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ABSTRACT

Purpose: To review the role of minimally invasive management in ureteral stricture disease.

Materials and Methods: A literature search was performed on the MEDLINE database through 2002 con-
cerning endoscopic treatment of patients with ureteral strictures.

Results: Many endourologic methods are available for ureteral strictures. Ureteral dilation may be accom-
plished in most cases, with various rates of success depending on stricture etiology, location, and length. En-
doureterotomy also leads to long-term patency in properly selected cases and appears to be superior to dila-

tion alone.

Conclusions: Significant advances in technique and technology have improved our ability to treat ureteral
strictures without the need for open surgery in most patients.

HISTORY AND BACKGROUND

AWLICK FIRST DESCRIBED ENDOSCOPIC URE-

TERAL DILATION in 1891, when he used bougies to di-
late strictures secondary to tuberculosis.! In 1907, Nitze? de-
signed a catheter with a terminal inflatable balloon to dilate the
ureter. In 1926, Dourmashkin®#* reported dilation of the ureter
with a series of rubber bags attached to hollow bougies. Ureteral
dilatation up to 20F resulted in a stone expulsion rate of 68%.
In 1978, Griintzig> described percutaneous transluminal coro-
nary angioplasty using a dilating catheter with a 3.0- to 3.8-mm
balloon at the tip; these balloons were later used to dilate
ureteral strictures. The development of smaller ureteroscopes
by Perez-Castro and Martinez-Pineiro® led to a renewed inter-
estin the endourologictreatment of ureteral strictures. With im-
proved visual capabilities and smaller instrumentation came di-
agnostic and therapeutic upper tract endoscopy.

Treatment of ureteral strictures has changed dramatically as
less invasive surgical techniques have been introduced. How-
ever, the widespread use of upper urinary tract endoscopy has
also led to an increase in the incidence of iatrogenic ureteral
strictures, as well as improvement in the ability to treat such
strictures in a minimally invasive manner. While a variety of

open surgical techniques, including renal mobilization, psoas
hitch, Boari flap, ureteroneocystostamy, transureterouretercs-
tomy, intestinal interposition, renal autotransplantationy, and
nephrectomy, can be used to treat patients with ureteral stric-
tures, all involve major abdominal surgery with its associated
morbidity, hospitalization, and long recovery.”:8

Marshall in 1964° described the use of fiberoptic endoscopy
to examine the kidney and ureter. Others advanced the appli-
cation of fiberoptics with the development of the flexible
ureteroscope with deflecting tips to allow examination of the
entire renal collecting system.!%"!! Huffman and associates'?
demonstrated that endoscopes could be used in the upper uri-
nary tract for therapeutic as well as diagnostic purposes. Kar-
lin!3 and Motola!* and their colleagues popularized endopy-
elotomy for the treatment of ureteropelvic junction (UPJ)
obstruction. Initially, this technique was applied only to patients
with secondary obstruction. Because patients in whom open
pyeloplasty failed or who have acquired UPJ obstruction are
similar in many respects to most patients with ureteral stricture,
endourologic techniques that have been successful in the treat-
ment of UPJ obstruction have been applied to stricture. We re-
view these techniques and the outcomes that have been achieved
with minimally invasive treatment of ureteral strictures.
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ETIOLOGY AND PATHOGENESIS

Strictures of the upper urinary tract are either congenital or
acquired. Congenital ureteral strictures are most commonly lo-
cated at the UPJ. With the exception of primary UPJ obstruc-
tion, most ureteral strictures are acquired and usually are iatro-
genic.!> The most common etiology of iatrogenic ureteral
stricture disease is injury during endoscopic, open, or laparo-
scopic surgical procedures. The advent of ureteroscopic ma-
nipulation has led to a higher incidence of ureteral stric-
tures.!®!7 A 1% to 11% incidence of stricture formation has
been reported after upper-tract endoscopy.!®-2> Gynecologic
procedures, most commonly radical hysterectomy, also carry a
high risk of ureteral injury, and ureteral injury has been de-
scribed during various general and vascular surgical procedures.
Ureteroileal strictures arising after urinary diversion or kidney
transplantation represent special types of lesions and are ad-
dressed separately. Non-iatrogenic acquired ureteral strictures
include those that follow spontaneous passage of calculi or
chronic inflammatory ureteral involvement, as in tuberculosis

and schistosomiasis23-2°

Benign strictures

Benign ureteral strictures can be ischemic or non-ischemic.
Wolf and coworkers!> define a stricture as ischemic when it
follows open surgery or radiation therapy, whereas the stric-
ture is considered non-ischemic if it is secondary to stone
passage or a congenital abnormality. Ischemic strictures tend
to be associated with fibrosis and scar formation and thus are
less likely to respond to endoureterotomy.!>-7 Post-en-
doscopy strictures may be either ischemic or non-ischemic,
depending on the mechanism of injury (i.e., mechanical or
thermal trauma).28-2°

Malignant strictures

Ureteral strictures that are caused by recurrence of a primary
malignancy or extrinsic mechanical compressionby a tumor are
a special subgroup of strictures that do poorly with endoscopic
incision. They are best treated with open surgery, indwelling
stents, or percutaneous nephrostomy tubes.

