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Encrustation of ureteral stents can represent a complex challenge. Patients can require multiple interven-
tion types as well as several operative sessions. Our aim was to establish a practical guide for managing  
such cases as well as an accompanying treatment algorithm. Nearly all cases can now be successfully 
managed with minimally invasive methods such as ureteroscopy and/or percutaneous nephrolithotomy.  
Use of a validated tool for grading burden of encrustation is recommended. Careful patient counselling 
as well as operative planning are of paramount importance. Identifying high risk patient groups such as 
pregnancy and implementing prevention strategies are also crucial.
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mirrored in the rising volume of endourological pro-
cedures being performed worldwide [3, 4]. A recent 
worldwide survey of flexible ureteroscopy (URS) prac-
tice, found that over 80% of urologists place a ureteral 
stent in more than half of all cases they perform [5]. 
This alone highlights the central role ureteral stents 
serve as well as their frequency of usage. However, 
while their importance is never in question, they are 
associated with adverse sequelae, not least, a nega-
tive effect on quality of life (QoL) [6, 7]. Among these 
shortcomings is the liability for encrustation. This 
is most often due to crystallization associated with 

INTRODUCTION

Ureteral stents hold an indispensable status in uro-
logic practice. Primarily serving to drain the upper 
urinary tract, their usage is indicated in a wide range 
of both emergency and elective scenarios. Engineer-
ing and design of this versatile tool have undergone 
continued modifications since the introduction of the 
Gibbons indwelling ureteral stent catheter in 1972 
[1]. This includes changes in material composition, 
structure and coatings among other advancements 
[2]. As the global burden of urolithiasis rises, this is 
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presence of urease producing organisms in urine.  
A principal contributor to this is where the stent has 
been in situ for a long time and even ‘forgotten’ as an 
unintended consequence of stent insertion. The lat-
ter is reported to occur in between 4–13% of cases 
[8]. Stent encrustation (SE) is a difficult challenge 
for the clinician and in the modern era, minimally 
invasive endourological approaches dominate in its 
management [9, 10]. However, despite advancements  
in this field, it can be challenging to navigate and 
plan, thus affecting patient’s care. Sancaktutar et al. 
determined that the financial burden associated with 
treating such cases is on average 6.9 times (range: 
1.8–21 fold) higher than a standard stent removal 
[11]. Moreover, recommended treatment strategies 
are not currently addressed in international guide-
lines [12, 13]. Our aim therefore, was to provide  
an evidence-based guide for this demanding problem 
as well as formulate an accompanying treatment al-
gorithm to aid clinicians. 

Risk factors

Among several risk factors for SE, prolonged in-
dwelling time stands as the major one [14]. Kawa-
hara et al. reported there to be a degree of SE to ex-
ist at a rate of 56.8% at 6–12 weeks and 75.9% after  
12 weeks [14]. These findings echo an earlier study 
by el-Faqih et al., who found the rate of SE to be 
76.6% after 12 weeks [15]. 
There are a multitude of factors that contribute to 
why stents become ‘forgotten’, but educational level, 
socio-economic background, healthcare system and 
insurance status appear to play a large role in this. 
Indeed, in a retrospective series of SE reported by 
Weedin et al., only 1/52 patients had medical insur-
ance (Medicare) [16], which serves as a reminder  
of the holistic approach required. In another recent 
series, 15.5% of patients with SE were unaware that 
a stent had ever been inserted [17]. The latter high-
lights the importance of careful patient counselling 
in all endourological procedures. Novel aids such as 
smartphone applications as well as other non-digital 
alternatives can help reduce risk of forgotten stents 
[18]. The highest rate of SE, particularly those cases 
which require additional endourological interven-
tion, occurs in urolithiasis patients, especially cys-
tine and uric acid stone formers [19]. Other known 
risk factors to remember are pregnancy, where the 
associated physiological changes increase encrus-
tation rate. This accelerated process is also known  
to occur in patients with immunosuppression, ma-
lignancy and those with an underlying malabsorp-
tive state. As well as smaller calibre stents being 
more susceptible to SE, composition material is also 

an important factor [14]. Numerous studies have 
found that silicone stents for example, are less prone  
to SE than polyurethane alternatives and might 
even offer a better QoL [2]. Bacterial colonisation 
of the stent can lead to development of a microbial 
biofilm causing recurrent symptomatic infection and 
stent encrustation. Modifying a stent’s coating and 
architecture can aid to reduce encrustation rate, de-
creasing the bacterial biofilm and the crystal forma-
tion accordingly [20].

