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Objectives: To evaluate the effectiveness and safety of the Allium™ ureteral

stent as a curative treatment of benign ureteral strictures.

Materials and methods: We retrospectively reviewed the electronic database

of the two centers of patients who underwent ureteral Allium™ positioning for

different types of stenosis (benign or malignant). Between April 2017 and May

2021, 151 patients were treated with the Allium™ stent for ureteral strictures

including benign and malignant stenosis. In total, 83 of them met the inclusion

criteria for benign ureteral stricture and were included in final analysis.

Results: About the etiology of strictures, 79 (95.18%) were secondary to

ureteroscopy or impacted stones and 4 (4.82%) were secondary to pelvic

surgery. The median operating time was 47.9 ± 15.53 min, and the median

length of strictures was 2.51 ± 0.84 (1-4) cm. Themedian time of follow-up was

18 months (range 1–48 months), the overall success rate was 85.5% (71/83),

and no intraoperative or perioperative major complications were recorded.

Among patients with failure (12 pts, 14.5%): 10 (83.33%) presented ureteral

strictures again; among them, 8/10 were patients with a stricture length

between 2 and 4 cm, 2 (16.67%) patients with pyelus–ureteral junction

stenosis experienced the migration of the stent. All patients who experienced

failure were treated surgically either with a robotic or laparoscopic approach.

Conclusions: In our preliminary experience, the Allium™ stent seems to be an

effective and safe surgical treatment for benign ureteral stricture. Further

analysis and prospective trials are necessary to better define the role of the

Allium™ stent in the treatment of benign ureteral strictures.
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Introduction

Ureteral strictures are caused by the narrowing of the ureteral

lumen. Apart from counting congenital strictures, which are

involved in the majority of cases of ureteral pelvic junction,

benign pathology including the sequelae of impacted stone and

iatrogenic trauma represent the most common causes (80%) of

benign ureteral strictures (1). Among these type of strictures, pelvic

surgery accounts for 82% of all iatrogenic ureteral injuries, from

which 73% are of gynecologic origin (2), while colorectal surgery

accounts for more than 9%, and urological procedures for another

14% (3). Regardless of the etiology, the management of ureteral

strictures remains a challenge for urologists (4). Among the

endoscopic treatments available, balloon dilation often represents

the first therapeutic approach (5); however, its effectiveness

depends mainly on the length and location of the stenosis with a

short-term success rate (3 months) of 60% ± 10% and a long-term

success rate (6–12 months) of 54% ± 14% (6). Metallic ureteral

stents represent an emerging mini-invasive therapeutical approach,

and, in this group, the most commonly utilized devices are

Uventa™, Memokath™, and the Allium™ stent (7). This group

of dispositives come with the intent of going beyond the limits of

double-J stents as the high percentages of encrustation, dislocation,

periodic substitutions, and infectious complications. Actually, there

is still lacking knowledge about long-term results and the

effectiveness of this type of stents and many of these were born

with the rationale of a permanent stent with fewer side effects than

a double-j stent rather than a surgical technique with curative

intent (7). Preliminary experiences with the Allium stent™ have

shown promising results in the treatment of benign stenosis;

however, many of these have limited and often mixed

populations including patients with different types of stenosis,

making it difficult to interpret the results (8–10). Based on these

considerations, the aim of our study was to evaluate the

effectiveness and safety of the Allium™ stent as a curative

treatment of benign ureteral strictures since this device may

represent a definitive therapeutical solution to ureteral stenosis

because of its unique design and application (9)
Material and methods

We retrospectively reviewed the electronic database of

patients referred to two clinical centers who underwent
02
ureteral Allium™ positioning for different types of stenosis

(benign or malignant) between April 2017 and May 2021. A

total of 151 patients were treated with Allium™ stents for

ureteral strictures including benign and malignant stenosis

during this period, but only 83 of them met the inclusion

criterion for benign ureteral stricture and were included in

final analysis. The patients’ characteristics including the age,

gender, etiology of stenosis, and length and site of the stenosis

were recorded. The details of surgery including the surgical time

and early and late complications were also recorded. The

effectiveness of the procedure was defined as the disappearance

of clinical symptoms such as backache and nausea and improved

hydronephrosis by imaging during follow-up. Safety was

evaluated by the postoperative presence of moderate or severe

lower urinary tract symptoms, recurrent urinary infection, pain,

stent displacement, encrustation and reobstruction. During

follow-up, an abdominal X-ray was performed on the first day

after surgery to determine whether the position of the ureteric

stent was normal. Subsequently, all patients were evaluated 1

month after surgery with X-ray and ultrasound to assess the

stent position and hydronephrosis status and then every 3

months with ultrasound for hydronephrosis evaluation.