MANAGEMENT

Animal studies by Davis in the early 1940s provided the
foundation for current endourologic management of ureteral
stricture. In his description of the “intubated ureterotomy,”
Davis noted that a stented incision of the UPJ epithelialized
completely in 1 week. Within 6 weeks, muscular regeneration
had occurred 303!

The general consensus is that endourologic techniques for
managing ureteral strictures do not achieve success rates com-
parable to those of open surgery, yet these minimally invasive
approaches are often preferred because of their lower morbid-
ity, reduced operative time, shorter hospitalization, and de-
creased cost compared with open reconstruction. Moreover,
failure of a minimally invasive technique does not preclude a
successful open operative repair.
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Balloon dilation

Since the introduction of transluminal balloon dilation for
coronary artery disease by Griintzig in 1978, balloons have
been used to dilate the ureter as an adjunct to ureteroscopy.Bal-
loon dilation of the ureter involves four steps: (1) accessing the
upper urinary tract; (2) placing the dilating balloon catheter; (3)
inflating the balloon; and (4) inserting a ureteral stent. Fluo-
roscopy is essential to ensure appropriate positioning and in-
flation of the dilating balloon catheter.

Clayman et al*? studied the effects of rapid and slow balloon
dilation of the distal ureter to 24F in the pig model and showed
that such dilation of the ureter was safe. Slow dilation, over a
10-minute period, produced less residual inflammation at 6
weeks than did rapid dilation. However, the two groups of an-
imals had similar epithelial denudation, inflammation, and sub-
mucosal hemorrhage immediately after the dilation. Selmy and
associates®® studied the effect of balloon dilation of the ureter
on upper-tractdynamics and ureteral wall morphology in a pig
model. One week after dilation, circumferential edema in the
lamina propria and thinning of the muscularis propria were ev-
ident, and these findings correlated with obstructiveurodynamic
changes and reflux. Over a 6-week period, there was gradual
resolution of the pathologic inflammatory changes and ob-
struction and return to radiographically normal ureters. On the
basis of their observations, those authors favored a 6-week
stenting period.

Several investigators have reported favorable results with
balloon dilation of ureteral strictures. Success rates range from
48% to 88%, with an overall mean of 55%3**! (Table 1). How-
ever, there appears to be no consensus among the practitioners
of balloon dilation on the optimal balloon size and technique
for the procedure. In the literature, balloon size ranges from 4
to 10 mm, the number of inflation cycles from 1 to 10, and the
duration of inflation from 30 seconds to 10 minutes. There is
likewise no agreement on the size of stents or duration of stent-
ing following dilation: stent sizes range from 6F to 16F, and
stenting duration ranges from 2 days to 12 weeks.

Overall, balloon dilation of benign ureteral strictures has
lower reported success rates than endoureterotomy, often ne-
cessitating multiple procedures to achieve the desired outcome.
Balloon dilation is probably best applied to very short, non-
ischemic strictures. Otherwise, most urologists currently advo-
cate an endoscopic incision as the initial management for most
ureteral strictures *2

Endoureterotomy

The developmentof the small rigid (7.5F) and flexible (6.9F)
ureteroscopes and ancillary instruments has made viewing and
manipulation of the ureter and upper urinary tract easier and
safer. Cutting modalities for incision of a ureteral stricture in-
clude the cold knife, electrosurgical probes, and the Ho: YAG
laser.

Antegrade Approach. A percutaneous antegrade approach
is generally reserved for treatment of proximal or midureteral
strictures in the presence of pathology in the kidney (e.g., re-
nal stones). Antegrade endoureterotomy should be performed
through an upper or middle posterior calix to provide direct ac-
cess to the stenotic segment with a semirigid instrument. A di-
rect posterior or posterolateral incision of the stricture is car-
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TABLE 1. BALLOON DILATION FOR BENIGN URETERAL STRICTURES

Series Stricture location

Success (%) Follow-up (mos.)

Proximal (4)
Mid (2)
Distal (18)
Total (24)

Banner et al®*

Chang et al*® Proximal (2)
Mid (2)
Distal (7)

Total (11)

Prox/mid (13)
Distal (11)
Total (24)

Johnson et al®?