Presentation and assessment

Presenting symptoms are usually made up of a con-
stellation of flank pain, haematuria, storage low-
er urinary tract symptoms (LUTS) and infection.  
The latter is a common sequelae and urinary sep-
sis can develop as a result. Positive urine cultures 
have been reported in up to 75.2% of SE cases [16]. 
A specimen should therefore be sent for culture and 
sensitivity testing and antibiotic selection should be 
made accordingly. Note that fungal infection is also 
possible, particularly in patients with comorbidities 
such as cirrhosis, diabetes and malnutrition [21].  
In patients with concomitant hydronephrosis and  
an infected obstructed system, decompression with 
percutaneous nephrostomy (PCN) should be per-
formed before definitive management is attempted. 
Many patients are often asymptomatic, and the ini-
tial diagnosis may come at the time of cystoscopic re-
moval in the outpatient setting. This may be imme-
diately obvious at point of entry to bladder in cases 
of SE to the lower coil. However, in cases where SE 
is sparing the lower coil and only affecting a higher 
segment, resistance to removal may be the first in-
dication. In such cases, no force should be applied. 
Imaging should be obtained of the patient and while 
plain KUB (kidney, ureter, bladder) X-ray might be 
the easiest to arrange, non-contrast computed to-
mography (NCCT) is the modality of choice (Figures 
1 & 2). This will allow the diagnosis to be confirmed, 
the location(s) of encrustation to be mapped and 
grading of severity to be made. It also allows for as-
sessment of the contralateral renal unit. Plain radio-
graphs alone often fail to identify and map the site of 
calcification accurately [22]. 
In severe cases, SE can render the renal unit to be 
non-functioning. Accordingly, nuclear renal imaging 
is recommended to determine its status. In extreme 
cases, decision may be made to proceed to simple ne-
phrectomy where the kidney is atrophic. Discussion 
at a dedicated stone meeting (MDT) with radiolo-
gists can aid planning and decision making. 
In clinical practice, there are three main groups that 
are commonly encountered. Firstly, those at high-
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risk for encrustation with long-term stents where 
early replacement needs to be scheduled. Secondly, 
those with forgotten stents where careful operative 
planning and additional endourological measures are 
warranted. Finally, those cases where some degree  
of crystallization on the stent is visible upon inspec-
tion of the stent after unremarkable extraction. 

Grading

A number of classification systems now exist in 
endourology, which includes validated tools for SE 
[23]. This includes the Forgotten Encrusted CALci-
fied (FECal) system, which categorises SE cases into  
5 levels from minimal encrustation of a coil (Level 1) 
to encrustation of the entire stent length (Level 5) 
[24]. It is the original and most used tool of this kind, 
which can aid operative planning including the need 
for a multimodal treatment strategy. A similar tool 
is the Kidney, Ureter, Bladder (KUB) system, which 
also gives indication of patients requiring prolonged 

operative time [25]. Based on radiographic imaging, 
encrustation is assessed in three segments: proximal 
coil (K), body of ureter (U) and lower coil in blad-
der (B). Each of these three segments is graded 1–3 
and a final score is calculated (3–15). A final score ≥9  
is associated with significantly higher risk of needing 
multiple surgeries, multiple intervention methods 
and operation time over 3 hours. The Visual Grad-
ing for Ureteral Encrusted Stent (V-GUES) tool has 
been recently developed to aid the clinician at deter-
mining likelihood of treatment success of both re-
moving the stent and accompanying stone, wherein 
the severity is graded from A to D [26]. 

