fr rigid offset nephroscope (Richard Wolf, Vernon
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Hills, IL, USA) without the external sheath is placed through the Amplatz sheath
in conjunction with normal saline irrigation. An 11Fr alligator forceps is used to
manually dilate the tract as needed immediately adjacent to the diverticulum
(Fig. 3B). Once the tract is adequately dilated, the offset nephroscope is gently
advanced into the diverticular cavity and ultrasonic lithotripsy is used to treat
any existing calculi (Fig. 3C). Careful inspection of the urothelium with the rigid
nephroscope is performed in an effort to verify that a true diverticulum exists
rather than a flattened renal papilla associated with an obstructed calyx.

Following stone removal, a 24Fr resectoscope (Karl Storz Imaging, Goleta,
CA, USA) is passed into the diverticulum. Using 1.5% glycine irrigation, a roller-
ball electrode is employed to fulgurate the diverticular lining. The communica-
tion between the diverticulum and the renal collecting system is not dilated,
nor is any neoinfundibulum attempted. A 20Fr red rubber catheter or an 8.5Fr
Cope loop catheter is placed within the cavity at the conclusion of the procedure.
Proper tube placement is confirmed by contrast instillation under fluoroscopy.

All available stone material is sent for analysis. A NCCT is performed on 
the first postoperative day to identify any residual stone material. If the patient
is stone free and nephrostomy tube drainage is low, the nephrostomy tube 
is removed. If the NCCT reveals any residual stone fragments, a second look is
performed using flexible nephroscopy and intravenous sedation. An IVP is 
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Fig. 3. Percutaneous access into calyceal diverticulum. A Balloon dilator is advanced as
far as possible without perforating the back wall of the diverticulum. B Alligator forceps
are used to spread the parenchyma and allow advancement of the nephroscope under
direct vision into the diverticulum. C The working sheath is then advanced over the
nephroscope into the diverticulum. (Reprinted with permission from Indiana University
Office of Visual Media)



performed at 3 months to assess size and resolution of the diverticulum. Using
this technique, Kim et al. [80] have reported an 85.7% (18 of 21 renal units)
stone-free rate. Of the 16 renal units imaged with IVP at 3 months, all revealed
a reduction in diverticular size, and 87.5% had complete resolution of the diver-
ticulum. The access technique described above for CD is easily adapted for the
treatment of kidneys where the infundibulum of the desired calyx of puncture
is impassable, as commonly occurs with staghorn calculi.

Supracostal or Upper Pole
Supracostal or upper pole percutaneous access is necessary in certain clinical sit-
uations. The main advantage of this access technique is that the line of puncture
directly aligns with the renal axis. For this reason, it is advantageous in cases of
coexisting renal calculi and UPJO or impacted proximal ureteral calculi because
it allows excellent visualization of the ureteropelvic junction and proximal ureter
for stone removal and/or antegrade endopyelotomy [3]. Supracostal or upper
pole access may also be necessary in cases where there is large stone burden
located in the upper calyces such as a complete staghorn calculus, or in the pres-
ence of multiple stone-containing lower pole calyces [81–84]. PNL for calculi
occurring in a horseshoe kidney is often accomplished through an upper pole
access due to the incomplete ascent of the kidney.

Although the percutaneous technique is similar to that described for the lower
pole, certain aspects of supracostal or upper pole access are worthy of empha-
sis. The main risk of a supracostal puncture is injury to the lung and pleura
because the upper poles of both kidneys lie immediately anterior to the poste-
rior portion of the 11th and 12th ribs, and can even be as high as the 10th rib
[85]. The risk of pleural injury is greatest during the inspiratory phase of respi-
ration; therefore, general anesthesia is essential to control respiratory move-
ments during puncture. For supracostal access, the puncture site should be placed
in the middle of the intercostal space, just lateral to the paraspinus muscles and
puncture above the 11th rib avoided when possible (Fig. 4). Occasionally, the
upper pole can be accessed via a laterally situated tract between the tips of the
11th and 12th ribs or even by an infracostal approach (Fig. 5). This type of inter-
costal access has been shown to decrease the risk of pleural injury when com-
pared to a vertical supracostal puncture [86].

The use of an Amplatz working sheath is mandatory in patients with supra-
costal access to reduce the risk of hydrothorax. Pulmonary complications have
been reported in approximately 16% of cases [82,83,85,87,88]. Ogan and associ-
ates [89] have demonstrated the utility of using intraoperative fluoroscopy to
detect a clinically significant hydropneumothorax following supracostal access.
This technique is advantageous as it allows aspiration of the pleural fluid while
the patient is under anesthesia. If intraoperative fluoroscopy of the chest is
normal, a formal chest radiograph in the recovery room is recommended only if
the patient is symptomatic. Minor pleural effusions can be managed conser-
vatively, but larger effusions or the presence of significant pneumothorax will
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Fig. 4. For a supracostal upper pole puncture, the point of entry at the skin is at the infe-
rior border of the 11th rib lateral to the paraspinus muscles. (Reprinted from [72] with
permission from Humana Press)

Fig. 5. Upper pole access can be performed by a supracostal, intercostal, or infracostal
approach. A supracostal approach most closely aligns the puncture with the renal axis
and allows access to the proximal ureter and ureteropelvic junction. (Reprinted with per-
mission from Indiana University Office of Visual Media)



require placement of a chest tube [90]. Small pigtail-type catheters are usually
sufficient and are more comfortable for the patient than larger chest tubes.

In the absence of splenomegaly or hepatomegaly, injury to the liver and spleen
are extremely rare when the access puncture site is below the 12th rib. However,
supracostal access can be associated with an increased risk of injury to the liver
and spleen, particularly if the puncture is performed during the inspiratory phase
of respiration rather than the expiratory phase or if the puncture is above the
11th rib [91,92]. To reduce the risk of liver or spleen injury, the skin puncture site
should be located as far medial as possible, adjacent to the lateral border of the
paraspinal muscles.

Supracostal puncture has also been associated with increased postoperative
pain [85], as is particularly true when a nephrostomy tube is placed through the
upper pole tract. Kim and associates [93] have reported utilization of lower pole
nephrostomy drainage following PNL through an upper pole access. Both dilated
and nondilated lower pole access was used. Secondary procedures for residual
stone were easily performed through the lower pole tract. A flexible uretero-
scope was used through nondilated lower pole tracts and a flexible nephroscope
through previously dilated tracts. The use of rigid percutaneous instruments was
necessary in only 3 of the 62 patients to dilate a previously nondilated lower pole
access.This technique allows the advantages of a supracostal puncture while min-
imizing patient discomfort from an intercostal nephrostomy tube. “Tubeless”
upper pole access should be reserved for those cases where the surgeon is con-
fident that all stone material of interest has been removed.

Nondilated Puncture
The nondilated puncture technique is particularly useful for PNL in certain clin-
ical scenarios. For example, in the presence of an eccentric calyx that is difficult
to identify via the established access. In this situation, needle puncture into the
desired calyx without tract dilation can be helpful (Fig. 6). Once the desired calyx
has been punctured, an attempt is made to pass a guidewire into the renal pelvis
where it can serve as a road map to the area of interest. Alternatively, methyl-
ene blue or carbon dioxide can be injected through the needle, and the colored
stream or gas bubbles may be used to guide a flexible nephroscope into the
desired calyx. Occasionally, a narrow infundibulum prevents advancement of the
nephroscope into the calyx. In this instance, use of a flexible ureteroscope or
balloon dilation of the infundibulum may be necessary. Back-loading of the flex-
ible nephroscope or ureteroscope over a guidewire into the desired calyx can be
accomplished via a push–pull technique [94]. The advantage of this approach is
that a nephrostomy tube is not necessary afterwards.

As mentioned briefly above, a nondilated puncture may also be useful for
insertion of a small-diameter nephrostomy tube into a lower pole calyx in cases
of “tubeless” upper pole or multiple accesses. The technique reported by Kim
and associates [93] involves puncture of the lower pole onto a flexible nephro-
scope inserted through the upper pole access and directed into the desired lower
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pole calyx. Therefore, the nondilated puncture technique for placement of a
lower pole nephrostomy tube following supracostal or upper pole access allows
the surgeon to take advantage of the benefits of a supracostal access while min-
imizing patient discomfort.

Postoperative Considerations

Nephrostomy Tube Selection
A nephrostomy tube following PNL functions to ensure proper drainage of urine
and facilitate access to the collecting system if a secondary PNL is required [95].
The size and type of catheter chosen depends on stone and patient factors as
well as the surgeon’s preference. Although a variety of nephrostomy tubes exist,
small self-retaining tubes (such as 10Fr cope-loop catheters) cause less patient
discomfort than stiffer, larger-diameter tubes. Kim and associates [96] have
demonstrated the efficacy of using small-diameter nephrostomy tubes. They re-
viewed 106 consecutive renal units undergoing PNL for calculi greater than 2cm
with placement of an 8.5 or 10Fr Cope loop, a 20Fr reentry Malecot catheter,
or a 20Fr circle loop. Of the 111 nephrostomy tubes placed, the majority (85)
were Cope loops (76.6%), 19 were Malecot catheters (17.1%), and 7 were circle
loops (6.3%). There were no difficulties with drainage or access for secondary
PNL. Infection stones were much more likely to require a reentry Malecot or
circle catheter (57.1%).
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Fig. 6. Nondilated puncture used to place a guidewire into a difficult-to-access calyx.
Back-loading of the flexible nephroscope over the guidewire allows visualization of the
calyx



Despite the utility of small-diameter nephrostomy tubes, there are clinical sit-
uations in which other types of nephrostomy tubes are advantageous. For
example, morbidly obese patients are prone to tube displacement following PNL;
therefore, balloon-type catheters or reentry Malecot catheters may be prefer-
able [97]. The reentry catheter consists of a Malecot catheter with a ureteral
catheter attached to the tip of the Malecot that extends across the ureteropelvic
junction into the midureter. The reentry catheter maintains access to the col-
lecting system even in cases where the nephrostomy tube is partially dislodged.
Alternatively, an open-ended ureteral catheter or angiographic catheter can be
placed over the safety wire at the end of the procedure to ensure that access is
maintained. Malecot nephrostomy catheters should also be considered in cases
where there is gross infection, substantial residual stone burden requiring a sec-
ondary procedure, or complex renal anatomy that requires secure access. In
complex stone cases that require multiple accesses and/or a secondary proce-
dure, a 20Fr circle (or loop) nephrostomy tube is beneficial. Before nephrostomy
tube removal, an antegrade nephrostogram is routinely performed to document
free flow of contrast down the ureter.

Pain Control
Pain following PNL can be reduced by utilizing local anesthetics. We rountinely
inject 0.25% bupivicaine into the nephrostomy tract to minimize postoperative
pain. In addition, a rib block can be performed by injecting 0.25% bupivicaine
adjacent to the intercostal neurovascular bundles of the 11th and 12th ribs.
Ketorolac can also be a useful adjunct to standard postoperative narcotic anal-
gesic regimens in patients with normal renal function. An initial bolus can be
given in the operating room at the conclusion of the procedure while the patient
is still under anesthesia. The bolus is then followed by a continuous infusion for
the length of time the nephrostomy tube is in place. Monitoring of renal func-
tion is imperative when using ketorolac.

Complications
The most significant complication of PNL is bleeding. Hemorrhage requiring
blood transfusion has been reported to be 5%–15% [77,98,99]. Utilizing the
access techniques described above, blood transfusion is necessary in only
1%–2% of PNL procedures performed currently at the author’s institution. Sub-
stantial bleeding during PNL usually requires cessation of the procedure due to
impaired visualization. The bleeding is usually venous in nature and can often
be controlled with placement of a nephrostomy tube. If bleeding persists, clamp-
ing the nephrostomy tube may help tamponade the bleeding [100]. If these meas-
ures do not control the hemorrhage, a Kaye nephrostomy tamponade balloon
catheter (Cook Urological) consisting of a low-pressure 12-mm balloon may be
left inflated in the nephrostomy tract [101]. Hemorrhage despite these maneu-
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vers may indicate the presence of an arteriovenous malformation or pseudoa-
neurysm and warrants angiographic embolization. Fortunately, this is rare, occur-
ring in less than 0.5% of patients.

Although postoperative fever (less than 38.5°C) is found in almost one-fourth
of patients, sepsis occurs in only 0.3%–2.5% [73,99]. The risk of sepsis can be
minimized by appropriate antibiotic therapy tailored to the preoperative urine
culture and intraoperative stone culture.

Perforation of the renal pelvis can occur during PNL. Therefore, physiologi-
cal solutions such as normal saline are mandatory to prevent significant elec-
trolyte abnormalities. In the presence of minor perforation, it is usually not
necessary to terminate PNL because the low-pressure system limits retroperi-
toneal extravasation. More extensive perforations or those that are intraperi-
toneal are best treated by terminating the procedure and placing a nephrostomy
tube [102].

As mentioned previously, supracostal puncture is associated with a 4%–16%
risk of pneumothorax or pleural effusion requiring drainage [82,85,87,88,103,
104]. The risk can be minimized by suspending respirations in expiration during
needle puncture. Intraoperative fluoroscopy can be used to identify and treat
pneumothorax or hydrothorax [89]. If the surgeon has a high index of suspicion
for a thoracic complication, a chest X-ray may be obtained postoperatively.

Fortunately, visceral organ injury is a rare complication of PNL. Colonic injury
is the most common of these, occurring in less than 1% of cases. Signs of colonic
perforation include passage of gas or feculent material through the nephrostomy
tract, intraoperative diarrhea, hematochezia, peritonitis, or an unanticipated
septic event. Because the injury is usually retroperitoneal, signs and symptoms
of peritonitis may not be present, and diagnosis is not uncommonly made on
postoperative CT or nephrostogram. Extraperitoneal perforation can be
managed expectantly with placement of a ureteral catheter or double-J stent to
decompress the collecting system and withdrawal of the nephrostomy tube from
an intrarenal position to an intracolonic position to serve as a colostomy tube
[105].The colostomy tube is left in place for a minimum of 7 days and is removed
after a nephrostogram or a RPG showing no communication between the colon
and the kidney [86,106]. In cases of intraperitoneal injury or sepsis, abdominal
exploration is warranted.

Conclusion

PNL remains an integral part of the treatment for nephrolithiasis.The procedure
has evolved over time with the introduction of new access techniques, instru-
mentation, and endoscopic technology. Percutaneous access is perhaps the most
critical factor in determining the safety and efficacy of PNL. Strict adherence to
the basic principles outlined in this chapter will help ensure the success of the
procedure while reducing the risk of complications.
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Percutaneous Access for 
Urological Disease

Tae-Kon Hwang and Seong-Il Seo

Summary. With the development of techniques for percutaneous access and
equipment to disintegrate calculi, percutaneous nephrolithotomy (PNL) is cur-
rently used by many urologists, being the procedure of choice for removal of
large renal calculi and replacing open surgery for the most part. Although it is
more invasive than shock wave lithotripsy (SWL) and retrograde ureteroscopic
lithotripsy, PNL has been successfully performed with high efficiency and low
morbidity in difficult renal anatomies and patient conditions. These advantages
of minimal invasiveness were rapidly perceived and applied to the manage-
ment of ureteropelvic junction (UPJ) obstruction, calyceal diverticulum, and
infundibular stenosis. The basic principle of endopyelotomy is a full-thickness
incision of a narrow segment followed by prolonged stenting and drainage to
allow regeneration of an adequate caliber ureter. Currently, percutaneous
endopyelotomy has become the initial treatment of choice for most adults with
UPJ obstruction. The preferred technique continues to be debated for a calyceal
diverticulum. Excellent long-term success has been reported with percutaneous,
ureteroscopic, and laparoscopic techniques. Each approach is based on the loca-
tion and size of the diverticulum. So far, percutaneous ablation of the calyceal
diverticulum is the best-established minimally invasive technique. Infundibular
stenosis is an acquired condition usually associated with inflammation or stones.
Reported series of percutaneously treated infundibular stenosis are few. In con-
trast to the calyceal diverticulum, the infundibular stenosis is a more difficult
entity to treat, with only a 50%–76% success rate by percutaneous techniques.

Keywords. Percutaneous nephrostomy, Urinary calculi, Urinary obstruction,
Calyceal diverticulum, Infundibular stenosis
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Introduction

Percutaneous renal puncture was first described in 1955 by Goodwin and Casey,
who placed a trocar directly into the collecting system [1]. Later, the Seldinger
method of nephrostomy placement was adopted, a fine guidewire being placed
into the collecting system through the core of the needle that had performed the
initial renal puncture. A coaxial catheter could then be placed over this initial
guidewire and the renal pelvis drained even if it was not dilated. The addition of
a preformed pigtail to these nephrostomy catheters ensured that they could not
be easily displaced from the pelvis. In 1976, Fernstrom and Johansson described
a method of dilating such an antegrade nephrostomy, utilizing graded plastic dila-
tors introduced coaxially down the tract [2]. After a number of days, the tract
was used for intrarenal manipulation utilizing Dormia baskets and other grasp-
ing tools. Percutaneous nephrostomy (PCN) was, and will continue to be, the 
cornerstone of every percutaneous procedure of the upper urinary tract.

Anatomy for Percutaneous Surgery
The topographical position of the kidney depends on its embryological devel-
opment. Classically, the pelvis lies opposite the lower border of the first lumbar
vertebra on the right and slightly higher on the left.

Among numerous factors, enveloping fascia, vascular connections, and
intraabdominal pressure are probably the most important factors holding the
kidney in position. Within the renal fascia, the surrounding fat allows a consid-
erable amount of renal movement despite its apparent density, although the
kidney is tethered by the short vessels rigidly anchored to their midline con-
nections. Abdominal tone provided by the anterior abdominal wall may be 
the most important factor for renal stability. The position of the liver limits the
cranial movement of the kidney on the right side. The close application of the
pancreas to the anterior aspect of the left kidney is said to be especially impor-
tant in limiting the movement of the kidney. The suprarenal attachments and 
ligaments to the liver and duodenum probably do not play an important role 
in holding renal position [3].

Movement of the diaphragm in respiration causes the kidney to move down-
ward in inspiration and upward in expiration. The amplitude of movement is
quite variable but it is usually within 3–5cm. Such movement is more pro-
nounced in women than in men and the right than the left kidney. When the
patient is in the prone position with bolsters under the chest and upper abdomen,
the kidneys are further displaced in a cephalad direction.

Renal Vascular Anatomy
The main renal artery divides into two main branches, the anterior and the pos-
terior. The anterior division further subdivides into the four anterior segmental
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arteries, which supply the anterior and polar areas of the kidney. The posterior
segmental artery supplies the rest of the posterior area of the kidney. In more
than 50% of kidneys, the posterior segmental artery is located in the middle or
upper half of the posterior renal surface, and it may be damaged with an exces-
sively medial needle puncture of an upper calyx. The segmental arteries divide
into the interlobar arteries after crossing the renal sinus and become the arcuate
arteries at the corticomedullary junction.The interlobular arteries branch off the
arcuate arteries at right angles. The Brödel line delineates an avascular plane
between the anterior and the posterior blood supplies. By taking a posterolat-
eral transparenchymal path, the needle traverses the area of the Brödel line, and
damage to major blood vessels could be avoided. A direct posterior puncture
that is too medial risks injury to the posterior segmental artery, which is the
artery most commonly injured in endourological procedures. A needle directed
end on to a posterior calyx passes transparenchymally, and the chance of signif-
icant bleeding is minimized.

Percutaneous Nephrolithotomy

Although Rupel and Brown first removed a renal calculus through an opera-
tively established nephrostomy tract in 1941 [4], the first percutaneous
nephrolithotomy (PNL) via a nephrostomy tract created for the sole purpose of
stone removal was performed in 1976 by Fernstrom and Johansson [2].The intro-
duction of this technique was further refined over the years. As operative tech-
nique and endoscopic equipment improved, PNL was performed with increasing
efficacy and decreasing complications [5]. PNL has replaced open techniques in
removing complex urinary calculi in most institutions.

The practice of PNL has changed over time and is continuing to evolve.
Differing aspects of the procedure such as the ideal dilating method, the 
type of nephrostomy tube used, and the technique of treating calyceal diver-
ticula have been debated. Even the need for a nephrostomy tube has been 
questioned.

Technique
An open-ended 5–6Fr ipsilateral ureteral catheter or occlusion balloon catheter
is passed, allowing the injection of contrast material to opacify and distend the
collecting system. Once the ureteral catheter is inserted, the patient is placed in
a prone position on a C-arm compatible table. The patient also can be placed in
a lateral position and punctured under the guidance of ultrasonography. Bolsters
are placed to the patient and a sterile drape is applied to the C-arm, enabling its
manipulation by the surgeon.

The radiation source is positioned under the patient to minimize scattered
radiation exposure to the surgeon.The emission tube is shielded by an additional
layer of materials, and the scattered radiation to the operator is also reduced.
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It is very important to select the percutaneous tract. The preferred approach
is by way of a posterior calyx, because major vascular structures surrounding the
renal pelvis can be avoided and the transparenchymal route stabilizes the
catheter in an appropriate position. Approach through a short tract perpendi-
cular to the convexity of kidney causes minimal anatomical or functional damage
if the tract is dilated using a graded coaxial dilator. Puncture either too medial
or too lateral will enter the renal pelvis directly. Direct puncture of the renal
pelvis should be avoided because it carries a significant risk of injury to the pos-
terior branch of the renal artery. Also, the tract created from such a puncture
provides no stability for the nephrostomy tube because it lacks parenchymal
support. A computerized tomogram taken in a prone position could be helpful
in a patient with anatomical abnormalities such as a horseshoe kidney.

After opacification of the collecting system by injection of contrast material
through the ureteral catheter, puncture is performed in midinspiration using a
sheathed needle. The puncture tract should be straight to the target calyx to
prevent a false tract during dilation. The position of the needle tip should be
checked intermittently by rotating the C-arm. When the needle appears to be in
a calyx, the stylet is removed while the sheath is slightly advanced to its position
to the calyx, and the correct needle position is verified by aspiration of urine. At
times, aspiration of urine might be delayed because of increased mucosity from
the injected contrast medium. Then, a guidewire is inserted and advanced with
the sheath held immobile by the other hand. The guidewire is advanced until
resistance is encountered, and its position is checked by the C-arm at this time.
The puncture could be performed under the guidance of ultrasonography. It is
easy to make a nephrostomy tract, but dilation of the tract should be performed
under fluoroscopy.

If one has punctured a calyx whose neck is filled by a stone, it may be diffi-
cult to pass the guidewire into the pelvis. However, there is a narrow space
between stone and calyx in most of these situations, so one can try to manipu-
late the guidewire (sometimes a J-tipped guidewire) beyond the stone using an
in-and-out movement of the puncture needle or a preformed catheter such as a
“cobra” catheter. It is not recommended to dilate over the guidewire when the
stiff portion of the guidewire does not pass to the calyx or pelvis, because it is
very possible to “flip” the wire out of the system during dilation, thereby losing
the tract.

After the guidewire is well positioned, the needle is removed and a 1-cm 
incision is made at the wire site. The tract is dilated over the guidewire up to
26–30F. Efficient dilation is dependent on the maintenance of the same track
throughout the procedure, so that each dilator is following the same path into
the kidney. The wire must be stiff enough to support the dilatation. Ideally, it
reaches down the ureter into the bladder to avoid dislodgment during the use
of the fascial dilators. When the placement of the guidewire down the ureter is
not feasible, positioning it in a calyx that is distant from the initial nephrostomy
tract prevents its dislodgment during dilatation. Some urologists advocate the
use of a second, safety guidewire in addition to the initial working guidewire.
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This safety wire is inserted adjacent to the working wire, its goal being to main-
tain access to the nephrostomy tract if the working wire is kinked or displaced.
This safety wire is retained until the entire surgical procedure is finished.

A variety of techniques can be utilized to perform the tract dilatation. The
most commonly used dilation techniques are the Amplatz dilator set or the 10-
cm, 30 Fr dilating balloon catheter and sheath set. Balloon dilation catheters of
9Fr size can dilate a nephrostomy tract to a diameter of 30Fr under pressure up
to 10–12atm in a one-step procedure. This dilation may prove difficult or impos-
sible if perirenal scar tissue from a previous surgery prevents complete expan-
sion of the balloon over its entire length. Sequential plastic dilators allow
stepwise dilation of the tract under fluoroscopic control; however, on withdrawal
for insertion of the next larger dilator, compression of the tract is lost inter-
mittently and bleeding occurs into the collecting system, sometimes hindering
subsequent endoscopy. Coaxial metal dilators (each dilator slides over the next
smaller one) allow stepwise tract dilation even in the presence of severe scar-
ring with continuous nephrostomy tract compression for improved hemostasis.
With any dilation technique, the last step is insertion of a working sheath, which
may be either the 24–26Fr metal working sheath of the nephroscope or a larger
plastic sheath.A 28–30Fr plastic working sheath is preferable to a metal nephro-
scope sheath in all cases in which extensive, prolonged instrumentation is antic-
ipated (e.g., staghorn stones). Larger plastic sheaths not only provide better
irrigation with lower intrapelvic pressures than do continuous-flow nephroscope
sheaths but also allow easier extraction of large stone fragments. The stone can
be fragmented with intracorporeal lithotriptors and removed with various kind
of forceps and baskets.

Percutaneous drainage of the pelvicalyceal system is routine after most
endourological approaches to the upper urinary tract. Some authors argue that
there is no need for a drainage tube after certain percutaneous procedures [6].
Nevertheless, there seems to be a concurrence in the literature regarding the
need for postoperative drainage with a nephrostomy tube after percutaneous
procedures. The desired function of the nephrostomy tube greatly influences the
choice of which drainage method to adopt. The main function of a nephrostomy
tube is the drainage of urine and possibly the tamponade of bleeding originat-
ing from the structures acutely expanded during dilatation.

Complications
Bleeding is the most significant complication of PNL, with transfusion rates
varying from less than 1% to 10%. Bleeding from an arteriovenous fistula or
pseudoaneurysm requiring emergency embolization is seen in less than 0.5% of
patients (Fig. 1) [7]. Most bleeding is venous in nature, and placement of a
nephrostomy tube is usually adequate to control the bleeding. Clamping the
nephrostomy tube for 10min is helpful in tamponading any persistent bleeding
[8]. PNL can lead to some absorption of irrigation fluid; therefore, the use of
physiological irrigating solutions is essential. The amount of absorbed fluid
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depends mostly on the irrigant pressure and the length of procedure. Intraoper-
ative administration of diuretics (e.g., mannitol 12.5g) is advisable and also has
proved effective in preventing intrarenal reflux [9,10].

When a supracostal puncture is performed, extravasation of irrigant into the
pleural cavity may occur.The use of a working sheath tends to minimize extrava-
sation into the pleura because intrarenal pressure is low. The chest should be
examined at the end of PNL procedures in which a supracostal puncture is used.
When a supracostal puncture is performed, the risk of pneumothorax or pleural
effusion requiring drainage is 4%–12% [9,11]. Punctures above the 11th rib
resulted in a tremendously higher intrathoracic complication rate (34.6%) com-
pared to the supra-12th rib access (1.4%) [12]. These facts corroborate the strat-
egy of avoiding this high approach as far as possible. If the clinical findings
suggest either of these complications, placement of a chest tube is mandatory.
Immediate aspiration is performed, and the tube is removed within 24h. If the
hemothorax is extensive, a large chest tube is advisable. Pardalidis and Smith
suggested that in the case of nephrostomy access between the 11th and 12th 
rib, approximately 10% of patients present with fluid accumulation within the
pleural space [13].

Colonic injury is an unusual complication often diagnosed on postoperative
nephrostogram (Fig. 2). It tends to occur in severely lean or reterorenal colon
patients, so one should be careful not to injure the colon during puncture and
tract dilation in these patients. Typically, the injury is retroperitoneal; thus, signs
and symptoms of peritonitis are infrequent. If the perforation is extraperitoneal,
management may be expectant, with placement of a ureteral catheter or double-
J stent to decompress the collecting system and withdrawal of the nephrostomy
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tube from an intrarenal position to an intracolonic position to serve as a
colostomy tube. The colostomy tube is left in place for a minimum of 7 days and
is removed after a nephrostogram or a retrograde pyelogram showing no com-
munication between the colon and the kidney [14,15].

Effects on Renal Function
The effect of PNL on short-term differential renal function was examined with
nuclear renography by Chatham et al. [16]. 99m-Tc-Mercaptoacetyl triglycine
(MAG3) nuclear scans were performed preoperatively and postoperatively in 
19 PNL patients. Nuclear renography at a median of 22 days revealed stable dif-
ferential function in the treated kidney (37% preoperatively, 39% postopera-
tively). Renal function was previously assessed in anatrophic nephrolithotomy
patients with 99m-Tc-dimercapto-succinic acid, and a decrease from 42.0% pre-
operatively to 37.6% postoperatively was noted [17]. Liou and Streem assessed
long-term renal function in patients with a solitary kidney after shockwave
lithotripsy (SWL), PNL, or combined PNL/SWL therapy [18]. Using sCr (serum
creatinine) and calculated glomerular filtration rate (GFR), follow-up renal
function revealed no statistically significant change for all chosen therapeutic
modalities. The sCr (serum creatinine) and calculated GFR were used to evalu-
ate follow-up changes in renal function. Although no significant differences in
postoperative renal function was found among the different therapy options, the
PNL and combined therapy group had an average postprocedural increase in Cr
by 0.5mg/dl, as compared to a 0.1mg/dl decrease in the SWL-only group.
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Although PNL was not introduced until the 1980s, the role of PNL is firmly
entrenched. Kerbl et al. noted that the number of percutaneous stone procedures
had steadily increased from 2068 cases to 2678 over the time period from 1988
to 2000 [19]. Not surprisingly, the number of percutaneous procedures performed
for stone burden greater than 2cm rose by 123%. These data confirm the 
recommendation of the NIH consensus conference for primary percutaneous
therapy for larger stone burdens. PNL continues to play an important role in
treating lower pole calculi.Although many lower pole stones are treated initially
with SWL or even ureteroscopy, the Lower Pole Study Group revealed a clear
advantage for PNL in stones larger than 1.0cm [20]. The role of PNL as primary
therapy for lower pole calculi may accordingly increase. Although PNL is safe
and effective, future studies may further refine the technique of PNL, help to
minimize adverse effects, and thereby help to deliver better patient care.

Percutaneous Endopyelotomy

Endourological management of ureteropelvic junction (UPJ) obstruction was
introduced by Whitfield and Wickham in 1983 as a “percutaneous pyelolysis” and
popularized shortly thereafter by Smith et al., who coined the term “endopy-
elotomy” [21]. Despite various nuances in the name of the procedure and in the
technique performed, the basic concept is constant and involves a full-thickness
incision through the obstructing proximal ureter from the ureteral lumen out to
the peripelvic and periureteral fat. The incision is stented and left to heal, based
on the early work of Davis, who used an “intubated ureterotomy” in the course
of an open operative procedure for UPJ obstruction [22]. Contraindications 
to a percutaneous endopyelotomy are similar to the contraindications to any
endourological approach and include a long segment (>2cm) of obstruction,
active infection, or untreated coagulopathy. The impact of crossing vessels is 
controversial [23–26].

Compared with the retrograde techniques of endopyelotomy (incision with a
cold knife, Acucise catheter, Greenwald electrode, or laser), the antegrade tech-
nique offers the advantage of an incision under direct vision. The incision must
be extended into the perirenal fat and into healthy ureter. Although several cli-
nicians suggest that the incision should always be made laterally, in fact, the
ureter may be inserting into the renal pelvis on the anterior or posterior wall. In
such cases, the incision should instead marsupialize the proximal ureter into the
renal pelvis such that an anterior or posterior incision may be required [22]. Per-
cutaneous endopyeloplasty, horizontal percutaneous suturing of a conventional
longitudinal endopyelotomy incision, was recently developed with good clinical
results. The technical simplicity and shorter operative time are advantages com-
pared with laparoscopic pyeloplasty [27,28].

Once the incision is complete, stenting is accomplished. A 14/7Fr endopyelo-
tomy stent can be used, passed in an antegrade fashion with the large-diameter
end of the stent positioned across the UPJ. There was a trend for better results
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with the use of 14/7Fr stent in patients with secondary stricture, although the
difference in success rates between 6Fr and 14/7Fr stent was not significant 
statistically [29].

The immediate and long-term results of percutaneous endopyelotomy are well
established. Clearly, percutaneous endopyelotomy compares favorably with
open operative pyeloplasty in terms of postoperative pain, the length of hospi-
tal stay, and the return to prehospitalization activities [22,30]. Currently, success
rates approaching 85%–90% are reported at experienced centers (Table 1). It is
noted there is little difference in outcome between primary and secondary UPJ
obstruction but no difference in methods of incision.

Laparoscopic pyeloplasty has been recently reported, with success rates in
excess of 95% [33]. Moreover, laparoscopy can be applied in patients with severe
hydronephrosis requiring pelvic reduction and in patients with crossing vessels
that may require ureteral–vascular transposition. However, the steep learning
curve inherent to laparoscopic intracorporeal suturing may limit laparoscopic
pyeloplasty to select centers proficient in reconstructive laparoscopy.

Calyceal Diverticulum

A calyceal diverticulum is a smooth-walled, nonsecretory cavity in the renal
parenchyma that is lined with transitional cell epithelium. It receives urine by
passive retrograde filling from the adjacent collecting system, usually through a
narrow forniceal channel or infundibulum. Calyceal diverticula are believed to
be congenital in origin, likely from failed degeneration of small ureteral buds.
They are typically less than 1cm in diameter, with no predilection for sex or
kidney side. Uncomplicated, asymptomatic calyceal diverticula may be managed
conservatively without routine follow-up imaging. However, because of their
cystic, urine-containing nature, they are frequently associated with stone forma-
tion and infection and become symptomatic in up to one-third of patients [34].

Treatment of calyceal diverticulum has evolved from open surgical excision 
to SWL to percutaneous and ureteroscopic ablative technique. The preferred
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Table 1. Contemporary results and follow-up of percutaneous endopyelotomy for
primary and secondary UPJ obstruction

Method of Year Success rate Mean F/U
Authors Patients (n) incision published (%) (months)

Knudsen et al. [31] 80 (61/19) Cold knife 2004 67 (65/74) 55
Shalhav et al. [32] 63 (40/23) Hot knife 1998 85 (89/77) 15
Danuser et al. [23] 80 (80/0) Cold knife 1998 81 (81/NA) 26
Gupta et al. [24] 401 (235/166) Cold knife 1997 85 (82/89) 51

Data presented as overall value with data for primary/secondary UPJ obstruction in parentheses
UPJ, ureteropelvic junction; NA, not available; F/U, follow-up



technique continues to be debated. Percutaneous management of the calyceal
diverticulum is challenging because the cavity is often small, making localization
for direct access is difficult. Cystoscopy and ureteral balloon catheter placement
is performed in the renal pelvis.A balloon catheter is helpful to opacify the diver-
ticulum with injection of contrast through the ureteral catheter to guide the per-
cutaneous access, especially when the neck of diverticulum is narrow. Direct
puncture of the diverticulum is then made under fluoroscopic guidance, and 
a guidewire is coiled within it. Ideally, a polytetrafluoroethylene-coated or
hydrophilic safety wire is placed through the diverticular neck into the renal
pelvis, but it may be coiled in the diverticular cavity if the neck cannot be 
cannulated.

Canales and Monga advocate dilation of the tract into the diverticulum,
although not through the diverticular neck as the goal of the procedure is to
ablate the cavity and the connection to the collecting system [34]. Dilation of the
diverticular infundibulum could be viewed as counterproductive. Auge et al.
described an alternative approach if guidewire passage into the main collecting
system was unsuccessful after several attempts [35]. Once inside the cavity, they
advance an 18-gauge percutaneous access needle directly through the inner or
medial diverticulum wall into the renal colleting system and subsequently dilate
to 30Fr with a dilating balloon, creating a large “neoinfundibulotomy” tract.This
maneuver prevents the safety wire from being inadvertently withdrawn. With
this technique, the connection between the diverticulum and the collecting
system is enlarged rather than ablated. Lining urothelium of the calyceal diver-
ticulum was usually fulgurated with electrocautery or holmium laser if greater
than 4cm in diameter. If electrocautery is utilized, the safety wire should be insu-
lated with an open-ended catheter to prevent inadvertent transmission of current
down the ureter. The nephrostomy catheter was placed through the calyceal
diverticulum and neoinfundibulotomy and secured in the renal pelvis. There are
controversies about the duration of a nephrostomy catheter, but it tends to
shorter because there is no difference in success rates according to nephrostomy
catheter duration [34–36].

The results of percutaneous management of calyceal diverticula from the 
literature are presented in Table 2. In the cases reviewed, stone-free and
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Table 2. Results of percutaneous management of calyceal diverticular calculi from the
literature

Stone Diverticular Major
Patients Year free Symptom obliteration complication

Authors (n) published (%) free (%) (%) (%)

Auge et al. [35] 22 2002 78 86 61 9.1
Landry et al. [36] 31 2002 84 88 68 0
Monga et al. [37] 14 2000 100 NA 100 7.1
Shalhav et al. [38] 26 1998 93 85 76 7.7

Data presented as overall value
NA, not available



symptom-free rates for percutaneous management are consistently 80% or
greater. Minor complications during percutaneous ablation and calculus removal
include hemorrhage, pneumothorax, persistent urinary extravasation, and mild
extravasation of irrigant. Major complications include renal pelvis perforation
with urinoma formation, pneumothorax or hemothorax requiring tube thora-
costomy, and massive hemorrhage requiring balloon tamponade. As Table 2
demonstrates, major complications are relatively uncommon.

Limitations exist primarily for an anteriorly located diverticulum. In this situ-
ation, if the diverticulum is in a superior anterior calyx, a ureteroscopic approach
is recommended whereas if the diverticulum is in a middle or lower anterior
calyx, a laparoscopic approach is recommended [34]. Ureteroscopic approach
may be an appropriate initial treatment option for patients with small stone
burden (<1.5cm) or patients with comorbidities who are poor candidates for
PNL.

Infundibular Stenosis

Infundibular stenosis and hydrocalyx are usually an acquired condition associ-
ated with inflammation, renal tuberculosis, obstructive calculus, or prior renal
surgery [9,39]. The hydrocalyx should be differentiated from a calyceal divertic-
ulum because the treatments are different. At times, this distinction can be made
only by a nephroscopy because the presence (hydrocalyx) or absence (calyceal
diverticulum) of a renal papilla is diagnostic. The infundibular narrowing can be
resolved in several ways. The least difficult approach is to dilate the infundibu-
lum to 8mm with an 8-mm ureteral dilating balloon passed over the working
guidewire. Alternatively, the infundibulum can be cut under endoscopic control
with a cold knife through a direct vision ureterotome. When the guidewire
cannot be passed through the stricture, a round-tipped rigid ureteroscope could
be pushed in an antegrade fashion to traverse the stricture with injection of
indigo carmine through the retrograde ureteral catheter (Fig. 3). According to
anatomical studies by Sampaio, the incision should be made along the less-
vascular superior and inferior aspects of the middle calyceal infundibulum or 
the medial and lateral aspects of the upper calyceal infundibulum [40].

Reported series of endourologically treated infundibular stenosis are few.
Lang reported a 50% success rate in 6 patients with infundibular stenosis and
caliceal diverticuli containing stones [41]. Hwang and Park reported an 80%
success rate in 10 patients with tuberculous infundibular strictures who had
undergone a cold knife incision; follow-up was greater than 1 year [39]. Hwang
et al. reported long-term (more than 2 years follow-up) results with a success
rate of 76% in 21 patients and better results in strictures with stone than in stric-
tures with tuberculosis [42]. It appears that in contrast to the calyceal diverticu-
lum, in which a successful outcome is obtainable in nearly 90%, the infundibular
stenosis is a more difficult entity to treat endourologically, with only a 50%–76%
success rate (Table 3).
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Minimally Invasive Percutaneous
Nephrolithotomy (MPCNL) According
to the Chinese Method

Shu Keung Li, Dominic Tai, Lysander Chau, and Berry Fung

Summary. Standard percutaneous nephrolithotomy (PCNL) with a 28–30Fr
tract size is an established method for renal stone removal. PCNL using a small
tract (12–20Fr) has been reported but was considered applicable in specific con-
ditions only. We review the experience of small-tract PCNL in the literature with
particular reference to the experience in China by the Guangzhou group. The
technique according to the Chinese method is described. We then report our
initial experience of minimally invasive PCNL (MPCNL) using the same tech-
nique and discuss how MPCNL should have a greater role in upper tract stone
management.