Lang et al®’ Total (127)

O’Brien et al*! Proximal (3)
Mid (5)
Distal (9)
Total (17)

Prox/mid (5)
Distal (12)
Total (17)

Beckman et al®®

Proximal (3)
Mid (2)
Distal (9)
Total (14)

Kramolowsky et al?®

Netto et al4? Proximal (2)
Mid (3)
Distal (14)
Total (19)
Total Proximal (14)
Prox/mid (18)
Mid (14)
Distal (80)
Total (253)

N/A
N/A
N/A

48

N/A

100 10
50
71
82
69 21
50
63
50 N/A

33 17

60 15

33 22

50 24

57 10-29

ried full thickness through the ureter until retroperitoneal fat is
seen. The caudal extent of the incision should be 1 cm beyond
the area of the stricture, and the cephalad portion of the inci-
sion extends into the renal pelvis.

Midureteral strictures may be approachedin an antegrade or
a retrograde fashion. The antegrade approach is identical to an
antegrade endopyelotomy except that the cephalad extent of the
incision travels 1 cm proximal into normal ureter rather than
entering the UPJ. For a midureteral stricture above the iliac ves-
sels, flexible ureteroscopy is recommended. The flexible
ureteroscope necessitates the use of 2F or 3F electrosurgical or
=400-um Ho:YAG laser probe. Periureteral damage from use
of electrosurgical devices with a >400-um tip is similar to a
cold-knife incision.** Using visual orientation in combination
with fluoroscopyin two planes, a full-thicknessincisionis made
laterally for proximal ureteral strictures above the iliac cross-
ing, anteriorly for strictures in the midureter overlying the iliac

vessels, or anteromedially for strictures below the iliac vessels.
Retroperitoneal or periureteral fat should be exposed by the in-
cision, which extends 1 cm proximal and 1 cm distal to the
stricture. If the stricture is particularly tight, preliminary bal-
loon dilation may be required to provide adequate access to the
entire extent of the stricture. Although dilation may create a lin-
ear tear in the stricture, usually, this tear occurs at the desired
site in the ureter.

Retrograde Approach. The choice of a retrograde rather
than an antegrade approach to manage a ureteral stricture is tai-
lored to the individual patient and the surgeon?s preference.
However, decreased morbidity and hospitalizationand the ease
with which the upper urinary tract can be accessed with avail-
able ureteroscopicequipment make the retrograde approach the
route of choice for endoureterotomy for most patients with
ureteral strictures.

The retrograde approach is used most commonly for distal
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ureteral strictures. Such strictures usually occur at the ureteral
orifice, the intramural ureter, or just at or slightly proximal to
the ureterovesicaljunction. These strictures are incised such that
the lower extent of the incision extends through the ureteral ori-
fice.** A right-angle Orandi or Collings electrocautery knife at-
tachment is fitted into the resectoscope sheath. Using 50 W of
pure cutting current, the surgeon initiates the incision at the 12
o’clock position at the ureteral orifice and extends it cephalad
through the ureteral tunnel for a distance of 1 cm cephalad to
the area of stricture. For more proximal strictures, a flexible (in
some cases, a rigid) ureteroscope can be use as described above
(Fig. 1).

The Acucise cutting balloon also has been used in the man-
agement of proximal and distal ureteral strictures’! The bal-
loon is positioned across the stricture under fluoroscopic con-
trol. In the proximal ureter above the iliac vessels, the cutting
wire is oriented posterolaterally, whereas below the iliac ves-
sels, the wire is directed anteromedially to avoid the branches
of the internal iliac artery and vein, which course lateral to the
ureter. Strictures lying directly over the iliac vessels should not
be treated with the cutting balloon device and are better ap-
proached using direct ureteroscopic viewing.

Combined Antegrade and Retrograde Approach. For
complex ureteral strictures, especially those located at
ureteroenteric anastomoses, a combined antegradefetrograde
approach affords optimal access to the stenotic site. Through-
and-through access enables the rapid identification of the
stenotic area that is usually hidden between mucosal folds of
the diversion and is often difficult to identify when approached
exclusively from below.

A more challenging problem is complete ureteral obstruc-
tion. The extent of the stricture can be estimated through a si-
multaneous antegrade nephrostogram and retrograde uretero-
gram. In these cases, the flexible ureteroscope can be passed
with the patient positioned prone, and a “cut-to-the-light” pro-
cedure can be done. A short (<1-cm) occlusion may be ap-
proached endosurgically. Bagley*¢ and Conlin and Bagley*’
have reported recanalization of complete ureteral obstructions
up to 5 cm in length. However, in general, ureteral occlusions
>2 cm are managed more successfully with an open surgical
procedure.

