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Ureteral stricture formation after ureteroscope
treatment of impacted calculi: A prospective study
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Purpose: Urinary calculi is a familiar disease. A well-known complication of endourological treatment for impacted ureteral stones
is the formation of ureteral strictures, which has been reported to occur in 14.2% to 24% of cases.

Materials and Methods: This was a prospective study. Ureterotripsy treatment was used on patients with impacted ureteral
stones. Then, after 3 months and 6 months, the condition of these patients was assessed by means of a kidney-ureter-bladder (KUB)
ultrasound. If the KUB ultrasound indicated moderate to serious hydronephrosis, the patient was further assessed by means of a
computed tomography intravenous urogram or retrograde pyelogram to confirm the occurrence of ureteral strictures.

Results: Of the 77 patients who participated in the study, 5 developed ureteral strictures. Thus, the stricture rate was 7.8%. An
analysis of the intraoperative risk factors including perforation of the ureter, damage to the mucous membrane, and residual stone
impacted within the ureter mucosa revealed that none of these factors contributed significantly to the formation of the ureteric
strictures. The stone-related risk factors that were taken into consideration were stone size, stone impaction site, and duration of
impaction. These stone factors also did not contribute significantly to the formation of the ureteral strictures.

Conclusions: This prospective study failed to identify any predictable factors for ureteral stricture formation. It is proposed that all
patients undergo a simple postoperative KUB ultrasound screening 3 months after undergoing endoscopic treatment for impacted
ureteral stones.
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INTRODUCTION

Urinary calculi is a globally prevalent disease. The
introduction of improved endourological methods ensures
that practically all such patients can be treated and their
stones removed.

Ureteral calculi is an especially distressing condition,
particularly in Malaysia, because patients often present

with a large burden of calculi that are impacted into the
ureteral mucosa. The formation of ureteral strictures is a
potential complication of the treatment of such patients [1-
3] The persistent irritation caused by impaction can result
in epithelial hypertrophy and edema, thus rendering the
patient vulnerable to fibrosis and stricture formation
[4]. The removal of stones by means of endourological
methods may lead to mechanical insult and increased risk.
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This happens even with recent innovations, such as the
latest ureteroscopes, which come with smaller diameters,
and the latest techniques for shattering stones by use of a
Holmium laser [4,5].

Shock wave lithotripsy (SWL) is one method of
treatment. However, impacted upper ureteral stones are
more resistant to shock wave disintegration, owing to
the lack of space to expand when the stones are battered
by the shock waves [6]. Pre-SWL stenting provides no
additional benefit over in situ SWL [6]. One study showed
that ureterolithotripsy achieved better outcomes than did
SWL for proximal ureteral stones bigger than 1 cm [7]

Not many studies have been carried out to ascertain
the occurrence and the factors that cause stricture
formation in patients who undergo endourologic
treatment for impacted ureteral calculi. Retrospective
studies have revealed that ureteric perforation is related
to a high rate of stricture formation (90%—95%) [1-3].
The edematous ureter is likely to perforate even when a
gentle procedure is performed [4] Damage to the ureteric
mucosa can also trigger stricture formation. Fibrinous
exudates produced by the mucosa precipitate onto the
injured area, stimulating adherence and, finally, stricture
formation [1] The limited working space as a consequence
of ureteral edema increases the chances of damage to the
mucous membrane while the stones are being fragmented.
Furthermore, Dretler and Young [8] discovered a massive
cell reaction to a foreign body around the calcium oxalate
crystals at the location of strictures in patients who
went through stone fragmentation prior to extraction.
Fragments of calculi embedded in the ureteral mucosa can
trigger inflammation that can lead to stricture formation
[9] In a few studies, strictures eventually developed at
the site where leftover stone fragments were found
[8,10]. Prolonged irritation due to ureteral calculi is an
important factor in the formation of ureteral lesions [11]
Ischemia, resulting from persistent pressure or from an
immunological reaction to the stone materials, may give
rise to ureteral edema and fibrosis [9] Yamaguchi et al.
[11] noticed two types of microscopic features in ureteral
lesions linked to impacted stones. They deduced that the
length of time that the stones are present is a probable
factor contributing to the development of ureteral lesions.

In a retrospective study, Roberts et al. [1] reported
an incidence rate of 24% for ureteral strictures after an
average follow-up of 7 months following removal of stones
by endoscopy. Brito et al. [3] also obtained a stricture
incidence rate of 14.2% among 42 patients who underwent
treatment for impacted ureteric stones. A larger
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multicenter study conducted in 1999 reported an incidence
rate of 19% for stricture formation, with the risk factors
being ureteral perforation and the lodging of leftover
fragments in the mucous membrane [2]. So far, there has
been no publication of any potential randomized study.

