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Abstract

Background Obstructive uropathy is a very common
pathology of the genitourinary system which, if untreated,
leads to renal impairment, end-stage renal failure and
death. Particularly in the case of acute obstructive uropa-
thy, urgent decompression is necessary to prevent com-
pression-mediated ischaemia of the renal parenchyma and
the development of irreversible renal failure. Percutaneous
nephrostomy is a well-established and relatively safe
image-guided procedure used to obtain access to the renal
collecting system and is the procedure of choice for the
infected obstructed kidney, minimising the risk of septic
shock and possible death. Subsequent internalisation via
antegrade ureteric stenting is frequently employed to
relieve obstruction at the level of the causative lesion.
Purpose CIRSE Standards of Practice documents recom-
mend a reasonable approach to, and best practices for,
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performing procedures, in this instance, Nephrostomy and
Ureteric Stent Placement and Exchange.

Methods The writing group, established by the CIRSE
Standards of Practice Committee, consisted of five clini-
cians with internationally recognised expertise in this topic,
and one research assistant (I.I.). The writing group
reviewed the existing literature, performing a pragmatic
evidence search using PubMed to search for publications in
English relating to human subjects from 2001 to 2025.
Relevant older primary sources were included where the
data have not been updated.

Results A document was produced, making recommenda-
tions for practice based on currently available evidence in a
range of clinical scenarios.

Keywords Interventional radiology - Percutaneous
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Malignant ureteric obstruction - Benign ureteric
obstruction - Renal tract calculi - PCNL

Abbreviations

BUO Benign ureteral obstruction
CECT  Contrast-enhanced CT
CRC Colorectal carcinoma

DJS Double J stent

GI Gastrointestinal

GU Genitourinary

Gynae  Gynaecological

HDU High dependency unit

ICU Intensive care unit
IeG Immunoglobulin G

INR International normalised ratio
IvU Intravenous urography

LDCT Low-dose CT

MUO  Malignant ureteral obstruction
NUS Nephro-ureteric stent

PCN Percutaneous nephrostomy
PCNL  Percutaneous nephrolithotomy

PUJ Pyeloureteric junction

RPF Retroperitoneal fibrosis
SOP Standards of Practice

SFR Stone-free rates

TCC Transitional cell carcinoma
URS Ureteroscopy

US Ultrasound

UVl Uretero-vesical junction
Introduction

The CIRSE Standards of Practice (SOP) committee
established a writing group which was tasked with pro-
ducing up-to-date recommendations for the performance
of percutaneous nephrostomy and ureteric stent placement
and exchange. CIRSE SOP documents are neither clinical
practice guidelines nor systematic reviews of the litera-
ture. This document is intended to recommend a reason-
able approach to, and best practices for, performing these
procedures, rather than impose a standard of clinical
patient care. Institutions should regularly review their
internal procedures for development and improvement,
taking into account international guidance, local resour-
ces, and regular internal morbidity and mortality reviews.
A summary of key recommendations can be found in
Table 1.

Methods

The writing group, established by the CIRSE SOP com-
mittee, consisted of five clinicians with internationally
recognised expertise in this topic and one research assistant
(I.I.). The writing group reviewed the existing literature,
performing a pragmatic evidence search using PubMed to
search for publications in English and relating to human
subjects from 2001 to 2025. Relevant older primary sour-
ces were included where the data have not been updated.

Background

Untreated obstructive uropathy is associated with high
morbidity leading to renal impairment, end-stage renal
failure and death. Particularly when acute, urgent decom-
pression is necessary to prevent compression-mediated
ischaemia of the renal parenchyma, the development of
irreversible renal failure, and sepsis if the urine is infected.

Indications

The aetiology of urinary tract obstruction may be malig-
nant (malignant ureteral obstruction (MUQ)) or benign
(benign ureteric obstruction (BUO)) and may be intrinsic
or extrinsic to the ureter (Table 2) [1-3]. Urinary tract
obstruction can occur anywhere from the level of collecting
system infundibuli to the urethral meatus; however, per-
cutaneous decompression is usually indicated for man-
agement of obstruction cranial to, or at, the uretero-vesical
junction (UV]). Percutaneous nephrostomy (PCN) is usu-
ally employed when retrograde endourologic approaches
have failed or have a poor predicted efficacy due to pre-
existing (e.g. renal transplant, urinary diversion) or acute
conditions (e.g. obstruction, infection, bleeding).