Types of cutting devices

Cold Knife. A cold-knife incision necessitates the use of a
rigid ureteroscope. Knife blades are available in variety of con-
figurations, including straight, half-moon, and hook. Because
of the size of the ureteroresectoscape, cold-knifeincisionis gen-
erally limited to the distal ureter via a retrograde approach. If
the stricture is located in the proximal ureter, the incision can
be performed through a nephroscope with an antegrade ap-
proach. For optimal control under direct endoscopic vision,
knife blades can be mounted over a guidewire running through
the resectoscope®’

Electrocautery. Electroincision is usually achieved with 2F
or 3F electrodes, which are available in a variety of configura-
tions. An advantage of electroincision over cold-knife incision
is that the small-caliber probes can be placed through small
semirigid and flexible ureteroscopes, thereby enabling the in-
cision to be made anywhere along the course of the ureter.*’
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The issue of electrocautery damage to the tissue is addressed
below.

Lasers. The primary advantage of laser endoureterotomy is
the small caliber and flexibility of fibers. Available lasers in-
cludethe Nd:YAG (neodymium:yttrium-aluminum-garnet),the
semiconductor diode with contact fibers, the KTP Nd:YAG
(potassium titanyl-phosphateNd: YAG), and the Ho:YAG. The
Ho:YAG laser provides the finest, most precise incision that
provokes the least peripheral damage. Although these lasers are
equally effective in incising strictures, only the Ho:YAG addi-
tionally permits stone fragmentation. This laser therefore ap-
pears to be the most versatile for endourologic purposes. The
preferred power setting for laser endoureterotomyis 10 W 4349

Acucise device. The Acucise cutting balloon catheter, which
incorporates both a monopolar electrocautery cutting wire and
a low-pressure balloon,”>! has been used for the management
of proximal and distal ureteral strictures’! The device has ra-
diopaque markers on the catheter body that assist in determin-
ing the position of the balloon and the cutting wire; therefore,
fluoroscopyis necessary for proper spatial placement of the cut-
ting wire within the ureter. The device is passed to the stric-
tured segment over a working guidewire in either a retrograde
or an antegrade fashion.>> The balloon not only defines the area
of stenosis but also carries the cutting wire into the strictured
area. The electrically active surface on the cutting wire mea-
sures 2.8 cm in length and 150 um in diameter. The wire should
be activated for 5 seconds at 75 W of pure cutting current.

RESULTS OF ENDOURETEROTOMY

Endoureterotomy success rates range from 55% to 85% for
benign ureteral strictures**33 (Table 2). However, comparisons
between series are problematic because of the variability in cut-
ting modalities, length of follow-up, etiology, stricture location
and length, and stent size and duration of stenting.

Endoureterotomy for middle and distal ureteral strictures is
associated with success rates ranging from 66% to 88%. The
overall success rate for 156 patients in combined series was
78%, which is better than the overall 67% success rate reported
for balloon dilation,!>48-51-56

One series of 21 endoureterotomiesin 19 patients had a mean
follow-up of 18 months. The strictures were either primary or
secondary to previous surgery, urolithiasis, or endometriosis,
and the mean stricture length was 3.4 cm. Strictures were lo-
cated in the proximal ureter in five cases, in the midureter in
six, and in the distal ureter in 12. The endoureterotomy was
performed with a cold knife after balloon dilation of the nar-
rowed segment. A 12F ureteral stent was left postoperatively
in all patients for 28 to 54 days (mean 46 days). An overall suc-
cess rate of 85% was achieved.

Preminger and colleagues™* reported the results of a multi-
center trial involving the use of the Acucise balloon catheter
for the management of 40 ureteral and 9 ureteroenteric stric-
tures. A 7F/14F endopyelotomy stent was used in 57% of the
endoureterotomy patients. The mean duration of stenting was
5 weeks, and patients were followed for an average of 8.7
months (range 1.2-17 months). Acucise incision of the distal
ureter had a success rate of 58%, while incision of the proxi-
mal and midureter was associated with success rates of 50%
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A C

FIG. 1. Retrograde approach to proximal stricture. (A) In-
travenous urogram demonstrating high-grade proximal right
ureteral stricture (white arrowhead). (B) Prior to retrograde
ureteroscopic incision, stricture (arrowheads) is defined with
low-pressure inflation of ureteral dilating balloon. (C) Uretero-
scope proximal to stricture following incision laterally. (D) A
10-mm balloon fully inflated at stricture site. (E) Contrast ma-
terial injected through distal balloon port after deflation of bal-
loon reveals desired extravasation (arrowhead).
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TABLE 2. ENDOURETEROTOMY FOR BENIGN URETERAL STRICTURES

Series Stricture location

Success (%) Follow-up (mos.)