Operative planning

Patients should be carefully counselled regarding en-
dourological management of SE. It should be high-
lighted that removal of the stent and any associated 
stone may necessitate more than one operative ses-
sion. A growing number of studies report success  
at clearance within a single session [27]. However, 
most series report that between 1 and 3 operative 

Figure 2. Plain X-Ray showing stent encrustation.
Figure 1. Reconstructed computed tomography displaying 
stent encrustation.
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sessions are required [28]. It may well also be nec-
essary to insert a new stent at the end of the pro-
cedure. Optimisation of patients should occur pre-
operatively including confirmation of negative urine 
culture. While it may not be possible to completely 
clear the infection pre-operatively, an antibiotic 
course of sufficient duration should be scheduled 
and guidance from a microbiologist sought accord-
ingly. Rates of antibiotic resistance are higher in this 
patient group. One study reported E. Coli resistance 
to quinolones in this group to exceed 90% [16]. In-
travenous antibiotic prophylaxis is recommended  
at the time of anaesthetic induction. SE patients rep-
resent a high-risk group and will likely have many 
surgical criteria, which place them at a high-risk of 
post-operative complications such as positive urine 
culture, multiple comorbidities and large stone bur-
den as well as the presence of encrusted potentially 
infected stent. The importance therefore of pre-op-
erative optimisation cannot therefore be underesti-
mated. Longer operating time is also a known risk 
factor for post-operative sepsis in stone surgery and 

therefore close attention should be paid to this and 
whether surgery should be staged and continued on 
another occasion where needed [29]. 
The clinical team should ensure availability of addi-
tional equipment in case a multimodal approach e.g., 
endoscopic combined intrarenal surgery (ECIRS). 
Alnadhari et al. reported that on average, 4.2 (1–10) 
intervention methods were required to render their 
40-patient sample, stone and stent free [30]. A pro-
posed algorithm is provided in Figure 3.

Cystolitholapaxy

After performing systematic cystoscopic inspection, 
in cases of lower coil encrustation, it is not recom-
mended to use biopsy forceps to try and fragment the 
encrustations. This usually has negligible effect and 
only serves to blunt the forceps. Depending on avail-
ability of equipment, options include cystolithola-
paxy with a stone punch or pneumatic lithotripsy. 
Care is required with the former not to cause inad-
vertent damage to the bladder mucosa, as the resul-

Figure 3. Management algorithm.
FECAL – Forgotten Encrusted CALci- fied; V-GUES – Visual Grading for Ureteral Encrusted Stent; K.U.B. – kidney, ureter, bladder; SWL – shock wave lithotripsy; 
URS – ureteroscopy; PCNL – percutaneous nephrolithotomy; FURS (ECIRS) – flexible ureteroscopy (endoscopic combined intrarenal surgery)
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on the instrument in such difficult cases, re-us-
able scopes are vulnerable to damage. Therefore, 
single use ureteroscopes are an alternative to con-
sider if available [32]. The latter are now available  
in smaller sizes (e.g., Pusen 7.5 Fr) [33]. Survey re-
sults suggest that over 70% of urologists now use 
ureteral access sheath (UAS) routinely [5]. However, 
it is generally not recommended in SE scenarios due 
to potential damage to an already traumatized ure-
ter. Once the stent has been fully retrieved, a mu-
tual decision should be made with the anaesthetic 
team regarding the safety of proceeding to clear any 
additional stone(s) if present, or to defer to another 
session. Insertion of a new stent is usually required 
unless the case has been truly uncomplicated. This 
is usually if a staged procedure is required or for 
a short period afterwards due to ureteric oedema. 
Using a stent on string has been proposed as a help-
ful reminder for patients not to forget they have  
a stent or to minimise the stent dwell time. The 
advent of TFL offers several potential advantages  
in complex stone cases. Its ability to treat larger 
stones and maintain good visibility can be trans-
ferred to SE cases. It also causes reduced bleeding  
to surrounding tissue and achieves shorter opera-
tive times [34, 35]. It is also possible that a percuta-
neous nephrostomy (PCN) tube becomes encrusted, 
which can be approached using the same rationale 
as for a ureteral stent. 
Note that in cases where there is known encrusta-
tion entire body of the stent as well as the lower 
coil, it is possible to use one laser fiber for both en-
crustations in the bladder and sections further up.  
In this case, a smaller fiber e.g., 150–270 μm can 
be employed. Again, low settings should be select-
ed when starting and power increased as needed,  
as high power is associated with more bleeding and 
reduced visibility. 