MATERIALS AND METHODS

This was a prospective study. This study was approved
by University Kebangsaan Malaysia (project code: FF-
297-2010). A sample population was selected from among
patients who were examined at the Urology Clinic of the
University Kebangsaan Malaysia Medical Centre from
May 2010 to November 2012. All patients in the sample
population had undergone ureterolithotripsy treatment
for ureteral calculi.

Computed tomography urogram was performed for
all patients for diagnosis and assessment of the stone. To
fit the definition of impacted calculi, at least one of the
following criteria had to be met: (1) difficulty encountered
in passing a standard guidewire or ureteral catheter past
the level of the calculi at the first attempt [5]; (2) moderate
to severe hydronephrosis experienced beyond the level of
the calculi owing to its presence [6,9]; (3) calculi immobile
at the same location for a minimum of 2 months [1].

In this study, retrograde rigid ureteroscopy was used
to remove the impacted stones and a Holmium laser was
used to assist in the fragmentation of the stones. The
operations were performed by three certified urologists in
our center. A 365-u laser fiber was used with frequency set
at 8 Hz and energy set at 800 mdJ for all cases.

The stones were removed by means of a ureteroscope
according to the method recommended by Gerber and
Lyon [12]. A guidewire was inserted into the vesico-
ureteric orifice and was pushed up the ureter. A 65-Fr
rigid ureteroscope was inserted until it reached the level
of the calculi. A Holmium laser was used to facilitate
fragmentation. A 22-Fr grasper or nitinol basket was used
to remove the fragments. As usual, a 6-Fr ureteral stent
was fixed at the site for 3 to 4 weeks after the operation.
In cases in which difficulty was experienced at the first
attempt, a ureteral stent was left in position for 2 to 4
weeks, after which a second attempt was made to remove
the stone. After the operation, the surgeon analyzed
and recorded signs of any intraoperative risk factors
including perforation of the ureter, damage to the mucous
membrane, and leftover stones lodged within the ureter
mucosa. The patients were also monitored for risk factors
with regard to stone size, location of stone impaction, and

http://dx.doi.org/10.4111/kju.2015.56.1.63



KJU

period of impaction.

A kidney-ureter-bladder (KUB) ultrasound was
used to assess the patients at 3 months and 6 months.
When the KUB ultrasound showed moderate to severe
hydronephrosis, a computed tomography intravenous
urogram (CT-IVU) was used for further assessment of the
patients to confirm the formation of ureteric strictures. A
ureteral stricture was described as a principal narrowing
of the ureter at the place where stone impaction occurred
earlier, with a CT-IVU indicating moderate to gross
hydroureteronephrosis. Retrograde pyelography (RPG) was
performed on those patients who were contraindicated for
CT-IVU and whose blockage in the ureter could not be
clearly detected by a CT-IVU.

Those patients who were unfit for general anaesthesia,
who declined to undergo endoscopic treatment for their
ureteral calculi, who had undergone endoscopic treatment
for ureteral calculi earlier at the same site in the ureter
as the current stone, or who had previously undergone
radiotherapy to the pelvic or abdominal area were
excluded from this study.

Data analysis was performed by using SPSS ver.
16.0 (SPSS Inc., Chicago, IL, USA). Risk factors for
ureteral perforation were analyzed with multiple logistic
regression.

RESULTS

Results were obtained from 77 patients during the

Table 1. Disease characteristics between patients with ureteral stric-
ture formation and without ureteral stricture formation

Without ureteral With ureteral

et stricture (n=59) stricture (n=>5)

Perforation 3(5.1) 0(0)
Mucosa injury 29 (49.2) 2 (40.0)
Residual embedded stone fragment 13(22.0) 1(20.0)
Duration of symptoms (mo)

<4 35(59.3) 2 (40.0)

5-8 17 (28.8) 2 (40.0)

9-12 7(11.9) 1(20.0)
Site of stone impaction

Lower ureter 26 (44.1) 2(40.0)

Middle ureter 14(23.7) 1(20.0)

Upper ureter 19(32.2) 2 (40.0)
Stone size (cm)

<1 26 (44.1) 3(60.0)

1.1-1.5 21(35.6) 1(20.0)

1.6-2.0 12(20.3) 1(20.0)

Values are presented as number (%).
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course of the 2-year study. All patients were treated
for impacted ureteral stones by means of retrograde
ureterolithotripsy. Thirteen patients were excluded
from the study, nine for noncompliance with follow-up
procedures and four who required secondary intervention
for ureteral obstruction owing to incomplete stone
removal.