Lopatkin et al'o! Proximal (3)
Mid (0)
Distal (4)
Total (7)

Eshghi et al'%? Total (20)

Schneider et al® Proximal (0)
Mid (0)
Distal (12)
Total (12)
Chandhoke et al’! Prox/mid (3)
Distal (5)
Total (8)
Cohen et al’? Proximal (3)
Mid (0)
Distal (5)
Total (8)

Preminger et al’* Total (40)

Wolf et all? Proximal (4)
Mid (5)
Distal (29)
Total (38)

Singal et al*® Prox/mid (2)
Distal (10)
Total (12)

Total Proximal (10)
Prox/mid (5)
Middle (7)
Distal (65)

Total (145)

67 22
N/A

100

86

88 N/A

N/A 15
N/A

83

83

67 4
80
75

67 29
N/A

80

75

71 9

75 28
100
78
82

50 11
70
67

70 4-29
60
86
78
78

each. The overall success rate for Acucise incision of benign
ureteral strictures was 55%.

The largest reported series of endoureterotomiesincluded 38
benign ureteral and 30 benign ureteroenteric strictures in renal
units with >25% of total renal function. Various cutting mo-
dalities were employed. The median follow-up for the ureteral
strictures was 28.4 months, and all failures occurred within 11
months of the procedure, with a 3-year success rate of 80%.!3

FACTORS DETERMINING OUTCOME

Several studies have suggested that superior results are
achieved when endoureterotomy is applied to strictures in the
terminal portions of the ureter (i.e., distal or proximal), in non-
ischemic strictures, and in short strictures. Ipsilateral renal func-

tion has also been identified as an important predictor of out-
come.27:28,40,53,57-60

Stricture location

Endoureterotomy for proximal and distal ureteral strictures
has a higher success rate than that for midureteral strictures.’3>°
Opening the stricture widely by marsupialization into a larger
cavity such as the renal pelvis or bladder may account for this
finding. Some authors have proposed that distal reflux after
stricture marsupialization into the bladder could provide addi-
tional distention of the incised ureter that could contribute to
the higher success rates.>?

Smith>® found that in a series of 28 patients with ureteral
stricture disease, all 4 patients with a midureteral stricture failed
balloon dilation. Similarly, Meretyk and coworkers®® noted a
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25% success rate for endourologicincision of midureteral stric-
tures compared with 80% for distal strictures. Likewise, prox-
imal ureteral strictures, specifically secondary UPJ obstruc-
tions, respond well (i.e., 80%) to an endoincision.

Stricture type

The cause of the ureteral stricture also has a significant im-
pact on the success of the procedure. The most common cause
(23%) of ureteral stricture in one series was postoperative fi-
brosis following open pelvic surgery or ureteroscopic proce-
dures.>3 These relatively nonischemic lesions respond better to
endoscopic treatments than do poorly vascularized stric-
tures 34:36,39.,40,53

Ureteral strictures secondary to radiation therapy or result-
ing from extraluminal metastatic malignancies causing peri-
ureteral compression respond poorly to endoureterotomy*° In
contrast, patients with a concomitant ureteral stone and an ap-
parent stricture usually have resolution of the stricture follow-
ing removal of the stone and alleviation of the inflammatory
response to it.

Stricture length

Several investigators have noted that long ureteral strictures
tend to be associated with poorer success rates despite the use
of balloon dilation or endoincision. Beckmann et al33 reported
that in 25 patients with strictures <2 cm, balloon dilation was
successful in 84%. Conversely, among patients with strictures
>2 c¢m, dilation succeededin only 50%. Chang and colleagues’®
and Netto and coworkers*® independently concluded that stric-
tures >1 cm rarely respond well to balloon dilation. The same
observation has been noted in the literature for incision of
ureteral strictures. Meretyk and associates’> found that the best
results with endoureterotomy were in those patients with stric-
tures <2 cm. Schneider et al’® reported that the longest stric-
ture they treated by cold knife incision was 2.5 cm, and this pa-
tient had reobstruction 24 hours after removal of the ureteral
stent. Therefore, it would appear appropriate to apply endosur-
gical management only to strictures <2 cm.

Stricture duration

Contrary to earlier reports, it now appears that the duration
of a ureteral stricture before treatment has no significant effect
on the success of therapy. When the factors of stricture length,
location, and type are controlled, the duration of the stricture
does not alter the outcome. Successful endosurgical therapy has
been reported in strictures with durations ranging from 8 weeks
to 18 months.*0

Renal function

The function of the affected renal unit is an important pre-
dictor of success. Patients with renal units contributing <25%
of overall function are more likely to fail endoureterotomy. The
explanationlies in the fact that low urine flow through the ureter
may prevent the incised area from remaining patent. Moreover,
a poorly functioning kidney may produce lesser amounts of epi-
dermal growth factors. Production of various growth factors ap-
pears to correlate well with the glomerular filtration rate, irre-
spective of the cause of decreased renal function. Thus, poor
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stricture healing may be caused by lack of sufficient mitogenic
stimulation 5!