Keywords. Kidney, Renal stone, Ureter, Percutaneous nephrolithotomy, Mini-
mally invasive

Introduction

Percutaneous nephrolithotomy (PCNL) is an important treatment option for
upper tract renal stone. It was first described by Fernstrom and Johansson in
1976 in removal of renal calculi via a dilated nephrostomy tract under radiolog-
ical control [1]. The technique was further improved by early workers such as
Alken, Marberger, Segura, Wickham, and Smith and is now a standardized and
routinely performed procedure [2–6]. PCNL is indicated for a large stone load
greater than 2.5cm, lower calyx stone, and stone in the calyceal diverticulum
where shock wave lithotripsy (SWL) or the ureteroscopic approach do not
achieve good stone clearance [7]. PCNL-based management is also the recom-
mended treatment for staghorn stones [8].

However, PCNL can still be associated with significant morbidity, such as
sepsis, bleeding, injury to surrounding viscera, or even loss of the kidney unit [9].
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Also, in real-life practice, the usual 26–30Fr tract size of PCNL may be too large
in the pediatric system and in some adult undilated systems, and this has brought
the need of using a smaller-size tract and also the idea that a small tract may
further enhance the minimal invasiveness of the procedure [10–13].

History of Minimally Invasive Percutaneous
Nephrolithotomy (MPCNL)

PCNL using a small tract for stone management was first reported in 1997 for
use in children by Helal et al. [14]. They described the use of a 15Fr Hickman
peel-away sheath as the working sheath in the removal of three stones of 5–
7mm in a 2-year-old child weighting 10kg. A 10Fr pediatric cystoscopy and
grasping forcep was used to remove the stone with success.

Several small case series were then reported and various terms were used to
describe the procedure. Jackman et al. used a 7Fr pediatric cystoscope and a 
9.8Fr flexible ureteroscope through an 11Fr tract in 11 children and called this
the mini-perc [11]. Monga and Oglevie used a 20Fr tract in 21 adults, reporting
a 90% success rate, and called the procedure “mini-PCNL” [15]. Lahme et al.
used a specially designed miniature nephroscope of 12Fr through a 19Fr tract
in 19 patients and achieved a 100% success rate and termed this minimally inva-
sive PCNL, or MPCNL [13]. For simplicity, MPCNL is used in the rest of this
chapter for any PCNL procedure that uses a small tract. Table 1 summarizes the
results of all the reported MPCNL series to date.

Despite the use of various sheath sizes and instruments and the different
names for the procedure, all the authors believe that using a small tract will
potentially cause less bleeding and less trauma to the renal parenchyma. All the
authors also concluded that while the procedure was technically feasible, there
was a suboptimal design for the working sheath, endoscope, lithotripsy device,
and stone removal method. The general consensus was that it is only indicated
in patients with a small stone load (<2cm2), as a secondary tract for inaccessible
or residual fragments to supplement standard PCNL, or in pediatric patients
[10,13,15,18] (Table 2). However, in China, the technique of MPCNL had
evolved and become standardized and popular. It is used to treat adult renal
stones of all sizes including staghorn, stone in transplanted kidney, difficult upper
ureteric stone, and stone in solitary kidney [16,19–24]. In some centres, MPCNL
is routinely performed to treat all upper tract stones but it was rarely reported
in the Western literature database until recently [25,26].

Chinese MPCNL

Li et al. of Guangzhou Medical College, China, reported their 20 years experi-
ence of 4014 cases of PCNL [16]. There were 358 cases of traditional PCNL, a
two-stage “mini-perc” procedure in 520 patients, and minimally invasive PCNL
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Table 1. Outcome of minimally invasive percutaneous nephrolithotomy (MPCNL) series reported
Sheath Mean Mean Success Major

Patient No. of size LOS OT rate complication
Author type patients Stone size (Fr) (days) (min) (%) (%) Remarks

Helal 1997 [14] P 1 7mm 15 N/A N/A 100 0 Transfusion: 0
Jackman 1998 P 11 1.2cm2 11 6 203 85 0 Transfusion: 0

(mini-perc) [11]
Jackman 1998 [10] A 9 1.5cm2 13 1.7 176 89 0 Transfusion: 0
Monga 2000 A 21 2.8cm2 20 1.1 54 90 4 Fever due to atelectasis: 1

(mini-PCNL) [15] Transfusion: 0
Chan 2000 [12] A 17 1.4cm2 13 2.3 160 94 23 Conversion to PCNL: 2

Transfusion: 1
Urinary ascites: 1

Lahme 2001 A 19 2.4cm2 15/18 N/A 99 100 5.3 Transfusion: 0
(MPCNL) [13] Pyelonephritis: 1

Li 2004 [16] A 3136 N/A (includes 16–18 13 75 91 0.5 Transfusion: 6
1283 staghorn) Pnenmothorax: 4

Delay hemorrhage: 2
Other: 5

de la Torre 2005 [17] A 42 1.5–3.5cm 14 <1 75.2 95.2 0 Transfusion: 0

Los, length of stay; OT, operating time; P/A, pediatric/adult; PCNL, percutaneous lithotomy



(MPCNL) using a 16–18Fr tract in 3136 patients, including 1283 staghorn. They
achieved a stone-free rate of 82%, 86%, and 91%, respectively, in the three
groups. The complication rates were 5.3%, 1.2%, and 0.5% among the three
groups (Table 3). They reported on their development on MPCNL with matu-
ration of technique and standardization of the equipment and setup. Although
we cannot conclude MPCNL was superior to traditional PCNL from their report
because their MPCNL group was a more recent cohort, nevertheless their
MPCNL outcome was impressive. It demonstrated that MPCNL can achieve
much more than we had expected.

Recently, their centre reported their updated results on treatment of staghorn
stone using MPCNL [27]. A total of 949 procedures was performed in 633
patients with a mean stone size of 1277mm2. The overall success rate was 90.8%.
Sixty-five percent of patients required one procedure, and 34% required two
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Table 2. Current indications for MPCNLa

1. Pelvic stone load of 1–2cm2b

2. Stone in calyceal diverticulum
3. Lower pole calyceal stone
4. Stone-associated special anatomy feature, e.g., infundibular stenosis or unfavourable angle
5. As secondary tract for standard PCNL
6. Total stone area >6cm2 in case of multiple stonesb

7. Case in maximal chance of renal parenchymal preservation (solitary/transplant kidney)c

aAccording to various authors
bMonga et al. suggest a large stone load up to 6cm2 but they use a Fr 20 sheath
cControversial

Table 3. Summary of results of 20 years experience of PCNL and MPCNL by the
Guangzhou Group in China according to different time periods [16]
Year 1984–1992 1992–1994 1998–2003

Treatment PCNL Two-stage MPCNL MPCNL
Number of patients 358 520 3136
Total procedure number 421 848 4302

Stone type
Upper ureteric stone — 34 257
Staghorn 37 314 1283
Nonstaghorn 310 85 746
Residual stone after open surgery/ESWL 11 87 850
Multiple tract, n (%) — 45 (8.6) 942 (30)
Success rate (%) 90 95 98
Stone-free rate (%) 82 86 91
Mean OR time (min) 120 89 75
Mean LOS (day) 15 21 13
Number of transfusions 16 3 6
Major complication rate (%) 5.3 1.2 0.5



procedures, and 24% required multiple tracking. The mean operating time (OT)
was 150min, and only 2 patients required transfusion.

Surgical Technique of MPCNL According to the 
Chinese Method
The technique is based on that described by Li of First Affiliated Hospital of
Guangzhou Medical College because their group was the main developer and
had the greatest experience with MPCNL in China [28].

The operation was performed under general anesthesia with endotracheal
intubation. It can also be performed using epidural anesthesia with the patient
awake. A 7Fr ureteric catheter was preliminarily inserted, anchored, and main-
tained sterile. This catheter is brought into the operating field without any 
connecting tubing so as to allow injection of contrast to opacify the system, to
distend the system during puncture, and most importantly to allow forceful ret-
rograde normal saline flushing for stone fragment removal later on. The patient
is then turned prone and the abdomen supported to minimize lumbar lordosis.
The chest is padded to allow good ventilatory movement, and pressure points
are protected.

The preoperative imaging was reviewed, and a three-dimensional mental
picture was constructed as to the site of the needle entry point, the needle angle
in relation to the sagital plane, and how deep the needle should go. After dis-
tension of the system by normal saline via the ureteric catheter, free-hand punc-
ture was performed with an 18-gauge needle, and emphasis was put on tactile
feedback via the needle on going through the tissue. There will be a feel of a
giving on entry to the system, or one will feel a grinding sensation when the
needle hits on the stone. According to their experience, the usual puncture site
would be in the 11th rib space bounded laterally by the posterior axillary line
and medially by a line projected caudally from the lower tip of the scapula, which
is essentially medial to the midpoint of the 12th rib (Fig. 1). The usual angle of
puncture is 45° to the sagittal plane and perpendicular to the axis of the verte-
bral column. The track should take the shortest route through the abdominal
wall and the renal parenchyma to the stone or the destination calyx, usually the
middle calyx [29], but the actual selected calyx is tailored to the stone location
and calyceal configuration. An oblique track should be avoided. The role of flu-
oroscopy is to confirm the puncture, monitor the passage of a guidewire, or to
guide a puncture into a specific calyx in difficult cases.

Once entry into the system is confirmed with fluid efflux, a 0.035 in straight
floppy tip, Zebra urological guidewire (Boston Scientific, USA) was passed down
the ureter or coiled up in a dilated calyx. The needle is then removed and the
tract serially dilated to 16–18Fr with fascial dilators on the same guidewire.

A 16Fr peel-away introducer set (Cook Urological, USA) is inserted, and its
15-cm-long peel-away sheath serves as the working sheath. In patients with a
large stone load and dilated calyx, an 18-Fr sheath is used. A second Zebra
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guidewire can then be inserted through the sheath into the system; the sheath is
then removed and backloaded with the introducer into the system on one of the
guidewires. Once the sheath is back into the system, the introducer together with
the guidewire can be removed, and now we have the sheath in situ together with
a guidewire outside the sheath to serve as the safety wire. In a straightforward
case, the initial guidewire can just be left in place through the sheath as a safety,
but a properly placed safety is recommended.

A 8/9.8Fr semirigid ureteroscope (Richard Wolf Knittlingen) is used as the
working endoscope. It has a working length of 410mm, a working channel of 
6Fr, and can accommodate a 5Fr rigid grasping forceps. Stone fragmentation is
exclusively by use of ballistic lithotriptor with a 1–1.5mm probe. Laser was con-
sidered too slow and inconvenient to use (Li 2005, personal communication).
Intraoperatively the small size of the ureteroscope, together with a straight short
tract through the abdominal wall allow access to most calyces, PUJ (pelvic
ureteric junction), and upper ureter as far down as the L4 level (Fig. 2). Only the
parallel calyx with an acute angle to the puncture calyx may be inaccessible, and
if necessary, an additional tract can be inserted as required.A flexible instrument
is seldom used as it is considered suboptimal in terms of image quality, ease of
use, and stone removal efficiency.

Pressurized pulsatile irrigation generated by a rotary pump (MMC,
Guangzhou, China) was used through the ureteroscope to ensure a clear view.
The pump generated pressure up to 350mmHg for about 3 s, then stopped for 2
s, and then repeated the cycle. Stone fragment removal was by a combination of
forceful retrograde saline flushing through the ureteric catheter by the assistant,
the flushing effect of pulsatile irrigation through the endoscope, and the rapid
removal of the ureteroscope from the sheath; this was further supplemented by
use of 5Fr rigid grasping forcep. Rapid removal of the ureteroscope out of the
sheath synchronized with the low-flow irrigation period was considered impor-
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Fig. 1. Puncture site (X) is at
the 11th intercostal space near
the posterior axillary line.
Dotted line shows the limit of
parietal pleura. Note the
abdomen is padded to reduce
lumbar lordosis. a, 11th rib; b,
12th rib



tant as this would create a relative vacuum within the sheath and, together with
the recoil of the system from the transient high pressure from the irrigant, would
“push and pull” the stone fragment out (Li 2005, personal communication).

Postoperatively, as judged by the surgeon, a double J stent may be inserted
under endoscopic guidance. A 14Fr silicon drain was inserted as nephrostomy
routinely. It was spigoted on postoperative day 1 and removed on day 2 if
uneventful. If a second-look procedure is needed, it is performed on the next OT
list, usually within a week, with the semirigid ureteroscope. If the residual stone
burden is large, separate tracking is done. A flexible endoscope usually is not
used.

Local Experience in Hong Kong
The technique of the Chinese MPCNL method was introduced to Hong Kong
in 2004. It was adopted as a treatment option for upper tract stones with minimal
modifications.
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Fig. 2. Intraoperative X-ray shows good calyceal access. a,b lower calyx; c lower middle
calyx; d upper calyx. Note the great range of movement of the ureteroscope via a middle
calyceal puncture
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Initially, we also used the standard 8/9.8Fr ureteroscope and the 1-mm litho-
clast (EMS, Switzerland) probe for the MPCNL procedure. We later identified
the semirigid slim compact cystoscope (Olympus, Tokyo, Japan) as a better alter-
native because it has a slim outer diameter of 11Fr and a working channel of 
7.2Fr to admit 6Fr instruments. It has a working length of 310cm and thus is
more easy to use compared to the long ureteroscope. It can also accommodate
the 5Fr short rigid grasping forcep (Richard Wolf Knittlingen) (Fig. 3).

The high-pressure pulsatile pump is not marketed outside China, so we
replaced it with another pressured irrigation system (Niagara irrigator; Cabot
Medical, USA) to provide a pressurized continuous irrigation of 300mmHg. We
also used a special warming tubing (Hotline; Level 1, USA) to prevent hypother-
mia consequent to the high-volume irrigation. Normally about 12–14 l normal
saline is required for a 1-h procedure. Stone fragment removal was mainly by
irrigant flushing and the use of a tipless basket. The rigid 5Fr grasping forcep
was available for the latter case.

We retrospectively review a prospectively collected database on MPCNL for
staghorn and compare to that of the last 20 cases by traditional PCNL using a
24–28Fr sheath. The stones were categorized as borderline if they involved the
renal pelvis and one calyx, as partial if two calyces were involved, and as com-
plete if three or more calyces were involved. Stone size was measured by tracing
the stone outline in plain (KUB) film on graph paper [30]. Assessment of clear-
ance of the stones was based on postoperative plain (KUB) film. Fragments of
4mm or less were considered clinically insignificant fragments. Operating time
was measured from initiation of puncture to the end of placement of the
nephrostomy. Time for ureteric catheter insertion and positioning was excluded.
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Fig. 3. Instrument and sheath used in minimally invasive percutaneous nephrolithotomy
(MPCNL): slim compact cystoscope (Olympus), lithoclast with 1-mm probe, 5Fr rigid
grasping forceps (Richard Wolf), and the 18Fr peel-away introducer set (Cook Urologi-
cal). A 24Fr amplatz sheath is placed alongside for comparison



Between July 2004 and March 2005, 12 consecutive cases of staghorn stone
were treated with MPCNL (Table 4).There were 7 right and 5 left units. Six were
borderline, 5 were partial, and 1 was a complete staghorn, with a mean stone size
of 948.2mm2. Mean OT was 139.2min, and in all cases, a single tract was devel-
oped and no second look was necessary. There were no major complications.
Mean length of stay was 5.6 days. Complete stone-free rate on discharge was
33%, while 33% had a CIRF (Clinical Insignificant Residual Fragment) <4mm.
Three patients required auxiliary treatment.

These results were compared to those of the last 20 patients of staghorn
treated with traditional PCNL (Table 5). The two groups were comparable in
stone size and stone type. There was no difference in operating time and length
of hospital stay. Complete stone clearance rate was higher with traditional
PCNL. MPCNL was associated with more small residual fragments, ≤4mm,
whereas those fragments >4mm were comparable in both groups. There was no
difference in auxiliary procedure rate.Although statistically not significant, there
was a trend for higher transfusion rate in the traditional PCNL while the infec-
tion rate was comparable.

In our initial experience, we found the fragmentation very effective even with
the use of the long lithoclast probe via the long ureteroscope. Subsequent adop-
tion of the short miniaturized endoscope further enhanced the ease of the
process.

We noticed that the stone removal process by flushing was not very effective
if the kidney had a very baggy system, in which case the pressure will be absorbed
with very little recoil to push the stone out. Similarly, in patients with 
severe hydrocalyx, the stone fragments may be retained inside one of these
“diverticulum-like” side chambers. Thus, removal of fragments by a suitable
grasping forceps is still important. We prefer the rigid 5Fr forceps (Richard 
Wolf Knittlingen), which provide a secure grip of the stone without blocking the
view. Compared to the basket, the forceps can be completely controlled by 
one of the surgeon’s hands. The other hand, holding the endoscope, controls the
tape to slow down the irrigation temporarily so as not to flush the stone away.
It is unclear whether pulsatile irrigation is superior than continuous irrigation in
stone clearance, but we believe that using pressurized irrigation to flush out the
stone is a significant improvement in the technique of MPCNL.

Equipment for MPCNL

For the traditional PCNL, a regular nephroscope of 24–26Fr is used within a
amplatz sheath of 26–30Fr. The smallest amplatz sheath commercially available
has an internal size of 24Fr and an outer size of 28Fr.There is also a small-caliber
percutaneous nephroscope of 18.5Fr outer diameter available, but it can only
accommodate 2.4-mm accessories. None of these regular nephroscopes can be
used for MPCNL, which normally uses a 13–20Fr tract in adults, with a 15–18Fr
tract size being most common. In fact, the lack of suitable equipment tailored
for MPCNL purposes is a major obstacle for its development. A critical 
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Table 4. Details of staghorn patients undergoing MPCNL (Hong Kong experience)
Age LOS Stone size Calyx OT Stone Auxillary

Patient no. Sex (years) (days) (mm2) Side Staghorn type punctured (min) Clearance procedure Complication

1 M 41 4 875 L Partial Lower 100 Complete — —
2 F 77 4 1050 L Partial Middle 120 Complete — —
3 M 66 5 738 R Borderline Middle 105 Complete — —
4 F 48 9 770 R Borderline Lower 165 >4mm ESWL Transfusion
5 M 58 6 1450 R Partial Upper 175 >4mm PCNL Transfusion
6 M 58 6 1200 R Partial Upper 195 ≤4mm — —

Lower
7 M 32 4 500 L Borderline Middle 135 ≤4mm — —
8 F 61 9 176 L Partial Lower 120 ≤4mm — Postoperative fever
9 M 66 6 360 R Borderline Lower 150 >4mm Observe —

10 F 53 5 720 R Borderline Middle 135 >4mm ESWL —
11 F 51 5 1200 R Complete Upper 180 ≤4mm — —
12 M 46 5 750 L Borderline Upper 90 Complete — —

L, left; R, right
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Table 5. Outcome comparison between MPCNL and traditional PCNL (Hong Kong
experience)

MPCNL Traditional PCNL P value

n 12 20
Stone diameter (cm) 3.82 ± 1.3 3.36 ± 0.94 NSa

Stone area (mm2) 948.2 926.3 NSa

Type n (%)
Borderline 6 (50) 13 (65)
Partial 5 (40) 5 (25)
Complete 1 (10) 2 (10)

OR time (min) 139 ± 34 122 ± 34 NSa

Hospital stay (days) 5.6 ± 1.72 7.6 ± 6.3 NSa

Stone clearance n (%) NSb

Complete 4 (33) 12 (60)
Residual ≤4mm 4 (33.3) 2 (10)
Residual >4mm 4 (33) 6 (30)

Auxiliary treatment 4 6 NSb

Complication 3 (25%) 7 (35%) NSb

Transfusion 2 (17%) 5 (25%)
UTI 1 (8%) 2 (10%)

NS; not significant; UTI, urmary tract infection
aMann–Whitney U test
bPearson chi-square test

comparison of the equipment used and technical details reported by various
authors is listed in Table 6.

The Working Sheath
The lack of a suitable working sheath is the first hurdle that one needs to over-
come. Use of a 15Fr Hickman peel-away sheath [14], the 13Fr ureterscopy access
sheath [12], the 11Fr peel-away vascular access sheath [11], and the 15Fr spe-
cially made metal sheath [13] has been reported. The ideal sheath should be of
correct size and length with a thin wall to allow a maximal internal diameter and
minimal outer diameter, yet strong enough to maintain the function of a conduit
and resist buckling on bending. We find the peel-away introducer set (Cook 
Urological) quite suitable. It is made of thin-walled, radiopaque TFE (polyte-
trafluoroethylene) with a smooth beveled edge for easy insertion with the intro-
ducer. It is 15cm long with a size range from 8 to 18Fr. There is also a
commercially available mini-perc entry set (Cook Urological) with its special
fascial incising needle, but only one size (13Fr) is available, and its 11.5-cm-long
sheath may be too short for adult use. Interestingly, on a few occasions, when the
usual sheath was not available, our colleagues from China found a large plastic
sucking straw to be a reasonable temporary alternative (X Li, 2005, personal
communication).
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Table 6. MPCNL: comparison of instruments, equipment, and technical details by various authors
Nephrostomy

Authors Sheath size and type Dilatation Endoscope Fragmentation Removal drainage

Helal [14] 15Fr Hickman Sequentially 10Fr pediatric cystoscope None Grasping forceps 12Fr
Peel-away sheath dilated

Jackman [11] 11Fr peel-away Step dilatation 7Fr pediatric cystoscope Electrohydraulic Irrigation 6Fr
vascular access 9.5Fr flexible ureteroscope Three-prong nephroureteric
sheath forceps stent

Jackman [10] 13Fr ureteroscopic Step dilatation 6.9Fr rigid ureteroscope Laser, Ultrasonic Suction 8Fr and J stent
access sheath (cut with 7.2Fr flexible ureteroscope Tipless basket

fascial incision 7.7Fr rigid pediatric Three-prong
needle) cystoscope forceps

Monga [15] 20Fr nephrostomy Balloon 8/9.5Fr ureteroscope Laser, Ultrasonic Tipless basket 16Fr
sheath 15.5Fr flexible nephroscope Irrigation Nephrostomy

7.5Fr flexible ureteroscope
Chan [12] 13Fr ureteroscopy Sequentialn Pediatric cystoscope Laser Basket, grasper 8Fr

access sheath dilatatio Adult ureteroscope Washout 7Fr J stent
Lahme [13] 15Fr metallic Single-step metal 12Fr rigid nephroscope Ballistic, Not mentioned 12Fr

amplatz sheath dilator Ultrasonic, laser
Li and Wu [16] 16–18Fr peel-away Sequential 8/9.8Fr ureteroscope Ballistic Retrograde flushing 14Fr

sheath Intermittent
High pressure
Irrigation,
grasper

de la Torre G [17] 14Fr Amplatz sheath N/A N/A Ballistic N/A None
Current series 18Fr peel-away Sequential 8/9.8Fr ureteroscope Ballistic Continuous high- 16Fr

sheath 11Fr slim compact pressure
cystoscope irrigation

grasper, basket



The Endoscope
When MPCNL was initially reported, there was no purposely designed endo-
scope.A pediatric rigid cystoscope, adult semirigid, and flexible ureteroscope had
all been used. Lahme [13] reported the use of a specially designed miniaturize
nephroscope (Richard Wolf Knittlingen) in 2001. It is 15Fr when used with a
sheath, 12Fr without a sheath, and has a 12° angle of view and a straight 6Fr
working channel. Because of its 50000-pixel image guide, it gives an excellent
image (size and resolution) comparable to the nephroscope available at that
time. This concept of miniaturization represents great progress.

Again, the ideal endoscope should have an optimal length of about 200–
300mm, with a small outer diameter to go through a 13–18Fr sheath, while the
working channel allows the use of grasping forceps and other accessories as large
and as strong as possible. A straight working channel is preferred because the
whole range of rigid accessories can be used. Among them, the grasping forceps
probably is most important. A flexible forceps is usually too frail and inconven-
ient to use. We prefer the rigid 5Fr stone-grasping forceps. It is strong enough
to grasp the stone firmly without breakage but slim enough not to obstruct the
view or the flow of irrigant. Therefore, it is essential for the endoscope to have
a working channel able to accommodate 5Fr rigid instruments.

We think the short semirigid ureteroscope is very suitable for this purpose
because of its small size yet comes with its full set of rigid accessories. The image
quality is good and can be further enhanced by high-flow irrigation. The field of
view is more limited but adequate for ballistic lithotripsy. In our experience, its
view is as good, if not better, than that with the large nephroscope. A paediatric
cystoscope, while of suitable size, is too short and not robust enough for routine
usage. Its smaller working channel also limits the use of accessories.

Recently, there has been the development of a miniaturized endoscope with
a more suitable size range (8.5–12Fr) and a large instrument channel, which
greatly facilitates the procedure. Because of the use of pressurized irrigation
through the endoscope, we consider the new membrane-sealing mechanism for
the instrument channel an important feature, as it prevents leakage of irrigant
from the nipple of the instrument channel and makes the operation neat and
tidy. Although a flexible scope is always an option, it does not afford the same
range of grasping forceps or ballistic lithotripsy device or the same image quality
as the rigid scope, especially if bleeding is encountered.

A comparison of the currently available endoscopes and forceps that the
author considers useful for MPCNL is given in Table 7.

Options of Lithotripsy Devices in MPCNL
The initial report of MPCNL by Helal did not require any fragmentation, and
the stone was removed by grasping forceps. However, lithotripsy is inevitable in
MPCNL. Laser had been a primary choice for its smallness and can be used
through a flexible URS (ureterorenoscope). The 1.9 and 3.0Fr electrohydraulic
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Table 7. Comparison of current instruments that may be useful for MPCNL
Size Working Maximum Angle

(tip/shaft), length instrument of Suggested grasping
Manufacturer Name/code no. Nature Fr (mm) size view Special feature forceps

1 Wolf Mini compact Short 8.5/11.5 315 1 × 6F 12° Membrane valve seal for 5Fr rigid Wolf
nephroscope by ureterscope instrument port, special forceps
Li Xun notch for ergonomic
(8968.403) len holding

Beak at tip
Angle eye piece

2 Wolf Miniature Nephroscope 12 225 1 × 6F 12° 15Fr, 18Fr sheath Wolf rigid grasping
nephroscope by available, angle eyepiece forceps 2mm,

Lahme (8968.421) Membrane valve seal for WL (working
instrument port, angle length) 265mm
eyepiece

3 Wolf Compact Short 8/9.8 310 1 × 5F 10° Membrane valve seal for 5Fr rigid Wolf
ureterorenoscope ureteroscope instrument port forceps, WL
by Bichler (working length)
(8719.401) 415mm

4 Olympus Slim compact Cystoscope 11 220 1 × 6F 7° 15.9Fr outer sheath 5Fr rigid Wolf
cystoscope available, beak at tip, forceps
(A37025A) angle eyepiece

5 Olympus (A37026A) Cystoscope 7.9 160 1 × 3.5F 7°
6 Storz Ureteroscope Short 9.5/13.5 340 1 × 5F 6° Instrument port with 5Fr Storz rigid

(27002K) ureteroscope sealing system, angle grasping forceps
eyepiece, beak at tip

7 Storz Miniature Nephroscope 12 220 1 × 6F N/A 15Fr sheath available,
nephroscopea angle eyepiece

aMarketed later this year (2006)



(EHL) probes were also used, as was lithoclasts and ultrasound. Most authors
reported a combination of different modalities, and there did not seem to be a
“best” way (see Table 6). The reason may be there is no standardized endoscope
for this purpose in the first place. Experience from China shows that the use of
the semirigid ureteroscope together with the use of ballistic lithotripsy forms the
best combination. Laser may be considered too slow, and EHL has a narrow
safety margin [31]. Ultrasound is a very useful lithotripsy option in standard
PCNL, but it is not suitable for MPCNL because the solid 2.5Fr probe is slow
to fragment the stone, and inadvertent slight bending of the probe will dissipate
the energy as heat rather than fragmenting the stone. In contrast, the lithoclast
probe is robust, effective, and can break the hardest stone. A 1- to 1.2-mm probe
is preferred to a large probe because one wants to break the stone into finer
fragments to be flushed out. The semirigid probe also provides a direct tactile
feedback on touching the stone and greatly facilitates safe firing of the probe
even when the stone view is suboptimal, either because of bleeding or because
the view is partially obscured by a mucosal flap.

Unique Features of Chinese MPCNL

The Use of Pressurized Pulsatile Irrigation Through the
Endoscope and the Use of Irrigant Flushing for Stone
Fragment Removal
Although most authors use gravity drainage through their endoscope, the use of
pulsatile pressurized irrigation through the endoscope is unique in the Chinese
method, particularly with a pressure as high as 350mmHg. The advantage is to
provide a clear view and to allow flushing out of the small stone fragments after
disintegration.The endoscope is withdrawn quickly out of the peel-away working
sheath when the pulsatile fluid current stops. This rapid removal of the endo-
scope is postulated to create a negative pressure within the sheath, together with
the recoil pressure generated by the distended system from the immediate pres-
surized pulsatile influx, and together with forceful retrograde irrigation through
the ureteric catheter by the assistant, this creates a strong current to wash the
stone fragment out.

There is concern about the safety of the use of this pressurized irrigation.
Although a previous study for standard PCNL using a 34Fr amplatz sheath and
gravity drainage up to 75cm H2O showed that it was safe [32], no similar study
is available for the use of a small sheath and high irrigation pressure of such an
extent. We have conducted a pressure measurement study in five patients who
underwent MPCNL to answer this question. During the procedure, a 8Fr pigtail
catheter was inserted into the renal pelvis through the lower pole and connected
to a central venous pressure (CVP) manometer set (Allegiance Healthcare,
USA). If a lower pole puncture is also used, the pigtail would share the same
tract but be placed outside the sheath. The procedure was carried out with the
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8/9.8Fr ureteroscope connected to a pressurized continuous irrigation of 
300mmHg. No accessory was placed in the working channel, which was used
solely for irrigation.

Pressure readings were recorded with the tip of the ureteroscope in the fol-
lowing positions: in the calyx, in the pelvis, in the proximal ureter, inside the
working sheath, and with the endoscope in the pelvis plus forceful retrograde
injection via a 7Fr ureteric catheter. Toward the end of the operation, while 
withdrawing the working sheath with the scope in situ at the pelvis, a pressure
measurement was taken for simulation of sheath dislodgement. A pressure of 
30mmHg (40.8cmH2O) is used as the threshold of safety because a previous
study showed that intrapelvic pressure above that was associated with pyelove-
nous and pyelolymphatic backflow, which may be the route for systemic entry of
bacteria or endotoxins [33], and this reading is also that which was used in
another similar study [34].

We found that pressure readings taken in these five patients in the study were
all below the threshold (mean, 11.7cm H2O; range, 5.5–18cm H2O), except
during simulation of sheath dislodgement when there was a sustained elevated
pressure above threshold (mean, 47cm H2O; range, 38–58cm H2O). Forceful irri-
gation via ureteric catheter only gave rise to a transient surge of intrapelvic pres-
sure close to the threshold (mean, 30cm H2O; range, 26–34cm H2O). Thus, we
concluded that pressurized continuous irrigation through the working channel
of a 8/9.8Fr ureteroscope was safe so long as the sheath is in situ. Pressurized
irrigation translated to a high-flow irrigation only and not high intrarenal pelvic
pressure. Clinically, we did not notice a high septic rate in our study. Similarly,
the complication rate from sepsis reported from the Guangzhou group was only
1% [21].

Access Site and the Preference for Middle Calyceal Puncture
In the Chinese method, the preferred puncture site was at the 11th intercostal
space, bounded laterally by the posterior axillary line and medially by a line pro-
jected caudially from the tip of the scapula. It is in fact a supracostal puncture,
but avoiding the parietal pleura edge, which typically crosses the middle of the
12th rib and goes to the level of the 10th rib at the midaxillary line, so that the
lateral half of the 12th rib is always inferior to the parietal plura limit [35]. Using
this puncture site has the advantage of hitting the middle calyx without resort-
ing to an oblique tract while having minimal risk of injury to the pleura. There
is also no risk of puncturing the spleen or liver so long as the puncture is done
during expiration [36].

The skin puncture site is close to but not lateral to the posterior axillary line.
This position is usually 2–3cm more lateral to the entry site when the “down the
barrel” method as described by Kassaris and Smith is used [37]. In that case, the
calyx/kidney is usually hit at about a 25°–30° angle from the sagittal plane com-
pared to the 45° angle using the Chinese method. One advantage of a more-
lateral approach at 45° is the avoidance of the thick muscle of the back so that
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the tract transgresses the thinner part of the abdominal wall; this contributes sig-
nificantly to the subsequent improved manuverability of the endoscope as there
is minimal impingement of endoscope movement by the abdominal wall. In fact,
a more lateral approach at the posterior axillary line and 45° puncture angle is
also favoured by others [38,39].

The choice of calyceal puncture will be determined by stone location, stone
size, calyceal anatomy, and the surgeon’s experience. In standard PCNL, usually
a subcostal lower pole puncture or a supracostal upper pole approach is pre-
ferred [9]. A lower pole puncture is safe because in 80% of right kidneys and
78% of left kidneys the lower pole calyx lies below the 12th rib [40], and through
this access one can avoid pleural complication and can tackle stones in the lower
pole calyx, pelvis, and upper calyx [39].A supracostal upper pole puncture is pre-
ferred by some authors because it provides a straight tract along the longitudal
axis of the kidney to access the superior calyx, pelvic ureteric function, proximal
ureter, and lower calyx, and it is recommended particularly for staghorn stones
[41,42]. Recent data show that supracostal puncture above the 12th rib is safe,
with thoracic complications of only 0%–1.7%. Only puncture above the 11th rib
is associated with a greater incidence of intrathoracic complication [42].

In standard PCNL, the middle calyx is only selected for direct attack of a
middle calyx stone or a stone the at renal pelvis because access to other parts of
the calyx is poor if not impossible [37,39,40]. However, interestingly, a middle
calyceal puncture is still being used either alone or as part of a multitract
approach in 30%–80% of cases in reported series [41,43]. The argument to
support a middle calyx puncture is that it may be associated with fewer compli-
cations compared to upper or lower calyx puncture [44]. From the blood supply
aspect, the lower pole puncture may have a narrow safety margin as it is 
supplied by a single segmental artery from the anterior branch, and if injury to
this vessel occurs, it will result in whole lower pole segment being infarcted [45].
Also, puncture of the upper pole posterior portion has a greater chance of 
significant vascular injury because of the position of the posterior segmental renal
artery [46]. This artery crosses the posterior surface of the upper infundibulum
in 57% of cases and may supply as much as 50% of the renal parenchyma [47].

In the Chinese method, a middle calyx puncture is preferred. Maximal
intrarenal access can be achieved via the “neutral position” of the midcalyceal
puncture as the endoscope can swing a full arc (see Fig. 2). With the small sheath
and miniaturized endoscope, it is normally possible to inspect the renal pelvis,
proximal ureter up to L4, and upper and lower calyx in MPCNL, which would
be impossible using the large rigid renoscope as it will place severe torque on
the tissue, risking parenchymal tear.The merit of a middle calyceal approach was
exemplified by the impressive results from China. They reported a series of 152
patients, including 58 staghorn, undergoing MPCNL using solely a posterior
middle calyx puncture, and achieved an 86.2% success rate. Fifteen patients
required additional ESWL (Extracorporeal Shook Wave Lithotrispy) and only
6 needed a second puncture for a parallel calyx [29].We also find good intrarenal
access through the middle calyx puncture using the miniaturized endoscope. It
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can negotiate the narrow calyceal neck and turn corners that would be impossi-
ble to do by the standard renoscope.

In summary, a supra-12th middle calyceal approach may be the best balance
of all. It avoids the high risk of supra-11th puncture while allowing a good per-
pendicular approach through the abdominal wall and renal parenchyma into the
middle calyx, thereby minimizing impairment of endoscope movement, allowing
the endoscope to swing a full arc and set the best angle for maximal intrarenal
access to all calyx and PUJ as well as to the ureter.

Summary of Advantages of the Chinese Method of MPCNL

Current reported MPCNL series showed that there was a lack of suitable equip-
ment and that it took a long time to fragment and remove the stone.The MPCNL
by the Chinese method solved these problems by standardization of the use of
equipment and simplification of the surgical technique. Only one type of guide-
wire, a peelaway sheath, is used. The routine use of the semirigid uretero-
scope, ballistic lithotripsy, and stone removal by irrigation supplemented by a
rigid 5Fr forcep represents the optimal solution to all problems of MPCNL. This
equipment is readily available in all units providing stone service. The routine
use of ballistic lithotripsy through the semirigid miniaturized endoscope avoids
the need for interchange to other lithotripsy devices and provides a superior
quality of image not matched by use of a flexible endoscope. The great range of
intrarenal manuverability also makes flexible endoscopy obsolete. In fact, if the
stone is located in an calyx inaccessible to the rigid miniaturized endoscope,
it would also be difficult to reach by flexible endoscopy (Li 2005, personal 
communication).

The strategy of stone fragment removal by irrigant flushing is an important
concept. It avoids the tedious process of picking up every fragment by forceps.
The process of stone fragment removal occurs concurrently with stone frag-
mentation and saves time, explaining why operating time in Chinese MPCNL
can be much shortened. Although it is a random process, as long as the fragment
is small enough to pass through the sheath and this process of irrigation and
flushing is repeated many times, then it should have a good chance of complete
stone clearance. For a 16Fr sheath, the theoretical maximum stone diameter that
it can accommodate is 16/π = 5mm. The size of fragment can be judged with ref-
erence to the size of probe. This fragment removal process can be further
enhanced by irrigation via secondary tracts [23,29].

Is MPCNL a Less Invasive Procedure than PCNL?

Clinical Outcome, Bleeding, and Complication Rate
Standard PCNL is already a well-recognized minimally invasive surgery com-
pared to that of open surgery with shorter operative time, less intraoperative
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complication, shorter hospital stay, and earlier return to work, while achieving
similar stone clearance rate [48].

From a practical point of view, a 28–30Fr sheath (outer diameter, 32–34Fr)
may be too large to be accommodated in a pediatric patient and adult patients
with an undilated system, risking rupture of the calyceal neck. Indeed, there 
were reports of similar or greater renal damage by PCNL compared to open
surgery in pediatric patients [49], and some would even not recommend PCNL
in children younger than 8 years for fear of renal damage resulting from the 
relatively large endourological equipment [50]. This size awareness and use 
of a smaller sheath to fit calyceal size is also noted in adults. Kukreja et al. use
a 20–22Fr tract in patients with a nondilated system or narrow infundibulum
[38].

The access tract is an important cause of haemorrhage and other complica-
tions [9]. It is now clear that bleeding is associated with increased number of
tracts and also increased size of tract [38]. In contrast to the 3%–25% transfu-
sion rate reported in standard PCNL [8,51–53], most of the available MPCNL
series reported minimal bleeding and a very low transfusion rate. In most adult
series, patients can return home in 2 days’ time. In our series, the transfusion rate
is 16%, lower than the 25% in the standard PCNL arm. The length of stay is also
shortened by 2 days in the MPCNL group.The largest reported series of MPCNL
from China on 3136 patients also showed a short operating time, a low transfu-
sion rate of 0.2%, and only 2 patients required embolization for bleeding com-
plication. The overall major complication rate is only 0.5% [16]. In conclusion,
available evidence strongly suggested that MPCNL can further reduce the inva-
siveness of PCNL, although a larger-scale prospective randomized study is
needed to confirm this.

Issue of Renal Function Preservation
As to tissue injury, it is unclear whether there is a direct relationship between
tract size and degree of parenchymal trauma. All being equal, a small tract will
cause less tissue compression/disruption compared to a large tract. In case of any
mishap related to the tracking, a small tract stands a better chance of causing
less damage compared to larger tract [10].

Previous studies on the effect of standard PCNL on renal parenchymal injury
show that it is negligible [54–56]. However, one must appreciate the difficulty in
assessment because any change in global renal function measurement will be
masked by compensation by the contralateral kidney, and individual kidney
functional change measurement is limited by the sensitivity of the available dif-
ferential functional scan and compensation by correction of adverse factors to
that kidney by the procedure.

Previous anatomical studies based on scar tissue calculation in the pig kidney
model showed that the volume of parenchymal fibrosis is only 0.16%–0.63% of
the total renal volume even with a 36Fr tract, thus leading to the conclusion that
the degree of tissue trauma is negligible [57,58]. A similar anatomical study by
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Webb and Fitzpatrick on dog kidney showed a 22Fr track wound healed to a
fine hairline scar [59]. However, it is unclear whether scar size so measured truly
reflected the degree of injury. With healing, even a big wound will shrink to a
small scar. The other potential problem associated with these studies is that we
tend to overestimate the total cortical volume because we include the volume
occupied by the collecting system as functional renal volume; thus, the calculated
percentage of cortical scar is an underestimation, and the degree of error can be
significant because of the relatively small number of the numerator.There is also
emerging evidence that standard PCNL using a large tract results in renal func-
tional damage to an extent greater than we previously appreciated.