Shockwave lithotripsy 

While it is rarely an option to achieve monothera-
py with shockwave lithotripsy (SWL) and although 
its usage is now increasingly shadowed by URS,  
it can still play an important role. El-Tatawy et al. re-
ported outcomes in patients undergoing SWL mono-
therapy before trial removal with cystoscopy [17]. 
This was successful in 70.7% of cases but up to 4 ses-
sions were required to achieve this. Its application 
lends itself better to cases of milder encrustation. 
The decision for its use it will be largely affected by 
local expertise and whether there is a fixed on-site 
lithotripter. SWL can be employed pre-surgery or as  
an additional adjunctive treatment in between op-
erative sessions. 

tant effect can be bleeding and poor vision even be-
fore higher segments of the stent are arrived at. Use 
of laser cystolithotripsy is now recognised as a safe 
and effective alternative. This is usually done via  
a larger laser fiber (500–1000 μm) with a low pulse 
energy and a frequency that is adjusted based on the 
power of the laser system used. Although holmium 
laser (Ho:YAG) has been the gold standard for this, 
there are increasing reports of using thulium fiber 
laser (TFL). A ureteric catheter can aid to stabilize 
the laser fiber and thereby facilitate control and mi-
nimise vibration when the laser is activated. Use  
of a resectoscope can be considered, which has the 
advantage of enabling continuous irrigation. The lat-
ter keeps the vision clear, adds a cooling effect and 
higher power laser settings can be used more safely 
in the bladder compared to the upper urinary tract 
without the risk of associated heat damage. In con-
trast to ureteroscopic lithotripsy where an empty 
bladder is recommended, a well filled bladder aids 
vision for cystolithotripsy. Review of literature re-
veals that most centres adopt a strategy of treating 
encrustation of the distal stent segment before pro-
ceeding to the proximal part.

Ureteroscopy

Once the bladder coil is released, insertion of  
a semi-rigid ureteroscope can be placed alongside 
the encrusted stent and the laser (Ho:YAG or TFL) 
employed to start clearing the encrustations. We 
recommend starting with settings such as (0.4–0.6  J,  
5–10 Hz) and paying attention to use of a lower 
range of power settings in the ureter compared  
to the kidney. In cases where it is constricted, con-
sider use of a smaller ureteroscope (4.5–6 Fr). Once 
removed, the distal portion of the stent can be care-
fully fixed to the patient’s thigh or secured with 
forceps to secure gentle traction. In cases of severe 
SE, such as where the whole body of the ureter  
is affected, space can be created via the technique  
of piecemeal removal in order to enable advance-
ment higher up the ureter [31]. Accordingly, tran-
section of the stent can be achieved with cutting set-
tings (1–1.5 J, 5–10 Hz). The incised stent segments 
can be removed using grasping forceps or basket 
(e.g., N Gage or Dakota). This process may need to 
be repeated several times, but care must be taken 
as to avoid thermal or mechanical damage to ureter. 
When only the encrustation of the proximal coil re-
mains, one can continue with flexile URS. Thomas 
et al reported success in their prospective series  
of employing URS alone to successfully treat 98% 
of cases. The authors implemented use of transect-
ing the stent in 71% [27]. Given the stress placed 
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of stent dwell time [37]. A more recent approach is 
the development of smartphone applications, which 
also offer two-way communication whereby the pa-
tient can log symptoms for review by the clinical 
team [38]. However, it is important to consider 
that  a method is selected, which is tailored to the 
individu-al patient and their circumstances as not all 
members of society will choose to or be able to 
engage in digital platforms. Other strategies, which 
are currently un-der research include development 
of next generation biodegradable stents as well as 
novel coatings. Sum-mary of recommendations are 
provided in Table 1. 
CONCLUSIONS