CONTROVERSIAL ISSUES

Controversialissues in stricture managementinclude the size
of the stent, the duration of stenting, and the choice of cutting
modality. Moreover, the value of long-acting steroids injected
into the incised stricture bed and of urothelial grafts is still un-
determined.

Stent size

Stents ranging from SF to 16F have been utilized after en-
doureterotomy 3 The optimal stent size remains unclear. More-
over, it is not known whether certain sizes of stents might pro-
vide better results with particular types of strictures. It is not
known whether the stent acts as a mold around which the ureter
reforms or as a scaffold that guides ureteral healing.

Some authors prefer to use the largest possible stent, while
others fear that larger stents could mechanically compromise
the vascularity of the ureteral segment.52-6 A retrospective
report!’ suggests that benign ureteral strictures of any length
benefited from the use of a stent 12F or larger, yet other stud-
ies of endopyelotomy suggest that smaller stents (6F—8F) pro-
vide results similar to those of a 7F/14F endopyelotomy
stent.57-69

Duration of stenting

The rationale for the use of stents after ureteral dilation or
incision is to promote ureteral healing, prevent extravasation
of urine, and avoid re-stricturing. Most authors agree with the
need for stenting to promote healing after endoureterotomy.
However, if left for a long period of time, stents can cause in-
flammation that may prevent adequate healing or promote the
formation of hyperplastic muscle or scar tissue. Kerbl et al’”
found no difference in the healing of ureteral strictures re-
gardless of whether a 1-, 3-, or 6-week period of stenting was
selected. The optimal duration for stenting is still undeter-
mined.

Choice of cutting modality

Cold-knife incision of ureteral strictures appears to be as ef-
ficacious as electrosurgery and the Ho: YAG laser in perform-
ing endoureterotomy#8-314-6 Figenshau and colleagues’! in-
vestigated the acute tissue changes in the pig ureter after balloon
dilation, cutting balloon, and endoscopic incision with a cold
knife, Nd: YAG laser, or electrocautery. Using 250-um and 660-
um electrocautery probes, they found no significant difference
in the degree of tissue injury among the various cutting mo-
dalities except for the larger (660-um) electrosurgical probe.
Unlike a ureteral incision, balloon dilation resulted in injury to
the lamina propria but did not appear to split the muscularis or
adventitial layer.”’7> The Ho:YAG laser is currently the cut-
ting modality of choice for many urologists, as it provides a
well-controlled, hemostatic incision, with success rates that
appear comparable to those achieved with other cutting

modalities #8:73
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Adjunctive steroids

Triamcinolone in a dose of 120 to 200 mg (3 to 5 mL at 40
mg/mL) has been injected endoscopically with a 3F Greenwald
needle into the incised stricture bed in selected patients with
long or ischemic strictures, in whom endoureterotomy alone is
less likely to be effective. Often, these patients have complex
medical issues that prompt the selection of endoureterotomy
over open surgical correction. The long-term utility of triamci-
nolone in the management of stricture disease remains un-
known.!>33

Several investigators have described the injection of a long-
acting steroid, which appears to be clinically beneficial in pa-
tients undergoing incision of urethral and bladder neck con-
tractures.”*7> One of the actions of triamcinolone is to block
collagen formation. In three patients with recurrent stricture
after endoscopic ureterotomy, Schmeller and coworkers’®
demonstrated that the treated area consisted of collagen-rich
connective tissue with few fibroblasts and a scarcity of smooth-
muscle fibers. The application of triamcinolone to the incised
bed of the ureteral stricture may inhibit collagen formation and
improve the success of endoureterotomy.

Adjunctive urothelial graft and metal stents

Urothelial grafts have been used in a small number of pa-
tients to improve healing of ureteral strictures after en-
doureterotomy. Experimental results with free tissue grafts (i.e.,
tunica vaginalis) to repair the ureter have been inconsistent and
complicated by hydronephrosis and graft sloughing.””-’8 How-
ever, a free graft of bladder urothelium has worked well for ure-
thral stricture disease’® and could be of value for ureteral re-
placement 8 In the series reported by Urban and associates 3!
among six patients who underwent a free urothelial graft for
ureteral strictures, a patency rate of 83% was achieved with a
mean follow-up of 30 months.