Hegarty reported the result of PCNL in 90 solitary kidneys. There was statis-
tically significant deterioration of serum creatinine by 11% and creatinine 
clearance by 9% in the immediate postoperative period, although both param-
eters returned to the preoperative level on longer-term follow-up [60]. This 
result shows that there is a definite insult on renal function by PCNL although
it is compensated later, possibly due to relief of obstruction or clearance of 
sepsis.

Morskovitz et al., in a study on global and regional renal function using quan-
tative single photoemission computerized tomography (SPECT) measurement
of Tc-dimercaptosuccinic acid (DMSA) uptake in kidney (QDMSA) in 79
patients undergoing standard PCNL, found that there was statistically significant
decrease of total renal functional volume of the kidney that undergoes the pro-
cedure. Furthermore, regional renal function analysis revealed statistically sig-
nificant decrease in functional renal volume at the part that underwent the
PCNL procedure. The functional volume loss represented 4.5% of the whole
kidney and 10% of that region [61], which is a direct measurement of the func-
tional change in humans and represents a closer picture to the truth than the
indirect scar measurement study.These new data show that large tracking in stan-
dard PCNL does cause significant renal function damage, much greater than we
had previously appreciated.

Conclusions

Modern instrumentation and technical improvement have revitalized MPCNL.
The previous difficulty in stone fragmentation and stone removal has been
solved. Now, MPCNL has a much wider application. Our initial experience
echoes that reported in the Chinese literature that it can be applied to large stone
loads, including staghorns, with comparable operating time and clinical stone
clearance rate as standard PCNL. While there is a trend toward less blood loss,
whether MPCNL is a less invasive procedure than standard PCNL in terms of
functional preservation remains controversial. However, MPCNL is still a prefer-
able option because of the standardization and simplificity of technique and
equipment, excellent surgical view, and unparalleled intrarenal maneuverability,
which may render large-tract PCNL no longer necessary.
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Cryoablation for Renal 
Cell Carcinoma

Osamu Ukimura and Inderbir S. Gill

Summary. The aim of energy-based tissue ablative procedures for renal cell car-
cinoma is to achieve complete destruction of the cancer cells, targeting the entire
visualized tumor with a surrounding margin of healthy renal parenchyma. Based
on recent technological advances of cryodelivery systems and imaging technol-
ogy, cryoablation has now been performed via open, laparoscopic, and percuta-
neous approaches worldwide. Because immediate pathological confirmation of
complete cancer cell death with negative surgical margin is impossible in cryoab-
lation of renal tumor, clinical long-term follow-up with meticulous imaging
assessment and needle biopsy data is necessary to determine the oncological effi-
cacy of cryoablation for renal cell carcinoma. Recently, the authors reported
intermediate-term oncological follow-up data on 56 patients, of whom each com-
pleted a 3-year follow-up after laparoscopic renal cryoablation. Overall 3-year
cancer-specific survival was 98%. The intermediate-term oncological data are
encouraging for continued performance of renal cryoablation for renal cell car-
cinoma in carefully selected older patients with a small renal mass. Technically,
the authors routinely attempt to extend the iceball at least 1cm beyond the edge
of the tumor to achieve the tumoricidal temperature within the entire extent of
the tumor.

Keywords. Renal tumor, Renal cell carcinoma, Cryoablation, Nephron-sparing
surgery, Minimally invasive surgery

Introduction

Nephron-sparing surgery (NSS) is now the established treatment for small renal
cell carcinoma (RCC) [1]. With the aim of decreasing pain, morbidity, hospital
stay, and operative time, various minimally invasive modalities for NSS have
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been evaluated [2–5]. The goal of energy-based tissue ablative procedures for
RCC is to achieve complete destruction of a predetermined volume of target
tissue (including the RCC tumor and a surrounding margin of healthy renal
parenchyma) that would otherwise be excised during a traditional partial
nephrectomy.

Cryoablation is an energy-based tissue ablation technique inducing tissue
destruction by cryoinjury. Based on recent technological advances of a cryode-
livery system (cryoprobe) and a real-time imaging system, cryoablation has now
been performed via open, laparoscopic, and percutaneous approaches in aca-
demic centers worldwide. However, during cryosurgery the ablated renal tumor
remains in situ. As such, pathological confirmation of complete cancer cell death
with negative surgical margin is impossible. Therefore, clinical long-term follow-
up with meticulous imaging assessment and needle biopsy data is necessary to
determine the oncological efficacy of cryoablation for RCC.

Cryoinjury occurs through two sequential synergic immediate and delayed
mechanisms that involve rapid intracellular ice formation and delayed micro-
circulatory failure. Intracellular ice formation requires a temperature of −40°C
[6]. Freezing sustained in the range of −20°C to −40°C is more damaging than
shorter-term freezing. The established essential steps of renal cryoablation
treatment include rapid freezing, slow thawing, and repetition of the second
freeze–thaw cycle [6]. The optimal duration of freezing is not known; however,
the enhanced lethal effect of repeated freeze–thaw cycles is well seen at the
freezing temperature range −20° to −30°C.

Although intraoperative monitoring images could suggest the cryolesion as
iceball formation, the temperature at the margin of the iceball is 0°C, and the
iceball needs to extend at least several millimeters beyond the visible margin of
the tumor to achieve uniform destruction of all viable RCC [7]. Therefore, the
authors routinely attempt to extend the iceball at least 1cm beyond the edge of
the tumor to achieve the tumoricidal temperature within the entire extent of the
tumor.

Cryoablation Technology and Cryobiology

A double freeze–thaw cycle creates a larger lesion of necrotic tissue compared
to a single freeze–thaw cycle [8]. An essential requisite for reliable cryoablation
is a double freeze–thaw cycle, involving rapid freezing and slow thaw [6].
Campbell et al. confirmed that the critical temperature of −19.4°C was uniformly
achieved at a distance of 3.1mm inside the visible margin of the iceball [7], sug-
gesting the iceball should extend at least 3.1mm beyond the visible margin of
the tumor to achieve uniform destruction of all viable RCC. Moreover, the crit-
ical threshold to achieve complete, reliable cytoreduction is assured between 
−19.4° and −40°C [9]. Therefore, our policy has been to extend the iceball 1cm
beyond the margin of the tumor under dual laparoscopic and sonographic mon-
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itoring during laparoscopic cryablation. Transient clamping of the renal artery
does not improve the efficacy of renal cryoablation [7]. Involvement of the renal
collecting system by the cryolesion appears to be healed in a watertight manner
without urinary extravasation or leak [10].

The introduction of a liquid-nitrogen- or liquid argon-based cryosystem 
allows creating a cryolesion with a core temperature of −175° to −190°C at the
tip of the cryoprobe. Liquid-nitrogen-based cryoprobes are available in 3-mm,
4.8-mm, and 8-mm-diameter sizes and allow creating lesions ranging from 1 
to 5cm in diameter. At the author’s center, the 4.8-mm-diameter argon-based
probe has routinely been employed for clinical laparoscopic renal cryoablation.
A recent argon-based cryosystem introduced three types of probes—1.7, 2.4,
and 3.8mm in diameter (Endocare, Irvine, CA, USA). At the author’s 
center, 2.4-mm-diameter probes are currently selected for a percutaneous pro-
cedure. However, the temperature within the cryolesion is not uniform, increas-
ing exponentially as a function of the distance from the cryoprobe. Estimated
dimensions (diameter× length) of the isotherm for a 24-mm probe at 10min
100% freezing in gel, which approximates soft tissue, are 16×36mm for a −40°C
isotherm, 23×42mm for a −20°C isotherm, and 36×55mm for a 0°C isotherm
(the edge of the actual visible iceball). Therefore, when percutaneously target-
ing, multiple probes are necessary to extend the iceball at least 1cm beyond the
edge of the tumor to achieve tumoricidal temperature within the entire extent
of the tumor.

Uchida et al. reported the first clinical application of percutaneous renal
cryoablation in 1995 in two patients with metastatic RCC [11]. The authors
described shrinkage in size on the cryolesion and symptomatic improvement in
5–10 months follow-up. Since we began our renal cryoablation program in Sep-
tember 1997, sequential radiographic follow-up has been performed to deter-
mine the natural history of cryoablated RCC [2,12]. In 3 years, the cryoablated
RCC had decreased a mean of 75% compared to the dimension of the cryole-
sion on postoperative day 1, and complete disappearance of the cryoablated
tumor was observed in 38% of patients [13]. Sequential cryolesion size on post-
operative 1 day, 3 and 6 months, and 1, 2, and 3 years was 3.7, 2.8, 2.3, 1.7, 1.2,
and 0.9cm, respectively. A cryolesion typically contracts with time, resulting in a
fibrotic scar [13].

Remer et al. characterized the magnetic resonance imaging (MRI) findings of
a successful cryolesion: shrinkage in size, isointensity on T1-weighted images, and
hypo- or isointensity on T2-weighted images [14]. In the radiologic follow-up
assessment of ablated renal tumor, the authors preferred MRI with and without
gadolinium enhancement over computed tomography (CT) because of its supe-
rior contrast resolution and safety for renal function. The current consensus of
the clinical imaging definition of successful cryoablation is lack of enhancement
of the cryoablated tumor on gadolinium-enhanced MRI. Occasionally, rim
enhancement of the cryolesion was found in short-term follow-up studies.
Because this rim enhancement typically disappeared on subsequent assessment,
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such rim enhancement may represent reactive changes in the sublethal cryoin-
jury and interstitial hemorrhage in the peripheral area. However, persistent
enhanced lesion, nodular enhancement, or an increase in the size of the cryole-
sion must be considered suspicious for residual or recurrent RCC.

Clinical Cryoablation Series

Since our initial clinical series of laparoscopic renal cryoablation, renal cryoab-
lation has now been performed in select patients with a small clinically organ-
confined renal tumor at many academic centers via open, laparoscopic, and
percutaneous approaches (Table 1). Cryoablation has been shown to not
adversely effect long-term renal function. The essential technical requirement of
renal cryoablation is the same among open, laparoscopic, and percutaneous
approaches. The procedures include (1) real-time imaging of the tumor, (2) pre-
planning of the angle and depth of cyroprobe entry, (3) needle core biopsy to
obtain a tissue specimen, (4) insertion of the cryoprobe perpendicularly through
the center of the tumor and advancement of the probe tip just beyond the deep
margin of the tumor, (5) confirming that the active cryolesion should not locate
in physical proximity to any adjacent viscera or structure, (6) performing a
double freeze–thaw cycle, (7) creating a cryolesion to completely engulf the renal
tumor with the iceball 1cm beyond the margin of the tumor, and (8) achieving
and confirming hemostasis [2,5].

Laparoscopic Renal Cryoablation
Currently, laparoscopic renal cryoablation is the most studied among all energy-
based ablative techniques for RCC. The advantages of a laparoscopic approach
include first, the ability to mobilize the kidney away from adjacent bowel and
the ueter, thereby avoiding risk of inadvertent cryoinjury; second, dural control
of direct laparoscopic visualization as well as ultrasonographic monitoring of the
iceball to target the tumor; and third, the ability to achieve hemostasis at the site
of cryoprobe puncture if necessary.

Recently, the authors reported intermediate-term oncological follow-up data
on 56 patients, each of whom completed a 3-year follow-up after laparoscopic
renal cryoablation [13]. According to tumor location, the transperitoneal or
retroperitoneal approach was used in 25% and 75% of patients, respectively.

Postoperative imaging assessment comprised serial MRI at postoperative day
1, months 1, 3, 6, 12, 18, and 24, and yearly thereafter for 5 years. The CT-guided
needle biopsy of the cryoablated lesion was performed 6 months postoperatively
and repeated if MRI findings were abnormal. For a mean renal tumor size of 2.3
cm, mean intraoperative size of the iceball was 3.6cm. Postoperative needle
biopsy identified locally residual/recurrent renal tumor in two patients. Overall
3-year cancer-specific survival was 98% [13].
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Table 1. Renal cryoablation: clinical series
Number

of Follow-up
First author (year) Approach patients T (cm) (months) Prognosis/functional data Comments

Uchida (1995) [11] Percutaneous 2 — 5–10 Both died of metastatic RCC First report of renal cryoablation
in human

Delworth (1996) [18] Open 2 6.5 1–3 Minimal loss of renal function Feasibility in solitary kidney
Gill (1998) [2] Laparoscopic 10 2 5.5 (3–9) No enhance in MRI in all 11 Initial series of laparoscopic

approach
Bishoff (1999) [19] Laparoscopic 8 2 7.7 (1–18) No recurrence/stable serum-Cr No urinoma, no major

complication
Gill (2000) [12] Laparoscopic 32 2 16.2 (6–23) 1/34 enhanced with pos. biopsy Largest series, mean 3.2-cm iceball

made
Rodriguez (2000) [20] Open/laparoscopic 7 2.2 14.2 Lesions show partial resolution Feasibility with minimal morbidity
Rukstalis (2001) [21] Open 29 2 1–43 (16) One biopsy-proven local recurrence Inadequate freezing caused local

recurrence
Shingleton (2001) [22] Percutaneous 20 3 9.1 (3–14) No MRI enhancement in all Percutaneous cryoablation under

MRI guidance
Carvalhal (2001) [23] Laparoscopic 22 — 20.6 Stable blood pressure/serum-Cr Renal function/blood pressure

unchanged
Harada (2001) [24] Percutaneous 4 2.5 — No major complication Feasibility of MRI monitoring

iceball
Shingleton (2002) [25] Percutaneous 4 3.3 2–23 Two patients required retreatment Feasibility in von Hippel–Lindau

patients
Lee (2003) [26] Laparoscopic 20 2.6 14.2 (1–40) No local and no port site recurrence No evidence of disease in 14.2

months
Shingleton (2003) [27] Percutaneous 14 3.1 17 (2–30) Three patients required retreatment Percutaneous cryoablation

feasibility for solitary kidney
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Table 1. Continued
Number

of Follow-up
First author (year) Approach patients T (cm) (months) Prognosis/functional data Comments

Nadler (2003) [28] Laparoscopic 15 2.2 15 (5–27) Incomplete in 3.2-cm tumor Select tumor <3cm/monitor iceball
Bassignari (2004) [16] Percutaneous 3 2.8 2 No enhancement in all 4 tumors Feasibility of US-guided

percutaneous cryoablation
Moon (2004) [29] Laparoscopic 16 2.6 9.6 All remain nonenhanced Duplicating previous laparoscopic

cryoablation report
Cestari (2004) [30] Laparoscopic 37 2.6 6 or longer All negative at 6 months bx in 25 Patients duplicating previous

laparoscopic cryoablation report
Tuncali (2004) [31] Percutaneous 27 2.2 — 37% benign preprocedural bx Preprocedural bx may change

decision
Silverman (2005) [15] Percutaneous 23 2.6 14 (4–30) One abscess and one bleeding MRI used for guidance and

monitoring
Bachmann (2005) [32] Laparoscopic 7 2.6 13.6 No residual and no recurrence Small 1.5-mm ablative probe

available
Gore (2005) [33] Laparoscopic 4 2 — One residual enhancement Feasibility of laparoscopy-assisted

percutaneous cryoablation
Gill (2005) [13] Laparoscopic 56 2.3 36 in each Two postoperative biopsy was Largest and longest follow-up

positive series
Gupta (2006) [17] Percutaneous 20 2.4 6 One enhanced one major bleeding CT-guided cryoablation for

noncentral tumor

RCC, renal cell carcinoma; T, tumor; Cr, creatinine; bx, biopsy; US, ultrasound



Percutaneous Cryoablation
Although limited data are currently available for assessing the role of percuta-
neous renal cryoablation, Silverman et al. reported the largest percutaneous
series of renal cryoablation under general anesthesia with MRI guidance in 23
patients with a mean tumor size of 2.6cm [15]. Image guidance for percutaneous
renal cryoablation alternated between MRI, CT, and ultrasound (US). Although
an interventional MRI system is expensive and limited in use, the ability of real-
time guidance and visualization of the iceball in multiple planes are the advan-
tage of MRI guidance, allowing the operator to achieve the safety margins of the
cryolesion. Bassignari et al. described the feasibility of real-time US-guided per-
cutaneous renal cryoablation to aim for future performance of this treatment by
a urologist alone without the assistance of an interventional radiologist because
urologists have extensive experience in ultrasound intervention [16]. Gupta et
al. recently reported an attempt of percutaneous renal cryoablation under con-
scious sedation with local anesthesia in 20 patients. Under sedation, voluntary
respiratory movement of a kidney may impact on the accuracy in angle and
depth of cryoprobe entry into the tumor [17]. These initial technical feasibility
studies suggest that percutaneous renal cryoablation is promising; however,
longer-term meticulous clinical follow-up data are needed to determine treat-
ment success.

The indication for percutaneous renal cryoablation appears more limited by
size and location of the renal tumor compared to laparoscopic renal cryoabla-
tion because, for percutaneous approach, insertion of the smaller cryoprobe 
(2.4mm in diameter) is preferable because of consideration of the size of the
skin incision. The smaller cryoprobe limits creating a smaller cryolesion with
tumoricidal temperature. An anterior or central renal tumor is difficult to target
by the percutaneous approach, as it may locate in the proximity of critical vas-
cular structures of the bowel, pelvis, or ureter that should not be damaged by
the iceball. As such, the current indication of percutaneous renal cryoablation is
restricted to older patients with a posterior peripheral small renal tumor (Table
2).

Conclusion

We recently reported the outcome of 3 years’ follow-up of laparoscopic cryoab-
lation in a clinically large number of patients. These ongoing intermediate-term
oncological data are encouraging for continued performance of renal cryoabla-
tion for RCC in carefully selected older patients with a small renal mass. Five-
year follow-up data are necessary to determine the appropriate place of renal
cryoablation among treatment options for nephron-sparing surgery.
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Table 2. Characteristics of cryosurgical approach
Advantage Disadvantage Comment

Open approach Direct visualization of iceball Most invasive Highly controversial procedure with
No need for laparoscopic expertise Need general anesthesia ethical concerns

Laparoscopic Less invasive Need general anesthesia Currently most widespread approach
approach Monitor by both laparoscopy (direct Available follow-up data up to 3 years

visualization) and contact laparoscopic US compatible with partial nephrectomy
Ability to mobilize the kidney
Any tumor location indicated (alternative,

transperitoneal/retraoperitoneal approach)
MRI-guided Real-time guidance Need expensive open MRI facility and Need development of less expensive

percutaneous Real-time monitoring efficacy MRI-specific equipment facility and equipment
approach Minimally invasive Need interventional radiologist

Able to confirm accurate needle placement Select small, peripheral, posterior tumor
Under general anesthesia (by current

reports)
CT-guided Able to confirm accurate needle placement Not real-time guidance Need avoidance of extensive radiation

percutaneous Under local anesthesia plus sedation (by Radiation exposure by fluoro/spinal CT exposure
approach a current report) Need interventional radiologist and CT

facility
Select small, peripheral, posterior tumor

US-guided Real-time guidance Lower-resolution image than CT or MRI Contrast enhanced US, three-
percutaneous Real-time monitoring iceball Need expertise of US dimensional US and/or real-time
approach Minimally invasive Select small, peripheral, posterior tumor virtual sonography (RVS, fusion

Feasible by urologist with familiarity in US 12- and 11-rib bones interface US image system with pre-operative CT) [34]
intervention (difficulty to target upper pole tumor) may compensate for disadvantages

of US
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Ureteral Stent for Ureteral Stricture

James F. Borin and Elspeth M. McDougall

Summary. Advances in minimally invasive treatment of ureteral stricture have
been facilitated by the development of small-caliber, flexible ureteroscopes and
the holmium laser; however, most patients will require a stent at some point
during management. A ureteral stent can be employed for a variety of reasons:
(1) to provide a scaffold for healing after endoureterotomy; (2) to maintain
urinary flow in the case of chronic obstruction that is not amenable to repair;
and (3) as a prophylactic measure to guard against the development of ureteral
stricture after ureteroscopy, ureteroneocystostomy, ureteroureterostomy, or
ureteroenteric anastomosis. Since Finney originated the double-J stent in 1978,
minor modifications in design and biomaterials have improved on the original
concept with the aim of increasing durability and decreasing discomfort and
encrustation. Currently, there are no perfectly biocompatible materials available
for ureteral stents; silicone remains the gold standard, although various propri-
etary compounds have been developed based on silicone or polyurethane. Metal
stents present a promising, long-term option for the management of recalcitrant
ureteral strictures. The optimal stent size after endoureterotomy or endopyelo-
tomy is controversial; however, there may be an advantage to larger-caliber
stents, generally >12–14Fr. Similarly, there is no consensus on the duration of
stinting after stricture repair. Most studies suggest that there is no benefit to stint-
ing beyond 2–3 weeks, and there may even be a detriment in the form of fibro-
sis and increased risk of urinary tract infection.

Keywords. Ureteral stricture, Stent, Ureteropelvic junction obstruction,
Biomaterials
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Introduction

Successful treatment of ureteral stricture disease requires patience and creativ-
ity on the part of the urologist. There are numerous options available to repair
a ureteral stricture, but factors such as comorbidities, age, prior surgery, patient
compliance, and the surgeon’s own skill and familiarity with various techniques
all factor into the treatment algorithm. What is certain is that regardless of the
treatment selected, the majority of ureteral strictures will require a stent at some
point during management. Depending on the etiology of the stricture, a stent
may be a temporary or permanent solution.

The etiology and, to a lesser extent, location of a ureteral stricture will dictate
the most appropriate approach to management. Table 1 lists the common causes
of ureteral stricture disease. The factors underlying each of these can be further
narrowed to malignancy or ischemia, whether iatrogenic due to ureteroscopy,
pelvic surgery, or radiation, or traumatic due to passage of a calculus.

Intrinsic strictures are generally more amenable to endourological procedures,
especially when shorter than 2cm (Fig. 1). Extrinsic strictures tend to be longer
and thus require more invasive repairs or else long-term stents. Of paramount
importance in treating a ureteral stricture is to perform a biopsy to rule out
malignancy if the cause is unclear. Stricture repair may be performed either
antegrade or retrograde, or even laparoscopically in the case of pyeloplasty for
ureteropelvic junction (UPJ) obstruction, ureteroureterostomy for midureteral
strictures, or ureteral reimplant for a distal stricture.

A ureteral stent can be employed for a variety of reasons: (1) to provide a
scaffold for healing after endoureterotomy; (2) to maintain urinary flow in the
case of chronic obstruction that is not amenable to repair; or (3) as a prophy-
lactic measure to guard against the development of ureteral stricture after
ureteroscopy, ureteroneocystostomy, ureteroureterostomy, or ureteroenteric
anastomosis.

Davis et al. popularized the use of a ureteral catheter as a scaffold for healing
when they performed an intubated ureterotomy during open repair of a UPJ
obstruction in 1943 [1,2]. Subsequently, Oppenheimer and Hinman showed, in a
dog model, that smooth muscle regeneration and not fibrotic contracture is
responsible for ureteral healing after a stinted ureterotomy [3].

In patients with long or recalcitrant ureteral strictures or extrinsic compres-
sion due to malignancy, definitive repair may not be feasible or desirable because
of comorbidities or short life expectancy. In fact, patients with malignant extrin-

76 J.F. Borin and E.M. McDougall

Table 1. Etiology of ureteral strictures requiring a stent
Intrinsic Extrinsic

Iatrogenic Metastatic tumor disease
Infection (tuberculosis) Radiation
Inflammation (ureteral calculus) Retroperitoneal fibrosis
Ureteropelvic junction obstruction (congenital)



sic compression have an estimated stent failure rate of 36%–42%, and many will
require percutaneous nephrostomy tubes [4,5]. Further, the median survival time
of patients with metastatic cancer causing ureteral obstruction is reported to be
less than 7 months; thus, surgical procedures beyond simple internal or external
drainage are generally not warranted [6].

Although the placement of either double-J or diversion stents after ureteroin-
testinal anastomosis is the current standard of care, prophylactic stinting to
prevent a ureteral stricture after ureteroscopy or renal transplant is controver-
sial. The incidence of ureteral stricture after ureteroscopy with small-caliber
semirigid or flexible ureteroscopes is low, generally 0%–2% in most large series
[7,8]. There are no randomized, controlled trials demonstrating the ability of a
stent to prevent ureteral strictures. In fact, the routine use of a ureteral stent 
following uncomplicated ureteroscopy has been questioned. Denstedt et al.
performed the first randomized trial to compare stinted versus unstinted
ureteroscopy in 58 patients [9]. There was no difference in the complication rate,
which was low, although there was significantly less pain, dysuria, and urinary
frequency among the unstinted group during the first postoperative week. All
patients were assessed with a renal ultrasound at 3 months, and there was no evi-
dence of hydronephrosis or ureteral stricture in either group.

Urological complications are encountered in 1.5%–13% of renal transplants,
with ureteral obstruction the most common [10–12]. Approximately 60% of all
urological complications are ureterovesical anastomotic strictures, which usually
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Fig. 1. A 52-year-old man developed a ureteral stricture after multiple ureteroscopies for
recurrent nephrolithiasis. A Antegrade nephrostogram demonstrates a short ureteral
stricture at L3–L4. B Balloon dilatation performed after laser incision. A persistent waist
eventually disappeared after applying 7 atmospheres of pressure to the balloon



occur early but can manifest as late as 5 years posttransplant [13]. Because trans-
planted kidneys lack renal innervation, ureteral obstruction is usually asympto-
matic, which can delay diagnosis. In nontransplanted patients, placing a stent
across a ureteral repair has been demonstrated to reduce or eliminate stricture
formation [14]. However, the routine use of double-J stents during renal trans-
plant is still controversial, with randomized controlled trials demonstrating 
conflicting results. For example, Osman et al. found no strictures in either group
of stinted or unstinted patients (n=50) with a mean follow-up of 11 months,
whereas the rate of urinary tract infection was double in the stinted group (40%
vs 18%; P=0.02) [15]. However, a recent meta-analysis of 49 studies, including 5
randomized controlled trials, found fewer urological complications with stinted
versus nonstinted extravesical ureteroneocystostomy [16].

Treatment of Ureteral Stricture

The history of endourological approaches to ureteral stricture begins with the
first balloon dilatation by Nitze in 1907 [17]. Grüntzig improved the design of
small balloon catheters with the first percutaneous transluminal coronary angio-
plasty in 1978 [18]. Wickam and Kellett first reported “percutaneous pyelolysis”
in three patients in 1983 [19], which was then modified by Badlani et al. as an
“endopyelotomy” [20]. Further advances in minimally invasive treatment of
ureteral stricture have been facilitated by the development of small-caliber flex-
ible ureteroscopes and the holmium laser. It is our practice to address virtually
all ureteral strictures in either a retrograde, antegrade, or combined manner.
However, UPJ obstructions due to crossing vessels are repaired with a laparo-
scopic pyeloplasty (Fig. 2).
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Fig. 2. Computed tomography (CT) angiogram with reconstructed coronal images
demonstrating a ureteropelvic junction obstruction in a 33-year-old woman. A Markedly
dilated calyces and renal pelvis. The main (superior) renal artery is marked by a thin
arrow. B An anterior crossing artery (thick arrow) with an accompanying vein is the cause
of the obstruction at the level of the uteropelvic junction (UPJ). This patient was suc-
cessfully treated with a laparoscopic dismembered pyeloplasty with transposition of the
crossing vessels. A 6Fr stent was left in situ for 3 weeks postoperatively



Stent History and Etymology

The term stent, as applied to the field of medicine, originated with the English
dentist Charles T. Stent, who, with his two sons, fabricated a more durable sub-
stance for making dental impressions in 1859 [21]. During World War I, a Dutch
plastic surgeon subsequently described the use of “stents mould” as an aid in
skin grafting and hypospadias repair [22].The term “stent” did not reach the uro-
logical literature for another half-century. Two manuscripts from the early 1970s
helped to solidify modern usage. Goodwin’s editorial Splint, Stent, Stint first
applied “stent” to what had been previously referred to as a catheter, tube, or
splint [21]: “Urologists are always talking about putting a tube in a ureter or
urethra. When they do this, it is not a splint. It may be a stent. It probably is
never a stint. Perhaps the process is most properly described as leaving a tube
or stent in an organ.” [23]. Building upon Goodwin’s initial efforts, Montie et al.
concluded “When referring to an intralumenal device to maintain patency until
healing has taken place, the word stent is most appropriate.” [24].

The concept of a tube designed to maintain ureteral patency originated with
Albarran who made the first ureteral catheter in 1909 [25]. It was not until 1976
that Gibbons crafted a new version; this stent was made of silicone and contained
barbs along the shaft and a distal flange to prevent migration, a significant
problem of the earlier design [26]. However, the barbs resulted in a larger outer
diameter and thus the stent was difficult to place [27]. The modern design of 
the double-J stent was reported by Finney in 1978 [28]. Since then, minor modi-
fications in design and biomaterials have improved on the original concept 
with the aim of increasing durability and decreasing discomfort and encrusta-
tion [27].

Stent Biomaterials
A biomaterial may be defined as any substance—either natural or derived from
synthetic polymers—used in the treatment of a patient that interfaces with tissue
[29]. An ideal biomaterial for the urinary tract would be biocompatible, have
adequate tensile strength, reduced coefficient of friction, stability after place-
ment, resistance to encrustation and infection, and excellent flow [29]. A com-
pletely biocompatible material would not adversely affect or be affected by 
the environment in which it was placed [29]. Currently, there are no perfectly
biocompatible materials available for ureteral stents. Ureteral catheters were 
initially crafted from fabric coated with varnish [30]. Because they did not have
sufficient rigidity for easy placement, they were later constructed of plastic 
[31]. Today, a variety of synthetic polymers is employed in ureteral stent 
design.

Silicone is the current gold standard for ureteral stents due to its high degree
of tissue compatibility and resistance to encrustation [32]. However, the extreme
flexibility of silicone can make stent passage more difficult [27]. Polyurethane is
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more rigid than silicone yet still flexible, but demonstrates more urothelial
erosion and ulceration than other materials and may even result in cytotoxic
degradation products if left in situ for extended periods [33,34]. Several propri-
etary biomaterials have also been developed with the goal of retaining the flex-
ibility and inert nature of silicone but with more rigidity: Silitek (Surgitek,
Racine, WI, USA), C-Flex (Consolidated Polymer Technologies, Clearwater, FL,
USA), and Percuflex (Boston Scientific, Natick, MA, USA) [27].

Hydrogel coatings are currently employed for most stent materials; they
improve biocompatibility by reducing irritation and cell adhesion [27]. Heparin-
like polysaccharide coatings have shown promise in reducing encrustation by
resisting biofilm formation [35]. Finally, in a clever attempt to employ an inert
substance, Amiel et al. developed stents from bovine and mouse chondrocytes
in vitro and in vivo; although these have yet to be placed in in vivo models, this
type of bioengineering holds great promise for the future [36].

Stent Flow
Luminal and extraluminal flow characteristics have been studied in in vitro and
in vivo models of the stinted and unstinted ureter. [37–40]. The flow of urine
through a normal ureter is based on the principles of Poiseuille’s law, which
describes laminar streamlined viscous flow through a horizontal tube [37]. In a
porcine model, Brewer et al. demonstrated that luminal, but not extraluminal,
flow is proportional to internal stent diameter [40].The same group subsequently
evaluated the pattern of flow in stinted and unstinted ureters and compared
these results to Poiseuille flow in vitro [41]. They demonstrated that in vitro flow
did not accurately predict in vivo flow patterns. In their animal model, there was
a nonsignificant trend for better flow through stinted versus unstinted ureters.
In contrast to Ramsay et al. [39], who reported that stent flow is primarily extra-
luminal and can therefore be compromised by external compression of the
ureter, the authors noted that luminal flow comprised 67%, 50%, and 33% of
the total flow for a tail stent (7Fr tapering to a lumen-less 3Fr tail), a standard
7Fr double-pigtail stent, and a 7/14Fr endopyelotomy stent, respectively. Thus,
drainage will be both around and through a stent. External compression will first
compromise extraluminal flow; in severe cases, however, even a stinted ureter
can become obstructed in a matter of days.

Metal Stents

Various designs of short metal stents have been used in clinical practice over the
past 15 years, but none of these has been in the style of an indwelling ureteral
stent. In 1991, Lugmayr and Pauer first reported their experience with self-
expanding metallic stents of a defined length (3–10cm); these stents consisted of
an elastic mesh woven from stainless cobalt-based alloy filaments [42]. The stent
was mounted on a 7Fr delivery catheter. A follow-up report of 40 patients with
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54 ureters obstructed due to malignancy demonstrated a 49% reintervention rate
with Kaplan–Meier estimation of only a 31% patency at 12 months [43]. Much
of the problem with these stents was due to ingrowth of hyperplastic urothelium
and subsequent obstruction. Mean follow-up was 10.5 months, and survival rate
at 12 and 24 months was 40% and 22%, respectively. Concerns with metal
ureteral stents include biocompatibility, hyperplastic tissue response, and encrus-
tation. Newer versions of expandable stents constructed of nitinol may be more
biocompatible than their predecessors [44].

The Resonance metal stent (Cook Ireland, Limerick, Ireland) is a continuous
unfenestrated metal coil with a 6Fr lumen and an inner safety wire welded to
both closed, tapered ends (Fig. 3C). It is constructed of MP35N alloy, a composite
of nonmagnetic nickel-cobalt-chromium-molybdenum possessing a unique com-
bination of ultrahigh tensile strength and excellent resistance to corrosion, high-
temperature oxidation, and hydrogen embrittlement. This alloy is used in the
manufacture of other medical devices, including cardiac stents. Its superelastic
properties allow for tremendous strength as well as flexibility, and it is compat-
ible with a 1.5-Tesla field strength magnetic resonance imaging scan.

We compared the encrustation potential of the Resonance metal stent versus
silicone and polyurethane stents in an in vivo rabbit model and found no
increased risk of encrustation in the severe environment of the hypercalciuric
rabbit bladder [45]. We are uncertain of the means of drainage for this closed-
ended stent; however, we hypothesize that drainage occurs solely by capillary
action along the metal coils of the stent. Studies in this regard are planned for
the near future.

The acceptable stent indwell time has yet to be determined. In Europe,
Resonance stents are approved to remain in situ for 12 months. In England, these
stents have been left in place for as long as 11 months without complications. To
date, there have been no reports of stent fracture or inability to remove the stent
due to encrustation.
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Fig. 3. Representative double-pigtail stents. A Silicone. B Polyurethane. C Metal
(Resonance)



Stent Types: Indwelling and External

Early ureteral stents had to be measured to fit each patient; as there was no
mechanism for self-retention, these stents often migrated [46]. Modern stents
have retention coils and shape memory, which helps to prevent migration (Fig.
3). There are four basic designs: pigtail, J, cross-coil, and double-pigtail (or
double-J) [46]; the latter is the most popular design in use today.

Common stent sizes include 6, 7, and 8Fr. For recalcitrant ureteral obstruc-
tion, particularly due to extrinsic compression, two 6 or 7Fr stents may be placed
simultaneously in the same ureter [47]. For endopyelotomy, tapered stents are
often employed, typically 7/10Fr or 7/14Fr. In some cases, large-caliber stents
may be desired throughout the ureter. Single pigtail ureteral stents of 10Fr or
biliary urinary drainage (BUD) catheters of 10, 12, or 14Fr may be employed
with drainage to an external appliance. The silicone Universal stent is a 10Fr 
soft catheter with multiple fenestrations that is placed in a percutaneous 
antegrade approach. It can be capped to provide internal drainage. Similarly, a
nephroureteral stent can facilitate antegrade stent changes and allow for easy
access to the collecting system.

The ideal size for a stent placed after repair of a ureteral stricture has been
studied but is still somewhat controversial. In his initial report, Davis empirically
advocated large-bore stents of 12–16Fr [1]. In a porcine model, Moon et al. com-
pared healing after endoureterotomy of an iatrogenically induced midureteral
stricture in groups receiving 7/14Fr endopyelotomy stents or standard 7Fr stents
[48]. Stents were removed after 1 week; at 3 months, there was no difference in
the rate of stricture recurrence (20%) between both groups, demonstrating no
advantage for the larger stent. Conversely, a retrospective review by Wolf et al.
found that benign ureteral strictures of any length benefited from the use of a
stent ≥12Fr [49].

Optimal stent size after endopyelotomy may favor larger-caliber models.
Hwang et al. retrospectively compared 6Fr versus 7/14Fr stents in 40 patients
with both primary and secondary stricture of the UPJ or upper ureter [50].
Stents were left in situ for 6–8 weeks after percutaneous endopyelotomy 
and endoureterotomy; mean follow-up was 3 years. Due to the small number of
patients, there was only a nonsignificant trend favoring the larger-bore stents,
with success rates of 93% versus 84% for the 6Fr group. Danuser and colleagues,
however, demonstrated the superiority of a 27Fr percutaneous endopyelotomy
catheter they created by adding a 27Fr wound drain to a standard 8.2/14Fr stent
versus the unmodified 8.2/14Fr stent after antegrade cold-knife endopyelotomy
[51,52]; 113 of 196 patients had a follow-up greater than 5 years, which consisted
of a urogram and diuretic renography at 2 years, then a questionnaire and ultra-
sound every 2–3 years. The success rate was 83% for the 27 Fr group versus 65%
for the 14Fr group (P<0.05). Patients with primary UPJ obstruction had long-
term success rates of 88% (28/32) with 27Fr versus 64% (42/66) with 14Fr (P<
0.05). The authors concluded that large-caliber stinting after antegrade endopy-
elotomy results in better, sustainable success rates.
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It is our current practice to use 7/14Fr stents after endopyelotomy and to
invert these same stents after endoureterotomy of ureteroenteric stricture (Fig.
4). For a benign, midureteric stricture, we will use a 7Fr stent or two 6Fr stents.

Stent Duration
In determining the length of stent indwell time following minimally invasive
treatment of a ureteral stricture, one must balance two objectives: (1) allowing
the stent to act as a scaffold to facilitate healing; and (2) avoiding infection and
inflammation, which will lead to fibrosis [53]. Much of the dogma about the dura-
tion of stinting is based on Davis’ original work in dogs wherein he found 90%
replacement of the ureteral smooth muscle 6 weeks following intubated uretero-
tomy [2]. McDonald and Calams also studied ureteral regeneration after injury
in a dog model [54]. Similar to Davis, they noted near-complete muscular conti-
nuity by 7 weeks. However, once the epithelium had been reestablished, the stent
began to induce a fibrotic response, which increased over time.

There are several arguments against prolonged stinting. There is an increased
risk of infection as well as the possibility of an increased inflammatory response
at the site of repair; these alone or in concert may result in fibrosis and restric-
turing [33]. Kerbl et al. induced ureteral strictures in a pig model, then treated
them with Acucise endoureterotomy [55]. All pigs received 7Fr stents, which
were then removed at 1, 3, or 6 weeks following the endoureterotomy. At 12
weeks, pigs were killed and the degree of ureteral healing was assessed by a
pathologist. There was no statistically significant difference in healing across the
three groups, although there was a trend favoring the 1-week group. Moreover,
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Fig. 4. Postoperative cystogram in a 79-year-old woman who developed ureterointestinal
strictures 1 year after augmentation cystoplasty with ureteral reimplantation. The stric-
tures were treated with antegrade balloon dilatation and incision with a holmium laser.
A Inverted 7/14Fr stents were passed antegrade such that the 14Fr portion crossed the
ureterointestinal junction. B Postoperatively, free retrograde reflux of contrast ensures
the stents are patent. Note the tapering of the stent proximally to 7Fr



for strictures >2cm, there was a statistically significant difference favoring the 1-
week group versus the 6-week group.A recent animal study sought to determine
optimal stent size and duration [56].After balloon endoureterotomy of an exper-
imentally induced stricture, pigs were maintained with 7Fr or 7/14Fr stents for
either 3 or 6 weeks. One month after stent removal, there was no difference in
ureteral diameter or histopathological changes at the stricture site. However,
there was a significant relationship between urinary tract infection (UTI) and
stricture recurrence, with UTI prevalence directly related to a larger stent with
a longer indwell time.

This issue has been examined in human subjects as well. A retrospective
review of 135 patients who underwent endopyelotomy noted a 78% success rate
for those stinted for 3 weeks versus only 60% for the 6-week group [57]. There
are two randomized, prospective trials, performed by the same group, which have
attempted to address this controversy. The first compared two groups of 13
patients who had nephroureteral stents placed for 2 or 4 weeks, following
endopyelotomy [58]. At a mean follow-up of 18 months, diuretic renogram
curves showed objective improvement in 69% (9/13) for the 2-week group versus
54% (7/13) for the 4-week group. The second trial randomized 52 patients after
endopyelotomy; 7/14Fr internal stents were placed for either 2 or 4 weeks [59].
At a mean follow-up of 22 months, diuretic renography showed improved
drainage in 93% (2-week) versus 90% (4-week), a difference that was not sta-
tistically significant. However, there was a significantly increased incidence of
UTI in the 4-week group versus the 2-week group (38% vs 11.5%, P=0.04).