Five of the 64 patients remaining in the analysis
developed ureteral strictures with a stricture formation
rate of 7.8%. Strictures were detected in four of these
patients 3 months after the CT-IVU and in one patient 6
months after surgery.

As mentioned above, three criteria were used to define
the impacted ureteral stones. Fourteen patients were
diagnosed with impacted ureteral stones on the basis of
criterion 1, a total of 50 patients were diagnosed on the
basis of criterion 2, and 36 patients were diagnosed on the
basis of criterion 3. Thirty-one patients were diagnosed
with impacted ureteral stones on the basis of two criteria,
whereas only three patients were diagnosed on the basis
of all three criteria. Table 1 lists the characteristics of
the patients and the risk factors. Of the patients who
ended up with ureteral strictures, two patients had been
diagnosed with impacted ureteral stones on the basis of
criteria 2 and 3, two patients had been diagnosed on the
basis of criterion 3, and one patient had been diagnosed on
the basis of criterion 2.

A separate analysis was carried out on the intra-
operative risk factors for the formation of strictures,
namely, for perforation of the ureter, damage to the
membrane, and leftover stones lodged within the ureter
mucosa. The analysis indicated that none of these factors
contributed significantly to the formation of ureteric
strictures. In addition, the formation of ureteric strictures
was not caused significantly by the presence of more than
one intraoperative risk factor (Table 2).

The stone-related risk factors that were taken into
consideration were stone size, site of stone impaction,
and period of impaction. The largest stone burden in this

Table 2. Odd ratio and p-value for all risk factors

Risk factor 0dd ratio 950/? Confident p-value
interval
Ureter perforation 0.008 0 0.999
Mucosa injury 0.36 0.04-3.11 0.352
Impacted stone 1.20 0.08-18.56 0.892
Duration of impaction 1.29 0.09-18.85 0.622
Stone size 0.57 0.05-5.98 0.642
Site of impaction 0.44 0.18-5.79 0.442
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study had a diameter of 3 ¢cm, and the longest period of
impaction was 12 months. Out of 13 patients who had
stone sizes larger than 15 cm, only 1 patient developed
ureteral strictures after surgery. Out of eight patients
with ureteral stone impaction for a period of more than
9 months, only one patient developed ureteral strictures
after surgery. It was shown by statistical analysis that
none of these three stone factors contributed significantly
to the formation of ureteral strictures (Table 2).

Of the five patients with ureteral strictures after
ureterotripsy treatment, one was diagnosed by means
of an RPG 6 months after surgery. Although a KUB
ultrasound done on this patient at 3 months and 6
months following the ureterotripsy indicated moderate
hydronephrosis of the ipsilateral kidney, a CT-IVU failed
to detect the presence of ureteral strictures. Following
that, an RPG showed the presence of a stricture in the
middle left side of the ureter.

DISCUSSION

Previous research into the rate of stricture formation
following endoscopic treatment for impacted stones
reported stricture rates of between 14.2% and 24% [1,3].
Retrospective methods were used in all these studies and
fewer patients were involved than in the present study
(n=24 and n=42). In this prospective study, the rate of
formation of ureteral strictures following ureterotripsy
for impacted stones was 7.8%, which was lower than the
rates in earlier studies.

In the above studies with higher stricture rates
[1,2], ureteroscopes with larger diameters ranging from
85 Fr to 10 Fr were used, and these may have been
partly responsible for the damage to the ureter during
treatment. By contrast, a 6.5-Fr ureteroscope was used
in our study. Furthermore, the majority of ureteral
stricture formation in the previous studies was associated
with ureteral perforation. The study by Brito et al. [3]
indicated that 756% of patients with ureteral perforation
subsequently developed ureteral strictures, whereas
Roberts et al. [1] revealed that 4 of 5 patients (80%) with
ureteral perforation developed strictures [3] In this study,
three patients suffered iatrogenic perforation by the
hydrophilic guidewire during a procedure for the insertion
of a stent. However, follow-up examination revealed that
none of these patients developed ureteral strictures, thus
contradicting the results from the earlier above-mentioned
studies. It is believed that guidewires only cause tiny
perforations that mainly heal without forming any
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strictures. Ureteral perforation was not a risk for ureteral
formation in this study, and it was also one of the reasons
the stricture rate was lower in this study.