The use of metal ureteral stents is another controversial is-
sue. Cussenot et al®? reported on the use of a flexible, expand-
able, tantalum-wire stent in the management of ureteral stric-
ture disease. All patients had complicated pathology, including
periureteral malignancy and several failed endourologic balloon
dilation attempts. At follow-up, mucosal hyperplasia of various
intensities was evident in all four patients, and obstruction re-
curred in three. In contrast, Pauer and Lugmayr®? used a self-
expanding, stainless steel-alloy, 7-mm stent to treat ureteral
obstruction secondary to metastatic retroperitoneal tumor. Hy-
perplasiaand edema of the urothelium was observedin all cases;
however, the hyperplasia appeared to resolve after the initial 4
weeks. With a mean follow-up of 27 weeks, 87% of the stents
remained patent.

URETEROENTERIC ANASTOMOTIC
STRICTURES

Ureteroenteric strictures are a late complication of urinary
diversion. There is no correlation between the type of urinary
diversion and the rate of development of stenosis at the
ureteroenteric anastomosis, which ranges from 4% to 8%.34385
The mechanism of stenosis is usually ischemic; recurrent tu-
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mor or inflammation secondary to radiation therapy is a rare
cause of late stricture formation.

Ureteroenteric strictures may be approached from an ante-
grade or a retrograde access or by a combined antegrade and
retrograde approach (Fig. 2). The largest single-center series®®
involved use of balloon dilation to treat 37 ureteroenteric anas-
tomotic strictures in 29 patients. Most of these patients had un-
dergone cystectomy and diversion for bladder or uterine/cervi-
cal carcinoma and had received adjuvant radiation therapy
before cystectomy. All of the ureteroenteric strictures were di-
lated in an antegrade fashion. Most of the ureters were intu-
bated with an 8.3F or 10F stent that was maintained for 1 to 6
weeks. In short-term follow-up, only 30% of the cases were
considered to be clinical successes. At 1 year of follow-up, only
16% of strictured areas were patent.

Several other investigators have reported on balloon dilation
of ureterointestinal anastomotic strictures>>=374187 In these
other series, the success rates for balloon dilation ranged from
16% to 67%. Among all series, the overall average success rate
was 29% at an average follow-up of 14 months. Of note, the
highest success rate, 67%, occurred among pediatric patients
with a conduit and a benign etiology of the stricture 87

The experience with endosurgical incision of ureterointesti-
nal anastomotic strictures also is limited. This procedure may
be performed in an antegrade or a retrograde fashion, although
most investigators have used the antegrade technique.!48:88-91
The largest single-centerstudy was reported by Wolf et al'3 and
consisted of 30 strictures in 25 patients. Of these strictures, 16
occurred less than 24 months and 13 occurred more than 24
months from the time of the diversion procedure. A variety of
approaches to the endoureterotomy were taken, including ante-
grade, retrograde, and combined antegrade and retrograde. The
success rates of endoureterotomyat 1, 2, and 3 years were 72%,
51%, and 32%, respectively. There was a better outcome for
right- than left-sided strictures (68% v 17% 3-year success rate,
respectively) and for strictures treated less than 24 months af-
ter the etiologic insult. Stricture length and diameter and pre-
vious treatment did not alter the results. More favorable results
were also noted with the use of 12F or larger stents (38% com-
pared with a 0% 3-year success rate when using smaller stents)
and stenting longer than 4 weeks.

Endoscopic incision of a ureterointestinal stricture provides
a less invasive, less morbid approach that is successful in alle-
viating the problem in as many as 75% of patients who other-
wise are candidates for open surgery.#

URETERAL STRICTURES AFTER
RENAL TRANSPLANTATION

After renal transplantation, the frequency of a ureteral com-
plication is closely associated with the type of reimplantation.
Thus, with Leadbetter-Politano reimplantation, urinary tract
complications occur in 5% to 11% of patients,’> whereas with
the adaptation of extravesical ureteroneocystosomy, the inci-
dence of urologic complications has fallen to <4%.°> However,
as many as two thirds of these problems are still attributable to
ureteral obstruction. The obstruction may be either intrinsic
(i.e., ureteral stricture) or extrinsic (i.e., perirenal fluid collec-
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FIG. 2. Relief of ureteroenteric stricture. (A) Endoscopic view from ileal conduit aspect shows anastomotic stricture. Wire has
been placed through stricture using ureteroscope passed antegrade. Arrowhead indicates light from ureteroscope. (B) Ureteral
dilating balloon has been placed over wire. Resectoscope with Colling’s knife (arrowhead) is used to incise stricture over the
balloon. (C) Appearance of stricture after incision, showing ureter proximal to stricture marsupialized into ileal conduit.

tion, such as lymphocele, urinoma, abscess, or hematoma).
Strictures usually develop early in the postoperative course, but
stricture formation may occur as late as 5 years postopera-
tively.22-94