These studies suggest that there is no benefit to stinting beyond 2–3 weeks,
and there may even be a detriment in the form of fibrosis and increased risk of
UTI. Therefore, we favor early removal of stents following endoureterotomy or
endopyelotomy, generally after 2 or 3 weeks.

Conclusion

Ureteral stents represent an integral component in the treatment of ureteral
stricture. New materials that are more biocompatible may help to prevent stent
complications such as encrustation, infection, discomfort, and inflammation
leading to fibrosis. In terms of prophylactic use of stents to prevent strictures,
they are probably not necessary following routine ureteroscopy but may be 
beneficial in renal transplants. After treatment of ureteral stricture or UPJ
obstruction, there is some evidence that large stents (>12–14Fr) placed for short
periods of time (2–3 weeks) will result in better long-term success rates and
fewer UTIs.
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Endoscopic Treatment of
Vesicoureteral Reflux

Nicola Capozza and Daniela Zavaglia

Summary. Since its introduction in 1984, endoscopic treatment of vesicoureteral
reflux (VUR) has gained popularity and has proved successful in an increasing
number of patients. Continuous improvements in injectable materials and
increased experience with the technique have led to a broadening of the indi-
cations for endoscopic treatment. The authors report their experience with 1732
patients and 2455 refluxing ureters, treated over the past 20 years. From January
1986 to June 2005, 1732 patients underwent endoscopic treatment for grades II
to V VUR. Polytetrafluoroethylene was injected as the bulking material in the
first 14 cases; after 1989 bovine collagen was used in 442 cases, and starting in
1995 dextranomer/hyaluronic acid copolymer was used in 1276 cases.The follow-
up protocol also changed over the years.The main changes consisted of time and
number of micturition cystourethrograms (MCUG): in the first years MCUG
was performed 3 and 12 months after endoscopic treatment; after 1999 a single
MCUG was performed 3–6 months postoperatively. Minimum follow-up was 6
months.After one injection the overall success rate was 79% of ureters, and 91%,
78%, and 62% for grades II, III, and IV-V VUR, respectively. After the second
injection, the overall success rate increased to 91%. Voiding dysfunction was
identified as a possible limiting factor in the success of endoscopic treatment.
Our results confirm that endoscopic treatment of VUR is a valid alternative to
both long-term antibiotic prophylaxis and open surgery. The short hospital 
stay, the absence of significant postoperative complications, the safety of new
injectable materials, and the increasingly high success rate suggest that endo-
scopic treatment should be offered as a first-line option to all children with VUR.

Keywords. Vesicoureteral reflux, Endoscopy, Injection, Dextranomer
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Introduction

Vesicoureteral reflux (VUR) is the most common urological malformation in the
pediatric age group; however, consensus has yet to be reached regarding its
optimal management. Until the early 1980s, treatment guidelines for VUR rec-
ommended the use of antibiotic prophylaxis as initial therapy, with surgical
repair for patients with persistent VUR [1]. Over the past 20 years, endoscopic
treatment (ET) of VUR has gained popularity and has proved successful in an
increasing percentage of cases [2].

Endoscopic subureteral injection of polytetrafluoroethylene was first
described by Matouschek in 1981 and further developed by O’Donnell and Puri,
who reported successful results in pigs and humans in 1984 [3–5]. Since then,
VUR has been treated endoscopically in thousands of children, using different
injectable materials.The indications and results of endoscopic treatment of VUR
have changed over time, and various modifications of the original technique have
been proposed in the last 20 years.

Injection Technique
The technique of endoscopic treatment was originally described by Puri and
O’Donnell for subureteral polytetrafluoroethylene injection (STING) [5].

The most common cystourethroscopes are the Wolf-O’Donnell 10 Ch
(Richard Wolf, Khittlingen, Germany), the Storz 10 Ch (Storz, Tuttlingen,
Germany), and the Wolf 14 Ch. Optic lens varies from 5° to 30°.We have recently
started using a new cystoscope, the Wolf 8/9,8 Ch, which is particularly effective
in young infants as it has a very thin distal section (8 Ch) (Fig. 1). The material
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Fig. 1. Cystoscope 8/9,8 Ch, with a straight working channel



is injected through a 23-gauge endoscopic needle. The needle can be flexible,
semirigid, or rigid.We recommend the rigid “all metal” needle (Q-Med, Uppsala,
Sweden), which allows us to perform the injection very precisely, without the
help of an assistant. When the metal needle is chosen, it is advisable to use a cys-
toscope with a straight working channel.According to the original technique, the
needle is inserted a few millimeters below the ureteral orifice and the material
is injected into the terminal submucosal tract of the ureter (Fig. 2). At the end
of the procedure, a volcano-like projection with the ureteral orifice on top should
be visible (Fig. 3).

Technical adjustments are necessary in some instances, particularly in cases of
endoscopic treatment of VUR after failed surgery [6]. Specifically, a ureteral
catheter should be inserted before the injection. In cases of previous transtrigo-
nal ureteral reimplantation, gentle traction on the catheter toward the medial
line helps to medialize the reimplanted orifice, to have it frontal and facilitate

Endoscopic Treatment of VUR 91

Fig. 2. Injection technique: bulking mate-
rial is injected into the submucosal ureter

Fig. 3. Endoscopic view at the end of
injection



the injection. If the final appearance is unsatisfactory, the injection can be per-
formed also along the entire ureteral tunnel [7].

In 2005 Kirsch and Scherz presented a modification of the technique as an
evolution of the STING procedure named the hydrodistension implantation
technique (HIT). This modification is based on two concepts: hydrodistension of
the ureteral orifice and submucosal intraureteral implantation of the material.
With this technique, the needle is placed within the ureteral tunnel and the injec-
tion is performed into the submucosal intraureteral space along the entire length
of the detrusor tunnel [7].

In our experience, this technique has proved useful in high-grade reflux with
a short tunnel, when an intraureteral injection is feasible even without hydrodis-
tension. In low-grade VUR, we give preference to the standard technique, which
avoids hydrodistension and the consequent risk of seeding the kidney with bac-
teria. The amount of injectable material varies from 0.1 to 1.5ml, depending also
on the experience of the operators: with greater experience, less material can be
used to achieve a satisfactory implant configuration.

Materials

Polytetrafluoroethylene (Teflon; Dupont,
Wilmington, Delaware)
Teflon was first used in 1963 by Arnold for injection into vocal cords to treat dys-
phonia. In 1981, Matouschek introduced the concept of polytetrafluoroethylene
paste implantation. In 1984, O’Donnell and Puri described the STING proce-
dure as we know and use it today. Teflon is stable and remains visible by ultra-
sound at long-term follow-up. Nevertheless, in the late 1980s, experimental and
clinical studies demonstrated that local and metastatic granuloma may form after
Teflon injection [8–10]. Even though the results of these studies were strongly
criticized by some authors [11,12], we decided to discontinue Teflon injections
after our first 14 cases.

Bovine Collagen (Zyplast, Contigen; Collagen Corporation,
Palo Alto, CA, USA)
Glutharaldehyde cross-linked bovine collagen (GAX collagen) has been widely
used in cosmetic medicine. In 1986, a multicenter study was performed on bovine
collagen for VUR treatment [13]. Since then, bovine collagen has been used in
thousands of cases worldwide [14,15]. In our series, bovine collagen was used
from 1989 to 1999 in 442 children. Unlike Teflon, bovine collagen is biodegrad-
able, and histological findings have shown newly formed human collagen fibers
[16]. Experimentally, collagen does not migrate to distant organs. Questions have
been raised about possible cross-reactions between newly formed antibovine col-
lagen antibodies and human collagen [17,18].
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Polydimethysiloxane (Macroplastique; Uroplasty Ltd,
Reading, UK)
Particles of polydimethylsiloxane are dispersed in a (povidone) gel. As in a
foreign-body reaction, there is recruitment of macrophages and fibroblasts, with
a resulting production of collagen [19]. The size of the particles ranges from 16
to 400µm (30% are smaller than 100µm and 7% smaller than 50µm), and a small
risk of distant migration still exists [20].

Chondrocytes
Atala et al. (1994) used chondrocytes in a biodegradable polymer solution 
for endoscopic treatment of VUR in an animal model, and Diamond and 
Caldamone (1998) used it clinically [21,22].

Calcium Hydroxylapatite (Coaptite; BioForm Medical, San
Mateo, CA, USA)
It is a biocompatible and inert material, made of calcium hydroxylapatite spheres
of 100µm suspended in a water and glycerine gel. The main characteristic of this
material is its X-ray opaqueness [23,24].

Dextranomer/Hyaluronic Acid Copolymer (Deflux; Q-Med,
Uppsala, Sweden)
Dx/HA is a material composed of dextranomer microspheres and sodium
hyaluronan (1%). These constituents form a viscous solution that is biodegrad-
able, nonallergenic, nonmutagenic, and nonimmunogenic. These properties are
highly favorable for endoscopic treatment [25]. The size of microspheres is
80–100µm, and distant migration has never been reported [26]. We have used
Dx/HA since 1995 as the material of choice for endoscopic treatment of VUR
and, to June 2005, we treated 1276 patients (1811 refluxing ureters).

Our 20-Year Experience: Patients and Methods

From January 1986 to June 2005, 1732 patients (2455 refluxing ureteral units) of
an age ranging from 5 months to 22 years (average, 28 months) underwent endo-
scopic treatment for grades II–V VUR. Grade I VUR was treated only when
associated with contralateral higher-grade VUR. Grade V was initially not con-
sidered as eligible for endoscopic treatment; however, since 2001 we have also
treated grade V VUR endoscopically, with few exceptions.

Of the total patients, 1608 (2293 ureters) had primary reflux, in 58 (62 ureters)
reflux was secondary to a duplex system, 20 patients (37 ureters) had neurogenic
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bladder, 18 (24 ureters) had posterior urethral valves, and in 28 (39 ureters) VUR
was secondary to a failed reimplantation.

After 1994, all children with VUR who were older than 3 years of age were
also evaluated using a micturition questionnaire, uroflowmetry, and measure-
ment of postvoid residual urine. Voiding habits were classified as normal (group
1), mild–moderate voiding dysfunction (group 2), and severe voiding dysfunc-
tion (group 3).

Polytetrafluoroethylene was used in the initial 14 cases; after 1989, gluthar-
aldehyde cross-linked bovine collagen was used in 442 cases, and since 1995 dex-
tranomer/hyaluronic acid (Dx/HA) was used in 1276 cases (1811 ureters). The
amount of material injected averaged 0.6ml (0.2–2.2ml). All the procedures
were recorded on videotape and, when a second injection was required, the final
appearance of the implant was compared with the one previously recorded.

Children were discharged 24h after treatment.Antibiotic prophylaxis was con-
tinued for 1 month postoperatively. Follow-up consisted of periodic urinalysis,
renal and bladder ultrasound 1 month after treatment, and, in our initial expe-
rience, micturition cystourethrogram (MCUG) 3 and 12 months after treatment.
In the last 7 years, we have performed a single MCUG 3–6 months after treat-
ment. In children having acquired urinary control and without urinary tract
infection (UTI), a mercaptoacetyltriglycine-3 (MAG3) renal scan with indirect
voiding cystogram has recently been preferred to traditional fluoroscopic
MCUG. Long-term follow-up of cured patients included dimercaptosuccinic acid
(DMSA) renal scan 12 months after treatment, and renal-bladder ultrasound
once a year. In cases of febrile UTI or recurrent symptomatic UTI, a micturition
diary was completed and another cystogram was performed. Patients with per-
sistent or relapsing VUR of grade II or higher were considered for a second
endoscopic treatment. A third treatment was performed in selected cases (18
patients). Open surgery was performed for persistent VUR, after two to three
endoscopic attempts, only in the first years of our experience (10 patients). In
the last 10 years, these patients have been managed with clinical follow-up with
no antibiotic prophylaxis (AP) and with intermittent antibiotic treatment of
UTI.

Results

After one injection, MCUG showed no or grade I VUR in 79% of ureters. The
success rate was 91%, 78%, and 62% for grades II, III, and IV–V, respectively
(Table 1). After a second injection, the success rate increased to 91%. A signifi-
cant improvement in the success rate was noted in the most recent years, as com-
pared to the previous years (Fig. 4). In endoscopic treatment after failed ureteral
reimplantation,VUR was cured in 22 of 28 patients (78.5%), and in 30/39 ureters
(76.9%). The results in secondary VUR treatment are described in Table 2.

Most relapses occurred during the first year of follow-up. No relapses were
observed after 3 years, and the incidence of recurrence between 1 and 3 years
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after treatment was 1%. The only major complications observed were prolonged
and severe hematuria in one case and transient ureterovesical junction obstruc-
tion in eight cases (0.4%).This obstruction occurred in six cases after subureteral
injection of bovine collagen and in two cases after injection of Dx/HA. Minor
complications, such as dysuria and slight hematuria, should be considered as
expected events in the circumstances. The comparison between DMSA scan 

Endoscopic Treatment of VUR 95

Table 1. Results of endoscopic treatment according to different materials and grade of
vesicoureteral reflux (VUR) for 2455 ureters, 1986–2005

Teflon Collagen Deflux
Overall

Ureters Ureters Ureters success
VUR Grade Success (%) Success (%) Success (%) Rate

II 7 6 85 258 209 81 858 806 94 91%
III 11 8 73 302 202 67 1099 890 83 78%
IV–V 4 2 50 62 25 40 498 324 65 62%

Total 22 16 73 622 436 70 1811 1485 82 79%
Number of patients 14 442 1276

Table 2. Results of endoscopic treatment in secondary
VUR

Success

Failed Cohen 12/18 ureters
Double system 43/62 ureters
Neurogenic bladder 27/37 ureters
Posterior urethral valves 16/24 ureters
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Fig. 4. Results of endoscopic treatment for vesicoureteral reflux according to different
periods (indicated by color)



performed before treatment and 12 months after treatment showed no new
scars. No significant variation in serum creatinine and glomerular filtration rate
was found at 12-month follow-up.

In cases of VUR recurrence, the micturition questionnaire showed a signifi-
cant number of cases of previously undetected voiding dysfunction (mainly in
the groups of low and mild/moderate voiding dysfunction). Abnormal voiding
habits were reported in 54% of the children in whom endoscopic treatment had
failed versus 8% of those successfully treated. At the second treatment, the 
previously injected implant was often found displaced (usually medially and 
distally) from the original position, as confirmed by the videotape of the first
treatment.

Discussion

Until the late 1990s, the overall success rate of endoscopic treatment was rather
low compared to open surgery. In a recent meta-analysis of studies on endo-
scopic treatment of VUR, Elder and colleagues found an overall success rate
(after one course of treatment) of 66.69%. The resolution rate of the second
course of treatment was 54.39% [27].

In recent years, there have been major advances in endoscopic treatment,
mainly regarding new injectable materials and improved endoscopic instruments
and technique [2].

Materials
For about 15 years, endoscopic treatment has been performed using mainly poly-
tetrafluoroethylene, silicone, and bovine collagen, but concerns about their safety
and efficacy have precluded their widespread use. Dextranomer/hyaluronic acid
(Dx/HA) copolymer has proved to be safe and much more effective than antibi-
otic prophylaxis [28].

In 2001, the FDA approved Dx/HA copolymer for VUR treatment. There is
no doubt that the availability of a safe material has greatly contributed to the
widespread use of endoscopic treatment and that this has fostered research into
better instruments and techniques.

Instruments
The availability of the right endoscopic instruments is of primary importance to
achieve good results. In our opinion, it is essential to use a straight operating
channel cystoscope, 8 to 14 Fr, according to the patient’s age. The cystoscopes we
used in our series are the Wolf-O’Donnell 9.5 and 14 Fr and the Storz 10 Fr.
Since 2004 we have used the Wolf 8/9.8 Fr cystoscope for very young patients.
As mentioned previously, our preference is for an all-metal needle.
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Technique
During the past 5 years, the results of endoscopic treatment of VUR have been
constantly improving because of the above-described technical adjustments. The
most recent series showed an overall success rate of about 90%, and the improve-
ment was more evident in grade IV VUR [7]. As this success rate approaches
that of open surgery, there may be a rationale for eliminating the standard post-
operative micturition cystourethrogram.

Failure
Treatment outcome is known to be influenced by reflux grade and accuracy of
injection technique [28–30]. In 2002, we investigated whether voiding dysfunc-
tion could affect the success of endoscopic treatment. Data from our study, in
which Dx/HA was the only material used, suggest that uncontrolled voiding dys-
function may cause displacement of the implant, thus reducing treatment success.
Endoscopic findings at the time of retreatment support this hypothesis because
the displaced implant was found toward the bladder neck at medial and distal
sites with respect to the ureteral orifice [31]. In about one-third of cases there
was no evidence of the implanted material at the time of re-treatment, suggest-
ing a poor implantation technique. Injection deep into the bladder wall, with sec-
ondary migration along the Waldeyer’s sheath, accounts for the majority of early
failures of endoscopic treatment. Alternative explanations, such as the distant
migration or the biodegradation of the implant, are unlikely because of the large
diameter of dextranomer microspheres.

Indications to ET
Although vesicoureteral reflux is a common disorder in pediatric patients, there
is controversy over reflux management.As a result of the advances in endoscopic
treatment, the 1997 American Urological Association (AUA) guidelines are
being reevaluated to include this procedure in the management of VUR [27–32].

To date, the three main options are open surgery, antibiotic prophylaxis, and
endoscopic treatment with injectable materials. Few randomized comparative
studies have been performed in recent years to assess the optimal management
of VUR.

If the goal is the prevention of renal damage, there is no evidence of better
results with one treatment rather than another. However, if the goal is to cure
VUR and to avoid daily antibiotics and yearly cystographies, there is no doubt
that both surgery and endoscopic treatment are much more effective than antibi-
otic prophylaxis (AP) [28–32].

Many authors have suggested stopping antibiotic prophylaxis after a cer-
tain age, even though the reflux may not have been resolved [33–35]. Neverthe-
less, there is a well-documented risk of renal scarring when AP is stopped
[36–41]. Moreover, there are no controlled, prospective studies to support this
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recommendation, and antibiotics cannot be safely stopped in children with per-
sistent reflux.

Some studies are ongoing to evaluate the safety of “no treatment” for VUR;
this modality should be better defined as “intermittent antibiotic therapy for
breakthrough UTI.” In our opinion, this therapy can be proposed for children
older than 3 years of age, with the informed consent of compliant parents. Other
arguments against the overuse of antibiotics are related to the rise of bacterial
resistance [42]. Concerns about antibiotics may be among the reasons of parental
preferences for ET. In a parent survey that we published in 2003, parental pref-
erences indicate that endoscopic treatment should be considered as first-line
treatment for all VUR patients, rather than open surgery or prolonged antibi-
otic prophylaxis [43,44].

Cost-Effectiveness Considerations
Some studies have been performed to assess the cost and outcome of endoscopic
treatment of VUR, as compared to antibiotics and surgery [45]. The conclusions
of these studies are that endoscopic treatment of VUR appears to be cost-
effective, when compared to open surgery; cost effectiveness is less obvious when
comparing ET to antibiotic prophylaxis (or simple observation). Human costs
are more difficult to measure. If we consider the invasiveness and disadvantages
of the different options, ET requires about 10min of general anesthesia, it is a
1-day procedure, and the possible complications are usually limited to a mild,
temporary dysuria. Open surgery needs 60–90min of general anesthesia; it
entails an abdominal incision, about 5 days in hospital, 3 weeks for full recovery,
postoperative pain, and possible major complications.

Conclusions

In our opinion, the advent of endoscopic treatment has changed the algorithm
of reflux management in children. ET is minimally invasive, can be performed
as 1-day surgery (or even as an outpatient procedure), and has very low 
morbidity.

Currently used injectable materials are safe and ensure long-term permanence
at the site of injection. The success rate of ET is high if compared to long-term
prophylaxis and, due to the continuous improvements of materials, instruments,
and technique, it is approaching that of open surgery. ET results are satisfactory
even in complex anatomical situations.

On the basis of the foregoing considerations, we propose endoscopic treat-
ment as the first-line option for most cases of VUR. Long-term prophylaxis,
intermittent antibiotic therapy, or open surgery can be reserved to selected cases,
mainly after failure of endoscopic treatment.
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Photoselective KTP Laser Vaporization
of Obstructive BPH (PVP)

Reza S. Malek

Summary. Exigencies of societal demands for alternatives to the not inconsid-
erable morbidity and significant and increasing cost of transurethral resection of
the prostate (TURP) paved the way for development of a multitude of thera-
pies for obstructive benign prostatic hyperplasia (BPH). Among them, laser
prostatectomy (LP) attracted much attention. However, phenomenal appeal of
earlier coagulative and later cutting (enucleative) or even some vaporizing LP
techniques has vanished or waned largely due to some combination of mediocre
outcomes, complications, or technical impediments. A recent breakthrough in
technologic creation of high-power potassium-titanyl-phosphate (KTP) laser
capped by its clinical development and application, pioneered by Malek at Mayo
Clinic, paved the way for a new LP technique known as photoselective vapor-
ization of the prostate (PVP). With this novel approach, high-power KTP laser
is effectively utilized to vaporize obstructive BPH acutely and hemostatically.
Multiple reports of experiences from Mayo Clinic and elsewhere, globally, have
found uniformly that PVP is relatively bloodless even in hemostatically impaired
patients and typically requires short-term catheterization or no catheterization
at all. It is associated with minimal morbidity, even in the high-risk patients, little
postoperative discomfort, rapid recovery, and durable long-term symptomatic,
quality of life, and urodynamic outcomes that match those of TURP at signifi-
cantly less cost for the health-care system. Indeed, PVP has evolved from a ther-
apeutic curiosity at Mayo Clinic to a popular and dominant form of therapy for
obstructive BPH in the United States. Current trends indicate that it is likely to
achieve a similar status globally.

Keywords. Benign prostatic hyperplasia, KTP Laser, Laser surgery, Photo-
selective vaporization of the prostate, Prostatectomy
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Introduction

The prostate traces its etymologic ancestry to ancient Greece, where Herophilus
named and described it as the organ standing in front of and, thus, guarding the
bladder [1]. The prostate gland surrounds perhaps the most critical crossroad in
the urogenital tract. Therefore, by virtue of its strategic location, benign prosta-
tic hyperplasia (BPH) frequently chokes the tract, obstructs the flow of urine,
and wreaks havoc with the lives of at least 50% of older men in whom untrou-
bling microscopic BPH has progressed to bothersome macroscopic disease [1,2].
For nearly a century since its introduction, transurethral resection of the prostate
(TURP) has been the globally dominant method of treatment for obstructive
BPH and the de facto “gold standard” for all other similarly aspiring therapeu-
tic measures [1,2]. However, societal demands for containment of health-care
costs coupled with patients’ desire for less invasive and less morbid remedies
have led to the development of a multitude of newer approaches to treat obstruc-
tive BPH. Among the new surgical approaches, applications of various laser
wavelengths have attracted much attention and some controversy since the birth
of laser prostatectomy (LP) more than a decade ago [3]. A recent meta-analysis
of multiple randomized clinical studies showed that, overall, TURP held little to
no advantage over LP [4]. Expectedly, LP techniques were widely disparate, per-
formed with different laser wavelengths, and accompanied by significantly dif-
ferent side effects and outcomes [4]. Nevertheless, collectively, LP proved less
morbid than TURP with shorter length of hospital stay (LOS) but resulted in
slightly less improvement in symptomatic and voiding outcomes and a somewhat
higher reoperation rate than TURP [4]. Useful as it is to speak of LP as a col-
lective term for an overview, it is axiomatic to recognize that different laser 
wavelengths have vastly different interactions with tissue. Consequently, LP
techniques applied with different laser wavelengths and their outcomes are
equally varied [5]. Of the three principal varieties of LP developed during the
past nearly 15 years, the coagulative varieties, namely, noncontact technique with
the neodymium:YAG (Nd:YAG) laser (visual laser ablation of the prostate,
VLAP) or interstitial application with the diode laser (interstitial laser coagula-
tion, ILC), have languished considerably due to prolonged postoperative
obstruction by edematous necrotic tissue, protracted crippling dysuria, and a high
rate of long-term failures [6–9]. Similarly, the cutting (enucleative) variety of LP
with the holmium:YAG (Ho:YAG) laser, known as holmium laser enucleation
of the prostate (HoLEP), despite its conceptual brilliance, completeness of
removal of the offending prostatic tissue, and short-term outcomes as good as
those of TURP [10], has found limited acceptance by urologists due to a signif-
icantly steep learning curve [11], long operative times [10], and a number of com-
plications encountered both during the learning phase of the procedure [12] and
even later when the operator was quite experienced [13,14]. Some attempts 
with the vaporization varieties of LP, however, have earned more success and
acceptance. Despite disappointing experiences with the high-power (80–100W)
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Nd:YAG laser vaporization attempts, which also caused concomitant deep coag-
ulation of the prostate [15] and subsequent high rate of dysuria [16], or with high-
power holmium laser ablation of the prostate (HoLAP), which was found to be
applicable but to small glands and had long-term outcomes described by the
authors of the study as “between watchful waiting and TURP” [17], vaporization
LP with high-power (60–80W) potassium-titanyl-phospate (KTP) laser has met
with substantial clinical success and acceptance by both patients and urologists
worldwide [5]. Efficient vaporization of tissue by the KTP laser is due to release
of substantial superficial thermal energy upon selective absorption of its photons
by hemoglobin (chromophore).Therefore, prostatectomy with the KTP laser has
been called photoselective vaporization of the prostate (PVP) [5].

Scientific Basis of Laser Prostatectomy

A comparative analysis of interactions of various lasers with prostatic tissue is
essential to the understanding of rather unique features of PVP. LP is achieved
by thermal (coagulation/vaporization) or thermomechanical (tearing/cutting
action plus minimal coagulation/vaporization) properties specific to various laser
wavelengths currently used in endourology. Thermal energy is focally released
only when laser photons are absorbed by a certain component of the targeted
tissue acting as chromophore for that specific wavelength. Otherwise, thermal
energy is scattered diffusely by inhomogeneities within tissue [5]. Absorption
and scattering of laser energy in tissue define the depth to which each laser wave-
length penetrates tissue (optical penetration depth) [5]. Water and hemoglobin
govern the absorption pattern of each specific laser wavelength, which varies
from that of other wavelengths [3,5].

The Nd:YAG laser at a wavelength of 1064nm undergoes little absorption in
hemoglobin or water. Therefore, its invisible continuous beam, irrespective of its
noncontact (VLAP) or contact application to tissue in LP, scatters slowly and
deeply (up to 10mm) into a relatively large volume of prostatic tissue; principal
pathophysiologic outcome is tissue coagulation accompanied by minimal vapor-
ization and excellent hemostasis [5,15] (Fig. 1a). Post-VLAP, edema and slow
sloughing of the coagulated necrotic prostatic tissue cause prolonged urinary
obstruction and crippling dysuria [3]. Similarly, ILC with diode laser applied
commonly at a wavelength of 830nm, and with nearly the same hemoglobin and
water absorption patterns as the Nd:YAG laser but shallower depth of penetra-
tion (5mm), leads to identically good hemostasis but equally undesirable out-
comes [3,5] (Fig. 1b).

The Ho:YAG laser at a wavelength of 2140nm is strongly absorbed by water
and practically not at all by hemoglobin; therefore, its invisible pulsed beam pen-
etrates tissue to a shallow depth of only 0.4mm, where it induces little coagula-
tion [3]. The absorption pattern of the holmium laser and its pulsed nature play
significant roles in its two completely different methods of application in LP and
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their sequelae. Once the holmium laser beam leaves the tip of the laser fiber, it
is absorbed immediately by water in the endoscopic irrigant. Most of the
holmium laser energy is thus instantly turned into heat, leading to formation of
a vapor bubble [3,5]. What little is left of the holmium laser energy can now tra-
verse the gaseous space created by the vapor bubble (Moses effect) to reach and
to vaporize and coagulate the targeted tissue. Having wasted most of its time
and energy to create the requisite Moses effect, holmium laser’s direct interac-
tion with tissue is quite limited within its short pulse duration. Consequently,
during each pulse action, very little tissue has been vaporized and coagulated
accompanied by rather limited hemostasis [3,5]. The holmium laser is utilized in
two very different varieties of LP:
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Fig. 1. Laser–tissue interactions in varieties of laser prostatectomy. a Visual laser abla-
tion of the prostate (VLAP) by noncontact neodymium:YAG laser coagulation. b Inter-
stitial laser coagulation (ILC) of the prostate by diode laser. c Contact holmium:YAG
(Ho:YAG) laser enucleation of the prostate (HoLEP) mediated by mechanical jackham-
mer-type impact of repetitively (pulsed) formed tiny vapor bubbles on tissue. d Noncon-
tact Ho:YAG laser ablation of the prostate (HoLAP) mediated by holmium laser beam
transmission through the requisite larger vapor bubble formation (Moses effect). Brief
holmium laser–tissue interaction occurs only near the end of each pulsed creation of the
Moses effect when the bubble contacts tissue. (Distributed as course material at the
American Urological Association Education and Research Inc. 2005 Annual Meeting.
Used with permission of Mayo Foundation)



1. In contact mode for tissue cutting, the mechanical impact of each tiny vapor
bubble formed by each laser pulse between the end of the bare fiber tip and the
contacted tissue in rapid succession tears the surface of the prostatic lobe (Fig.
1c).This rapidly repetitive tearing and cutting jackhammer type of action is effec-
tively utilized to painstakingly excise (resect) whole prostatic lobes; hence, the
procedure is named holmium laser enucleation of the prostate (HoLEP) [3,5].
The excised lobes are pushed back into the bladder and then morcellated and
aspirated. Despite outcomes as good as those of TURP, this time-consuming
sequence of events in combination with significant technical challenges to master
the retrograde enucleative technique and complications of the procedure per se
and of tissue morcellation have helped to detract from HoLEP’s popularity
among urologists [10–14].

2. In noncontact mode for holmium laser prostatic ablation (vaporization),
or HoLAP, a larger bubble has to bridge the 0.5- to 1-mm distance between 
the side-firing laser fiber and the targeted tissue to create the requisite laser-
transmitting Moses effect (Fig. 1d). No tearing or cutting action takes place.
Instead, HoLAP relies entirely on limited short-lived tissue vaporization and
superficial coagulation that occur during a flash of opportunity when the vapor
bubble of the Moses effect near its termination briefly contacts tissue (Fig. 1d).
Because the time-consuming, energy-wasting Moses effect has to be created
repeatedly as a result of the pulsed nature of the holmium laser and because of
the inevitable ever-occurring changes in the distance between the fiber and the
prostate, which disconnect the laser-transmitting vapor bubble from tissue,
vaporization prostatectomy with the holmium laser is, comparatively, slow 
and inefficient [3,5]. Therefore, HoLAP, which achieves only “adequate hemo-
stasis,” is applicable only to small prostates with long-term sub-TURP outcomes
[17,18].

The KTP laser at a wavelength of 532nm is in the visible range of the electro-
magnetic spectrum, green in color, and produced by frequency-doubling of 
the 1064-nm Nd:YAG laser. The 532-nm wavelength is highly selectively
absorbed by the heme pigment of tissue hemoglobin but almost not at all by the
irrigant’s water, which, therefore, does not impede the KTP laser beam upon
leaving the side-firing fiber from traversing the 0.5- to 1-mm distance (near
contact) and reaching the hemoglobin-rich prostatic tissue at practically the
speed of light, where it is promptly absorbed by hemoglobin in the superficial
layer of the targeted prostatic tissue (optical penetration depth, 0.8mm). Con-
sequent release in tissue of thus superficially and focally trapped thermal energy
results in boiling of tissue water, producing vapor bubbles (Fig. 2a) that rapidly
expand and, collectively, disrupt the affected superficial prostatic tissue layers,
which erupt as small particles together with vapor bubbles from the exposed
surface of the targeted tissue [3,5] (Fig. 2b). Continued application of the KTP
laser energy in PVP results in sequential exposure and continued efficient and
uninterrupted rapid vaporization of the newly exposed deeper tissue layers.
However, the depth of tissue coagulation, irrespective of the power level utilized,
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does not exceed 1–2mm because most of the thermal energy is both consumed
and carried away by the highly efficient vaporization effect [3,5,15,19] (Fig. 2c).
The not too shallow and not too deep depth of coagulation accounts, on the one
hand, for the usually excellent hemostasis and lymphostasis, preventing dilu-
tional hyponatremia and making PVP safe in patients with deficiencies of hemo-
stasis, and, on the other hand, for the low incidence of tissue necrosis-related
post-PVP dysuria [5].

Experimental Foundation of PVP

Original laboratory studies utilizing the KTP laser at 38W and later at 60W to
vaporize the prostate in living and cadaveric canines and human cadavers were
performed by Kuntzman and associates at Mayo Clinic [15,19]. They found that
PVP at 60W for 26min created a widely patent prostatic cavity, 3cm in diame-
ter, immediately and with excellent hemostasis [19].This achievement contrasted
with Nd:YAG laser vaporization performed at 80W with an identical technique
in 30min. Hemostasis was equally impressive with the Nd:YAG laser procedure,
but it resulted in inferior outcomes characterized by a smaller 2-cm prostatic
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Fig. 2. Potassium-titanyl-phosphate (KTP) laser–tissue interaction in photoselective
vaporization of the prostate (PVP). a Thermal energy released on hemoglobin absorp-
tion of KTP laser beam boils tissue water and generates increasing number of vapor
bubbles (white ovals) inside tissue. Accumulation of bubbles puts collagen matrix (black
curvilinear areas) under pressure. b Removal of tissue occurs when vapor bubbles burst
matrix. Bubbles and tissue fragments erupt from breached surface of tissue. c Coagula-
tion zone of 1- to 2-mm (white area) lines remaining tissue along crater after laser is dis-
continued. (Modified from Malek and Nahen [5]. Used with permission)



cavity that took 10 days to open up postoperatively. HoLAP in canines had 
produced even more inferior outcomes [18]. Reportedly, creation of only a 
1.9-cm prostatic cavity took a laborious 0.5h with holmium laser vaporization,
which was accompanied by only “adequate” hemostasis [18]. Expectedly, PVP 
at 60W was substantially faster than at 38W; however, the 1- to 2-mm depth of
coagulation remained unchanged despite the increase in power [15,19]. Indeed,
Kuntzman et al. found that the precise, highly efficient vaporization technique
of PVP together with consistently shallow depth of coagulation gave the opera-
tor superior control over which tissue is removed and which is left undamaged;
in their words, “with the KTP laser, what one sees is very nearly what one gets”
[15]. Histopathologic changes of PVP were remarkably mild and especially 
so when they were compared with those of Nd:YAG coagulation (VLAP) or
vaporization [15,19]. In contrast with relatively small, edematously obstructed
prostatic cavities surrounded by deep thermal damage, accompanied by 
extensive mucosal, mural, and extramural collagenous fibrosis and necrosis of
neurovascular bundles induced by both types of Nd:YAG laser LP, PVP, irre-
spective of KTP laser power utilized, acutely created a large, open prostatic
cavity characterized by a minimal degree of luminal necrosis, which reepith-
elialized in 7 weeks, and no mural or extramural necrosis and practically no 
collagenous scar formation. Impressively, the PVP-treated animals voided within
24h postoperatively and were continent and able to have erections [15,19].

Clinical Development of PVP

At the time of diminishing popularity of VLAP in the mid-1990s, a hybrid tech-
nique was developed at Mayo Clinic [20]. It added the limited vaporization capa-
bility of the then-available low-power (38W) KTP laser to the coagulation effect
of the Nd:YAG laser at the termination of VLAP. This approach resulted in sig-
nificant reduction (66%) in rate and duration (from a mean of 5.4 days to a mean
to 3 days) of postoperative retention and a far more patient-friendly rate of
dysuria (12.5%) than had been experienced with VLAP alone [20]. Encouraged
by these salutary contributions of 38-W KTP laser application to the outcomes
of VLAP and the proven technical success and benign histopathological seque-
lae of 60-W KTP laser vaporization of the prostate in the laboratory [19], Malek
developed and pioneered the technique for clinical application of KTP vapor-
ization LP, currently known as PVP, utilizing a prototype 60-W KTP laser gen-
erator in 1997 at Mayo Clinic. Malek and associates’ original report in 1998 of
their pilot study of 24-h outcomes of PVP in 10 patients with obstructive prostate
volumes as large as 60ml [21] was soon followed by their 2-year observations on
PVP in 55 patients with obstructive prostate volumes as large as 90mL in 2000
[22]. Their pilot study clearly showed the technical ease of PVP and the benign
nature of its immediate outcomes in that all 10 men were outpatients, became
catheter free in less than 24h, were able to void comfortably with significant 
(P<0.003) improvement in mean maximum flow rate (Qmax) of 142% 
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(unprecedently soon after prostatic surgery), and returned to nonstrenuous
physical actively in 2–3 days [21]. Their observations on 55 patients showed not
only PVP’s safety and efficacy accompanied by the same immediate postopera-
tive benefits but also its 2-year durability manifested by sustained significant (P
<0.0001) improvements in mean values of symptomatic and voiding outcomes:
mean American Urological Association (AUA) symptom score index 82%, Qmax

278%, and post-void residual urine volume (PVR) 75% [22]. Other adverse
events were also relatively mild and scarce; they included short-term (2–3
weeks), self-limiting dysuria (7%), delayed hematuria due to strenuous activity
(4%), soft bladder neck contracture treated by a single dilation (2%), and 
retrograde ejaculation in up to only 29%. None of the patients had incontinence
or sexual impotence, and none required reoperation [22].

Surgical Principles of PVP

The sole objective of PVP is to relieve prostatic obstruction, irrespective of its
cause. Therefore, preoperative evaluation, on par with that undertaken before
TURP, is mandatory to establish proof of unequivocal prostatic obstruction 
as the principal culprit. However, despite identical surgical indications,
transurethral approach, anatomical landmarks, and outcome objectives, techni-
cally, PVP and TURP are far apart. Significant differences between PVP and
TURP techniques (rotational versus pulling action) dictate that urologists, irre-
spective of the magnitude of their TURP experience, simply cannot translate
their TURP expertise into good PVP technique ib initio; old habits (pulling
action on a resectoscope loop) die hard and acquiring new ones (rotational fiber
movement) takes time. PVP beginners not only have a learning curve, albeit a
relatively short one of 15 cases or so, but also, as with TURP, must start doing
the procedure with smaller glands (≤50ml in volume) until they have developed
the necessary skills to safely and speedily bring vaporization of a large volume
of obstructive tissue to its prescribed conclusion [5]. A 21 F to 23 F continuous-
flow laser cystoscope must contain a visual obturator and be introduced gently
and atraumatically to prevent mucosal damage or formation of a false passage
that leads to difficult-to-discourage vision-blurring bleeding, unrecognized 
until-too-late fluid absorption, and inefficient vaporization due to attenuated
KTP laser energy absorbed by hemoglobin-contaminated irrigant before it can
reach the targeted tissue. Current high-power generators emit highly repetitive
KTP laser pulses (quasicontinuous) at a maximal average power of 80W (Green-
Light PV; Laserscope, San Jose, CA, USA).The laser beam travels through a 600-
µm side-firing fiber that internally deflects it at an angle of 70° relative to fiber
axis and delivers it to the targeted tissue [5]. Visualizing the field with a 30° tel-
escope, the laser-emitting distal end of the fiber is rotated in sweeping motions—
relatively fast for the KTP laser-friendly glandular tissue but more slowly for
more resistant fibrous tissue—through a 30° to 40° arc up and down over the
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targeted tissue at near-contact distance of 0.5 to 1mm (working distance, WD)
from it. Efficient tissue vaporization, characterized by vapor bubble formation,
is performed evenly beginning at the bladder neck, carried out in successive arcs
toward the apex, and terminated before the external urinary sphincter is reached
[5]. Facility of cystoscopic and laser fiber maneuvers within the prostatic urethra
and adequate continuous flow of saline irrigant are essential technical require-
ments. For these requirements to be satisfied, a large median lobe, if present,
must be removed first by starting vaporization on either side of the lobe in either
of the natural grooves that exist between the median and lateral lobes at the 5-
and 7-o’clock positions. The laser beam should be aimed from either of these
positions toward the midline to avoid damaging the trigone and ureteral orifices,
and median lobe vaporization should proceed sequentially and symmetrically
from these positions uphill toward the summit of the lobe, which is flattened out
last [5] (Fig. 3a–c). Vaporization of the lateral lobes should start at the 1- to 2-
o’clock position at the bladder neck and progress to the 5-o’clock position. It is
then advanced in sequential arcs, systematically moving distally along the length
of the lobe toward the apex (Fig. 3d,e). Lateral lobe tissue should be removed
by symmetric excavation of the prostatic cavity laterally toward the surgical
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Fig. 3. Cystoscopic view of operative steps of PVP. a–c Steps in vaporization of median
lobe. d, e Steps in vaporization of left lateral lobe. f Vaporization of anterior (dorsal)
tissue. Cytoscope and laser fiber have been rotated 180° to face roof of prostatic fossa.
(Modified from Malek and Nahen [5]. Used with permission)



capsule, manifested by the appearance of its white, highly reflective transverse
fibers [5]. Lastly, the anterior lobe tissue, if present, is vaporized by turning the
cystoscope 180° while tilting its distal end upward with its hollow inner aspect
facing the roof of the prostatic fossa [5] (Fig. 3f).The endpoint of PVP is a widely
patent TURP-like cavity surrounded by capsular fibers and lined by minuscule
coagulated coral-like strands of tissue.Viewing from the level of veru montanum,
one should see no tissue projecting into the visual field and a widely open
bladder neck and prostatic cavity when the bladder is full. Hemostasis is
achieved by coagulating the occasional bleeders with a defocused (WD increased
to 3–4mm) 80-W KTP laser beam directed slightly peripheral to the site of the
bleeding vessel to avoid heat-induced expansion and further erosion of the large
bleeding vessel accompanied by more bleeding. Alternatively, the laser-power
setting may be reduced to 30W without changing the WD from its original near-
contact 0.5–1mm [5]. Furthermore, for small prostates (<30ml), PVP at lower
power settings of 50–60W are recommended to minimize thermal damage and
formation of bladder neck contracture [5]. Healthy, hemostatically normal
patients with average-sized prostates, well functioning bladders, and good imme-
diate surgical outcomes and recovery from anesthesia may be left catheterless.
Others, including those who had operation late in the day, are usually well
managed by catheterization overnight or a little longer, as their urologic status
and comorbidities dictate [23,24].