We considered as failure criteria stent migration observed

during follow-up and persistent hydronephrosis assessed

through ultrasound images, in particular after stent removal,

independently from the time frame after the stent was removed.
Surgical technique

Allium™ stent positioning
The Allium™ stent is a newly developed ureteral stent,

which can be inserted in the strictures of a small diameter and

spontaneously expands and preserves a large caliber. The stent is

coated with a biochemical copolymer that prevents tissue

ingrowth and encrustation, and it can be inserted

endoscopically with an intraoperative X-ray guidance.

Furthermore, according to the site of the stenosis, when it

involves the distal segment of the ureter, the Allium™ stent

designed with the intravesical anchor should be placed in order

to avoid the migration of the device during the time it remains in

place. The first step of the surgical technique is to assess the site

and length of the stenosis through ureteroscopy and retrograde

pyelography (Figure 1). After establishing the characteristics of
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the stenosis, a safety guidewire must be placed beyond the

stenosis and a ureteral balloon device should be placed

through a 24 F cystoscope in the center of the stenosis and

then inflated to 20 atm for approximately 3 min according to the

manufacturer’s recommendations (Figures 2A, B). After

fluoroscopy confirms the disappearance or significant

diminution of the ‘‘waist,’’ the Allium™ stent may be inserted

into the ureter either by a retrograde or anterograde approach

and its position fluoroscopically confirmed (Figure 2C). The

tricks for this step consist of positioning the device with the

medial portion in the most narrowed part of the stricture in

order to obtain the maximum strength to maintain dilatation

and to avoid migration.

Allium™ stent removing
According to the position of the Allium™ stent, it can be

removed either by a ureteroscopy or cystoscopy approach; in the

case of the intravesical anchor, the Allium™ stent is removed by

grasping the anchor with endoscopic forceps. The keys to safe

and successful removal are the following: first, a retrograde

pyelography should be obtained and a guidewire should be

positioned into the Allium™ under endoscopic and X-ray

control; secondly, the anchor or the distal part of the Allium™

should be catched by endoscopic forceps. Finally, the Allium

should be gently removed obtaining the unraveling of the nytinol
Frontiers in Urology 03
wire under fluoroscopic control. After stent removal,

ureteroscopy can be performed in order to assess the

condition of the ureter and stricture.
Statistical analysis

Continuous variables are expressed as the mean ± SD or

median (range expressed as min–max), and categorical variables

are expressed as numbers and percentages. The statistical

comparisons of the continuous data were performed using the

rank-sum test, and a P-value <0.05 was considered to indicate

statistically significant differences. Statistical analysis was

performed using STATA software version 17.0.
Results

Between April 2017 and May 2021, 151 patients were treated

with Allium™ stents for ureteral strictures including benign and

malignant stenosis. In total, 83 of them met the inclusion criteria

for benign ureteral stricture and were included in final analysis.

About the etiology of strictures, 79 (95.18%) were secondary to

ureteroscopy or impacted stones and 4 (4.82%) were secondary

to pelvic surgery. The general characteristics of the patients are
FIGURE 1

Retrograde pyelography showing low ureteral stenosis in a 65-year-old patient with right ureteral stenosis secondary to impacted stone. The
length of stenosis was 2 cm. Red arrow shows the location of the stricture.
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listed in Table 1. The median operating time was 47.9 ±