Ureteral strictures after renal transplantationhave most com-
monly been treated with balloon dilation and ureteral stenting
for 4 to 14 weeks with a 7F/14F stent. The success rate with
this approachis 40% to 70% at an average follow-up of 2 years.
Overall, strictures in the distal ureter or at the ureterovesical
anastomotic site are more common than upper-ureteral stric-

tures and appear to respond better to endourologicmanagement.
In one study, the success rate with distal strictures was 75%;
however, only 16% of proximal ureteral strictures responded
favorably to balloon dilation?>~98

An alternative approach to ureteral strictures is en-
doureterotomy. Conrad and coworkers® used cold-knife en-
doincision to treat 11 transplant patients with a ureteral stric-
ture; all but two of the strictures were in the distal ureter. An
indwelling 14F stent was placed for a period of 4 to 6 weeks.
Success was achieved in 82% of patients with a mean follow-


http://www.liebertonline.com/action/showImage?doi=10.1089/089277903769013586&iName=master.img-012.jpg&w=228&h=205
http://www.liebertonline.com/action/showImage?doi=10.1089/089277903769013586&iName=master.img-013.jpg&w=227&h=204
http://www.liebertonline.com/action/showImage?doi=10.1089/089277903769013586&iName=master.img-013.jpg&w=227&h=204
http://www.liebertonline.com/action/showImage?doi=10.1089/089277903769013586&iName=master.img-013.jpg&w=227&h=204
http://www.liebertonline.com/action/showImage?doi=10.1089/089277903769013586&iName=master.img-016.jpg&w=237&h=204
http://www.liebertonline.com/action/showImage?doi=10.1089/089277903769013586&iName=master.img-016.jpg&w=237&h=204
http://www.liebertonline.com/action/showImage?doi=10.1089/089277903769013586&iName=master.img-016.jpg&w=237&h=204

462

up of 28 months. Of interest, both patients with UPJ obstruc-
tion and all six with distal ureteral obstruction responded fa-
vorably to endoureterotomy, whereas only two of the four pa-
tients with middle or lower ureteral strictures had a favorable
outcome. A similarly high rate of success has been reported by
Youssef et al'% using the Acucise device to cut the area of ob-
struction;a successful outcome was noted in five of six patients.
Overall, it would appear that an endourologic approach with
balloon dilation or incision is a reasonable first step when deal-
ing with post-transplant ureteral strictures.

CONCLUSIONS

Although balloon dilation and endoureterotomy for ureteral
strictures have impressive success rates, these do not duplicate
the very high (91%-97%) rates achieved with open surgical re-
pair.2840 There may be several reasons for the discrepancies
noted in these comparisons. The success of any treatment mo-
dality may depend on the length of the ureteral stricture, the
cause of the stenosis, and the location of the stricture; until now,
strictures of similar nature have not been studied in an effort to
cull from the general category of “ureteral stricture” those that
would best respond to an endourologic approach.

Endoureterotomy is the procedure of choice for the initial
management of benign ureteral strictures. This technique has
consistently been associated with higher success rates for these
lesions than for ureteroenteric strictures, and in the former sit-
uation, most failures appear within the first year. Repeat en-
doureterotomy has a high likelihood of success if radiologic im-
provement was noted after the initial procedure. In contrast,
endoscopic or fluoroscopic incision of ureteroenteric strictures
appears to be less successful, with failures continuing for the
first 3 years. Repeat incisions are more likely to fail, and there-
fore, open repair or long-term stenting is recommended.

Clearly, the success of endosurgical treatment depends to
some extent on the previously described characteristics of the
stricture: cause, length, and location. Unfortunately, rarely do
study reports subdivide the patient groups according to their
stricture characteristics. This factor, when combined with the
inconsistencies of the technique of balloon dilation or endoin-
cision and the variability in post-treatment stent size and dura-
tion of stenting, results in a significant amount of clinical
confusion such that cumulative data on the endosurgical man-
agement of ureteral stricture can be judged only in a broad man-
ner.

In conclusion, endourologic management of ureteral stric-
tures has not acquired the same degree of acceptance as has en-
dourologic management of UPJ obstruction. Overall, the endo-
surgical management of distal and upper ureteral strictures <2
cm and not associated with radiation or other ischemic injury
is highly successful and results in minimal morbidity. Also, fail-
ure to establish patency does not preclude a subsequent open
reconstructive repair. Strictures >2 cm and those associated
with radiation or ischemic injury or a midureteral location may
be managed more appropriately by open reconstructionbecause
of the high failure rate in this group of patients treated endo-
surgically. Further clinical studies are necessary to determine
the long-term feasibility and success of adjuvant therapy, such
as triamcinolone injection and free urothelial grafting.
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