Typically, PVP is performed with the patient under general or spinal anesthe-
sia. However, it also may be performed with a combination of local prostatic
(pudendal) block and managed anesthetic care (MAC) [5]. The relatively light
surgical and anesthetic burdens associated with PVP make it ideally suited for
ambulatory surgery centers or hospital outpatient (day surgery) facilities. A
select few patients, namely, hemostatically normal younger men with no comor-
bidities and smaller prostates, may undergo PVP at a well-equipped office with
full anesthesia coverage. Patients may return to their normal activities and
employment within 2 or 3 days after PVP, depending on the nature of their work.
However, they should be advised to avoid sexual or strenuous physical activities
for at least 2 weeks lest these lead to delayed hematuria [5].

Major New Studies of Outcomes and Durability of PVP

Outcomes of the first U.S. multicenter prospective trial of PVP with the more
powerful 80-W KTP laser [23] were as excellent as, and accompanied by low
rates of complications similar to, those of PVP performed with the prototype 60-
W KTP laser reported earlier by Malek et al. [21,22]. In the multicenter 1-year
study of 139 patients, mean prostate volume was 55ml (range, 21–174) and mean
laser time was 39min (range, 9–140) [23]. Blood loss was clinically insignificant,
transfusion was not required, and dilutional hyponatremia was not encountered.
PVP was performed on an outpatient basis in most (86%) patients; the remain-
ing few (14%), because of comorbidities and logistical reasons, had a short LOS
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of 24–72h. Outstandingly, despite lack of prior PVP experience of the operators,
32% of the patients required no catheterization at all; mean length of catheter-
ization (LOC) in the remaining 68% was 14h [23]. Symptomatic and urodynamic
outcomes showed significant improvement as early as 1 month, and at 1 year the
percentage improvement in mean values of these parameters compared with
their respective baseline values were equally significantly (P<0.05) improved, as
follows: AUA symptom score, 82%; quality-of-life score (QOL), 77%; Qmax,
190%; and PVR, 78%. Mean prostate volume diminished significantly (P=
0.0027) by 37%, consistent with a 31% reduction in mean serum prostate-spe-
cific antigen (PSA) value and in line with a similar reduction in PSA value
described originally by Malek et al. [22,23]. Complications were similarly scarce
and mild as those reported by Malek et al. [22]. They included dysuria (9.4%),
transient hematuria (8.6%), transient urgency incontinence (6.5%), recatheteri-
zation for retention (5%), bladder neck contracture treated by a single dilation
(1.4%), and urethral stricture (0.7%). All sexually active patients remained
potent postoperatively, and only 36% experienced retrograde ejaculation [23].
Patients were able to return to work 2–3 days postoperatively.

Durability of remarkable long-term outcomes in 94 men who had undergone
PVP with 60-W to 80-W KTP laser by Malek since he pioneered the procedure
in 1997 were reported recently [24]. For prostate volumes that ranged from 13
to 136ml (mean, 45ml), laser time ranged from 10 to 99min (mean, 45min). All
men were outpatients (LOS<24h), and all but 1 became catheter free in less
than 24h and returned to work in 2–3 days. Intraoperative and perioperative
blood loss were minimal or nonexistent. No patient required bladder irrigation
or blood transfusion despite antiplatelet therapy in many and untreated factor
VII deficiency in 1, and none showed any clinical or laboratory evidence of
hyponatremia [24]. Complications were as consistently scarce and mild as those
reported earlier [22]. They included transient self-limiting dysuria (6%), delayed
hematuria (3%), soft bladder neck contracture treated by a single dilation (2%),
and 2-day retention (1%). After PVP, no patient became incontinent, all sexu-
ally active patients remained potent, and, in stark contrast to a high rate of ret-
rograde ejaculation noted after TURP, only up to 26% of the patients
experienced this adversity [24]. The low rate of retrograde ejaculation vis-à-vis
a substantial 100% improvement in Qmax in a majority (74%–91%) of the
patients suggests that this welcome advantage results from development, after
PVP, of a pliable unobstructed prostatic channel in combination with a functional
bladder neck—thanks to a relative absence of collagenous scar tissue formation
substantiated by canine experiments [15,19]—rather than from limited tissue
removal and creation of a small TURP-like defect [24]. Two patients died of
unrelated infirmities of advanced age between 4 and 5 years postoperatively, and
none of the patients, including those who declined long-term follow up, required
reoperation. Over the 5-year period of observation, sustained significant (P<
0.0001) percentage improvements in symptomatic and urodynamic outcomes
compared with their respective baseline values were remarkable:AUA symptom
score index, 83%–88%; QOL score, 86%–90%; Qmax, 170%–252%; and PVR,
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76%–89% [24]. In contrast, the only long-term (7 years) study [17], of 34 patients
available from an original group of 79 who underwent holmium laser ablation
(vaporization) of the prostate [25], found substantially lower percentage
improvement in symptomatic and urodynamic outcomes after HoLAP than
those noted after PVP or TURP [23,24,26]. Compared with their baseline values,
at 3 months and 7 years after HoLAP, AUA symptom score improved by only
56% and 47% and Qmax by only 57% and 83%, respectively [17]. LOC was 6h–28
days in the HoLAP series and 0–72h in the PVP series discussed earlier [22–24],
and retention developed in 9% of the patients who had HoLAP [25] and in
1%–5% of those who had PVP [23,24]. The rates and types of other complica-
tions were similar, except for a reoperation rate of 15% for HoLAP, which was
higher than the usual 10% reported for TURP or 0% in the 5-year study of PVP
[17,24,25]. Authors of the HoLAP study concluded that its outcomes were
“between watchful waiting and TURP.”

PVP Versus TURP

That KTP laser effect is pathophysiologically relatively benign was shown by
comparative studies of LP in canines at Mayo Clinic [15,19]. In contrast to small,
deeply scarred prostatic cavities accompanied by periprostatic necrosis of neu-
rovascular bundles produced by Nd:YAG coagulation or vaporization LP, KTP
laser PVP was characterized by a larger (3.0±0.3cm), smooth, and practically
unscarred (collagen-free) prostatic channel with no deeper than a 1- to 2-mm
rim of hemostatic coagulation of its walls and no periprostatic neurovascular
damage irrespective of KTP laser power applied [15,19]. All forms of
transurethral surgery for obstructive BPH cause thermal injury, albeit in a con-
trolled fashion, to create an unobstructed channel. Clearly, elementary physical
principles imply that the urodynamic outcomes of these procedures depend not
only on the caliber of the newly created channel but also on the expandability
of the walls of this channel; logically, a combination of an unscarred and, there-
fore, pliable (expandable) open prostatic channel and a functioning bladder neck
is likely to conduct urine more freely than a scarred, rigid, albeit open bladder
neck and prostatic urethra. These features are considered to be the crux of the
rather impressive urodynamic and, by extension, symptomatic outcomes of PVP
compared with the best of those of some of the contemporary TURP series
reported in the literature [22,24]. Indeed, a meta-analytical evaluation of the sig-
nificantly (P=0.000) improved outcomes of, to this author’s knowledge, the only
3-year post-TURP study [26] of 66 patients with a mean prostate volume of 48
ml (range, 31–86ml), of whom 70%–44% were available for evaluation in 1–3
years, respectively, compared with equally significantly (P<0.0001) improved
outcomes of PVP reported by Malek et al. [24] in 94 patients with a mean
prostate volume of 45ml (range, 13–136), of whom 83%–64% were available for
evaluation in 1–3 years, respectively, shows the remarkable equivalency of out-
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comes and durability of the two procedures. At 1-, 2-, and 3-year postoperative
intervals, mean improvement in AUA symptom score for PVP was 83%, 83%,
and 85%, respectively (vs. 85%, 80%, and 85% for TURP), mean improvement
in QOL score was 90%, 86%, and 90%, respectively (vs. 75%, 75%, and 75% for
TURP), mean increase in Qmax was 252%, 242%, and 201%, respectively (vs.
214%, 195%, and 216% for TURP), and mean reduction in PVR was 76%, 89%,
and 84%, respectively (vs. 80%, 69%, and 63% for TURP) [24,26]. However, all
patients in the PVP cohort were outpatients, all but 1 had catheterization for less
than 24h, few had only mild complications, and none required reoperation (vs.
45 evaluable patients who had TURP, 11% of whom required reoperation within
approximately 1 year postoperatively) [24,26]. One-year outcomes of an ongoing
prospectively randomized trial comparing PVP with TURP in two groups of
patients with similar mean prostate volumes (40 vs. 33ml) showed that both pro-
cedures resulted in equally significant (P<0.005) percentage improvements in
mean international prostate symptom (IPS) scores (54% vs. 47%) and mean Qmax

(170% vs. 102%) [27]. However, adverse events were markedly less frequent,
and mean LOC and LOS were significantly shorter in the PVP group than in the
TURP group (13.5h vs. 40h and 1.1 days vs. 3.18 days, respectively), with a cost
savings of 23% in the PVP group [27]. Concurrently, a biinstitutional trial com-
paring 6-month outcomes of PVP in 61 patients with those of TURP in 38
patients with similar prostate volumes (63 vs. 57ml) showed equally significant
percentage improvements in mean IPS scores (65% vs. 67%), mean Qmax (217%
vs. 186%), and mean PVR [28]. PVP and TURP were equally lengthy (mean
operative time 53 vs. 55min), but LOC was significantly longer for the TURP
patients; they had significantly more blood loss and dilutional hyponatremia [28].
Furthermore, TURP was complicated by bleeding in 18%, capsular perforation
in 5%, and clot retention in 5%, whereas PVP was accompanied only by tran-
sient retention in 3% [28]. Vis-à-vis these favorable comparisons of PVP out-
comes and complications with those of TURP stand the rather mediocre
outcomes and unfavorable sequelae of holmium laser ablation of the prostate.
The only, to this author’s knowledge, prospectively randomized trial comparing
1-year outcomes in 23 post-HoLAP patients with 13 post-TURP patients with
similar mean prostate volumes (39 vs. 34ml) showed equally significant (P value
undeclared) percentage improvement in mean IPS scores (65% vs. 79%) and
mean Qmax (79% vs. 121%) [29]. However, improvement in mean Qmax was con-
siderably inferior to that for PVP or for other TURP series noted earlier in this
section [23,24,26–28]. Amazingly, despite the authors’ stated fact that the sur-
geons “never tried to perform a complete laser resection,” mean operation time
was nearly twice as long for HoLAP at 60–80W as it was for TURP (75 vs.
40min; P=0.0407), and mean LOC was equally lengthy for both (2.2 vs. 2.1 days),
which was considerably longer than the customary LOC after PVP of 0 to less
than 24h [29]. Equally disappointing were the not inconsiderable array of com-
plications for HoLAP compared with none for TURP; they included dysuria and
urgency in 20% of patients treated with analgesics, bleeding sufficient to require
conversion to TURP in 4%, incontinence in 4%, and reoperation for recurrent
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prostatic obstruction within a year in 4% [29]. Interestingly, retrograde ejacula-
tion was noted equally frequently (50%) in both groups [29].

Clearly, then, PVP and TURP, but apparently not HoLAP, have a great deal
in common by providing equally excellent improvement in the quality and long-
term durability of postoperative symptomatic and urodynamic outcomes.
However, it is in the arena of their respective morbidity and applicability to
patients with significant comorbidities, prostatic enlargement above and beyond
the usual TUR-able limit, and impairment of coagulation that their not incon-
siderable differences, manifested by significant advantages in favor of PVP, truly
come to light (see below).

PVP Applications Under Adverse Clinical Circumstances

An ever increasing population of older men, many aging into the twilight of their
lives burdened by life-threatening comorbidities, pose major therapeutic chal-
lenges by presenting in ever increasing numbers with obstructive BPH with or
without urinary retention and, frequently, after having failed medical or one or
more minimally invasive surgical therapies or both. By then, in some of these
men, prostatic sizes have developed beyond the usual estimated TUR-able limit
of “100g” [10], others are in dire clinical straits and, to make matters worse, have
to receive lifesaving anticoagulation, or they have a combination of all these
detriments, which, alone or in combination, make TURP or open suprapubic
adenectomy more risky or prohibitive.

PVP’s well established safety profile, afforded by its excellent hemostatic
properties even under conditions of significantly impaired hemostasis, lack of
dilutional hyponatremia despite some relatively lengthy operative times for
larger glands, and its ability to be performed readily under a combination of local
(pudendal) block and MAC, has made it the procedure of choice under such
adversities in high-risk older men with obstructive BPH [5,24,30]. The remark-
able and unique finding that, in contrast to HoLEP or HoLAP, anticoagulated
(antiplatelets, heparin, or warfarin) or hematologically impaired (factor VII defi-
ciency) patients could safely undergo PVP with negligible or no intraoperative
or postoperative bleeding was first demonstrated by Malek et al. [22]. A more
recent 1-year study of 66 high-risk elderly (mean age, 75 years) patients with a
mean American Society of Anesthesiology (ASA) score of 3 or more who under-
went PVP without discontinuation of therapy, even in the maximally anticoagu-
lated subgroup, clearly showed its remarkable safety under these otherwise
next-to-impossible surgical and anesthetic circumstances [30]. Nearly half (44%)
of the patients received anticoagulation [coumarin derivatives in 16 patients,
INR 1.7–4.3; thrombocyte aggregation inhibitors in 10 patients] or had signifi-
cant hematologic disorders (hemophilia, 1 patient; idiopathic thrombocytope-
nia, 1 patient; myelodysplastic syndrome, 1 patient). None of the patients
experienced any significant perioperative complications, none required a blood
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transfusion, mean LOC was 1.8 days, and only 23% of the patients required
catheter irrigation. Five (6%) of the patients died of cardiopulmonary comor-
bidities 4–14 months after PVP [30]. In yet another recent multicenter study of
83 high-risk older men, all of whom were anticoagulated, none required trans-
fusion. Mean duration of bladder irrigation was 3h, mean LOC was 2 days, and
3 patients required hematuria-related postoperative intervention: 2 for clot evac-
uation and 1 to regain hemostasis [31].

Many reports on PVP include uneventfully and successfully treated patients
with significantly large prostate volumes [23,24,30]. The largest prostate volumes
and their operative times, respectively, reported are as follows: 174ml and 
140min [23], 136ml and 99min [24], and 150ml and 90min [30]. Favorable 
experiences with PVP of specifically large prostates ranging in volumes from 60
to 247 ml (mean, 101.3) in 64 patients were reported recently [32]. PVP was
staged in 2 patients because of very lengthy prostatic urethras. Mean laser time
was 122min, and nearly half (44%) of the group was treated under a combina-
tion of local prostatic block and MAC, and the remaining patients received
general or spinal anesthesia. Estimated blood loss and changes in serum sodium
were not significant, and blood transfusion was unnecessary [32]. Remarkably,
despite considerable prostatic enlargement in most of the patients and preoper-
ative urinary retention in 28%, after PVP 19% were catheter-less, and another
77% became catheter-free in less than 24h. Complications were few; they
included mild transient hematuria, urinary retention in 3 patients (5%), and
recurrent obstruction in 2 patients (1 had bladder neck contracture, and 1 had
recurrent prostatic obstruction). Impressively, significant (P<0.001) percentage
improvements in mean IPS score, Qmax, and PVR of 46%, 107%, and 58%,
respectively, were noted at only 1 month after PVP. One-year follow-up data
available in 21% of the patients showed the same or more improvement in
outcome variables [32]. These findings suggest that PVP, under such circum-
stances, has crossed successfully from the realm of TURP into that of open pro-
static enucleation, which many urologists resort to when prostatic size
approaches 100g.

Except for one report of a pure group of patients in urinary retention, other
reports describe experiences of their respective authors with PVP in mixed
groups of patients with and without urinary retention [30,33,34]. In the pure
group of 20 patients with retention, mean prostate volume was 80ml, mean 
laser time was 73min, and complications were the usual mild self-limiting tran-
sient hematuria and occasional dysuria. A majority of patients (85%) voided
spontaneously within a week after PVP (mean LOC, 33.5h). Remarkably, at 1
month mean AUA symptom score, Qmax, and PVR for the entire group were
improved by 30%, 137%, and 62%, respectively [33]. The outcomes of studies 
of the mixed groups of patients have been equally impressive [30,34]. In the 
high-risk group of 66 patients referred to earlier, 41% were in retention [30].
Mean prostate volume was 49ml (range, 15–150ml), mean laser time was 49min
(range, 15–90min), mean LOC for the entire group was 1.8 days (range, 0–7),
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and recatheterization was required in 11% of patients [30]. Complications 
were mild, transient, and similar to those described in earlier studies, but 3% 
of patients treated early in the series with inadequate vaporization of the 
apical tissue required reoperation within 4 weeks after PVP. Percentage
improvement in outcomes for the entire group, including the 41% who had had
urinary retention, was highly significant (P<0.001): IPS score by 42%, Qmax by
176%, and PVR by 75%; improvements were even more remarkable at 1 year
[30]. Likewise, in yet another recently reported group of 94 patients, 42 (43%)
were in urinary retention before PVP [34]. Comparing both groups of patients
with and without retention in this series, complications were equally mild 
and outcomes were similarly highly impressive during the 2-year follow-up
period [34]. Collectively, the remarkably good safety profile, outstanding
improvement in symptomatic and urodynamic outcomes, and low morbidity of
PVP have made it the treatment of choice not only for relatively healthy patients
with obstructive BPH but also for high-risk elderly men who, otherwise, would
be relegated to the lifelong miseries of indwelling urinary catheters. However,
application of PVP under adverse clinical conditions demands experience, sur-
gical dexterity, and speed, and as such, it is purely in the province of the profi-
cient. Applied by prescribed PVP technique, KTP laser tissue effects, as
demonstrated experimentally and clinically, are, indeed, benign. However, mis-
application of any type of laser energy, including that of KTP in LP, as with mis-
conducted TURP, may result, at worst, in life-threatening complications and, at
best, in poor outcomes.

PVP and Carcinoma of the Prostate

No tissue is recovered during PVP for histopathologic examination. Therefore,
not only every effort must be made by performing digital rectal examination of
the prostate (DRE), measurement of serum PSA, and transrectal ultrasonogra-
phy (TRUS) supplemented by biopsy, if indicated, to uncover the existence of
undiagnosed prostate cancer before PVP but also it is mandatory to continue
postoperative surveillance of patients by periodic DRE and PSA reevaluations
at 6 months and annually thereafter to diagnose newly developed malignancies
at an early stage [5,22,24]. These guidelines were established originally by Malek
et al. [22]. Their systematic pre-PVP evaluations followed by 2-year and later 5-
year surveillance of patients after PVP showed a persistent reduction of approx-
imately 30% in serum PSA levels postoperatively [22,24], a finding that was
corroborated by the 1-year multicenter study of PVP [23]. Malek et al. found
that failure of PSA to decrease after PVP, or its sustained increase after initial
decrease, whether or not accompanied by abnormal DRE was suspect [22,24].
TRUS-guided biopsies performed under these circumstances showed a 5% post-
PVP incidence of early and readily treated localized prostate cancer among their
patients during a 5-year period of observation [24], an incidence not dissimilar
to the 6%–7% incidence of prostatic carcinoma discovered by examination of
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TURP tissue specimens reported in the contemporary literature of preoperative
PSA-TRUS era [26,35].

Patients with prostate cancer who have locally progressive disease and outlet
obstruction not uncommonly are plagued by urinary incontinence or obstructive
contracture of the bladder neck or both after TURP. PVP with its narrowly diver-
gent (15°) KTP laser beam is an ideal precision tool that facilitates application
of thermal energy to exact locations within the prostatic urethra, where vapor-
ization may do the most good by aggressive debulking of the proximal and mid-
portions and the least harm by conservative energy delivery near the apical
region in order to maintain continence. After brachytherapy, direct exposure of
implanted seeds to the laser beam should be avoided because it may lead to their
meltdown and degradation of the side-firing fiber by metal vapor deposition.
More importantly, to safeguard against harmful radiation exposure of operating
room personnel, a waiting period (e.g., approximately 12 months or >4 half-lives
of I-125 implants) is mandatory before PVP may be considered.

Cost of PVP

Considering the substantial beneficial impacts of PVP’s low morbidity, relative
paucity of complications, and consequent minimal loss of productivity, it is not
unexpected that, despite the additional cost of a single-use laser fiber and of a
laser generator, PVP actually should cost less than TURP.This was shown readily
by a sophisticated cost-analysis study based on available collective data; on a
long-term basis, a cumulative probability of reoperation of 52% in the PVP
group was required before its expected total cost (including the laser fiber and
the generator) approximated that of TURP [36]. Indeed, PVP even on a 
relatively short-term basis of a 1-year randomized trial has been shown to cost
23% less than TURP [27]. Unsurprisingly, then, PVP appears to satisfy the
requirements of patients, physicians, and health care administrators in safely
delivering good results, ease of application, and low cost for a very appealing
procedure that offers an excellent long-lasting solution to the problems of pro-
static obstruction.
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Holmium Laser Prostatectomy Versus
Transurethral Resection of 
the Prostate

John W. Leyland1 and Peter J. Gilling2

Summary. This chapter compares holmium laser prostatectomy to transurethral
resection of the prostate, using current published evidence. The evolution of
holmium laser prostatectomy to the technique of enucleation is discussed. The
enucleation technique is termed holmium laser enucleation of the prostate
(HoLEP).

Keywords. Prostatic hyperplasia, Prostatectomy, Holmium, Laser, Transurethral
resection of prostate

Introduction

Benign prostatic hyperplasia (BPH) is a common cause of lower urinary tract
symptoms and bladder outflow obstruction in men older than 40 years. A large
proportion of these men will require operative intervention during their lifetime,
calculated to be approximately 30% of the male population in Europe and the
United States [1].

Transurethral resection of prostate (TURP) has been the gold standard for
the endosurgical treatment of BPH for the last 30 years. TURP uses an electro-
cautery energy source through a resecting loop to endoscopically resect the
prostate into small chips from the level of the bladder neck to the verumon-
tanum [2]. Haemostasis is obtained with the loop, and a roller ball can be used
after resection is complete to coagulate the prostatic fossa. Simultaneous irriga-
tion with an isosmotic nonconducting fluid such as glycine is used to maintain
visibility [3].

TURP is widely used and considered safe and efficacious, but problems remain
such as bleeding requiring transfusion and irrigation fluid absorption leading to
the TUR syndrome, especially for glands larger than 100g. Other complications
include fluid balance disturbances, incontinence, urethral strictures, and erectile
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dysfunction. Overall, 15%–20% of patients will develop a significant complica-
tion. Transfusion rates remain between 5% and 11% [4]. Mortality rates of
0.2%–2.5% have been reported [5]. In addition, 10%–15% of patients require a
second intervention within 10 years [6].

Modern medicine continues to advance with technology, and new techniques
are continually being sought to improve efficacy, safety, and cost effectiveness.
Thus, several minimally invasive alternatives to TURP have been developed,
using different energy sources.

The holmium:YAG (Ho) laser (Lumenis, Tel Aviv, Israel) has emerged as an
ideal tool for prostatectomy because of its shallow penetration depth, excellent
haemostatic properties, and ability to be used with normal saline irrigation. The
high-powered (60–100W) Ho laser has a wavelength of 2140nm that allows it to
be strongly absorbed by tissue water, which comprises more than 70% of
prostate tissue. It causes rapid vaporisation of exposed tissue at a depth of
approximately 0.4mm and produces tissue coagulation 3–4mm below the vapor-
isation surface tissue. It allows precise incisional surgery in a bloodless field, thus
minimising systemic fluid absorption.

The use of the holmium laser for BPH surgery has evolved from tissue abla-
tion to tissue resection and, more recently, enucleation of prostatic lobes com-
bined with morcellation of fragments within the bladder. These techniques are
discussed in detail. We then compare the efficacy and morbidity outcomes from
several published randomised trials and systematic reviews comparing laser
prostatectomy to conventional electrocautery TURP. Other aspects including
cost effectiveness, day-case surgery, the learning curve, size limitations, and his-
tological findings are discussed.

History and Evolving Technique of Holmium 
Laser Prostatectomy

Combined Endoscopic Laser Prostatectomy (CELAP)
The holmium laser was initially utilized for surgical treatment of BPH in con-
junction with the Nd:YAG laser in 1994 using a side-firing fibre and a 60-W
machine [7,8]. The properties of the holmium laser allowed prostate vaporiza-
tion to create a channel, while the Nd:YAG laser was used for coagulation.
However, it became apparent that the holmium laser alone had a wavelength
that resulted in excellent haemostasis if the beam was defocused [7,8].

Holmium Laser Ablation of Prostate (HoLAP)
Prostate ablation can be performed using end-firing and side-firing fibres in a
near-contact mode. The initial series using the holmium laser alone was pub-
lished in 1996 and comprised 79 patients undergoing HoLAP [9]. Long term
follow-up (mean, >7 years) from this initial series revealed that HoLAP pro-
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duces durable results in terms of symptom relief and improvement in maximum
flow rate.There was a high proportion (57%) lost to follow-up, but in those avail-
able, Qmax improved by 83% and symptom score reduced by 47% on average.
The reoperation rate was 15% over the period of follow-up [10].

Mottet et al. performed a randomised comparison of TURP versus HoLAP,
published in 1999, that demonstrated significantly less bleeding, catheter time,
and hospitalization in the HoLAP group [11].

There has recently been a company-led resurgence in the popularity of laser
ablation procedures for smaller prostates with both the KTP and holmium lasers,
particularly because of the financial attraction of single-use fibres, its suitability
as a day-case procedure, and the higher power setting available (100W), making
it slightly faster than with lower-powered lasers. However, overall it is a time-
consuming procedure that generally takes longer than a TURP and is best suited
to small glands (<40g). Smaller amounts of tissue are removed, and these abla-
tion procedures essentially create a highly variable channel, making durability a
concern. The lack of tissue for histological analysis is another limitation.

Holmium Laser Resection of the Prostate (HoLRP)
During the initial experience with HoLAP in 1994, it was found that incising into
the prostate with an end-fire fibre and resecting the tissue piecemeal drastically
improved the efficiency of the procedure; this was termed HoLRP. This was the
first time laser energy had been used for excisional prostate surgery [12]. This
procedure is performed with a modified 26Fr. continuous flow resectoscope
(Storz, Tutlingen Germany), that has been fashioned with a circular fibre guide
in the tip of the scope. The end-firing laser fibre is used as a precise cutting
instrument rather than an ablative tool.

The median and lateral lobes are resected down to the capsular plane, and
small fragments (<2g) are released into the bladder. The fragments are then
removed with manual irrigation, and larger fragments can be removed with a
modified resection loop [12]. One of the other benefits of HoLRP is that pro-
static tissue is available for histological analysis. However, the quality of the
tissue for histology is inferior to that retrieved by TURP because of thermal 
artifacts, and only about one third of the removed weight of tissue is retrieved,
with the remainder being vaporized [13]. Several randomised trials compar-
ing HoLRP to TURP have been performed with up to 4-year follow-up [13–17]
(Table 1). The outcomes of these trials are discussed in the next section.

Holmium Laser Enucleation of the Prostate (HoLEP)
As the surgical planes of the prostate became increasingly understood and iden-
tified endoscopically over many patients, the technique of enucleation was devel-
oped. The holmium laser fibre in this technique acts much like the index finger
of the surgeon during an open prostatectomy to shell out the adenoma. The
equipment used and procedure are discussed in further detail next.

Holmium Laser Prostatectomy 125



Holmium Bladder Neck Incision (HoBNI)
Although not strictly a technique for prostatectomy, HoBNI is an excellent sub-
stitute for prostatectomy in prostates less than 30g as a day case [18]. An end-
fire fibre and bilateral incisions with or without excision of the median lobe/strip
are preferred.

Equipment for HoLEP

The laser unit used currently is the high-powered VersaPulse holmium laser
(Lumenis, Tel Aviv, Israel), using a power setting of 2.0J at 50Hz (100W). A 
550µm end-firing quartz fibre is used inside a protective 6Fr ureteral catheter
(Cook, Spencer, IN, USA); this is secured with a Luer-Lok injection port through
which the fibre passes (Baxter, Deerfield, IN, USA). A 26 F (Storz) or 27 F con-
tinuous flow resectoscope is used (Olympus, Hamburg, Germany). The inner
sheath in both is modified to incorporate a laser fibre channel and bridge
(Olympus), through which a 30° telescope is passed. Normal saline (0.9%) is used
for irrigation. A long Storz nephroscope and adapter are employed through the
26Fr outer sheath, and the Versacut morcellator (Lumenis) is inserted, which
comprises a handpiece with reciprocating blades attached to a high-suction roller
pump via silicone tubing and controlled by a variable-speed foot-pedal.
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Table 1. Published randomised controlled trials
Year Follow-up Study Interventions Prostate

References published (months) design (no.) size (ml)

Gilling et al. [13]a 1999 12 RCT HoLRP (61) <100
TURP (59)

Gilling et al. [16]a 2000 24 RCT As above <100
Westenberg et al. [15]a 2004 48 RCT As above <100
Hammad et al. [14] 2002 6 RCT HoLRP (30) NA

TURP (40)
Gilling et al. [20]; Tan 2001, 2003 12 RCT HoLEP (31) 40–200

et al. [21] TURP (30)
Kuntz et al. [22]b 2004 12 RCT HoLEP (100) <100

TURP (100)
Montorsi et al. [23] 2004 12 RCT HoLEP (52) <100

TURP (48)

RCT, randomised controlled trial; HoLRP, holmium laser resection of prostate; TURP, transurethral
resection of prostate; HoLEP, holmium laser enucleation of prostate; NA, not available
aSame group of patients
bShare common pool of patients



Procedure
Bladder Neck Incisions

Initially, bladder neck incisions are made at both 5- and 7-o’clock positions, down
to the surgical capsule.

Enucleation of the Median Lobe

The bladder neck incisions are joined just proximal to the verumontanum with
a transverse incision. The median lobe is then dissected off the capsule, incising
between the bladder neck incisions, in a retrograde direction toward the bladder
neck. Care must be taken not to undermine the bladder neck. The median lobe
is detached at the bladder neck and allowed to float into the bladder.

Enucleation of the Lateral Lobes

The lateral lobes are each enucleated from the capsule in a retrograde fashion.
The bladder neck incision on one side is first extended laterally and circumfer-
entially at the apex in the surgical plane. Once in this plane, the prostatic tissue
comes away from the capsule relatively easily, and one is often able to simply
use the pressure of the irrigating fluid and the resectoscope to push and peel
away the tissue, using the laser mainly for coagulation. A bladder neck incision
is then made at the 12-o’clock position down to the capsule, splitting the ante-
rior commissure.The superior aspect of the lateral lobe can then be peeled down
off the capsule laterally and distally to eventually join up with the lower incision
and then to complete the enucleation. The same procedure is performed with
the other lateral lobe.

Haemostasis

Most of the haemostasis is performed during the enucleation process. The
holmium laser is used to coagulate the small vessels at the same time and cut
loosely adherent fibres between the prostate lobes and capsule in a virtually
bloodless field. Coagulation is performed by slightly increasing the distance
between the laser fiber and the tissue (“defocusing” the beam) to utilise its coag-
ulation properties at this distance without incising or vaporising the tissue. Once
all three lobes have been enucleated, the entire prostatic fossa is examined to
ensure haemostasis is adequate so that the next step of morcellation can take
place with clear visibility.

Morcellation

The inner sheath is removed, and the morcellator and nephroscope are then
inserted through the urethra. The bladder is distended to avoid mucosal injury.
The handpiece with reciprocating blades and suction tubing attached is then
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inserted into the bladder. Suction is then used to trap the prostate tissue, and the
mechanical blades slice off the fragments with a high-speed guillotine action.The
fragments are aspirated at the same time through the tubing and caught in a
sieve. Morcellation can remove tissue at up to 10g/min (average, 4–5g/min).
Evacuation with a Toomey syringe or retrieval forceps can be used for smaller
fragments.

Clinical Outcome Comparison Between Holmium Laser
Prostatectomy and TURP

There have been a number of randomised controlled trials comparing holmium
laser prostatectomy (HoLRP or HoLEP) to transurethral resection of prostate
with electrocautery (TURP). Table 1 summarises the characteristics of these
trials. Systematic review and meta-analysis has also been performed for holmium
laser prostatectomy, giving level I evidence for its efficacy and safety [19,20].

Efficacy Outcomes
HoLRP and HoLEP been shown in randomised trials to be at least as effective
as TURP in improving all efficacy outcomes [13–16,21,23]; these include AUA
(IPPS) score, single-question quality-of-life (QOL) index, peak flow rate (Qmax),
and relief of obstruction by urodynamics (Tables 2–5b). The amount of tissue
removed is significantly higher with HoLEP compared to TURP and HoLRP
(Table 6).
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Table 2. American Urological Association AUA Score (IPSS)
Reference Months Mean Mean
(see of No. of Operation preoperative postoperative P value
Table 1) follow-up patients performed IPSS IPSS (postoperative)

13 12 102 HoLRP 21.9 4.2 0.92
TURP 23.0 4.3

16 24 86 HoLRP 21.9 3.4 0.84
TURP 23.0 3.7

15 48 73 HoLRP 21.9 5.2 0.32
TURP 23.0 6.6

14 6 70 HoLRP NA 5 NS
TURP NA 8

20, 21 12 55 HoLEP 26.0 4.3 NS
TURP 23.7 5.0

22 12 175 HoLEP 22.1 1.7 0.0001
TURP 21.4 3.9

23 12 100 HoLEP 21.6 4.1 0.58
TURP 21.9 3.9

NS, not statistically significant
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Table 3. Quality-of-life (QOL) score
No. Mean Mean

Follow-up patients at Operation preoperative postoperative P value
Reference (months) follow-up performed QOL QOL (postoperative)

13 12 102 HoLRP 4.5 0.88 <0.05
TURP 4.7 1.6

16 24 86 HoLRP 4.5 0.98 0.88
TURP 4.7 1.0

15 48 73 HoLRP 4.5 1.1 0.37
TURP 4.7 1.4

14 6 70 HoLRP NA 1.3 NS
TURP 1.6

20, 21 12 52 HoLEP 4.8 1.5 NS
TURP 4.7 1.4

23 12 100 HoLEP 4.6 1.4 0.31
TURP 4.7 0.8

Table 4. Peak flow (Qmax)
Preoperative Postoperative

Follow-up No. of Operation Qmax Qmax P value
Reference (months) cases performed (ml/s) (ml/s) (postoperative)

13 12 102 HoLRP 8.9 25.2 <0.05
TURP 9.1 20.4

16 24 86 HoLRP 8.9 25.0 0.14
TURP 9.1 20.9

15 48 73 HoLRP 8.9 22.3 0.23
TURP 9.1 18.5

14 6 70 HoLRP NA 24 NS
TURP 21

20, 21 12 52 HoLEP 8.4 21.8 NS
TURP 8.3 18.4

22 12 175 HoLEP 4.9 27.9 0.76
TURP 5.9 27.7

23 12 100 HoLEP 8.2 25.1 0.25
TURP 7.8 24.7

Table 5a. Urodynamics: detrusor pressure at maximum flow (Pdet/Qmax)
Preoperative Postoperative

Follow-up No. of Operation Pdet/Qmax Pdet/Qmax P value
Reference (months) cases performed (cmH2O) (cmH2O) (postoperative)

13 6 106 HoLRP 75.9 35.2 NS
TURP 83.4 39.2

14 6 70 HoLRP NA 37 NS
TURP 36

20, 21 6 55 HoLEP 76.2 20.8 <0.001
TURP 70.0 40.7

23 12 100 HoLEP 77.3 36.2 0.85
TURP 81.8 38.5



Safety/Adverse Effects
HoLEP generally takes as long or longer than TURP, but tissue removal/retrieval
rate (grams/minute) is similar or greater because of more tissue being retrieved
with HoLEP (Table 7). All randomised trials have shown that both HoLRP and
HoLEP require significantly lower catheter duration and hospital stay when
compared to conventional TURP (Table 8). There appears to be no significant
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Table 5b. Urodynamics: Schäfer grade
Preoperative Postoperative

Follow-up No. of Operation Schäfer Schäfer P value
Reference (months) cases performed grade grade (postoperative)

13 6 106 HoLRP 3.5 0.7 NS
TURP 3.6 1.2

20, 21 6 55 HoLEP 3.5 0.2 <0.001
TURP 3.7 1.2

23 12 100 HoLEP 3.4 0.9 0.55
TURP 3.5 1.2

Table 6. Prostate tissue resection weight
Operation Preoperative Tissue P value

Reference No. of cases performed TRUS volume (ml) retrieved (g) (postoperative)

13 120 HoLRP 44.3 7.9a (21.7)
TURP 44.6 14.5

20, 21 61 HoLEP 77.8 40.4 <0.05
TURP 70.0 20.7

22 200 HoLEP 53.5 32.6b 0.17
TURP 49.9 37.2

23 100 HoLEP 70.3 36.1 <0.05
TURP 56.2c 25.4

aEstimated resection weight 21.7g because estimated 2/3 of tissue lost to vaporisation in HoLRP
bMorcellator not available in this study
cNote P<0.05 for differences in preoperative TRUS volume for the two groups

Table 7. Operating time
Operation Operating Tissue removal

Reference No. of cases performed time (min) P value rate (g/min) P value

13 120 HoLRP 41.5 <0.001 0.52 NS
TURP 25.3 0.57

14 70 HoLRP 56 <0.001 N/A
TURP 29

20, 21 61 HoLEP 62.1 <0.001 0.61 NS
TURP 33.1 0.80

22 200 HoLEP 94.6a <0.0001 0.34a

TURP 73.8 0.50
23 100 HoLEP 74 <0.05 0.48 NS

TURP 57 0.44

aMorcellator not available in this study



difference in perioperative or postoperative complications (apart from bleeding
related) with HoLRP/HoLEP compared to TURP (Tables 9, 10b).