Encrustation of ureteral stents can be a difficult 
problem to treat. Grading with a classification sys-
tem is recommended as well as close attention to risk 
factors for complications such as post-operative sep-
sis. A stepwise approach is required to safely render 
the patient stent free. Endourological interventions 
now represent the mainstay of management and can 
achieve good outcomes, however a multimodal ap-

Percutaneous nephrolithotomy 

Larger SE burdens may require treatment with per-
cutaneous nephrolithotomy (PCNL) in order to treat 
proximal coil encrustations. This can also enable an-
tegrade ureteroscopy as required. In order to reduce 
morbidity, a miniaturised approach can be consid-
ered [35]. Grading systems are particularly helpful 
in such scenarios as with the V-GUES system, type C 
or D usually indicates that percutaneous access will 
also be required especially if aiming to achieve clear-
ance in a single session. 

Guideline positions

Currently, the only reference made to SE in the 
latest European Association of Urology (EAU) and 
American Urological Association (AUA) guidelines 
on urolithiasis, is in reference to the increased risk 
of encrustation in pregnancy [12, 13]. Beyond this, 
there are also no recommendations regarding forgot-
ten stents or relevant prevention strategies. 

Medical management 

The role of non-surgical treatment for SE is limited 
to small reports of chemolysis [21]. This can be ad-
ministered via a PCN. This may serve to soften the 
encrustations in advance of a definitive procedure. 
In our experience, it serves a very limited role but 
is a consideration for special scenarios such as high 
encrustation burden, uric acid stone and severely 
comorbid patients where any strategy to minimise  
or shorten a general anaesthetic are a priority.

Prevention strategies

Prevention of SE represents a clinical priority and 
steps must be taken to minimize stent placement 
in the first instance. This also includes education 
of both patients and clinicians, wherein the lat-
ter must adhere to clear counselling of patients.  
In a review of malpractice claims associated with en-
dourology in the USA, 16% were because of retained 
stents [36]. We recommend that the operator who has 
placed the stent takes responsibility for organising 
its removal rather than delegating this task. Iden-
tifying high-risk patient groups is also key to this. 
In cases where SE has been treated yet the patient 
requires stent replacement as a long-term stent, for 
perhaps a lifelong period e.g., extrinsic compression 
due to malignancy, these should be scheduled for 
early exchange and their SE disposition highlight-
ed in medical notes. Stent registries have evolved 
in recent years to include alerts to update clinician 

Table 1. Summary of recommendations

Summary point Recommendation

High-risk patients for 
stent encrustation

Identify high-risk patient groups such as stents 
placed in pregnancy

Grading Use a validated tool for grading severity such  
as FECal or KUB  

Patient counselling Inform patients of possible need for multiple 
operative sessions to clear stent/stone burden

Obtain pre-operative 
urine culture and treat 
infection if present

Gaining control over any infection and 
identifying multi resistant organisms is key to 
helping to minimise operative complications.

Operative planning Assemble and plan for possible need for 
multimodal intervention such as combined ECIRS

Endourological 
methods

Nearly all cases of severe encrustation can 
be successfully managed with endourological 
methods alone without the need for open 
surgery

SWL
Can be used as an accessory treatment but 
monotherapy rarely successful if moderate  
to severe encrustation is present

Laser settings Use low energy settings, especially in the ureter 
to reduce risk of heat injury.

Risk factors for post-
operative sepsis

Maintain awareness of risk factors such  
as prolonged operative time, urinary tract 
infection and comorbidities such as diabetes

Surgeon responsibility The operator takes ownership of organising 
stent removal or relevant other follow-up.

Prevention strategies

Educate patients and consider use of novel 
strategies such as digital reminders but remain 
awareness of patient’s likelihood of being able  
to use this aid e.g., elderly

FECal – forgotten encrusted calcified; KUB – kidney, ureter, bladder;  
ECIRS – endoscopic combined intrarenal surgery; SWL – shockwave lithotripsy
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