Indications for Percutaneous Nephrostomy
(summarised in Table 3)

1. Urinary drainage for decompression

Urinary drainage is the most common indication, and
PCN is particularly indicated in infected obstructed urinary
collecting systems (pyonephrosis) to prevent sepsis, loss of
renal function, and potentially death. An infected obstruc-
ted kidney is an emergency; severe cases are associated
with a mortality rate up to 19% if untreated, and delayed
decompression is associated with increased mortality
[4, 5]. Thus, all institutions should have a robust 24/7
management plan for the decompression of infected
obstructed kidneys, which may include patient transfer to a

@ Springer



466 CIRSE Stan,,dards of Practice on Nephros,,tomy and Ureteric Stent Place,,ment and Exchange

Table 1 Summary of recommendations

Direct calyceal puncture is recommended for renal collecting system access, rather than a two-puncture (renal pelvis first, then calyceal)

technique

When anticipating antegrade ureteric stent placement, an interpolar calyceal puncture is recommended

When placing a nephrostomy catheter, one should avoid traversing the erector spinae muscles as this approach is more painful and

associated with higher rates of tube dislodgement

In the presence of pus or known infection, contrast injection is discouraged as increases in collecting system pressure may provoke

bacteraemia and acute uroseptic collapse

In patients with hyperkalaemia (serum potassium > 6mEq/L) or metabolic acidosis (acidaemia pH < 7.2), the nephrology team should be
involved to manage these co-morbidities so as to decrease the risk of intraprocedural arrhythmias or cardioplegia

All hospitals should have a robust 24/7 management plan for the decompression of infected obstructed kidneys, which may include patient

transfer to a neighbouring organisation

In patients with a short life expectancy (in whom active treatment has been stopped), unilateral metastatic obstruction of the ureter without

pain or infection may be left untreated to preserve quality of life

Maintenance of a stent register is required to ensure appropriate follow-up and exchange for all ureteric stents inserted

Antegrade ureteric stenting should be avoided in the presence of active urinary tract infection

The presence of active ipsilateral stone disease is a significant risk factor for stent encrustation, so stent dwell time should be less than 3

months

It should be ensured that bladder outflow is unimpeded prior to placement of a ureteric stent

The vesical loop of a ureteric stent should be cranial to the trigone and should not be deployed across the midline, so as to reduce the

incidence of stent-related bladder symptoms

A small volume irritable bladder can predict debilitating stent symptoms with double-J stents and high-volume pelvic malignancy can
predict stent failure; in these patients, a trial of stent may be performed using a nephro-ureteric stent, which can be converted to PCN with

ease should the patient experience debilitating bladder irritation

Silicone stents resist extrinsic compression poorly and so should be

avoided in cases of malignant extrinsic disease in particular. When

economically feasible, metal stents are recommended for the palliative management of malignant ureteric obstruction

Where possible, ultrasound should be the primary imaging guidance

modality for nephrostomy or stent placement in children

Antegrade ureteric stents should not be placed in the presence of bladder fistulae without additional upper tract diversion via nephrostomy.
Diverting nephrostomy may not be required in the presence of ureteral fistulae if they can be managed with covered self-expanding stents

PCN Percutaneous nephrostomy

Table 2 Causes of upper urinary tract obstruction

Extrinsic Intrinsic
Malignant Benign Malignant Benign
Primary pelvic cancer of GU, Uterine leiomyomas Upper tract TCC PUJ obstruction
gynaecologic or CRC origin IgG4-related RPF Ureteric stones
Retroperitoneal lymphadenopathy from  Post-radiotherapy Mural metastases from Soft tissue luminal obstruction
primary pelvic cancer Idiopathic RPF carcinoma (breast, (sloughed papillae, fungus ball)
lobular)
Retroperitoneal infiltration from upper Vascular stent graft or vasculitic Lymphomatous mural Mural fibrosis from
GI malignancy (stomach, pancreas) RPF infiltration mycobacterium tuberculosis
Retroperitoneal lymphoma Iatrogenic injury or ligation of Ureteric strictures

ureter during pelvic surgery

CRC Colorectal carcinoma, GI Gastrointestinal, GU Genitourinary, /[gG Immunoglobulin G, PUJ Pyeloureteric junction, RPF retroperitoneal

fibrosis, TCC Transitional Cell Carcinoma

neighbouring organisation. Patients admitted overnight
should be medically stabilised and are scheduled for
decompression first on the morning list; however, septic
patients who do not respond to initial attempts at
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stabilisation should be decompressed emergently (includ-
ing overnight), as this will be the life-saving intervention.
The presence of a single functioning kidney or a transplant
with declining function increases the requirement for