Other Adverse Effects
Other adverse effects reported in the foregoing trials occurred less frequently or
were not reported at all in some trials; these included TUR syndrome occurring
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Table 8. Catheter duration and hospitalisation
Operation Catheter Hospital

Reference No. of cases performed duration (h) P value duration (h) P value

13 120 HoLRP 20.0 <0.001 26.2 <0.001
TURP 37.2 47.5

14 70 HoLRP 31.2 <0.001 55.2 <0.001
TURP 55.2 79.2

20, 21 61 HoLEP 17.7 <0.01 27.6 <0.001
TURP 44.9 49.9

22 200 HoLEP 27.6 <0.0001 53.3 <0.0001
TURP 43.4 85.8

23 100 HoLEP 31.0 <0.001 59.0 <0.001
TURP 57.8 85.8

Table 9. Irrigation volume
No. of Operation Intraoperative Postoperative Total irrigation

Reference cases performed irrigation volume (l) irrigation volume (l) volume (l)

13 120 HoLRP 15.8 0.7a 16.5
TURP 10.0 28.2 38.2

20, 21 61 HoLEP 23.4 0.7b 24.1
TURP 14.0 10.7 24.7

aOnly 1 patient in HoLRP group vs. all patients in TURP group
bOnly 2 patients in HoLEP group vs. 21 (70%) in TURP group

Table 10a. Complications: perioperative
No. of Follow-up Operation Blood

Reference cases (months) type transfusions Recatheter Reoperationa UTI

13 102 12 HoLRP 0 5 1 3
TURP 4 8 4 5

20, 21 52 12 HoLEP 0 5 0 0
TURP 1 4 2 2

22 175 12 HoLEP 0 0 2 N/A
TURP 2 5 5

23 100 12 HoLEP 0 3 1
TURP 1 1 1

Totals 429 12 HoLRP/EP 0 (0%) 13 (1.5%) 4 (0.5%) 3 (0.3%)
TURP 8 (0.9%) 18 (2.1%) 12 (1.4%) 7 (0.8%)

UTI, urinary tract infection
aFor bleeding or residual prostatic tissue causing obstruction



in one patient overall after TURP [23]. DVT was reported in just one patient after
TURP [13]. Retrograde ejaculation was reported in similar numbers by Kuntz et
al. (74% in HoLEP group, 70% after TURP) [22]. Montorsi et al. reported ten
minor (mucosal) bladder injuries (19%) secondary to morcellation which did not
require further intervention and were treated with bladder irrigation if necessary
[23].

Mortality rates were reported in all studies. There were no perioperative
deaths. Westenberg et al. reported 48-month follow-up after HoLRP and TURP.
Overall, there were two deaths during follow-up after HoLRP and seven deaths
after TURP. All were attributed to cardiovascular causes or malignant disease,
with none being considered related to the surgery [15].

Other Outcomes of Holmium Laser Prostatectomy 
Versus TURP

Cost Effectiveness
One of the perceived disadvantages of laser prostatectomy is the cost, especially
the initial capital outlay. However, Fraundorfer et al. performed a cost-
effectiveness analysis comparing TURP and HoLRP [24]. Economic and 
clinical outcome data were prospectively recorded for 1 year on 120 patients 
randomized to either TURP or HoLRP. HoLRP cost 24.5% less than TURP
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Table 10b. Complications: strictures/incontinence/potency
Decreased

No. Total Bladder De novo potency
of Follow-up Operation urethral neck stress compared to

Reference cases (months) performed stricture contracture incontinence preoperative

13 102 12 HoLRP 6 1 2 4
TURP 6 2 1 5

15 73 48 HoLRP 6 3 2 3
TURP 6 3 1a 6

20, 21 52 12 HoLEP 1 0 1 1
TURP 3 0 0 1

22 175 12 HoLEP 3 3 1 10
TURP 1 1 1 9

23 100 12 HoLEP 1 1 0b

TURP 4 1 0

Totals 429 12 HoLRP/EP 11 (1.3%) 4 (0.5%) 5 (0.6%) 15 (1.7%)
(12-month TURP 14 (1.6%) 3 (0.3%) 3 (0.3%) 15 (1.7%)
follow-up)

aRequired artificial sphincter
bOverall, no change in mean score from baseline in either group as measured by the erectile function domain
of the IIEF-15 questionnaire. Individual variations not reported



during the first year with similar efficacy measurements [13,24]. On the basis of
these savings, HoLRP is more cost effective than TURP if a minimum of 93 cases
per year are performed to recover capital and service costs of the holmium laser.
These costs are expected to be replicated for HoLEP. The morcellator adds to
equipment and service costs, but makes the procedure quicker to perform than
HoLRP [21]. Cost analysis by Kuntz et al. calculated that amortization of the
laser was achieved after 1 year [22]. This calculation was based on about 300
HoLEP and 150 other holmium laser procedures yearly.

Day-Case Surgery
A significant advantage of HoLEP is the reduced bleeding and catheter time.
The same applies for larger prostates. In a trial comparing HoLEP to TURP in
larger glands of 40–200g (mean, 77.8g), Gilling et al. and Tan et al. reported no
blood transfusions, a mean catheter time of 17.7h (range, 11–26h), and only 2
patients requiring irrigation postoperatively [20,21]. The nursing care required
postoperatively is significantly reduced. Larner et al. examined the safety of day-
case HoLRP in prostate volumes <60ml in 38 men [25]. The mean stay after
surgery was 302min. A community nursing service removed the catheters 48h
after the operation.There were 4 readmissions to hospital: 1 for blocked catheter,
2 for failed trial of void at 2 days, and 1 for paraphimosis after removing the
catheter. The safety and efficacy of day-case HoLEP (<40g prostates) has been
established in a randomized controlled trial (RCT) compared to HoBNI [18].

Histology
One of the advantages of HoLRP over HoLAP was that tissue could be retrieved
for histological examination. For HoLRP, less tissue is retrieved than TURP
because an estimated 50%–75% of the resected tissue is vaporised during the
operation [12]. In addition, an increased amount of thermal artefact is present
after HoLRP, making diagnosis of prostate cancer more difficult [26]. However,
HoLEP with morcellation allows adequate histological examination, and the
sensitivity in detecting incidental prostate cancer and high-grade PIN is compa-
rable to TURP [23,27]. HoLEP with morcellation also retrieves more tissue than
TURP in randomised trials [20,21,23], and intuitively this extra tissue may lead
to higher rates of incidental cancer detection. In a large series of 950 consecu-
tive patients who underwent HoLEP, Kuntz et al. reported a 5.1% rate of inci-
dentally detected prostatic carcinoma [28], which is similar to rates reported in
contemporary TURP series [29].

Learning Curve
The training requirements for HoLEP have been considered a drawback for
some. Most authors describe the learning curve as similar to TURP and that
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20–30 cases on glands <60g should be achieved before proficiency can be
expected and larger prostatic enucleations are attempted [20,29–31]. El Hakim
and Elhilali confirmed these findings in a study which showed that after 20 pro-
cedures under supervision, a urology resident could expect to consistently
achieve outcomes similar to those of a more experienced surgeon [32]. Anecdo-
tally, trainees who are new to both TURP and HoLEP tend to find HoLEP easier
to learn because of decreased bleeding, improved visibility, and the intuitive
nature of dissecting along a surgical plane [22,33]. In contrast to TURP, teach-
ing HoLEP does not have a finite operating time because the risk of TUR syn-
drome is absent.

Large Prostate Size and Comparison to 
Open Prostatectomy
One major advantage of HoLEP over TURP is that there is no prostate size or
configuration that cannot be treated with HoLEP. Mebust et al. reviewed the
outcome of 3885 TURP procedures and found that the incidence of intraopera-
tive bleeding and the TUR syndrome significantly increased when resection time
was greater than 90 minutes [6]. Prostate adenomas >80–100g requiring a longer
resection time have traditionally been treated with open prostatectomy rather
than TURP. Kuntz et al. conducted a prospective randomized study comparing
HoLEP and open prostatectomy for prostate glands >100g [31]; the operation
time was significantly longer for HoLEP (138 vs. 90min). However the hospital
stay and catheter times were significantly less in the HoLEP group (48 vs. 240h
and 24 vs. 144h, respectively). The clinical outcomes in both groups were equiv-
alent such that HoLEP was as effective as open prostatectomy but with signifi-
cantly less perioperative morbidity.

Conclusions

Use of the holmium laser for the treatment of benign prostatic hyperplasia 
has evolved into a technique of enucleation where the laser fibre is used to shell
out the adenoma (HoLEP). This technique is a true paradigm shift in
transurethral prostatic surgery from older techniques, which created a variable
channel in the adenoma by vaporisation or piecemeal resection, to near-
complete true enucleation of the entire tumour. Morcellation can then be used
to retrieve the fragments from the bladder. Randomised studies have shown 
at least similar efficacy to electrocautery resection of the prostate (TURP).
The weight of tissue removed is generally higher with HoLEP, and extrapolat-
ing from this, it is possible that this may result in lower reoperation rates in the
future. HoLEP generally takes longer than TURP in smaller glands, but tissue
removal rates (in grams/minute) are similar whereas catheter duration and 
hospital stay are much lower after HoLEP when compared to TURP. Blood
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transfusion rates are also lower, whereas other complication rates seem to be
comparable.
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Transurethral Microwave
Thermotherapy for Benign 
Prostatic Obstruction

Stavros Gravas

Summary. Scientific and technological advances have challenged established
therapy patterns regarding benign prostatic obstruction (BPO), such as
transurethral resection of the prostate (TURP) and open prostatectomy. Living
in the era of evidence-based medicine, clinicians need high-quality data to make
the right treament decisions. Recent developments in transurethral microwave
thermotherapy (TUMT) have provided significant data on clinical outcome.
Randomised studies of TUMT versus other established therapies of BPO, includ-
ing medical treatment and TURP, have also contributed to the evaluation of mor-
bidity and the costs of treatment. Long-term results are available that allow the
evaluation of treatment durability.This chapter highlights recent advances in the
field of TUMT and discusses their potential impact on daily clinical practice.

Keywords. Transurethral microwave thermotherapy, Benign prostatic obstruc-
tion, Transurethral resection of prostate, Randomised studies

Introduction

Living in the aging-male era, an increasing number of patients suffering from
lower urinary tract symptoms (LUTS) due to benign prostatic obstruction
(BPO) will seek adequate management. The last two decades have witnessed 
a significant change in the management of BPO. Scientific and technological
innovations and the rather unchanged morbidity of transurethral resection of
prostate (TURP) in terms of early (bleeding, TUR syndrome) and late compli-
cations (mainly relating to sexual dysfunction), as well as the need for anaes-
thesia and hospitalisation, have led to a rising demand for minimally invasive
therapies for BPO alternatives to TURP. Many different energy sources have
been used to produce heat, but application of microwave technology, solely

139

Department of Urology, University Hospital of Larissa, Feidiou 6-8, 421 21 Larissa,
Greece



through the transurethral route, has gained a firm position among current abla-
tive methods due to the excellent clinical results from the treatment of sympto-
matic BPO.Transurethral microwave therapy (TUMT) has been much evaluated
in the past decade and has been widely used.The recent advances in TUMT have
provided significant data on clinical outcome. In addition, urologists should keep
up to date with these advances and weigh evidence before making treatment
choices. The aim of the present chapter is to provide the best current evidence
for the evaluation of TUMT and further elucidation of the role of this minimally
invasive therapy in the management of BPO.

Mechanism of Action

TUMT uses a special transurethral catheter with a microwave antenna that emits
microwave radiation to deliver heat within the prostate. Microwaves are elec-
tromagnetic waves that produce heat when they are absorbed by the tissue. Heat
arises mainly by electrical dipoles (water molecules) oscillating in the microwave
field and electric-charge carriers (ions) moving back and forth in the field. The
eventual goal is to destroy tissue by achieving temperatures that exceed the cyto-
toxic threshold. It has been demonstrated that heating in excess of 45°C results
in coagulation necrosis [1]. The extent of thermal necrosis is dependent on two
physical variables: intraprostatic temperature and duration of heat exposure [2].

In addition, Brehmer and Svensson investigated the feasibility of using heat
to induce apoptosis in human prostatic stromal cells [3]. Several combinations
of temperature and exposure time were evaluated. The most extensive apopto-
sis (in 76% of the cells) was recorded when cell cultures were exposed to 47°C
for 1h [3]. It has also been suggested that TUMT causes denervation of alpha-
receptors, thereby decreasing the smooth muscle tone of the prostatic urethra of
the smooth muscle cells [4].

TUMT Devices

Several devices operating at either 915 or 1296MHz, using different microwave
antenna designs, have been introduced.The design of the antenna seems to affect
the heating pattern more than the wave frequency does [5]. Other differences
between available devices include the cooling systems, treatment time, and mon-
itoring of TUMT effect. Identification of the limitations of first-generation
devices, mainly the low-energy software protocols and the often-interrupted
energy delivery, contributed to their further evolution regarding heat distribu-
tion, treatment time, energy, and monitoring of thermotherapy effect. High-
energy thermotherapy (HE-TUMT) was developed following the hypothesis
that more energy would create higher temperatures and eventually achieve
better clinical outcome. Another modification in the treatment protocols was 
to reduce treatment time by introducing the heat-shock strategy. Heat-shock
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strategy is characterized by a rapid buildup in power and temperatures that
causes immediate vascular thromboses, theoretically resulting in similar or better
clinical outcome with a shorter-duration treatment [6].

Presently, the main players in the field of microwave thermotherapy are 
the Prostatron device (Urologix, Minneapolis, MN, USA), the Targis (Urologix),
the CoreTherm (ProstaLund, Lund, Sweden), and the TMx-2000 (TherMatrx,
Northbrook, IL, USA). In the beginning, Prostatron used the first-generation,
low-energy Prostasoft 2.0 software, and subsequently the Prostasoft 2.5 high-
energy software was developed. Recently, a 30-min high-energy method has also
become available, namely the Prostasoft 3.5 protocol.

The Coretherm system provides intraprostatic temperature monitoring. The
measured temperature is used for a real-time calculation of the amount of necro-
tized tissue by using a combination of the bioheat equation and cell survival data
of thermal exposure [7,8]. Consequently, the system allows tailoring of treatment
to the needs of each patient.

Targis is a high-energy cooled thermotherapy system. In addition, a third-
generation Urologix system, the Cooled ThermoCath (CTC), which uses a 28.5-
min treatment at higher temperatures, has been developed. The TherMatrx
TMX-2000 differs from other available microwave device systems in that it lacks
a cooling system and uses a lower wattage.

Efficacy of TUMT

During the last decade, numerous studies have been published presenting the
clinical results from the application of TUMT for the treatment of LUTS asso-
ciated with BPO. These studies have used different devices with different tech-
nical specifications and treatment protocols, have had different follow-up periods
and response criteria, and have differed in patient selection. Generally, studies
on BPO treatments use the improvement in maximum urinary flow rate (Qmax)
and changes in International Prostate Symptom Score (IPSS) as the objective
and subjective outcome measures, respectively. The objective and subjective
improvements of the initial lower-energy TUMT (LE-TUMT) protocols have
been proven in prospective randomised sham controlled studies [9–11]. To
further improve clinical outcome, higher-energy TUMT protocols have been
evaluated and are at the present time predominantly utilized. Short-term sub-
jective and objective improvement with various HE microwave devices has been
proven by all these studies. The indication to use microwave treatment has grad-
ually changed from application to patients with solely irritative symptoms to now
include patients with evident obstructive elements and patients in urinary 
retention.

In an interesting review, de la Rosette et al. reported that the maximum
improvement in urinary flow rate is achieved 3 months after TUMT [12]. Qmax

baseline values were on average 9–10ml/s, whereas 3 months following TUMT
Qmax improved approximately 5–6ml/s. It remained stable at 6 and 12 months
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follow-up, thus representing an average 50%–60% increase, but some deterio-
ration was noted with time. The average IPSS improvement after high-energy
thermotherapy is approximately 60%. The maximum reduction is obtained 3
months after treatment, with a slight but insignificant further improvement at
the 6- and 12-month visit.

Because urodynamic investigation in BPO remains an optional test in daily
practice, there are only a few studies on the effect of different energy TUMT
generators on bladder outlet obstruction. LE-TUMT has minimal impact on
bladder outlet obstruction (BOO) overall [13]. Higher-energy devices seem to
result in a significant decrease of BOO. In a randomised study, complete uro-
dynamic evaluation was available at 6 months in 102 patients [14]. It was shown
that, after TUMT with the Prostasoft 3.5, the urodynamic variables improved
significantly. Clinically there was a shift from the obstructed to the nonobstructed
region of the plot (50% vs. 82% in the TUMT and TURP groups, respectively).
Thalmann et al. investigated urodynamically 162 and 59 patients 6 months and
2 years after TUMT with the Targis device, respectively [15]. Urodynamic param-
eters were significantly decreased and remained stable at 24 months in more than
75% of patients treated. Osman et al. found that only 50% (20/40) of the patients
changed to unobstructed on the pressure-flow nomogram after TUMT using the
Targis device, with the younger ones more likely to have urodynamic improve-
ment [16]. These data indicate that symptomatic improvement after TUMT is
more pronounced and more frequent than urodynamic amelioration.

TUMT Versus TURP

It is the destiny of all therapeutic modalities for BPO that challenge TURP to
be compared to this established treatment. Therefore, we should mainly rely on
randomised studies comparing TUMT to TURP for objective, unquestionable
evaluation of the TUMT efficacy. Six prospective randomised studies have been
conducted presenting the outcome of TUMT compared to TURP [14,17–21].
Five studies found significant decreases in urinary symptoms and significant
increases in Qmax between baseline and follow-up for both TURP and TUMT,
whereas Ahmed et al. [17] found that TUMT did not improve Qmax. In addition,
all studies showed that TUMT significantly improved IPSS. Although statistical
values and absolute numbers are superior for TURP, the difference in clinical
terms is less pronounced. Figures 1 and 2 display the outcome of the available
randomised studies in terms of Qmax and IPSS.

Hoffman et al. [22] brought together separately conducted randomised studies
and synthesised their results. This excellent systematic review evaluates the effi-
cacy and safety of microwave thermotherapy in treating men with LUTS and
BPO to quantify the therapeutic efficacy. Overall, 540 patients were randomised
in the six eligible randomised studies, including 322 to TUMT and 218 to TURP.
Treatment was offered by different TUMT devices and software, including
Prostatron (Prostatsoft 2.0 and 2.5) and ProstaLund Feedback. TUMT was
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somewhat less effective than TURP in reducing LUTS. Weighted mean differ-
ences (WMD) were calculated with 95% confidence interval (CI) for the
between-treatment differences in pooled means. WMD for the symptom score
at the follow-up for all six studies was −1.83 (−3.09 to −0.58), favouring TURP.
It was also found that the mean urinary symptom scores for TUMT patients
almost always decreased from the moderate-to-severe symptom range to the
mildly symptomatic range.
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Fig. 1. Changes in maximum urinary flow rate (Qmax) after treatment for benign pro-
static obstruction (BPO). a Transurethral microwave thermotherapy (TUMT). b
Transurethral resection of the prostate (TURP)

a

b



The magnitude of improvement in Qmax was greater for patients treated with
TURP than TUMT, with a WMD for Qmax at the follow-up of 5.37 (4.22–6.51)
ml/s. The mean Qmax after TUMT was usually <15ml/s, because only two studies
reported a mean post TUMT Qmax greater than 15ml/s. In contrast, five studies
reported that TURP achieved a mean Qmax >15ml/s. Clinical results of this review
are listed in Table 1.

Gravas et al. performed a pooled analysis of three studies of ProstaLund
Feedback TUMT with 12-month follow-up [23]. Two randomised studies com-
paring PLFT (Prosta Lund Feedback Treatment) to TURP and an open label
study with no comparative group were combined. Inclusion and exclusion crite-
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Fig. 2. Changes in International Prostate Symptom Score (IPSS) after treatment for
benign prostatic obstruction (BPO). a Transurethral microwave thermotherapy (TUMT).
b Transurethral resection of the prostate (TURP)
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ria of the three studies were identical, and this fact reduced any selection bias.
The responder rate was 85.3% and 85.9% in the PLFT (183 patients) and TURP
(65 patients) groups, respectively. One-sided 95% CI analysis showed noninferi-
ority of PLFT as compared to TURP. A responder was defined as a patient who
following treatment had an IPSS of 7 or less, and/or 50% or greater improve-
ment in IPSS from baseline, and/or Qmax of 15ml/s or more, and/or 50% or
greater improvement in Qmax from baseline. Detailed data of IPSS and Qmax

improvement are presented in Table 1. It is suggested that PLFT seems to have
an efficacy that in terms of IPSS and responder rate is not inferior to that of
TURP.

TUMT Versus Medical Therapy

The position of TUMT compared to medical therapy for the management of
LUTS with BPO has also been evaluated. Djavan et al. conducted a prospective
study with 103 patients with BPO who were randomised to receive either tar-
geted TUMT or medication with terazocin [24]. It was demonstrated that the
clinical outcomes of TUMT were significantly greater than those achieved by
terazosin. Mean IPSS improved significantly from baseline by 6 months in both
groups, with a greater improvement in patients after TUMT, where the IPSS was
38% lower than that in the terazosin group. Qmax also increased significantly from
baseline in both groups by 6 months and remained stable thereafter; it was 19.8%
higher after microwave treatment than with terazosin. The percentage of TUMT
patients having a ≥50% improvement in Qmax and IPSS at 6 months (64.7% and
78.4%, respectively) markedly exceeded that in the terazosin group (9.6% and
32.7%, respectively).

TUMT in Patients in Urinary Retention

Men with retention represent a specific group of BPO patients who in general
are at increased risk of perioperative morbidity and mortality and present a
lesser response to any treatment that resolves obstruction [25]. In the past,
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Table 1. Clinical outcome of TUMT systematic review and pooled data of PLFT
Symptom score Maximum flow rate (ml/s)

Reference Treatment Patients (n) Preop. Postop. Change Preop. Postop. Change

Hoffman [22] TUMT 322 19.4 6.7 65% 7.9 13.5 70%
TURP 218 19.6 4.5 77% 8.6 18.7 119%

Gravas [23] TUMT 183 20.9 6.4 69% 7.7 16.1 109%
TURP 65 20.7 7.1 66% 7.5 18.6 148%

TUMT, transurethral microwave thermotherapy; PLFT, ProstaLund Feedback Treatment; TURP,
transurethral resection of the prostate



TUMT was thought to be contraindicated because of a high failure rate, but
nowadays urologists feel more confident to offer this minimally invasive option
to patients in retention due to the advanced devices and treatment protocols.
Success rate is defined as the percentage of patients who regain their ability to
void spontaneously. Schelin reported that 80% of their cohort became catheter
free after TUMT, and those who failed all had large median lobes or protruding
lateral lobes into the bladder [26].

Naqvi et al. treated and followed up 167 men using Prostasoft 2.5, of whom
93% were able to void spontaneously with acceptable Qmax after therapy [27]. In
another study by Kellner et al., 32 of 39 patients (82%) were able to void after
HE-TUMT, but only 6 (15%) of the patients who were voiding were able to stop
their medication for BPO [28].

However, most of the studies had a very short follow-up (≤12 months), which
raises difficulties for the estimation of durability of TUMT outcome on patients
with retention. Floratos et al. found that the 1-year retreatment rate was esti-
mated to be 25% [29]. Gravas et al. assessed durability of TUMT using the
Prostasoft 3.5 with follow-up up to 5 years. The cumulative re-treatment risk at
5 years was 58.8% for patients in retention, whereas the corresponding risk for
patients without retention was 42.3% (P = 0.03) [30].

Durability

A critical question for any minimally invasive treatment is whether it passes the
test of time. Therefore, durability of long-term improvement is a prerequisite for
acceptance of TUMT and should be investigated. In most available studies the
attrition rate was significant; thus, fewer than half the initial group of patients
treated have been analysed at 4–5 years.

Historically, LE-TUMT has been abandoned because of the disappointing
durability of its effects. At 5 years after TUMT with the Prostasoft 2.0, 41% of
the patients had received instrumental additional treatment, and 17% were
being retreated with medication [31]. More recent studies confirm the limited
durability of clinical outcome obtained by lower-energy programs, with a retreat-
ment rate up to 84.4% after 5-year follow-up [32–34].

There are only three randomised studies comparing TUMT to TURP with a
follow-up up to 3 years. In a randomised study by Floratos et al. [14], the results
of 36 months of follow-up were presented. Improvement in Qmax of the TUMT
group from 9.2ml/s retreatment to 15.1ml/s, 14.5ml/s, and 11.9ml/s at 1, 2, and 3
years, respectively, was reported, whereas the IPSS symptom score improved
from 20 to 8, 9, and 12, respectively.These data indicate that the level of improve-
ment is durable up to 3 years. Similarly, d’ Ancona et al. randomised 52 patients
to receive either TUMT with the Prostatron software version 2.5 (31 patients)
or undergo transurethral resection (21 patients) [18]. Treatment outcomes for
the TUMT group were significant, with an increase in Qmax from 9.3 to 15.1ml/s
at 30 months (62%), whereas the IPSS decreased from 18.3 to 7.9 (54%). The
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corresponding improvement for the TURP group was 105% (from 9.3 to 
19.1ml/s) and 62% (from 16.7 to 6.3), respectively. The level of improvement 
was durable up to 2.5 years. It was concluded that TUMT and TURP achieved
durable results in patients with LUTS suggestive of BOO, although the magni-
tude of improvement was higher with resection.

Recently, Wagrell et al. presented the 3-year results of a prospective ran-
domised multicenter study comparing TUMT with PLFT (Core-Therm device)
to TURP [35]. At 36-month follow-up, the average value for the PLFT group
was 8.2, 1.2, and 11.9ml/s for IPSS, quality of life (QoL), and Qmax, respectively.
The corresponding values for the TURP group were IPSS 5.0, QoL 1.0, and Qmax

13.5ml.The degree of improvement was in the same range as that observed after
12 and 24 months for both groups. These data suggest that at 3 years, clinical
results obtained with PLFT TUMT were comparable to those seen after TURP.

Trock et al. performed a pooled analysis of 6 multicenter studies of cooled
thermotherapy [36]. In total, 541 patients were pooled, and the data showed an
improvement of 55% and 51%, respectively, in American Urological Associa-
tion (AUA) symptom score and Qmax 3 months after TUMT. A slight decrease
was observed at 48 months but subjective and objective improvement remained
durable (43% and 35%, respectively). AUA symptom score decreased from 20.9
to 9.5 and 11.5 at 1 and 4 years, respectively, while Qmax increased from 7.9ml/s
to 11.5 and 10.94ml/s at the same follow-up visits [36].

Retreatment rate, defined as the percentage of any additional therapy given
for primary treatment failure, represents an important parameter for the evalu-
ation of treatment durability. Retreatment of TUMT is related to primary treat-
ment failure, whereas retreatment of TURP is related to complications of
resection, including urethral strictures, bladder neck sclerosis, meatal stenosis,
and, rarely, treatment failure [12]. Reported retreatment rates after TUMT range
from 19.8% to 29.3% but with different mean follow-up duration (from 30 to 60
months) [14,15,18,37]. In the randomised study by Floratos et al. [14], the cumu-
lative risk of retreatment for TUMT Prostasoft 2.5 and TURP was 19.8% and
12.9%, respectively. Similarly, d’Ancona et al. found a retreatment rate of 26%
and 4.7% for TUMT and TURP in their randomised study with a mean follow-
up of 30 months [18]. The relatively longer-term outcomes still favoured TURP
in both these studies.

In a recent multicenter trial, Miller et al. evaluated the durability of the Targis
60-min treatment on 150 patients during a 5-year period [37]. They reported that
29.3% of the patients (44/150) underwent additional BPO treatment at some
point before 5 years, while they estimated that the cumulative Kaplan–Meier
retreatment risk was 33.9% at 5 years [37]. In a study using the TUMT 3.5 pro-
tocol, 213 patients with or without retention were treated and followed for up
to 5 years; 28.6% of patients without urinary retention required additional treat-
ment, while treatment failure was 37.8% in the retention group, but the cumu-
lative risk at 5 years was 42.3% and 58.8%, respectively [30].

Interesting results come from the comparison of TUMT to medical therapy.
In an update of the study on TUMT versus medical management by Djavan et
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al., patients have been followed up for 18 months [38]. The subjective and objec-
tive improvements observed at 6 months was maintained at 18 months and was
significantly greater in the TUMT group compared to the terazosin group by
35% and 22%, respectively. By 18 months, 21 patients had failed terazosin
therapy, 13 because it was ineffective and 8 because of side effects.Three patients
failed TUMT by 18 months and proceeded to surgery.The actuarial rate of treat-
ment failure at 18 months in the terazosin group (41%) significantly exceeded
that of the TUMT group (5.9%) [38].

Outcome Predictors

Several studies attempted to answer the question why some patients respond
favourably for many years and some patients do not and eventually require addi-
tional treatment. However, different devices were used, and a wide disparity in
the applied criteria among the studies was observed. The predictive baseline
parameters for the Prostatron device, including a lower Qmax, higher URA (Ure-
thral Resistance factor), and higher total amount of energy, could not be associ-
ated with favourable clinical results when they were applied in the ProstaLund
and Urowave series [39]. This finding suggests that a predictive factor for a par-
ticular device cannot necessarily be applied to the other devices.

Independent baseline parameters predicting unfavorable outcome were
advanced age of the patient, small prostate volume, mild to moderate bladder
outlet obstruction, and low amount of energy delivered during treatment [40].
Controversial results have also been published regarding the effectiveness of
baseline prostate-specific antigen (PSA) as a predictor of the clinical outcome
after TUMT. Djavan et al. demonstrated that baseline PSA could identify
patients with favourable clinical results after TUMT with the Targis device [41].
Laguna et al. could not confirm this finding in a study using the Prostatron device
[42].

Safety and Morbidity

Safety of treatment and morbidity represent two of the main considerations for
both clinicians and patients. TUMT sessions are usually well tolerated by
patients. They experience discomfort that usually appears as a mild feeling of
perineal warmth and a mild urge to urinate, although sporadically there are com-
plaints of significant discomfort.The need for sedoanalgesics in every patient has
been questioned, and topical urethral anesthesia alone has been shown to be
effective [43]. Pooled data from three studies on PLFT TUMT demonstrated that
serious adverse events (SAE) probably or possibly related to the treatment
occurred in 6.0% of the patients (11/183) in the PLFT group, including postop-
erative hemorrhage, urethral disorder, fever, urinary incontinence, hemorrhoids
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thrombosed, urethral stricture, urinary retention (2 cases), vertigo, sepsis, and
epididymitis [23]. In the TURP group, 15.4% of the patients (10/65) presented
SAEs probably or possibly related to the treatment, including gout, delirium,
sepsis, postoperative hemorrhage (2 cases), hematuria (3 cases), urinary tract
infection, orchitis, and urethral stricture. The difference between groups was 
significant (P = 0.035) [23].

High-quality data regarding morbidity coming from the systematic analysis of
published randomised studies comparing TUMT to TURP confirm this stand-
point [14,15,17,19,21,44,45]. For patients treated with TURP, the length of hos-
pital stay and catheterisation time was 4.0 days (range, 3.9–4.1 days) and 3.6 days
(range, 3–4.1 days), respectively, whereas in the TUMT group the corresponding
mean values were 0 and 13.7 days (range, 12.7–14 days), respectively. Table 2
presents pooled data of randomised controlled studies on morbidity following
TUMT and TURP [22,46]. Incidence of dysuria/urgency and urinary retention
were in favour of TURP.The incidence of hematuria, clot retention, transfusions,
and TUR syndrome is reported to be significantly less for TUMT than for TURP.
The impact of TUMT on sexual function in terms of erectile dysfunction and ret-
rograde ejaculation has also been studied in comparison to TURP, with pooled
data in favour of TUMT (Table 2) [22,46]. Therefore, the reported low morbid-
ity and the absence of any anaesthesia (spinal or general) needed, make TUMT
a true outpatient procedure, representing an excellent option for patients in high
operative risk (American Society of Anaesthiologists classification 3 and 4) who
are unsuitable for an invasive treatment [47].
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Table 2. Morbidity following TUMT and TURP (pooled data)
Walmsley [46] Hoffman [22]

Variables TUMT TURP TUMT TURP

Urinary tract infections (%) 9.0 6.0 17.7 13.9
(3–19) (5–9) (43/244) (21/151)

Dysuria (%) 51.0 15.0 31.2 13.1
(12–99) (9–23) (53/170) (14/107)

Retention (%) 15.0 5.0 23.9 6.9
(1–33) (4–8) (51/213) (9/130)

Clot retention (%) NA NA 0.5 4.0
(1/183) (4/100)

Transfusions (%) 1.5 8.0 0 5.7
(0–9) (5–11) (0/144) (6/105)

TUR syndrome (%) NA NA 0 6.1
(0/176) (6/98)

Erectile dysfunction (%) 8.7 10.0 5.7 13.9
(0–8) (7–13) (8/140) (10/72)

Retrograde ejaculation (%) 20.0 65.0 22.2 57.6
(2–49) (56–72) (10/45) (19/33)

TUMT, transurethral microwave thermotherapy; TURP, transurethral resection of the prostate; NA,
not available



Hoffman et al. estimated the rate of retreatment resulting from treatment
failure or strictures and meatal/bladder neck stenosis during the follow-up [22].
These data were reported as the number of events per person per year of follow-
up. TUMT and TURP failure was 7.5/100 and 1.0/100 person-years, respectively.
On the other hand,TURP patients (5.85/100 person-years) were more likely than
TUMT (0.63/100 person-years) to require surgical retreatment for strictures
(meatal, urethral, or bladder neck). Pooled data from randomised studies showed
similar results [46].Variables were presented as the percentage of adverse events
(ratio of events to pooled subjects). TUMT patients were more likely (18%;
range, 10.8%–25.8%) than TURP patients (2.6%; range, 0%–4.8%) to require
retreatment for BPO symptoms.The reported rate of reintervention due to stric-
tures or stenosis was 2.0% (0%–9%) and 7.0% (5%–8%) for the TUMT and
TURP group, respectively [46].

Cost

Different economic models evaluating the cost effectiveness of minimal invasive
therapies for BPO have been introduced [48–50]. The results coming from the
application of that model suggest that TUMT is a reasonable cost-effective alter-
native to both TURP and medical therapy for treatment of moderate to severe
BPO [48,49]. Manyak et al. presented an economic model for comparison of
medical, minimally invasive, and surgical therapy for BPO [50]. This model
showed that thermotherapy was more effective at a higher but reasonable cost
than the medical therapy. In addition, TUMT had a higher utility and lower cost
than TURP.

de la Rosette et al. recently performed a cost-consequence analysis based on
a randomised TURP against TUMT study with a 3-year follow-up [51].The initial
fixed cost of the procedure was higher for TUMT than TURP, although the
retreatment risk in both groups was not significantly different. The outpatient
use of TUMT was the critical factor that reduced the direct cost and rendered
this method economically advantageous compared to TURP, which required a
mean hospital stay of 5.3 days [51].

Another recent study estimated the cost of PLFT and TURP and costs asso-
ciated with reinterventions for up to 3 years [52]. The authors found that PLFT
is markedly less expensive than TURP over the first year, and preliminary data
from the 3-year follow-up suggest that PLFT cost remains lower than TURP
despite the larger number of reinterventions [52].

In addition, savings depend on the number of men who seek treatment for
BPO [53]. Although TUMT has been associated with high investment costs, its
large treatment capacity causes these costs per patient to be relatively low. In
addition, the aging of the population results in long waiting lists and a growing
demand for effective and cost-worthy alternatives. Within this framework,
TUMT appears to be a very attractive option.
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Current Position of TUMT in the Urological Community

The steadily increasing number of publications for TUMT suggests acceptance
of the method and the efforts taken to optimize treatment outcome. A survey of
854 certified urologists showed that 18.5% of respondents have already had
access to TUMT, putting microwave thermotherapy in third place between avail-
able alternative minimal invasive techniques for BPO management after elec-
trovaporisation and laser therapy and before the other minimal treatments [54].
However, when asked what kind of equipment they would like to have access to
among alternative minimally invasive techniques, 40% preferred holmium laser,
11% electrovaporisation, 5% TUNA, 5% TUMT, 4% Gyrus, and 3% interstitial
laser coagulation, while 61.5% of the respondents did not choose any of the pro-
posed equipment. It was considered that these results reflected urologists’ satis-
faction with the devices to which they have access, or different fields of interest,
or lack of belief in the clinical potential of alternative treatments [54].

Seki et al. performed a questionnaire survey on the prevalence and preference
with regard to various types of surgical treatment for BPO [55]. It was found
that TURP remains the gold-standard surgical option in terms of both cost 
effectiveness and overall usefulness amongst Japanese urologists. Transurethral
vaporisation of the prostate by thick loop (TUVP), followed by interstitial laser
coagulation of the prostate (ILC) and TUMT, were also recognized as the most
preferable treatments for dealing with the prevalence from now on at general
hospitals. Ercole et al. surveyed certified urologists practicing in Minnesota on
the utilization of minimally invasive treatments for BPO [56]. Both minimally
invasive and traditional alternatives would be offered by 59% of the respon-
dents, 10% would recommend only minimally invasive therapy (MIT), and 29%
would suggest only traditional therapy. The most common MITs offered were
transurethral microwave thermotherapy and (55%) and transurethral needle
ablation (33%) [56]. These results seem to confirm the speculation that the level
of acceptance of TUMT is increasing in the urological community all over the
world.

Conclusions

High-level clinical evidence suggests that TUMT is an effective treatment for
BPO that can be delivered to outpatients and has fewer adverse events com-
pared to TURP. However, TURP offers greater improvements in symptom
scores and Qmax, resulting in a smaller number of patients requiring retreatment
for BPO. European Association of Urology Guidelines state that TUMT is con-
sidered the most attractive interventional modality alternative to TURP and
should be reserved for patients who want to avoid surgery or who do not respond
favourably to medication [57]. According to the AUA Guidelines, TUMT is
effective in partially relieving symptoms in BPO patients, whereas there is no
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evidence of superiority of one device over another [58]. The recent 6th Interna-
tional Consultation on New Developments in Prostate Cancer and Prostate Dis-
eases concluded that TUMT has good clinical outcomes that seem durable and
have low morbidity, thus representing an option when instrumental treatment is
indicated (except when absolute indication for surgery exists) [59].
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Transurethral Bipolar Electrosurgery
in the Lower Urinary Tract

Anup Patel

Summary. Several factors have driven the development of bipolar vaporization
and resection technology in the lower urinary tract in the past decade; these
include prostate size and vascularity, which have impacted on the morbidity of
monopolar TURP (transurethral resection of the prostate), particularly with
regard to complications such as TUR (transurethral resection) syndrome. The
avoidance of this at a time when experience with TURP is diminished among
the next generation of urologists due to the significant impact of the medical
therapy paradigm, along with the lack of affordability of complex laser technol-
ogy and the failure of urologists to get the best out of monopolar vaporization,
has left a gap that was filled with bipolar saline resection techniques. Of the
growing band of bipolar resection systems, the plasmakinetic variety is the oldest
in the marketplace, began with vaporization, and diversified to resection loops
and incision electrode configurations. Others have followed this lead with vari-
ation on a theme, but common to all is the need for dedicated resectoscopes and
generators.The main challenge has been how to generate plasma reliably around
the active component of the electrode to enable smooth cutting without delay,
with adequate surface haemostasis, but without deep coagulation that could
result in prolonged irritative symptoms after hospital discharge. Clinical studies
are still relatively sparse, particularly with regard to multicentre prospectively
randomized studies with durable follow-up, and in fact, published data only
relate to two of the four available bipolar systems. Aspects of the basic design
elements and pertinent clinical data published to date are described and
reviewed in this chapter.

Keywords. Bipolar, Transurethral prostate resection (TURP), Basic concepts,
Clinical outcomes
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Introduction

The safe application of electrical energy to living organisms has underpinned
many important surgical advances in the past two centuries. After Bottini first
applied transurethral electricity to the prostate, further developments followed
with adoption of endoscopic visual control, use of irrigants to improve visual
control in the face of bleeding, and then came the design of powerful high-
frequency energy sources that worked reliably in fluid. These energy sources
were coupled to insulated active wire loop-and-ball electrodes of varying sizes
and thickness as the importance of low and high current density was discovered
with its different tissue effects using the same waveform. Other useful develop-
ments came with foot-pedal control, improved sprung working elements of dif-
ferent types (Iglesias and Baumrucker), the Hopkins rod-lens optics systems,
and, more recently, powerful halogen-xenon lamp light sources and endoscopic
camera technology. Meanwhile, improved antibiotic drugs, safer anaesthetic
techniques, and the wider availability of blood transfusion have all helped to
establish the place of the modern-day monopolar electrosurgical TURP as the
gold standard treatment for symptomatic and complicated obstructive benign
prostatic hyperplasia

In the past two decades, the urological community has seen the advent of a
major paradigm shift in the management of lower urinary tract symptoms asso-
ciated with benign prostatic obstruction, away from primary surgical interven-
tion and towards medical management. At the same time, with varying success,
a plethora of minimally invasive thermal based therapies, such as transurethral
microwave thermotherapy (TUMT), interstitial radiofrequency ablative tech-
niques (e.g., TUNA) and laser therapies (ILC), have also sought to gain a
foothold in this arena, on a platform of potential for lower morbidity and out-
patient delivery with sedoanalgesia. Together, these factors have impacted 
significantly on the numbers of TURPs performed worldwide. Evidence of 
this decline is seen in the number of TURPs that are performed annually on
Medicare patients, which has progressively fallen since the peak of 258000 was
reached in 1987 (Table 1). In the face of such stiff competition, interest in improv-
ing TURP technology has remained undiminished. Although monopolar elec-
trosurgery got a second lease of life through transurethral electrovaporization
with various roller electrode configurations and vapor-resection with modified
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Table 1. Changing Medicare TURP demographics
Medicare code 52601 Medicare code 52612 Medicare code 52620 TURP of

Year Single-stage TURP First of two-stage TURP residual obstructive tissue after 90 days

1995 130724 518 1239
1996 120232 347 1156
1997 110055 467 987
1998 88626 365 858



loops, these were not perceived by the majority as useful tools to wield against
large vascular glands, and consequently have failed to topple the supremacy of
TURP. Lasers have come, gone, and come again in the guise of high-power
holmium resection (enucleation–morcellation or direct ablation) and latterly
KTP, but these are prohibitively costly for the majority and may require steep
technical learning curves. Hence, although monopolar loop resection has
endured, primarily because urologists are well trained in its use and are famil-
iar with the equipment, giving it a high “comfort factor rating” in the hands of
the majority, there is still an imperative to improve it.