15.53 min, and the median length of strictures was 2.51 ± 0.84

(1-4) cm. Regarding hospital stay, all patients were treated as 1-

day surgery. The location of the stenosis was as follows: 28

(33.73%) upper ureter, 24 (28.92%) medial ureter, and 31

(37.35%) lower ureter. After surgery in the postoperative

period, two (2.4%) patients needed analgesic therapy due to

persistent pain in the surgical area, one (1.2%) patient developed

fever, and three (3.61%) patients developed hematuria. No

intraoperative or perioperative major complications were

recorded according to the Clavien–Dindo classification (only

grade I complications were reported from patients). Stent

removal was performed after an average time of 6 months

(range min–max, 3–12 months). The overall success rate was

85.5% (71/83) with a median follow-up of 18 months (range 1–

48 months) (Table 2). A total of 12 (14.5%) patients experienced

failure: in 10 patients (83.33%), stricture relapses were observed,

8 out of 10 presented preoperative stricture length between 2 and

4 cm, and 2 (16.67%) patients with preoperative pyelus–ureteral

junction stenosis experienced stent migration in the renal pelvis

at the first month of follow-up, which was observed after X-ray

control with persistent hydronephrosis confirmed with

ultrasound images. All patients who experienced failure were

treated surgically either with a robotic or laparoscopic approach.
Discussion

The management of ureteral strictures is a great challenge for

urologists. Traditionally, the surgical treatment of ureteral
Frontiers in Urology 04
strictures included uretero-ureteral anastomosis, ileal

substitution, autotransplant, or, in some cases, an indwelling

stent or nephrostomy tube (11). Thanks to technological

evolution, endoscopic treatments such as balloon dilation, cold

knife incision, and laser endoureterotomy are more becoming

more common, including the new types of ureteral metallic stent

placement (12). The Allium™ stent is a newly developed ureteral

stent, which can be inserted in structures of a small diameter and

spontaneously expands and preserves a large caliber. The
TABLE 1 Demographic and clinical characteristics of the population
(quantitative data presented as mean ± SD).

Total population 83

Age (years), range 49.07 ± 13.4 (20–80)

Gender n, (%)

- Male

- Female

46 (56)
37 (44)

Side n (%)

Right
Left

38 (45)
45 (55)

Stricture Location n (%)

- Proximal

- Middle

- Distal

28 (34)
24 (29)
31(37)

Etiology of ureteral stricture n (%)

- Impacted ureteric stone

- Iatrogenic damage after URS

- Pelvic surgery

34 (41)
45 (54)
4 (5)

Length of ureteral stricture cm (range) 2.51 ± 0.84 (1-4)
FIGURE 2

Balloon dilation of the stenosis (A, B). The red line shows the point of maximum shrinkage. Allium ureteral stent implanted (C) (Note: the

Allium™ stent was implanted with the median portion in the most narrowed part of the stricture [red line] to obtain the maximum strength, to
maintain the dilatation, and finally, to avoid the migration of the stent.
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Allium™ (Allium Medical, Caesarea, Israel) is a self-expanding

large-caliber stent made of a super elastic Nitinol alloy covered by

a polymeric material that prevents tissue ingrowth and early

encrustation (9). In this study, we present our experience with

the Allium™ stent positioned as a curative treatment of benign

ureteral strictures. Previous experiences with the Allium™ stent

have shown encouraging results (8–10). However, many of these

studies included small samples, mixed populations withmalignant

and benign strictures and, most importantly, in all these studies,

the use of the Allium™ stent was mainly evaluated as a permanent

device rather than active and temporary treatment. To our

knowledge, our study is the first to analyze the effectiveness and

safety of the Allium™ stent as a curative treatment in a specific

population presenting benign ureteral strictures. Compared with

previous studies in which the Allium™ stent was used as a

permanent device with the aim of overcoming the limitations of

the double-j stent, in this study, we evaluated the effectiveness of

the Allium™ stent as definitive minimally invasive therapy. We

observed a success rate of 85.5% with a good safety profile. The

rationale of our study is mainly based on the etiopathogenesis of

benign ureteral stenosis (13, 14). Impacted stones and the

iatrogenic damage of the ureteral wall seem to have the same

mechanism leading to scar formation, which includes a cascade of

events that finally lead to stenosis: ureteral stones cause persistent

irritation that leads to edema and fibrosis in the ureteral mucosa.

There are some histological findings showing 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

causing severe and chronic inflammation at the ureteral mucosa

(15). After balloon dilation, the Allium™ stent, due to its unique

properties, could act as a scaffold to rebuild a normal epithelium

around the stent and avoid scar formation. In this context, the

main question still open is when we can consider the remodeling

process finished and, consequently, when we can remove the stent.