Dretler and Young [8] pointed to leftover stone
fragments lodged in the ureter mucosa as the cause
of stricture formation. According to them, these stone
fragments induce an inflammatory reaction that leads to
stricture formation. Robert et al. [2] agreed that this was a
risk factor for ureteral stricture formation. In the current
study, out of 14 patients identified with residual embedded
stone fragments following ureteroscopy, only 1 patient
developed stricture formation as a result of embedded
stones. Hence, a statistical analysis showed there was no
significant relationship between the formation of ureteral
strictures and lodged stone fragments.

Ureteral stones cause persistent irritation that leads
to edema and fibrosis in the ureter mucosa. Microscopic
studies have shown the occurrence of chronic interstitial
fibrosis and urothelial hypertrophy at the stone impaction
area. Decreased blood flow due to prolonged physical
pressure or an immunological response toward stone
material causes severe and chronic inflammation at
the ureter mucosa [4,5,8] Greater pressure is exerted at
the impact site by larger stones and a longer period of
impaction, thus increasing the risk of stricture formation.
However, in the case of this study, the patients with
ureteral stricture were not necessarily storing bigger
stones or had not necessarily undergone a longer period
of stone impaction. It was shown through analysis that
neither the period of impaction nor the stone size was a
risk factor for ureteral stricture formation. It is believed
that besides a large-sized stone, the position of the stone
in the ureter is important for stricture formation. The
greatest pressure to the ureter mucosa is exerted by stones
with larger transverse diameters (as measured by axial CT
scans), which extend across the lumen of the ureter, thus
resulting in ischemia and eventually stricture formation.
A large stone size recorded in terms of its vertical length
or its total volume may not have a significant effect on
ureteral stricture formation.

During ureteroscope, it was noted that the endoscopic
images of eight patients showed lesions resembling
strictures next to the area of impaction. The lesions were
edematous hemispheres without villi, thus resulting in
a considerable reduction in the intraluminal diameter.
The same type of lesions was detected in 28 patients in
a study by Mugiya et al. [10]. Because of these lesions
it was difficult to get a good view of the stone and its
ensuing fragmentation. These lesions were thought to be
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indications of permanent ureteral strictures. However,
KUB ultrasounds done on these patients did not show
any signs of hydronephrosis. From these findings, it
can be gathered that the stricture-like lesions that were
discovered endoscopically were mainly due to excessive
fluid in the mucous membrane. There is no possibility of
permanent damage because these lesions have no fibrotic
component. Hence, the ureteral lumen will return to
normal once the edema has been treated.

According to this study, it is hypothesized that
ureteral strictures will be formed within 3 months after
patients have undergone ureterolithotripsy treatment.
Four of five patients were diagnosed with ureteral
strictures at 3 months according to a CT-IVU. The last
patient was diagnosed at 6 months according to RPG after
CT-IVU failed to demonstrate ureteral stricture. KUB
ultrasound performed on this patient showed moderate
hydronephrosis 3 months after ureterolithotripsy. Thus, it
was assumed that the ureteral stricture had formed then.

None of the patients with ureteral strictures displayed
symptoms during the follow-up. Their renal profiles
showed no abnormality. This is a silent disease which
cannot be easily detected clinically or biochemically. When
moderate hydronephrosis is detected in an ultrasound,
it is a good indicator that there is some abnormality in
the ureter. According to the results of the present study,
75% of the patients with moderate hydronephrosis had
a blockage in the ureter due to either a stricture or a
residual stone.

According to the formula by Kish [13] for sample size
calculation , we needed 100 patients to achieve test power
of 80%. We only collected 64 samples in a duration of 2
years, which is a limitation of this study. We acknowledge
that despite the insignificance of all the risk factors, a
large sample size might change the results. A larger multi-
institutional collaboration study should be carried out to
achieve a good sample size.

CONCLUSIONS

The rate of formation of ureteral stricture following
endoscopic treatment for impacted ureteral stones is 7.8%,
which is much lower than reported earlier. However, this
is still a warning sign to urologists. This prospective study
failed to identify any factors for predicting the formation
of ureteral strictures. Because this is a silent disease
that can result in unilateral damage to the kidneys, it is
recommended that a simple KUB ultrasound examination
be conducted on patients 3 months after they have
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undergone endoscopic treatment for impacted ureteral
stones.
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