Problems that have still not been completely overcome by the enduring gold
standard of TURP relate to the issues of morbidity [1–3], particularly from bleed-
ing, absorption of irrigant and its associated effects (hypothermia and TUR syn-
drome), loss of potency, urinary incontinence, urethral stricture formation, and
rare complications such as bladder perforation (iatrogenic or from induced or
stray currents causing inadvertent neuromuscular stimulation), and diathermy
burns from poorly applied return electrodes used to complete the circuit from
active electrode to earth. Finally, there is the issue of possible malfunction of
certain types of pacemaker [4]. Prostate size and vascularity are perceived to be
the two most important factors that impact on the morbidity of monopolar
TURP. In practical terms, to maximise safety, resection time is usually limited to
60min. However, as most resections remove an average of 40%–50% of total
gland volume, which equates to the transition zone volume, and resection rates
vary from 0.5 to 1g/min., the size of a gland that can be safely tackled ranges
from 70 to 100ml at most. Personal observation seems to suggest that the legacy
of a decade or more of medical therapy with alpha blockade may have
bequeathed large vascular glands, perhaps with worse detrusor function, to the
next generation of urological surgeons. Further, as an undesired by-product of
prostatic pharmacotherapy, the experience of performing TURP in today’s gen-
eration is significantly reduced, and consequently surgeons will be ill equipped
to tackle the challenges posed by these larger prostates.

The development of bipolar vaporization and resection systems in the last
decade have tried to address some of these issues, as they provide a potential to
allow the electrosurgical removal of obstructive prostatic adenomatous tissue
using an iso-osmotic normal saline irrigant solution (and hence theoretically
without the same time limitation as with monopolar loop resection). Further,
they may also provide improved surface coagulation during resection without
the deep coagulation effects associated with high-voltage monopolar coagula-
tion current.

Bipolar Electrosurgical Prostate Technology

The first bipolar device brought to clinical practice in urology began its clinical
life in gynecology and was subsequently modified for use in urological endoscopic
vaporization [5]. Since that time, other commercial systems have appeared. In
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chronological order, these are the Gyrus Plasmakinetic (PK) system, which
permits vaporization, resection, and incision of tissue with different electrodes,
the Vista Coblation system (ACMI), the SurgMaster TURis system (Olympus),
and, more recently, a new bipolar resection system from Karl Storz. These last
three systems permit loop resection only at present. All use electrical energy
output from custom-made, dedicated, specialized electrosurgical generators.
Operating frequencies differ between the units, as shown in Table 2, but all are
lower than their monopolar counterparts.

The challenges faced by each system are these:

1. To reliably establish a cutting plasma corona, preferentially at the distal active
electrode.

2. To achieve a plasma condition with acceptably short delays from the time of
footswitch activation by the surgeon (i.e., instantaneous fire-up) and to main-
tain this under all cutting conditions.

3. To provide adequate haemostasis from both cut and coagulation sources of
foot-switch operation.

In monopolar electrosurgery, cutting current arcs from the small active electrode
to the tissue bed just before contact is made with the tissue before instanta-
neously heating and vaporizing the tissue through ohmic resistance (which
creates very high temperatures) before returning to the site of the externally
applied return electrode. In contrast, bipolar electrosurgery is closer to cold
cutting (Fig. 1). At the appropriate power setting, the bipolar generator is
designed to produce a high initializing power and/or voltage spike with foot-
pedal activation; this establishes a voltage gradient between in the intervening
gap between the bipolar electrode active and return components. If the activated
bipolar electrode is not in contact with the tissue or the gap is too wide, or if
there is insufficient power, current flow is simply dissipated to no effect by the
large volume of electrolyte solution in a full bladder. On the other hand, if the
power/voltage spike was not high enough to both form and maintain the plasma
vapour pocket, stuttered cutting will result, depending on the quality of tissue
contact.

As a result of these challenges, the initial plasmakinetic (PK) Gyrus system,
which was the first to encounter some of these difficulties, has been modified in
recent years, culminating in the availability of the latest Gyrus PK Superpulse
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Table 2. Generator characteristics (available manufac-
turer’s data)

Peak coagulation
Device Operating frequencies voltage (Vrms)

Gyrus 320–450KHz 80–120
ACMI 100-KHz square wave 65–115
Olympus 350KHz 120



(SP) generator. This newer device is preconfigured for maximal allowable
current under low impedance conditions. However, the surgeon is able to choose
between two sets of cut voltages that are preset and represented by SP1 and SP2
mnemonics. The PK Superpulse generator is designed to recognise the active
electrode and offers default settings that are optimal for a range of conditions
at the tip, e.g., SP2 160, corresponding to a maximum voltage of 307Vrms 
sinusoidal (434V peak) and 160W maximum average power.The PK Superpulse
generator contains an energy reservoir facility in the form of a bank of internal
capacitors. In this way, there is provision of sufficient voltage for both instant
fire-up at the start of each cut and for power ride-through under challenging 
conditions of impedance. In this way, this manufacturer has resolved the 
problems of stuttered cutting that occurred with their previous generation
device. The reservoir bank is quickly precharged before foot-pedal RF voltage
initiation by the surgeon. Tests have shown that under high flow and cold saline
conditions, more power than normal is required to initiate and maintain plasma
conditions at the active electrode tip. The capacitor reservoir can provide up to
4000W of power for short periods (~10ms), but only if the tip impedance is low
enough.

At baseline, before RF voltage application, the impedance differential
between bipolar active and return electrodes is between 23 and 60 ohms depend-
ing on the saline temperature and the proximity of the active electrode to the
tissue bed.At high power (4000W) and low impedance (23 ohms), a voltage close
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to 300 Vrms can be sustained by the PK Superpulse generator long enough to
allow saline immediately surrounding the active loop to be actively heated to
reach boiling point in a few milliseconds. This phenomenon is due to current
crowding at the reduced surface area of this part of the active electrode and
creates a nonequilibrium vapour pocket containing charged sodium ions (Fig.
2a–c). Plasma can then be established inside the enveloping vapour pocket. This
plasma of activated sodium ions is visible to the naked eye as an orange glow in
saline solution (Fig. 3) as confirmed by optical emission spectroscopic analysis
(whereas a blue glow is visible in a potassium chloride solution). There is a time
delay of 1–2µs from the initial negative current spike until light is emitted [6].
Once formed, the impedance of this plasma is higher and ranges from 500 to
3000 ohms, depending on how much of the loop is in the vapour pocket as
opposed to being in local contact with saline and depending on the length of the
vapour pocket (higher impedances with longer plasma vapour pocket lengths).
Power delivery now becomes focused around the active loop rather than being
dissipated in the saline and tissue between active and return components of the
active electrode. Thereafter, sustaining the plasma requires much less power, the
energy reservoir is no longer required and is automatically replenished, while
output voltage falls by being repetitively formed during each half-cycle of the
high-frequency exciting voltage waveform. Plasma volume is smaller and imped-
ance is lower at the lower preset voltage setting SP1, detected visually by a less
intense orange glow around the active electrode. The SP2 setting gives the
surgeon the option of larger plasma volume and slightly higher preset voltage if
cutting becomes difficult under the conditions encountered. Fire-up should
usually take no more than 20ms after activation by the surgeon as a result of
the capabilities of the capacitor reservoir bank. In vivo saline tissue-based
models have shown that, in practice, once an activated loop is in contact with
tissue, no more than 100W power is usually required to sustain the user-defined
maximum voltages. It is likely that, in future, newer waveform algorithms 
could also be developed for different clinical scenarios requiring better
haemostasis, such as novice system users or in cases where there is a particular
interest in minimizing bleeding as in large vascular prostates. Hence, the natural
evolution of this technology will be in the direction of greater versatility of 
application.

Photographic examination of the plasma discharge shows a concentration of
the optical emissions at the outer periphery of the active electrode. At the point
of tissue contact, it is thought that cutting takes place as there is disintegration
of tissue through molecular dissociation as the current flows to the nearby return
electrode. Energetic species of the charged ions from the plasma cause break-
age of organic carbon–carbon and carbon–nitrogen bonds in addition to elec-
tron impact dissociation of water molecules into excited fragments of H and OH
ions, and the cumulative effect is to rupture the cell membranes, resulting in
visible cutting.

It is thought that the tissue effects of bipolar prostate electrosurgery occur 
at much lower temperatures (~40°–70°C; see Fig. 1) compared to monopolar
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Fig. 2. a Plasmakinetic device showing small bubbles forming as saline at tip approaches
boiling point. b Plasmakinetic device with formation of plasma pocket; high resistance
between active and return electrode components. c Plasmakinetic device with current flow
through low-resistance plasma pocket to tissue bed and back to return

a

b
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electrosurgery (300°–400°C). If true, and as the charged ions only have a short
penetration of 50–100µm, this should mean less collateral thermal damage to
the surrounding tissue and less tissue char. The end result should be excellent
localised cutting, with little in the way of the burnt smell usually associated with
monopolar cutting. This lack of char smell and cleaner-looking chips have been
confirmed by the author’s experiences and by user surveys (personal communi-
cation to author) [7]. After a period of cutting, as with bipolar systems in air,
tissue residue can stick to the slightly larger return electrode (which has a lower
current density), and when this happens, as it impedes current flow through the
plasma arc, cutting efficiency may be impaired. If this should occur, the electrode
should be carefully cleaned with an appropriate soft brush, which is usually pro-
vided by the manufacturer.

Other than differences in generator profiles, commercially available bipolar
systems differ in the design, size, and shape and thickness of their active elec-
trodes (Fig. 4a–e), the housing in the working element, and the size of the resec-
toscope. However, common to all to date is the need for a dedicated system of
instruments for bipolar resection. The Gyrus PK electrodes are the most diverse
range at this time and are constructed of a platinum iridium alloy, allowing attrib-
utes of excellent tensile strength and high corrosion resistance.

The Vista Coblation system (controlled ablation), which is no longer com-
mercially available due to the recent acquisition of its manufacturer ACMI by
Gyrus, had an operating frequency that was five times lower than a monopolar
RF system, with the premise that the lower the operating frequency in bipolar
mode, the less the risk of stray induced currents, and therefore the less likely
were unwanted incidences of neuromuscular stimulation in the unparalysed
patient, euphemistically known as the “obturator jerk.” This is more important
when resecting bladder tumours (although it may still occur during prostate
resection when treating the bladder neck or in the presence of an iatrogenic
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Fig. 3. Orange glow of activated
sodium ions in plasma pocket
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Fig.4. a Gyrus thick and thin resecting loops.
b Gyrus incision electrodes. c ACMI Vista
system double loop. d Olympus Surgmaster
resecting loop. e Storz system bipolar loop
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anterolateral capsular perforation), as it is then that inadvertent bladder perfo-
ration can occur as a result of an unexpected obturator jerk, spilling cancer cells
outside the confines of the bladder. Thus, use of a bipolar resection system gen-
erally means that the patient need not be paralysed and intubated during the
procedure and should have quicker recovery from anaesthesia as a result. The
Vista Coblation system also had a unique loop design. The Vista active electrode
was a 4-mm-diameter double-loop design where the current flowed from a thin
leading loop 0.35mm thick for active plasma formation to an equivalent diam-
eter thicker trailing loop (0.5mm) held in parallel with an insulated gap between
the two of 1.52mm (see Fig. 4c). Further, the surgeon had foot-pedal control of
the cut settings on the dedicated generator, and the device was available in a
smaller (25Fr) resectoscope.

The Surgmaster system loops (from Olympus) use similar design principles to
those developed by Gyrus for their loops (see Fig. 4d), but they are of a slightly
smaller diameter thin-wire design separated by yellow insulating material from
a thicker, more bulbous return end. The resectoscope itself is 26Fr in size and
has a working length of 194mm. As with the other two systems, this design
permits current crowding at the thinner active loop to allow the plasma pockets
to be formed. The current reaches the active portion of the loop from the gen-
erator through the white plastic housing in the bottom of the working element,
while the return current flows through the return portion of the electrode in
contact with the working element and then back to earth through a lead con-
nected to the working element handle (Fig. 5). Hence, part of the telescope
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Fig. 5. Olympus Surgmaster working
element
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housing of the working element is specially insulated to make it fit for this
purpose without compromising patient safety by return current leakage into the
resectoscope sheath. At the resectoscope tip, the electrode and telescope are
separated from the metallic outer sheath by insulating material (Fig. 6). The
Surgmaster generator in the TURis mode allows saline resection through two
cutting modes (pure and blend with maximum power output of 320W) and coag-
ulation through two modes designated Coag 1 (maximum 200W) and Coag 2
(maximum 80W), although only in combination with the Surgmaster resecto-
scope. It also has a capability to produce a monopolar output for standard sur-
gical and endosurgical use. In a limited personal clinical experience with this
device, cutting seems to be reliable. However, at this time, there are no published
clinical studies comparing use of the Surgmaster system to any of the established
resection systems, either monopolar or bipolar, in the peer-reviewed published
literature.

Also at the time of writing, no specific details are available on the new Storz
bipolar resection system, but as shown in Fig. 4e, this system has a different
double-loop configuration to that seen with the Vista system. It consists of a
double loop with a 5-mm-diameter thin-wire active component and a flat thick
bow loop bent in the opposite direction, which is the return component, with
both loops mounted on the same axis of a dedicated resectoscope. Again this
return loop is wider and thicker to allow current crowding necessary for plasma
formation to take place at the thin active loop. Although there are no clinical
data, Wendt-Nordahl et al. [8] compared this device against a standard monopo-
lar loop under laboratory conditions similar to the ones they previously reported
on for the Vista system using an isolated porcine blood-perfused kidney model.
Both the monopolar and the bipolar loop were activated by the same electro-
surgical generator, an Autocon 400 II (Storz), using an output power of 240W
and Coag. degree 2 for the ex vivo and an output power of 350W and Coag.
degree 4 for the in vivo experiments, respectively. At low power (80 Watt),
monopolar loop cutting was possible but bipolar cutting was impossible. Bipolar
cutting became easier as power increased to above 240W, whereas 300W was
needed for in vivo cutting.

Fig. 6. Insulation at tip of resectoscope
between active loop and outer sheath of
Surgmaster resectoscope



Furthermore, there was a delay of almost 1 s. until the loop became submerged
in the tissue before reliable cutting occurred. When cutting did take place at the
higher power, bleeding was significantly reduced from the monopolar device rate
of 20.78±1.52gmin−1 to 15.16±3.3gmin−1 for the bipolar device (P<0.05) (Fig.
7a, b), although the exact incident set power for the monopolar and bipolar
modes for these measurements is not stated in the paper. The coagulation zone
was slightly deeper for the bipolar device, but the difference with monopolar was
not significant (Fig. 8). Electrical recordings by these authors suggested that
using the standard generator, the 0.8-s delay in onset of bipolar cutting and con-
sistency of cutting quality (as with many of its predecessors) was due to the time
taken for the high current output at low impedance to produce the vapor pocket,
and this in turn is critically dependent on electrode configuration and on gener-
ator design and function.To my mind, the electrical measurements in Fig. 9 taken
during a single bipolar cut, showing the delay to actual cutting, followed by volt-
ages of up to 450V and power of up to 475W under varying impedance condi-
tions during actual cutting, support the need for dedicated generator design with
such bipolar devices, because it is likely that bipolar systems that do have 
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Fig. 7. a Bleeding rate using Autocon generator comparing Storz bipolar resction loop
to standard monopolar loop (n=5) (Storz) (P<0.05, significant). (From Gunnar Wendt-
Nordahl, with permission). b Bleeding kidney surfaces after ablation with the Storz
bipolar resection loop (left) and the conventional monopolar loop (right). (From Gunnar
Wendt-Nordahl, with permission)
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Fig. 8. Coagulation depth comparison for Storz bipolar resction loop to standard
monopolar loop (n=5) using Autocon generator (Storz) (P>0.05, NS). (From Gunnar
Wendt-Nordahl, with permission)

Fig. 9. Real-time electrical measurements during single cut with Storz bipolar resection
loop showing delayed onset of cutting action of 0.85s: voltage, current, power, and imped-
ance, respectively, from top to bottom. Note that current was high while impedance was low
during the delay before cutting started. (From Gunnar Wendt-Nordahl, with permission)



difficulty initiating fire-up will have greater thermal spread in tissue at the point
of RF initiation, as the surgeon cannot move the loop until the vapour pocket
and plasma have been (slowly) established.

In bipolar systems with dedicated generators, as a rule, coagulation takes 
place at much lower peak voltages compared to monopolar systems (80–100V
vs 500–800V). This occurs because at higher peak voltages, the liquid is con-
verted into a gaseous phase, which has higher impedance, which in turn changes
the type of resistance from a resistive to a capacitative mode, which reduces
energy flow and dissipated heat, thereby limiting the final coagulation effect.

As a general rule, safety is further increased by use of bipolar electrosurgical
energy, as there is no need for a large return electrode applied to the skin; thus,
the low incidence of inadvertent skin burns at small points of localised contact
from a poorly applied return electrode is completely eliminated. There is also a
small cost saving as these return electrodes are not necessary and the current
returns to earth through components of the active electrode or resectoscope
working element (as in the case of the Surgmaster system) and cord, respectively.
The combination of low operating frequency and low voltage in bipolar prostate
electrosurgery should also eliminate the possibility of interference with all types
of cardiac pacemakers.

Bipolar Electrosurgical Clinical Experience

Despite its presence in the marketplace for several years, there is a paucity of
peer-reviewed published data with regard to bipolar technology in prostate
treatment beyond a learning curve experience and one or two small single-center
randomised trials. Published clinical data are only available for the Gyrus and
Vista systems, and this review is confined to these systems only.

Bipolar prostate electrovaporization with the first-generation Gyrus Plasma-
kinetic (PK) system was reported by Botto et al., in 2001 [5]. They reported a
significant decrease in mean IPSS and improvement of mean peak flow at 3
months in 42 patients. There was no apparent difference in the duration of
surgery, which appeared to be similar to monopolar TURP (although degree of
tissue removal was not quantified), and there was no significant intraoperative
bleeding. The authors opined that the system they used was more efficient than
their experiences of monopolar electrovaporization.

In a UK-based study, Eaton et al. [9] also evaluated the use of the same bipolar
electrovaporization system for day-case surgery of the prostate. Forty men
underwent PK prostate vaporization by one surgeon using a dedicated continu-
ous-flow 27Fr sheath resectoscope and saline irrigant, with intent for same-day
discharge, which was achieved in 85%. Mean prostate volume and operative 
time were 34.9ml and 33min, respectively. All voided successfully at 48h, but 2
required treatment for blocked catheters. At 4 months, there was a subjective
improvement with IPSS and QOL improved by 64% and 83%, respectively. Sim-

170 A. Patel



ilarly, objective improvement was seen as flow rate improved by a mean 200%
(although no baseline data were reported in any of these categories).

Dunsmuir and colleagues [10] reported a prospective single blind study of 
51 patients randomized to bipolar vaporization (n=30) or monopolar TURP 
(n=21), of whom 40 (20 in each group) attended for follow-up at 1 year. There
was no subjective or objective difference between the groups in clinical out-
comes, amount of irrigant used, haematocrit of effluent, or hospital stay.
However, recatheterization rate was significantly higher in the bipolar vapor-
ization group (30%) compared to the TURP group (5%). Of course, one 
does not know whether those that did not attend for 1 year follow-up (10 PK
vaporization and 1 TURP) had an unsatisfactory outcome as the reason for
nonattendance.

Although these early data tell us that PK bipolar vaporization has sparked the
interest of a few urologists and that it is associated with reasonable early clini-
cal outcomes, mature outcomes data in a large cohort of patients treated at many
different centers are still lacking for this modality, and there are still no peer-
reviewed published data from any prospectively randomized controlled trials
comparing completeness and rates of tissue removal as well as clinical outcomes
and morbidity after the best of monopolar electrovaporization with that of
bipolar plasma kinetic vaporization.

The optimal technique for bipolar Gyrus PK electrovaporization has also not
been described in detail yet, specifically whether the active electrode should be
moved unidirectionally from bladder neck to apex or whether this movement
should be bidirectional to obtain the best combination of vaporization and 
coagulation.

Others [11] have used Gyrus bipolar PK incision electrodes (see Fig. 4b) to
try to emulate the holmium laser enucleation technique developed by Gilling
and Fraundorfer. In a small study of 22 men, a Plasma-Cise electrode was tested,
but the duration of postoperative catheterization was 29.8h as compared to 
17.8h after holmium laser resection.

Certainly, one theoretical concern would be a possible higher urethral stric-
ture rate with the use of a 27Fr Bipolar PK Gyrus resectoscope, but only time
and longer follow-up in such series in the future can give us useful information
in this regard. Further, use of these systems in future may be made more attrac-
tive by manufacture of appropriately sized working elements that fit resecto-
scopes of all common manufacturers.

Recently, Vista Bipolar loop resection was compared to standard monopolar
loop resection with regard to cutting qualities, ablation rate, blood loss, and 
depth of coagulation using an isolated blood perfused porcine kidney model [12].
The Vista system and active electrode used with saline were compared to a 5-
mm-diameter monopolar loop (Storz, Tuttlingen, Germany) in standard manni-
tol/sorbitol solution (Fresenius, Bad Homburg, Germany).The Vista bipolar loop
ablation rate (determined by the loop diameter and drag rate through the tissue)
was similar to the ablation rate reached with the monopolar loop, indicating that
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the loops moved through the tissue at similar speeds. At Vista cut setting 7 (265
V) and 8 (292V), blood loss was significantly lower (P<0.05) than monopolar
resection at a power setting of 160W (Autocon, Karl Storz, Tuttlingen). The
bleeding rate was 13.16±5.47g/min (setting 7) and 10.43±4.76g/min (setting 8),
compared to 17.08±4.57g/min for the monopolar loop. The bleeding rates (g
min−1) in cut modes and coagulation depths (µm) in coagulation modes, respec-
tively, are shown in the following graphs.
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These data confirm that coagulation zones are smaller with bipolar resection
compared to monopolar equivalents, as expected from the lower voltages in the
bipolar system. The limited bipolar surface coagulation at the resected tissue
interface, whilst avoiding deep tissue heating, should in theory avoid delayed
tissue sloughing and prolonged irritative symptoms. On the flip side of this coin,
the theoretical disadvantages could be a higher incidence of delayed haemor-
rhage in fibrous prostates or when the patient strains heavily in the early post-
operative period (either at stool or from vomiting caused by anaesthetic/opiate
analgesic agents). Further, there is no firm evidence of efficacy in reducing bleed-
ing complications in the anticoagulated patient as yet. These issues must be
studied further and proven in the context of multicenter randomized controlled
trials in future.

With regard to bipolar loop resection in humans, Issa et al. [13] reported a sub-
group of 5 patients from an institutional cohort of 58 patients treated with PK
bipolar TURP between 2001 and 2003. This subgroup had large prostate resec-



tion weights (>35g) and significant comorbidity as determined by ASA 
(American Society of Anesthesiology) risk category 3 or more. Of this subgroup,
mean resected weight was 49.6g (32–67g), achieved during a mean operating
time of 2h and 22min (98–175min), giving a tissue removal rate of 0.35g/min.
In these long operations, which would have carried a high risk of developing
TUR syndrome with monopolar resection, the mean serum sodium concentra-
tion decreased by only 1.6mg/dl, while mean haematocrit dropped by 5.6%.
These findings were consistent with the range expected for procedures of this
duration. None of these patients required transfusion, and all voided sponta-
neously before discharge.

In our own series of 32 patients treated with the Vista 25Fr continuous flow
resection system [7], 12 had prostates larger than 50cc on TRUS with the largest
resection weight of 62g in a 126-cc3 prostate measured. Median operation time
(defined as the interval between the commencement of resection to the place-
ment of the final Foley catheter) in this cohort of large glands was 73min (25–
120min) and median dry resection weight was 36g (20–62g), giving a median
tissue removal rate in these large glands of 0.49g/min. In our experience, with
this bipolar resection system, the gap between the double loop was best seen
with a 30° lens, but the extremes of electrode excursion were better seen with a
12° lens. Cutting was immediate, only occurred when the loop made contact with
the tissue, and was “felt” by the operators to be smoother than with monopolar
loop TURP. There was excellent visualization of the capsule and other endo-
scopic landmarks such as the bladder neck and apex. The cut setting could be
increased by the surgeon from a white button on the foot pedal in a cyclical
fashion from the preset starting value of 6 on the generator. Coagulation
required accurate placement of the bleeding vessel in the gap between the loops,
but slightly closer to the thicker backloop, followed by gentle downward pres-
sure to permit the current to flow tangentially through the mouth of the open
vessel. Coagulation was best when there was no movement of the loops across
the vessel during activation of the foot pedal. A longer activation time (~5s) for
the coagulation mode (coupled with a slightly lower flow of irrigant if possible
without compromising visual control) also appeared to improve the coagulation
effect in our experience. As length of resection increased beyond 30min, tissue
debris accumulated on the rear one of the two loops and required cleaning with
a gauze swab, later replaced by a soft brush provided by the manufacturer.

Although there should be no problem with TUR syndrome with bipolar resec-
tion, we adhered to the principle that there should be no place for complacency
as far as surgical technique was concerned. Hypervolaemia and hypothermia
from cold saline absorption through the resection fossa can still occur leading to
heart failure in elderly patients with cardiac comorbidity, so we recommend that
irrigant fluid should still be warmed before use, and that the operator should
empty the bladder of accumulated irrigant from time to time (because inflow is
usually greater than outflow even with continuous flow resectoscope systems).
Furthermore, regular bladder emptying also helped to show up bleeding points
better, so that they could be controlled in a timely fashion. We also took 
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advantage of the gap between the double loop and devised a “wedging” coagu-
lation technique around the bladder neck by trapping the cut edge in the gap
between the two loops and activating the coagulating current for better
haemostasis at this important site.

In 2005, Tefekli et al. [14] from Turkey published the results of a prospective
randomized comparison of monopolar TURP versus a hybrid of bipolar Gyrus
PK vaporization and loop resection in a total of 101 men with either sympto-
matic LUTS from benign prostatic obstruction or urinary retention with
indwelling catheters, with complete data on 96 men. As with previous studies,
significant advantages of shorter operating time (40.3 vs 57.8min), lesser irrig-
ant volume requirement, and shorter catheterization times (2.3 vs 3.8 days) in
favour of the PK hybrid treatment were noted. Although completeness of tissue
removal was not quantified, there was no difference in overall subjective and
objective improvement between the two groups and no difference in blood trans-
fusion requirement postoperatively (low at 2%). However, early postoperative
problems occurred in 16.3% of the PK hybrid group versus only 8.5% of the
monopolar TURP group (P=0.0014), early severe irritative symptoms were
more common, at 12.2% versus 4.3%, and long-term complications were also
higher at 10.2% versus 6.3%, respectively (not significant), for the PK hybrid
group. The urethral stricture rate was also significantly higher at 6.1% versus
2.1% in the PK hybrid group.

These data tell us that the shorter catheter time of the hybrid PK technique
in this study was offset by significant disadvantages postoperatively. If, as is sug-
gested by the studies of Wendt-Nordahl et al. [12], bipolar coagulation is less
deep than with monopolar coagulation, at least with the Vista system, then it is
likely that the higher incidence of postoperative irritative symptoms (which are
usually the result of an excessively coagulated tissue bed and delayed sloughing
of this tissue, as was seen with Nd :YAG laser therapies in the past) in this par-
ticular study was due to the primary use of the larger surface area bipolar vapor-
ization electrode before the bipolar loop was deployed at the end to tidy up the
apex. These irritative symptoms could potentially have been avoided by using
the bipolar loop throughout rather than an expensive hybrid technique pre-
dominantly with a larger surface area vaporization electrode. This mistake was
compounded by reuse of the electrodes to save cost (especially as either design
of bipolar active electrodes are not labelled for reuse despite the local practice
in this particular institution). Evidence to support this contention is provided 
by the study of Singh et al. [15] from India, who also performed a randomized
controlled trial in 60 men comparing the Vista bipolar resection system versus 
a regular monopolar loop. Here, there was no difference in clinical outcomes
parameters and, in particular, irritative symptoms of postoperative dysuria were
less common with a thin wire bipolar resection loop. Further, their data indicated
a significantly lower fall in serum sodium (1.2mEq/l for bipolar vs 4.6mEq/l for
monopolar) in exchange for a slightly slower tissue removal rate (0.61gmin−1 vs
0.74gmin−1), and no difference in any other clinical or laboratory parameter
studied. Additional studies on a larger scale are needed to specifically address
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this issue for each of the various bipolar devices comparing them to their
monopolar equivalents (i.e., bipolar loop vs monopolar loop and bipolar vapor-
ization electrode vs monopolar vaporization electrode used predominantly in
the cut mode with the right generator).

The most recently published randomized controlled study was from de Sio 
et al. [16] in which 70 men were randomized to Gyrus bipolar resection versus
monopolar TURP. Again there was a significant advantage in favour of shorter
need for postoperative irrigation, shorter catheterization time for the bipolar
group (72 vs 100hs), and consequently for shorter hospital stay. No other dif-
ferences were found between the groups either perioperatively or at 1 year
follow-up.

Training and Morbidity

Bipolar TURP should allow more time for teaching and training urology resi-
dents how to resect prostatic adenomatous tissue without compromising patient
safety, for all preliminary studies have shown the risk of hyponatremia to be uni-
formly low. This is a welcome advantage for the novice trainee, freed of the
shackles of time constraint to a large degree both for the resection phase and
also for the coagulation phase of the operation. This is particularly important
when the use of TURP has been declining, and a large proportion of patients
requiring surgery are either in acute or chronic retention or have large vascular
glands. With regard to the technique, only minor changes are needed, and for
urologists already proficient in performing monopolar TURP, as bipolar systems
are almost identical with regard to equipment, the learning curve should be
almost negligible. At this time it is not known whether the risk of capsular per-
foration and subsequent impotence will be reduced [17,18] until this issue is for-
mally studied. Haemostasis seems to be slightly improved at the resected tissue
surface, but deep coagulation is limited and care must still be taken to avoid
opening large venous sinusoids.

One of the concerns that exist for many transurethral bipolar resection
systems, as with monopolar electrosurgery, is the potential for urethral and
bladder neck stricture formation postoperatively. Although reports on bladder
neck strictures for the bipolar systems are sparse, the incidence of urethral stric-
tures in the study by Tefekli et al. [14] at 6.1% (vs 2.1% for the monopolar TURP
arm) is of concern. Aetiologically, there are many possible reasons for the higher
stricture rate in these two studies, including larger resectoscope diameter (27Fr),
especially if the urethra is not adequately predilated before passage of the resec-
toscope, higher incident power (even if in short bursts), and if a larger prostate
is tackled or one is tackled by a relative novice resulting in a long operating time.
The higher recatheterization rates reported by Dunsmuir et al. [10] and Tefekli
et al. [14] in the PK vaporization studies may be a consequence of residual tissue
oedema but may also contribute to urethral stricture formation and may be an
indication that bipolar loop resection is preferable to the vaporization option.
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Of interest is the paper from Morishita et al. [19], which in 1992 indicated that
urethral stricture formation post-TURP may be closely related to electrical
resistance and current leakage of appliances. They investigated old and new
monopolar and bipolar loops, finding that the new unused bipolar loops had low
electrical resistance of 0.5–0.6 ohms, increasing with multiple use (for at least 60-
min durations) to 1–115 ohms (mean, 26.4 ohms), whereas none showed current
leakage. In comparison, all monopolar loops exhibited current leakage after the
first use and showed relatively high resistance. These data indicate the superior
durability of bipolar loops compared to their monopolar counterparts and, if
reproduced in currently available bipolar loops, confirms their superior safety
over their monopolar counterparts; however, clearly there is a need to develop
bipolar continuous-flow resectoscopes smaller than 27Fr in the not too distant
future.

Transitional Cell Tumour Resection

No doubt there will soon be a growing impetus to use bipolar systems to resect
transitional cell tumours in the bladder (and possibly in the renal pelvis). Less
char will mean better potential histological analysis, but use of an isotonic solu-
tion means that loose cancer cells from higher-grade bladder tumours would not
be lysed as they would in a bladder full of hypotonic irrigant such as sterile water,
leaving a greater theoretical possibility of seeding viable cancer cells. However,
one must stress that these are theoretical concerns and none have been studied
in detail at this time. Safety with regard to systemic fluid absorption and its
sequelae would certainly be increased with saline irrigant when resecting renal
pelvis tumors (although in the overall spectrum of TCC treatment, this repre-
sents only a small number of cases).

Cost

This issue has not been studied in detail.A financial analysis study by Ruiz-Deya
et al. [20] showed the cost of bipolar saline TURP to be 10.56% less than for
conventional monopolar TURP. This translated into cost savings of $1138 per
patient in their institution, but they did not take into account the cost of pur-
chasing a new dedicated generator, a new resectoscope or at least a new working
element, active electrodes that are more than 8–10 times the cost of a regular
loop, not to mention a longer possible operating room time use (which could be
offset by lower morbidity). Further, one does not yet have a good sense of loop
durability in long resections, and cost will increase if more than one loop has to
be used in larger glands. Thinner loops may also be damaged or deformed by
repeated contact with prostatic concretions of the variety that are sometimes
encountered at the junction between transition and peripheral zones. On the
other hand, costs may be lowered in future through multispecialty use of the gen-
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erator (in dermatological, ENT, orthopaedic, and gynecological procedures)
[21–23], as well as its use in laparoscopic surgery.

Conclusion

Transurethral bipolar electrosurgical vaporization and resection systems
undoubtedly have future potential for a variety of reasons outlined in this
chapter, particularly at a time when urologists may be tackling more large
prostates endoscopically. In the face of stiff competition from higher-powered
lasers (both holmium and KTP), whether this potential will be bright or just a
passing fad like so many other technologies that have failed to endure will
depend on mass acceptance of the technique in the established urological work-
place and particularly in training centers that will nurture the urological surgeon
of tomorrow. To achieve this, the cost comparisons and outcomes in appropri-
ately designed larger multicenter studies where bipolar loop resection is pitted
against the enduring gold standard of monopolar resection must be forthcom-
ing as a high-quality solid evidence base which will ultimately drive registration
and reimbursement—without which no new technology can endure.
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Ethanol Injection Therapy of the
Prostate for Benign Prostatic
Hyperplasia

Nobuyuki Goya1 and Shiro Baba2

Summary. Ethanol injection therapy of the prostate has been developed as a
minimally invasive procedure for the treatment of patients with symptomatic
benign prostatic hyperplasia (BPH). Dehydrated ethanol (absolute ethanol) 
is injected directly into the prostate, mainly via the transurethral route
(transurethral ethanol ablation of the prostate, TEAP). This chapter reviews
TEAP based on the relevant papers published during the past 10 years. TEAP
can be performed using standard endoscopic equipment or a specially designed
disposable instrument (InjecTx or ProstaJect endoscopic device) under local
anesthesia. The most common mild to moderate complications are irritative
voiding symptom, urinary retention, and hematuria, most of which resolve
without intervention by 1 month after TEAP. Most patients do well with catheter
removal 3–7 days after the procedure. Although clinical reports are limited, the
IPSS (AUA) score, QOL score, and peak flow rate are improved after TEAP
compared with before TEAP, and the improvement persists for 12 months. Main-
tenance of good results up to 3 years afterward has been reported. This method
is safe if performed carefully and major complications are rare, but serious com-
plications such as bladder necrosis have occasionally been reported. TEAP is
minimally invasive and cost-effective, and the finding that erectile dysfunction
and retrograde ejaculation were rare in many studies seems to be a major advan-
tage of TEAP over TURP (transurethral resection of the prostate).

Keywords. Ethanol injection, Benign prostatic hyperplasia, Minimally invasive
treatment, Chemoablation

Ethanol Injection Therapy of the Prostate

Ethanol injection therapy of the prostate is defined as a minimally invasive 
procedure for the treatment of patients with symptomatic benign prostatic
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hyperplasia (BPH) by direct injection of anhydrous ethanol (dehydrated
ethanol, absolute ethanol) into the prostate. Ethanol may be injected via either
the transurethral [1–16] or transperineal route [17–19], but the former route is
mainly used in the clinical setting.

Few report [18,19] on transperineal injection have been published. However,
the risk of causing a hematuria is small, and irritation of the lower urinary tract
is also slight with this method. This technique is less invasive because the urinary
tract is not instrumented, so further exploration of the transperineal method can
be expected in the future.

However, we mainly discuss the transurethral method in this report.

Transurethral Ethanol Ablation of the Prostate

Transurethral ethanol ablation of the prostate (TEAP) was introduced as one of
the emerging therapies for BPH in the American Urologists Association (AUA)
guideline on management of BPH (2003) [20]. At TEAP, anhydrous ethanol is
injected to a periurethral prostatic nodule under continuous urethroscopic irri-
gation. Goya et al. [1] in 1999 reported the first encouraging transurethral
ethanol injection therapy for BPH. Microscopically, the ethanol injection creates
a uniformly demarcated line of tissue necrosis, which does not extend to the
capsule of the prostate or to the sphincter. The prostate capsule integrity acts 
as a relative barrier to ethanol diffusion, and systemic absorption of ethanol 
is minimal. Excessive bleeding from a given injection site is not a problem,
although it may be prudent to have a Bugbie electrocautery device available.
Extensive sloughing of necrotic tissue can sometimes cause obstruction of the
prostatic urethra, and this may account for failure to achieve improvement of
voiding symptoms. In the United States, the evaluation of the safety and tolera-
bility of transurethral alcohol injection for the treatment of BPH was started for
formal U.S. Federal Drug Administration (FDA) approval as a new drug for
treatment of BPH (investigational new drug 61337) in March 2002, enrolling 150
patients, and was completed in 2004, awaiting the final decision [2]. Including this
study, TEAP procedures have been mostly performed by using the single-piece
disposable instrument of InjecTx or the ProstaJect endoscopic device, which is
a 20G passive deflection hollow-core needle with an infusion channel [21,22].
One accepted drawback of chemoablation is that no tissue is available for pathol-
ogy. Transrectal biopsy is not advocated at the time of this procedure; disruption
of the prostatic capsule might allow unwarranted extravasation of the absolute
alcohol [21].

Collection of Relevant Publications

To comprehend the results of the safety and efficacy of TEAP, the relevant
papers published during the last 10 years in the peer-reviewed literature were
collected from Medline and the Cochrane database. Embase and the Biosis 
database were also checked to search for abstracts of relevant papers from AUA
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(American Urological Association), EAU (European Association of Urology),
WCE (World Congress on Endourology and SWL) and SIU (Societe Interna-
tionale d’Urologie). Structured Medline review articles on intraprostatic ethanol
injection have been published [22–25]. The relevant articles on TEAP published
in the literature [1–16] are listed in Table 1.