In this first experience, the Allium™ stent was removed after a
Frontiers in Urology 05
median time of 6 months and the overall success rate achieved

(85.5%) supported this timing. With a similar concept Gao X et al.

recently proposed a new technique of ureteric bypass using the

Allium™ stent (16). They observed an overall success rate of 92%

with a favorable safety profile. Similarly to Gao, in our experience,

we have observed a good safety profile that supports its use in

clinical practice as a mini-invasive strategy. In fact, we did not

observe major complications according to the Clavien–Dindo

classification during stent positioning and removal. We know

that the removal of an indwelling stent attached to the wall could

be a dangerous maneuver; however, due to its favorable

properties, we suggest to gently remove the Allium™ by

unravelling the nytinol wire in order to perform a safe

procedure. The retrospective nature of our study did not allow

us to identify the predictive factors of success. Indicatively, among

the population of our study, 12 patients experienced failure, 10

(83.33%) patients presented ureteral strictures again, and, in

particularm we noticed that 8 of them presented a stenosis

between 2- and 4-cm long suggesting that the length of the

stenosis could be the main predictor of failure. Moreover, since

only four patients presented a stricture secondary to pelvic

surgery, it did not allow us to perform a robust analysis in

order to estimate the effectiveness and safety of the Allium™

stent in this group of patients. Our study presents some other

limitations: firstly, we did not know which is the role of Allium™

stent over balloon dilation alone since this procedure is a key step

performed before Allium™ stent positioning. Therefore, a

randomized study comparing balloon dilation alone vs. balloon

dilation plus the Allium™ stent should be performed in order to

better define the added value of the Allium™ stent. However, a

recent metanalysis on the functional outcomes of balloon dilation

clearly showed that the effectiveness of the procedure decreases

significantly during follow-up (12 months) with a median success

rate of 54% (6). Our results (85.5% of success rate) with a median

follow-up of 18 months support the hypothesis that guiding tissue

remodeling around the Allium™ device may be the key to success.

Many minimally invasive techniques currently available including

balloon dilation and incision are often characterized by the

recurrence and formation of exuberant scar tissue (6). In our

opinion, the innovation of our approach lies precisely in the fact of

exploiting the properties of the stent allium in guiding the tissue

remodeling around the walls of the Allium™ stent in order to

avoid excessive scarring that leads to the recurrence of the

stenosis. Another important limitation of our study was the

definition of “success.” In this context, there is a wide range of

definitions that make it difficult to compare the results of the

different studies. In this study, during follow-up, we used only

ultrasound imaging to monitor hydronephrosis without any

data on renal function or functional imaging such as

mercaptoacetyltriglycine-3 diuretic renal scan. To date, among

the studies involving the Allium™ stent, only Gao et al. reported

longitudinal data on renal function such as creatinine, urea serum

levels, and glomerular filtration rate (GFR) and they observed a
TABLE 2 Main outcomes and procedure-related characteristics
(quantitative data presented as mean ± SD).

Total population 83

Success rate (n/%) 71/83 (85.5)

Operative time (min) 47.9 ± 15.53

Peri-operative complications (n/%)

- Pain

- Mild hematuria

- Postoperative fever

7/83 (8.4)
12/83 (12.4)
6/83 (7.2)

Postoperative complications (n/%)

- Stent migration

- Pain

- Hematuria

- Recurrent fever

2/83 (2.4)
2/83 (2.4)
3/83 (4.8)
1/83 (1.2)
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significant decline between preoperative and during follow-up

only for urea nitrogen levels (5.68 mmol/L ± 1.26 vs. 5.11 ± 1.42, p

0.007) and for the hydronephrosis volume (17.88 volume/

cm3 ± 14.55 vs. 8.97 ± 7.82, p 0.014) but not for creatinine

levels and GFR (16). Despite the lack of data about renal function

that represents a clear limitation of our study, we believe that the

results observed by Gao et al. support the use of “hydronephrosis

reduction” as a marker of success for this type of surgery.

Moreover, there are several studies that clearly suggest a degree

of association between the hydronephrosis grade and renal

cortical damage (17, 18). In conclusion, in our preliminary

experience, an Allium™ stent may be considered as an effective

and safe surgical treatment for benign ureteral stricture. Further

analysis and prospective trials are necessary to better define the

role of the Allium™ stent in the treatment of benign

ureteral strictures.
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