Histopathological Changes of the Prostate after TEAP

Several animal and human studies have been performed describing the mecha-
nism of action of ethanol injection into the prostate [1,26–29]. A comparative
animal study [26] was performed using a canine model to investigate the ethanol-
induced effect between the transurethral and transperineal routes. The total
injected dose was equivalent to either 25% or 50% of the prostate, as calculated
by TRUS (transrectal ultrasonography). There was coagulative necrosis with
associated protein denaturation, which was generally lobular and wedge shaped.
This study clearly demonstrated that the former route has fewer overall
extraprostatic effects compared to the latter approach, if a safety margin of 1cm
from the prostatic capsule was maintained. Other studies in the canine model
[27,28] demonstrated that superficial injections lead to the formation of cavities,
which are confluent with the prostatic urethra. Levy et al. [28] confirmed that
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Table 1. Relevant published articles on transurethral ethanol ablation of the prostate
(TEAP)

No. of Study Level of
References Year Patients groupa Type of study Device evidence

Goya et al. [1] 1999 10 1 Case series Straight Needle 3
Plante et al. [3] 2002 5 2 Case series OPAL 3
Ditrolio et al. [4] 2002 15 3 Case series InjecTx 3
Palmer et al. [5] 2002 30 4 Case series ProstaJect 3
Badlani et al. [6] 2002 60 Quasi-RCTb ProstaJect 2
Badlani et al. [7] 2003 60 5 Quasi-RCTb ProstaJect 2
Badlani et al. [8] 2003 60 Quasi-RCTb ProstaJect 2
Guttierez et al. [9] 2003 15 6 Case series ProstaJect 3
Martov et al. [10] 2003 20 7 Case series ProstaJect 3
Buchholz and 2003 4 8 Case series ProstaJect 2

Andrews [11]
Gutierrez-Aceves 2003 200 +10c Case series ProstaJect 3

et al. [12]
Plante et al. [13] 2003 200 +10c Case series ProstaJect 3
Plante et al. [14] 2003 115 9 Case series ProstaJect 3
Grise et al. [15] 2004 115 9 Case series ProstaJect 3
Goya et al. [16] 2004 78 1 Case series Straight Needle 3
Plante et al. [2] 2004 150 10 RTC ProstaJectTM 2

RCT, randomized controlled trial
aThe case series were grouped, if the enrollment protocol seems to be identical
bQuasi-RCT; method to generate random allocation is not reported
cA study group combined with group no. 10



ethanol injections are safely performed in a dog model under ultrasound 
guidance. The highly echogenic appearance of the ethanol makes transrectal
ultrasound monitoring of the procedure feasible. In a human study [29], immuno-
histochemical technique showed complete destruction of nerve cells and nerve
endings within the necrotic area of the prostate.

Anesthesia

Guitierrez et al. [9] evaluated the feasibility of performing TEAP under local
anesthesia with paraprostatic injection of 20ml of 1% lidocaine in 15 subjects,
and reported that this procedure can be safely performed with good patient tol-
erance. Plante et al. [30] reported the results of 14 men who underwent TEAP
using either oral anesthesia or periprostatic block alone or in combination.
Ethanol doses ranged from 6 to 24ml, injected in one to three sites per lateral
lobe. By the Wong–Baker Faces pain scale, 71% of subjects rated pain as mild
or moderate. Transrectal block with oral anesthesia achieved the most consistent
results. Nevertheless, almost all cases have been performed under regional anes-
thesia combined with topical mucosal anesthetic.

Safety of the Injection Procedure

The main drawback of transurethral ethanol injection is the difficulty in plan-
ning an accurate prostatic map for injection sites to standardize the procedure
[25]. In most studies, dehydrated ethanol in a concentration of 95%–99.5% v/v
is injected by means of the ProstaJect Ethanol Injection System (American
Medical Systems, Minnetonka, MN, USA). This device can be inserted through
any currently available rigid cystoscope, allowing direct visual monitoring of the
prostate and the injection site while maintaining continuous irrigation.This injec-
tion device uses a curved needle that passively deflects in an axial plane, allow-
ing for deeper prostatic injection.

Grise et al. [15] and Plante et al. [3,14] (study groups 2 and 9 in Table 1)
described that the first plane of injection was 1cm distal to the bladder neck, at
the 3-o’clock and 9-o’clock positions. For a larger prostate, a second plane of
injection was used 0.5 to 1.0cm distal to the first. The dosage of injected ethanol
for each lobe ranged from 3 to 5ml depending on gland size and urethral length,
and was selected from the recommended dosage table [15]. Average ethanol
injection was 14ml (10–16ml), which resulted in 27% of the prostatic volume.
Among the 94 patients, who were followed through 12 months, 2 patients
(2.13%) developed bladder necrosis, requiring open surgery [15]. One under-
went urinary diversion, and the other required a ureteral reimplantation for
distal ureteral stenosis.

Goya et al. [1,16] used a standard cystourethroscopy injection system and a
straight needle (Olympus or Richard Wolf) for ethanol injection (study group 1
in Table 1). The first plane of the injection was the midprostatic urethra. For a
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smaller prostate, the injection was limited at 3-o’clock and 9-o’clock positions,
but the injection site was increased for a larger prostate at 2-o’clock, 4-o’clock,
8-o’clock, and 10-o’clock positions. Injection of ethanol into the prostatic tissue
was monitored under transrectal ultrasonography when necessary [1,16]. Based
on their experience with ultrasound monitoring, dehydrated ethanol caused a
hyperechoic area, which remained well within the prostatic capsule so long as
the injection needle remains inside the prostate gland. To prevent retrograde
ejaculation, ethanol was not injected into the bladder neck. Mean ethanol
volume injected was 6ml (range, 3 to 14ml), and the ratio of injected ethanol
volume to prostatic volume ranged from 6.5% to 27% (mean, 13.3%). No serious
complications such as bladder necrosis were reported.

DiTrolio et al. [4] performed injections at least 1.5cm proximal to the exter-
nal sphincter at the 3- and 9-o’clock positions in the lateral lobes and at the 6-
o’clock position in the median lobe. In a larger prostate, a second plane of
injections was required. A total of no more than 25ml ethanol were injected at
a maximum of five injection sites per prostate (study group 3 in Table 1). The
average total alcohol dose was 13.1ml (8–22ml), and the ratio of injected ethanol
volume to the prostatic volume was 27.3%. No serious adverse events have been
documented with this method. A similar injection procedure was reported by
Gutierrez-Aceves et al. [12].

Plante et al. [13] reviewed the complications of TEAP among 200 patients
from 15 countries. Most patients fare well with catheter removal 3 days after the
procedure. Overall, more than 90% of patients were able to void 96h after TEAP
[13]. The most commonly reported adverse events were irritative voiding
(21.5%), urinary retention (17.5%), and hematuria (13%), most of which
resolved without intervention by 1 month post-TEAP. Urinary incontinence,
erectile dysfunction, and retrograde ejaculation occurred in less than 5% of the
patients overall. Bladder necrosis was reported in 3 cases, including one requir-
ing urinary diversion. Among 51 subjects from FDA Phase I/II trial (IND 61337)
who have completed the 6-month evaluation, Plante [2] reported mild to mod-
erate complications including irritative voiding symptom (42%), hematuria
(46%), pain/discomfort (30%), urinary retention (23%), and urinary inconti-
nence (15%). These complications again required no intervention. Using the
AUA guidelines, complications reported posttreatment are comparable to other
minimally invasive therapies currently available for BPH.

Need for reintervention of any kind at 1 year among 200 subjects was less than
10% overall in each case [13]. Badlani et al. [6,7] reported a randomized com-
parative study of TURP versus transurethral anhydrous alcohol injection for
bladder outlet obstruction. Sixty men with significant LUTS (lower urinary tract
symptoms) were enrolled in a randomized, three-arm study to compare the
effects of superficial injection (0.5cm) of ethanol, deep injection (2.0cm) of
ethanol, and TURP. Thirteen to 14 subjects from each group were followed up
through 6 months after TEAP or TURP (study group 5 in Table 1). TEAP con-
version to TURP was reported in 10% of the deep injection group and 15% of
the superficial injection group [7].
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Efficacy of TEAP

Clinical results of several studies on TEAP, with a follow-up as long as 4.3 years
[1,3–6,10–12,15,16], have been published. After TEAP, IPSS, and QOL score
decreased significantly at 1 month, and these improvements were sustained at
12 months (Tables 2,3). Goya et al. [16] followed 17 patients for longer than 3
years (median follow-up, 4.3 years), and reported durable improvements in
International Prostate Symptom Score (IPSS), quality of life (QOL) score, peak
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Table 2. Changes in International Prostate Symptom Score (IPSS) [American Associa-
tion of Urologists (AUA)] after TEAP (mean)

No. of
References Patients Preoperative 3 months 6 months 12 months

Goya et al. [1] 10 23.1 12.2* *P<0.01
Plante et al. [3] 5 23.4 12.2 11.4 13.8* *P<0.05
Ditrolio et al. [4] 13 22.4 5.6 5.8 5.9
Palmer and Keen [5] 30 22 11* 11* 9* *P<0.01
Badlani et al. [6] (S) 14 22.7 10.4 11.7* P<0.05
Badlani et al. [6] (D) 13 17.2 6.5 4.7* P<0.05
Martov et al. [10] 20 24.7 8.9
Buchholz and 4 18.5 4.5 4.5

Andrews [11]
Gutierrez-Aceves 118 21.2 10.3* 9.9* 10.7* *P<0.001

et al. [12]
Grise et al. [15] 93 20.6 10.3* 10.6* 10.3* *P<0.05
Goya et al. [16] 29 21.8 10.4* 10.8* 9.6* *P<0.001

S, superficial injection group; D, deep injection group
Number of patients indicates those followed through the final evaluation

Table 3. Changes in quality of life (QOL) score after TEAP (mean)
No of

References Patients Preoperative 3 months 6 months 12 months

Goya et al. [1] 10 5.1 3.2* *P<0.01
Plante et al. [3] 5 4.0 1.6 2.2 2.8* *P<0.05
Ditrolio et al. [4] 13 No report
Palmer et al. [5] 30 5 2* 2* 2* *P<0.001
Martov et al. [10] 20 4.75 2.0
Buchholz and 4 3.5 2.5 2.5

Andrews [11]
Gutierrez-Aceves 116 4.4 2.2* 2.1* 2.1* *P<0.001

et al. [12]
Grise et al. [15] 93 4.4 2.2* 2.3* 2.1* *P<0.05
Goya et al. [16] 29 5.0 2.6* 2.7* 2.3* *P<0.001

Number of patients indicates those followed through the final evaluation



flow rate, and postvoid residual volume. With regard to the peak flow rate, an
increase of 45% was evident 3 months after TEAP (Table 4), and the effect was
mostly sustained through 12 months. As summarized in Table 5, the postvoid
residual volume seems to be decreased by TEAP [1,5,16], but the change has not
been remarkable in some studies [3].

The reported reintervention rate ranged from 13% by 1 year [15] to 61% by
3 years after TEAP [16]. If the reported case series are continuously observed
for another 4 years, the retreatment rate may increase further.
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Table 4. Changes in peak flow rate (ml/s) after TEAP (mean)
No of

References Patients Preoperative 3 months 6 months 12 months

Goya et al. [1] 9 8.0 13.1* *P<0.05
Plante et al. [3] 5 9.9 13.8* 13.0* 13.1* *P<0.05
Ditrolio et al. [4] 13 5.7 11.7 11.7 11.9
Palmer et al. [5] 30 11 14* 14* 12 *P<0.002
Badlani et al. [6] (S) 14 7.9 13.8* 11.2* P<0.05
Badlani et al. [6] (D) 13 9.0 14.5* 13.3* P<0.05
Martov et al. [10] 20 8.4 13.4
Buchholz and 4 6 16 16

Andrews [11]
Gutierrez-Aceves 130 9.3 13.1* 13.2* 13.7* *P<0.001

et al. [12]
Grise et al. [15] 90 9.9 13.4* 13.4* 13.4* *P<0.05
Goya et al. [16] 29 8.3 12.5* 12.9* 13.6* *P<0.001

S, superficial injection group; D, deep injection group
Number of patients indicates those followed through the final evaluation

Table 5. Changes in residual urine (ml) after TEAP (mean)
No of

References Patients Preoperative 3 months 6 months 12 months

Goya et al. [1] 9 129.0 49.3* *P<0.05
Plante et al. [3] 5 118.8 89.8 111.4 111.2 n.s.
Ditrolio et al. [4] 13 No report
Palmer et al. [5] 30 93 107 64* 97 *P<0.02
Martov et al. [10] 20 133.7 10.7
Buchholz and 4 No report

Andrews [11]
Gutierrez-Aceves 118 No report

et al. [12]
Grise et al. [15] 93 No report
Goya et al. [16] 29 93 34* 30* 35* *P<0.001

Number of patients indicates those followed through the final evaluation



Cost-Effectiveness

Compared with TURP, the procedure time required for TEAP is much shorter,
and it could be performed within 20min [4,6]. Ethanol is inexpensive and readily
available. The expense of this short procedure performed under regional 
anesthesia as an outpatient case must be weighed against the cost of TURP,
which is performed as an inpatient procedure with 48h of postoperative 
hospitalization.
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(C) Necrotic prostate tissue

(B) During injection of absolute ethanol

(B) 8 monhs After TEAP

(A) Before TEAP

Fig. 1. Case 1. Before TEAP (endoscopic findings). 2. During injection of absolute
ethanol. 3. After TEAP: a large part of the prostate is missing and the occluded lumen of
the posterior urethra was mostly cleared. 4. Necrotic prostate tissue removed from the
urethra at 58 days after TEAP. The patient was a 76-year-old man. His preoperative data
included a prostate volume of 84.4ml, IPPS of 21, QOL index of 5, and maximum urinary
flow rate (Qmax) of 9.0ml/sec. A total of 18.0mL of absolute ethanol was injected
transurethrally at 6 sites in total. At 58 days after the procedure, necrotic prostate tissue
that sloughed from the posterior urethra was removed when the patient presented with
obstruction of the anterior urethra. The patient’s urinary symptoms improved markedly
after removal of the necrotic tissue. The patient’s postoperative data included an IPPS of
9, QOL index of 2, and Qmax of 18.3ml/s after 3 months. His prostate volume was 51.3mL
after 6 months. This case indicates that injection of ethanol may cause extensive prosta-
tic tissue necrosis that results in sloughing of the tissue, although it is rare



Conclusions

TEAP is effective and may be a suitable option for patients with comorbidities
who are unfit to undergo TURP. The fact that erectile dysfunction and retro-
grade ejaculation rarely occurred in many studies seems to be the major advan-
tage of TEAP over TURP. With regard to durability, 12-month data have only
limited value. Further follow-up for another 3–5 years is required before this
procedure is considered to be a reasonable alternative treatment for BPH. Local
toxicity in the form of spreading necrosis warrants further research in establish-
ing a safe injection site before it could be put to regular clinical use.
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Urethral Stents: Review of Technology
and Clinical Applications

Mordechai Duvdevani, Ben H. Chew, and John D. Denstedt

Summary. Urethral stents are a minimally invasive therapy used in the treat-
ment of benign prostatic hyperplasia, urethral stricture, or detrusor sphincter
dyssynergia. This chapter reviews the different types of urethral stents, indica-
tions for their use, and clinical results. Urethral stents may be positioned in the
urethra or prostatic urethra and are classified as temporary or permanent. Tem-
porary stents are further subdivided into biodegradable and nonbiodegradable.
This form of therapy is particularly useful in patients who are at high anesthetic
risk and are unable to undergo surgical procedures considered to be the gold
standard, such as transurethral prostatectomy or open urethroplasty for prosta-
tic enlargement and urethral stricture disease. Urethral stents can provide an
effective alternative to transurethral and open procedures in many urological
disorders that affect the prostate and urethra.

Keywords. Urethra, Stent, Benign prostatic hyperplasia, Detrusor sphincter
dyssynergia, Stricture

Introduction

The term “stent” is defined as “a thread, rod, or catheter, lying within the lumen
of tubular structures, used to provide support during or after an anastomosis, or
to assure patency of an intact but contracted lumen” [1]. Urethral stents are typ-
ically made of a metal alloy or polymeric or biodegradable material in a variety
of designs that are rigid enough to maintain urethral patency.

Urethral stents are designed to relieve bladder outlet obstruction caused by
various etiologies. Indications in appropriate patients for urethral stent place-
ment include urethral stricture disease, benign prostatic hyperplasia (BPH),
detrusor-sphincter dyssynergia (DSD), and bladder outlet obstruction second-
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ary to locally advanced prostate cancer [2,3]. Patients with BPH who have failed
medical management or patients with locally advanced prostate cancer causing
bladder outlet obstruction who are not medically suitable for anesthesia are
potential candidates for urethral stent insertion as opposed to an indwelling
Foley catheter or intermittent catheterization [3]. Patients with neurogenic
bladder and DSD may also benefit from a urethral stent [4,5]. Urethral stents
are placed endoscopically under either radiologic or cystoscopic control and
should be easily inserted or removed and be of large enough diameter to relieve
urethral obstruction as well as to facilitate cystoscopy if necessary. Characteris-
tics of the “ideal” urethral or prostatic stent are listed in Table 1. To date,
however, no stent encompasses all these factors.

Indications and Contraindications for Urethral 
Stent Placement

There are several accepted indications for placement of a temporary or perma-
nent urethral stent, which include patients with enlargement of the prostate
gland and significant obstruction of urinary flow (BPH or patients with locally
advanced prostate cancer) who are unsuitable for surgical procedures requiring
anesthesia. Other indications for placement of urethral stents include patients
with mechanical obstruction of the urethra due to urethral stricture disease or
with functional obstruction of the bladder outlet due to DSD.

Likewise, several contraindications for urethral stent insertion exist including
acute prostatitis, an active infection of the urethra or bladder, cystolithiasis,
penile urethral stricture, stricture involving the external urethral sphincter, or
recurrent bladder tumors (these patients require repeated cystoscopy for follow-
up, which may be problematic after stent insertion).

Before placement of a urethral stent, patients should be evaluated with inves-
tigations appropriate for the underlying disease process. Irregardless of the 
etiology of the stricture, a thorough anatomical and functional evaluation of the
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Table 1. Characteristics of the ideal urethral stent

1. Easy to insert
2. Easy to remove
3. Biocompatible (i.e., induces no reaction to surrounding tissue and is not altered by the in vivo

environment)
4. Radiopaque (to facilitate stent insertion using fluoroscopy and confirm position during follow-

up radiography)
5. Rigid enough to relieve urethral obstruction
6. Resistant to encrustation and infection even after prolonged indwelling times
7. Resistant to migration
8. Comfortable
9. Internal lumen large enough to alleviate the obstruction and to facilitate cystoscopy if needed



urethra should be performed to delineate the anatomical location and length 
of the diseased area via retrograde or antegrade (if a suprapubic catheter is
present) urethrography, magnetic resonance imaging (MRI), uroflowmetry,
videourodynamic studies and cystoscopy. Urinary tract infection should be ruled
out with a urinalysis and culture.

Stents for the Treatment of Obstructing Prostate Tissue:
Benign Prostatic Hyperplasia (BPH) and Prostate Cancer

Benign prostatic hyperplasia (BPH) is a common and well-known cause of lower
urinary tract symptoms (LUTS) in men. The treatment options for symptomatic
BPH include oral alpha-blockade alone or in conjunction with 5-alpha reduc-
tase inhibitors, surgical resection of the obstructing adenoma (either open
prostatectomy or transurethral prostatectomy), or minimally invasive proce-
dures such as transurethral needle ablation, transurethral microwave treatment,
laser prostatectomy which is available in a variety of forms, and prostatic stent
placement [6,7]. Minimally invasive procedures are generally used in patients
who are unfit for surgery because serious comorbidities place them at greater
anesthetic risk [3,8,9]. Another potential indication for prostatic stent insertion
is in the patient with serious comorbidities and a greater anesthetic risk with
locally advanced prostate cancer resulting in bladder outlet obstruction.

Urethral Stricture
Urethral strictures can be classified according to their location (proximal or
distal) or their etiology, such as iatrogenic or secondary to other pathology. Iatro-
genic causes are related to previous surgical urethral manipulation including cys-
toscopy, ureteroscopy, transurethral prostatectomy or resection of bladder
tumor, catheter manipulation, pelvic irradiation, and any surgery involving the
urethra. Secondary urethral strictures may be due to previous infection such 
as sexually transmitted diseases (especially gonoccocal urethritis); malignancies
such as prostate, bladder, or urethral cancer, or pelvic trauma with pelvic bone
fracture. Urethral strictures can be also idiopathic. The treatment for urethral
strictures is generally surgical and involves urethral dilatation, direct visual inter-
nal urethrotomy or open urethroplasty. The recurrence rate of strictures is
50%–75% within 2 years after endoscopic treatment [10]. Transurethral treat-
ment of urethral strictures is not suitable for every type of stricture, particularly
long strictures, strictures in conjunction with spongiofibrosis, or patients that
have had recurrent urethral strictures and prior failed treatments. For these
patients, open urethroplasty offers the highest success rate of over 90% and is
considered the gold standard of therapy [11]. Patients with serious comorbidi-
ties who are at great anesthetic risk with recurrent or long urethral strictures are
good candidates for urethral stent placement.
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Detrusor Sphincter Dyssynergia (DSD)
Traumatic suprasacral injury to the spinal cord can cause neurogenic bladder
associated with DSD, leading to elevated bladder pressure, voiding dysfunction,
vesicoureteral reflux, nephropathy, and even loss of renal function. The primary
goal in the treatment of DSD is to lower bladder pressure to preserve renal func-
tion using either medical or surgical therapies. The standard surgical solution for
patients with DSD has been transurethral sphincterotomy, which is irreversible.
Permanent sphincter stenting can be considered as an appropriate alternative,
which would improve symptoms and preserve bladder and renal function.

Types of Urethral Stents

A variety of urethral stents is available and can be broadly classified as tempo-
rary or permanently implantable.

Temporary Stents
Temporary urethral stents maintain urethral patency and are not incorporated
into the wall of the urethra. The aim of such stents is to provide an alternative
to an indwelling urethral or suprapubic catheter for the short-term relief of
bladder outlet obstruction [7]. Temporary urethral stents enable normal mic-
turition with a success rate ranging from 50% to 90% [12]; however, cystoscopy
or urethral catheterization cannot usually be carried out with these stents in
place due to the small luminal size. Temporary stents are made of stainless steel,
biodegradable polymers [13], or a nickel titanium alloy (Table 2). Temporary 
urethral stents are replaced every 6–36 months depending on the manufac-
turer’s recommendations. Other temporary stents consist of poly-D/L-lactic acid,
which is biodegradable and dissolves spontaneously over time [14]. Such stents
are used postoperatively in conjunction with minimally invasive surgery invol-
ving the urethra or prostate such as transurethral microwave therapy (TUMT)
[15] and visual laser ablation of the prostate (VLAP) [16] to provide temporary
drainage and slowly dissolve thereafter, thus precluding the need for an
indwelling urethral catheter or a subsequent procedure to remove the prostatic
stent.

Urospiral and Prostakath

The Urospiral (Porges, Paris, France) is a 21 Fr stainless steel coil that is con-
structed in three segments including a proximal portion in the prostatic urethra
extending up to 10mm into the bladder, a midsection at the sphincteric level,
and a distal end positioned in the bulbar urethra distal to the external sphinc-
ter. The Urospiral was one of the first temporary stents that was designed for the
relief of urinary obstruction in patients with BPH. The Prostakath (Engineers &
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Table 2. Temporary prostatic and urethral stents
Maximum

External Length indwelling
Stent name caliber (Fr) (mm) Composition time (months) Location Notes

Spiral stents
Urospiral (Porges, Paris, 21 40–80 Stainless steel 12 Prostate (1) Inserted with 21 Fr Endoscope under

France) direct vision or over a catheter with
Prostakath (Engineers 21 35–95 Gold-plated 12 Prostate ultrasound guidance

& Doctors, stainless steel (2) High complication rates
Copenhagen,
Den-mark)

Memokath (Doctors & 22 35–95 Nitinol 36 Prostate (1) Heat expandable
Engineers, (2) Mounted on a delivery catheter under
Kvistgaard, ultrasound or using flexible endoscope
Denmark) under direct vision

(3) Permits the passage of flexible cystoscopes
ProstaCoil (Instent, 24–30 40–80 Nitinol 36 Prostate (1) Self-expanding

Eden Prairie, MN) (2) Mounted on a delivery catheter under
fluoroscopy

(3) Permits the passage of flexible cystoscopes
Urethrospiral (Porges, 21 40–70 Stainless steel 12 Urethra

Paris, France)
UroCoil (Instent Israel, 24 40–80 Nitinol 36 Urethra

Haifa, Israel)
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Table 2. Continued
Maximum

External Length indwelling
Stent name caliber (Fr) (mm) Composition time (months) Location Notes

Polyurethane stents
Intraurethral Catheter 16–18 25–80 Puroflex 6 Prostate (1) Inserted under topical anesthesia using

22 Fr cystoscope
Barnes stent 16 50 Polyurethane 3 Prostate (1) Inserted using a curved introducer and a

(Angiomed, Bard, cystoscope
UK)

Trestle stent (Boston 22 75 Polyurethane 6 Prostate (1) Consists of two tubes and an
Scientific Microvasive, interconnecting string
Natick, MA) (2) Suitable for prostates of less than 80ml

(3) The connecting string lies across the
sphincter (maintains continence)

(4) Inserted under topical anesthesia
(5) Positoned under transrectal ultrasound

control

Biodegradable stents
Biofix (Bionx Implants, 21 45–85 Polyglycolic acid, 6 Prostate (1) Degrades with time—does not require

Tampere, Finland) polylactic acid removal
(2) Used short term after minimally invasive

procedures in the prostate or urethra



Doctors, Copenhagen, Denmark) is similar to the Urospiral but is coated with
gold in an attempt to prevent encrustation. These stents are inserted using a 21
Fr endoscope either under direct vision or using ultrasound guidance over a
catheter.

Memokath
The Memokath (Engineers & Doctors, Hornbaek, Denmark) is a nickel-titanium
alloy stent mounted on a polyurethane insertion catheter with an inflatable
balloon that is used to expand and deploy the stent within the urethra. The shaft
is 24 Fr, and the lower cone expands to 44 Fr when heated to 55°C and has “shape
memory” due to its nickel-titanium alloy construction (Fig. 1).

Deployment can be performed under ultrasound guidance or flexible cys-
toscopy using a 22 Fr insertion stent. Removal takes an average of 11min, even
in patients who have had the stent for a mean indwelling time of 12.9 months
[17]. Removal involves flushing the stent with cool water (10°C or less), which
alters the spiral to become soft and pliable to facilitate transurethral removal.

ProstaCoil

The ProstaCoil (Instent, Minneapolis, MN, USA) is designed to be inserted under
fluoroscopic guidance. Retrograde urethrography is used to measure the 
prostatic urethra and mark the bladder base and urethral sphincter. The stent is
then inserted with the patient conscious and able to cooperate. Before the end of
the procedure, the patient is asked to voluntarily stop the urinary stream during
micturition to ensure that the stent is not interfering with sphincteric function.
Antibiotic coverage is started 2–3 days before the procedure and continued 
for 2 weeks after stent placement. To remove the ProstaCoil stent, a 21 Fr 
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cystoscope and endoscopic grasper are inserted transurethrally. The distal end of
the stent is grasped and pulled out of the urethra atraumatically. A second 
established method for ProstaCoil stent removal is via insertion of a 12–14 Fr
Foley catheter through the stent lumen to its proximal end. The balloon is 
inflated with 2–3ml saline and pulled out of the urethra under fluoroscopic guid-
ance. Removal of the ProstaCoil stent is typically atraumatic to the anterior
urethra.

Polyurethane Stents

Three main types of temporary stents are made from polyurethane, including
the IntraUrethral Catheter (IUC), the Barnes stent, and the Trestle Catheter.

The intraurethral catheter (IUC) is a 16–18 Fr device that has a similar shape
to a double-Malecot catheter and is available in lengths of 25–80mm. The device
is inserted under local anesthesia and direct vision using a 22 Fr, cystoscope. The
removal of the IUC is easily achieved by pulling a nonabsorbable nylon string
attached to its distal end.

The Barnes stent (Angiomed, Bard, UK) is a 16 Fr urethral device with a
length of 75mm. The proximal end of the stent is similar to a regular urethral
catheter and the distal end resembles a Malecot catheter that is positioned prox-
imal to the verumontanum. Insertion is accomplished by using a special intro-
ducer that advances the stent into the bladder, and then a cystoscope is used to
retract the stent into the urethra to its correct position using nylon threads
attached to the distal end of the device. Removal of the Barnes stent is easy and
achieved under local anesthesia by pulling the strings.

The Trestle Catheter (Boston Scientific Microvasive, Natick, MA, USA) has
two 22 Fr tubes that are connected by a compressible thread which is positioned
across the sphincter, thus maintaining continence. The catheter is inserted under
local anesthesia and positioned under transrectal ultrasound control.

Permanent Stents
Permanent urethral stents are manipulated into the urethral lumen and become
incorporated into the wall of the urethra as urothelium covers the device. Per-
manent stents are used to alleviate bladder outlet obstruction in cases of ure-
thral stricture, DSD, or anastomotic stricture after radical prostatectomy [18,19].
The initial enthusiasm for the use of permanent stents has waned in recent years
[20]. The common permanent stents are detailed in Table 3.

UroLume

One of the most widely used permanent stents is the UroLume, which is con-
structed as a nickel superalloy wire mesh configured as a flexible expandable
tube. Originally reported in the use of bulbar urethral strictures [21], it rapidly
found use in patients with BPH [22] and DSD [23].
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The UroLume is inserted using an introducer that resembles a cystoscope.The
procedure is performed under general, regional, or local anesthesia. The correct
length of stent is chosen by measuring the urethra from the bladder neck to the
distal urethral sphincter under direct vision. The stent is placed under direct
vision distal to the bladder neck and proximal to the distal urethral sphincter so
that the patient maintains urinary continence.

Although it is meant to be permanent, removal of the UroLume stent is pos-
sible when necessary. To remove the UroLume stent, a standard resectoscope
and loop cautery or Colling’s knife is used to resect the overlying urothelium
and push the stent into the bladder, after which it is extracted transurethrally
through a larger sheath.

Memotherm

The Memotherm is a 42 Fr coil-shaped stent made of nickel-titanium alloy
(NiTinol). The Memotherm is positioned within the urethra using an endoscope
and insertion catheter under direct vision. The stent is heat expandable with the
ability of changing from one configuration to another at different temperatures.
After the stent is positioned in the desired location, it is flushed with 45°C water,
causing the NiTinol stent to expand. Removal of the Memotherm stent is
achieved by irrigating with 15°C water, which softens the metal, causing it to
uncoil.
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Table 3. Permanent prostatic and urethral stents
External
caliber Length

Stent name (Fr) (mm) Composition Location Notes

UroLume 42 20–30 Biocompatible Prostate or (1) Inserted with
(American superalloy urethra 21 Fr
Medical Systems, woven tubular endoscope
Minnetonka, mesh under direct
MN, USA) vision

(2) Gradual
epithelization
over the wires
of the mesh

Memotherm (Bard, 42 15–80 Nitinol woven Prostate or (1) Heat
Covington, GA, single wire urethra expandable
USA) (2) Inserted with

endoscope
under direct
vision

Ultraflex (Boston 42 20–60 Nitinol Prostate or (1) Heat
Scientific, Natick, urethra expandable
MA, USA)



Clinical Results with Urethral Stents

Stents for the Treatment of Benign Prostatic 
Hyperplasia (BPH)
The prostatic stent was first described by Fabian in 1980, who named it the
“partial catheter” [24]. The use of prostatic stents for the treatment of bladder
outlet obstruction is known to be safe and effective [8], offers immediate relief,
and has 7-year follow-up data [6].

Several stent types have been investigated in patients with bladder outlet
obstruction from BPH. Poulsen et al. investigated the use of the Memokath stent
and report an 83% success rate in 30 patients with BPH without problems of
stent migration, but stent encrustation occurred [25]. Most patients, however,
were satisfied with this minimally invasive outpatient procedure for BPH. The
first use of the UroLume stent in urology was to treat bulbar urethral strictures
in patients who had failed internal urethrotomy [21]. Since then, the indications
for UroLume stent insertion have widened to include patients with symptomatic
BPH [26–28] and in particular those patients who are unfit for anesthesia and
surgical treatment [22].

Urethral Stricture
Several trials have reported the utilization of stents for urethral stricture disease.
Shah et al. reported the long-term results of the UroLume endourethral pros-
thesis in the treatment of recurrent bulbar urethral strictures in a multicenter
North American trial [29]. The study included 24 patients with recurrent bulbar
urethral strictures treated with a UroLume stent and 11 years of follow-up. Pre-
operative evaluation included uroflowmetry (peak and average urinary flow
rates), a urinary symptom questionnaire, and cystoscopy to determine the length
and location of the stricture. They found a dramatic improvement in the mean
flow rates after stenting (9.5 to 20.8ml/s) and in the mean urinary symptom
scores. Complete epithelialization of more than 90% of the surface area of the
stent was seen in the majority of patients (90%) at 1 year follow-up and was per-
sistent through 11 years. The authors recommend this stent for patients with
bulbar urethral strictures of less than 3cm and after at least two recurrences fol-
lowing endoscopic dilation or incision. The distance from the external sphincter
should be at least 10mm to conserve urinary continence.

Badlani et al. reviewed the long-term results of the North American 
Multicenter UroLume Trial for the treatment of recurrent bulbar urethral stric-
tures [30]. This multicenter prospective controlled trial included 175 patients
with a bulbar urethral stricture who failed prior treatment attempts including
urethral dilatation, visual internal urethrotomy, or urethroplasty (25%). Etiol-
ogy of the strictures was attributed to prior instrumentation (21.6%), urethral
catheterization (14.9%), trauma (18.9%), inflammation/congenital problems
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(8.1%), or idiopathic (36.5%). The mean stricture length was 2.34cm. Follow-up
was undertaken at 6 weeks, 6 months, 1 year, and annually after urethral stent
insertion.

The study demonstrated a continuous improvement in symptom score values
and peak and mean urine flow rates. Fifteen percent of the patients required
further treatment for recurrent stricture within (44%) or adjacent (56%) to the
stent. Only seven patients (4%) required stent removal, and 14.3% required
adjuvant treatment after 1 year compared to 75.2% of controls. There was 
no significant difference in the rate of urinary tract infection before and after
stent insertion, and the only predictive factor of postinsertion infection was a
positive preoperative urine culture. Stent migration occurred in 4% of patients
and occurred predominantly in the first 6 weeks after insertion. Pain and dis-
comfort in stented patients decreased progressively with time from 62% after 6
weeks to 11% at 2 years of follow-up. Severe urinary incontinence was found in
4.3% and 2.5% of the patients after 6 weeks and 2 years of follow-up, respec-
tively. Mild hematuria was noted postoperatively in 26% of the patients but
improved to 4% at 2 years. Five patients (3%) had urinary retention after stent
insertion. One of these patients developed hyperplastic tissue between two pre-
viously placed stents and was treated by insertion of a third stent to bridge the
gap between the two existing stents. The other episodes of urinary retention
occurred as a result of a new or preexisting urethral stricture adjacent to the
stent.

Patients with longer urethral strictures or those that have failed a previous
stent insertion may require the placement of more than one stent. Tillem et al.
reported on the use of multiple UroLume stents in complex bulbar urethral stric-
tures in 41 patients from the 175 (23%) patients enrolled in the UroLume
endourethral prosthesis study for recurrent bulbar urethral strictures [31].
Patients who required multiple stents generally had longer strictures with a mean
length of 3.6cm (range, 1.5–6.0). Of the 41 subjects, 32, 6, and 3 patients required
two, three, and four stents, respectively. Multiple stents were inserted either
simultaneously during the primary procedure (61%) or in a subsequent proce-
dure (39%). Peak urine flow rates and symptom scores were significantly
improved in these patients, who showed a similar benefit to other patients in this
study who underwent single stent insertion. Patients with urethral strictures
longer than 2.5cm are more likely to require the insertion of multiple stents. Fur-
thermore, patients with multiple stents are more likely to require retreatment,
but fortunately the success rate after retreatments is equal to those patients with
a single stent. Indications for multiple stent insertion includes strictures longer
than 2.5cm, strictures that were underestimated in length, malpositioned stents,
stent migration, recurrent stricture separate from the previously stented region,
or simple urethral narrowing adjacent to the stent.

Wilson et al. reported on a small series where all DSD patients (n=4) stented
with a UroLume suffered urosepsis within 10 months and required hospitaliza-
tion [20]. All six patients with urethral strictures had recurrences, and required
subsequent surgery, and stent removal was not always straightforward.
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Detrusor Sphincter Dyssynergia (DSD)

The use of urethral stents for DSD was reported in 1990 [23], and a subse-
quent study demonstrated equivalent long-term results compared to surgical
sphincterotomy [32].

Shah et al. assessed 14 male patients with suprasacral spinal cord injury and
documented DSD with elevated detrusor pressures and postvoiding residual
(PVR) volumes [33]. Patients underwent Memokath stent insertion and were
reviewed at 1 month and every 3 months thereafter to assess for urinary tract
infection (UTI), autonomic dysreflexia, erectile function, PVR volume, bladder
stones, and signs of upper tract obstruction. They found a significant reduction
in the PVR volume and improvement in hydronephrosis and autonomic dysre-
flexia after stent insertion. Six of eight (75%) patients who had a history of recur-
rent UTIs experienced a decrease in UTI occurrence following stent insertion,
presumably from improved PVR volumes.

Denys et al., in a study of 47 consecutive male patients with DSD secondary
to a spinal cord lesion, reviewed the efficacy of the Ultraflex urethral stent
(Boston Scientific, Boston, MA, USA) [34]. The stent was inserted endosco-
pically under local, neuroleptic, or general anesthesia. Twenty-one patients
(44.6%) with a history of recurrent symptomatic infections had significantly
fewer UTIs postoperatively (P=0.001). Improvement in autonomic dysreflexia
occurred in 5 of 8 stented patients, as well as an improvement in preoperative
hydronephrosis in 7 of 8 patients (P=0.005).

Voiding function is also improved in DSD and spinal cord injury patients [35].
Patients who used an indwelling urinary catheter or intermittent catheterization
for urinary drainage were able to void spontaneously into a condom catheter
after stent placement. These results were also accompanied by a significant
decrease in the occurrence of autonomic dysreflexia, symptomatic UTIs, and
hydronephrosis. Hamid et al. evaluated the Memokath urethral stent, in 25
patients with DSD [36] with a mean age was 45.5 years (range, 32–65 years). Pre-
operatively, the majority of patients (80%) were draining their bladder using 
a reflex voiding with a condom drainage system, and the remaining patients 
used an indwelling suprapubic catheter or clean intermittent urethral self-
catheterization. After stent insertion, the patients demonstrated a significant re-
duction in maximum detrusor pressure, duration of detrusor contraction, and
residual urine volume. In fact, bladder function and urinary drainage improved
to the point that preexisting hydronephrosis in 4 patients resolved.

Not all studies have found beneficial effects using urethral stents. Mehta et al.
reviewed 29 patients with 33 Memokath stents who suffered from spinal cord
injury patients and DSD [37]. These authors found the working life of the stent
to be 21 months, with a high complication rate. Their overall experience with
Memokath stents was disappointing, which has led them to abandon the use of
this stent. Moreover, removal is necessary when there is extensive mucosal pro-
liferation leading to lumenal obstruction [38]. Chronic infection and migration
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have been other issues limiting the indwelling time of this stent in DSD patients
[39].

Complications

The use of urethral stents in urology is not free of complications. Patients who
require cystoscopy to treat and follow certain urological conditions such as
urinary stone disease, transitional cell carcinoma, or any other problems that
require recurrent endoscopic manipulations should be precluded from stent
insertion with certain stent types. Urethral stents are a foreign body and may
cause irritative urinary symptoms such as frequency, urgency, dysuria, or urge
incontinence. Other potential complications include encrustation, stent fracture,
migration, UTI, hematuria, and clot retention [2,35].

Stent positioning is important, and complications may occur when a stent is
placed distal to the bulbous urethra, resulting in incontinence or pain while
sitting or during intercourse [40]. Shah et al. reviewed the data related to the
explantation of UroLume urethral stents in the North American Study Group,
which included 465 patients [41].A total of 73 stents (15.6%) were removed from
69 patients (14.8%). Characteristics of the patients that underwent stent removal
were examined: the explantation rate was 23%, 5%, and 22% from patients with
BPH, bulbar urethral stricture, and DSD, respectively. Thirty-two stents (44.4%)
were removed during the first year after insertion, with stent migration being 
the primary reason in 38.4% of explantations. Other reasons for stent removal
included worsening symptoms, stent encrustation, and incomplete luminal
epithelialization.

Conclusions

There are several possible indications for urethral stent placement, including
urethral stricture disease, BPH, and DSD. Much progress has been made during
the last decade in the field of urethral stenting. Currently, one can choose an
appropriate stent from a wide variety of temporary and permanent urethral
stents. Although it is often not considered a definitive treatment, urethral stent-
ing offers an alternative minimally invasive procedure to relieve the symptoms
of bladder outlet obstruction in high surgical risk patients and as an alternative
to open urethroplasty in select populations.
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