CIRSE Stan,,dards of Practice on Nephros,,tomy and Ureteric Stent Place,,ment and Exchange 467

Table 3 Indications for percutaneous nephrostomy

Goal of procedure

Indications for active management
via nephrostomy in pregnancy

Example indications

Urinary drainage

Urinary diversion (non-dilated systems)

Usually temporary and bilateral to allow healing;
however, in palliative settings or in patients unfit
for reconstruction, diversion may be permanent
with the addition of ureteric occlusion with coils,
glue, and/or other materials

Tract access for other procedures

e Infected renal tract e Urinary tract infection / sepsis

e Obstructed renal tract e Progressive renal impairment

e Improving renal function to facilitate e Unresolved symptoms

intravenous chemotherapy e Failure of conservative treatment

e Obstruction of a solitary kidney if
symptomatic or associated with
impairment of renal function

e Relief of renal colic

e Urinary leak (post-traumatic or iatrogenic)
usually in combination with ureteric stenting
and drainage of associated urinomas

e Urinary fistula (benign and malignant)

e Haemorrhagic / post-radiotherapy cystitis

e PCNL for stones > 2 cm

e Primary ureteric stent placement

e Retrieval of stent fragment

e Biopsy of renal pelvic/ureteric lesions

¢ Pyeloperfusion during thermal ablation of renal

tumours

e Ureteric embolisation

e Ureteric covered stent placement

Tract access for tract medication administration
TCC

e Instillation of chemotherapy for upper tract

o Instillation of antifungal agents in the presence
of upper tract infection

TCC Transitional cell carcinoma; PCNL Percutaneous nephrolithotomy

emergent decompression. PCN is equally important for the
reversal of acute kidney injury associated with non-in-
fected obstructive uropathy.

Hydronephrosis alone does not necessarily indicate
drainage, e.g. when caused by pregnancy, diuretics, over-
hydration, vesico-ureteric reflux, or megacalycosis. Fur-
thermore, hydronephrosis may persist for quite some time
after relief of downstream obstruction, e.g. bladder outflow
obstruction. In patients with a short life expectancy (in
whom active treatment has been stopped), unilateral
metastatic obstruction of the ureter without pain or infec-
tion may be left untreated to preserve quality of life by
avoiding an external drainage catheter and bag.

2. Urinary diversion

3.Access to the collecting system and ureter for other
procedures or procedural adjuncts

4. Access to the collecting system for the instillation of
medications

Specific Clinical Situations

Pregnancy

Decision-making for all interventions in pregnancy must
balance the risks to the mother with the risks of foetal
radiation exposure. Accepted indications for active inter-
ventions during pregnancy are included in Table 3.

Nephrostomy in the presence of
transplantation

Indications for nephrostomy in renal transplants (or
functional solitary kidneys) are the same as in the non-
transplant population; however, the requirement for
decompression is more urgent as loss of renal function will
not be compensated for by a functioning contralateral
kidney.

renal

Indications for Ureteric Stenting
Radiological antegrade stenting is most often performed as

‘internalisation’ of drainage following acute PCN. Any
infection should be cleared before stent insertion. There are
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four main clinical scenarios for stenting, the indication
determining the optimal stent type: temporary, semi-per-
manent, and permanent (Table 4).

Obstructing, symptomatic ureteric stone

Malignant Ureteric Obstruction

Benign Ureteric Obstruction

Ureteric fistula (if the fistula can be covered with a
stent graft)

b=

Indications for Nephro-ureteric Stent Placement

Where repeated access to the urinary tract is needed, e.g. in
the management of some ureteric injuries where a combi-
nation of collecting system decompression and ureteric
splinting is required, including in the renal transplant set-
ting in the management of an anastomotic stricture.

Contraindications
Contraindications to Percutaneous Nephrostomy

There are no absolute contraindications to PCN. Severe
coagulopathy and thrombocytopaenia should be reversed
before PCN and, if uncorrectable, would favour retrograde
stent insertion if feasible. In the presence of pyonephrosis,
critical care management of septic shock should be initi-
ated to stabilise the patient, but drainage of the pus by PCN
should not be delayed in the pursuit of the ‘perfect’ patient
for intervention. In cases of hyperkalaemia (serum potas-
sium > 6mEq/L) or metabolic acidosis (acidaemia pH <

Table 4 Indications for ureteric stenting

7.2), nephrology should be consulted to manage these
conditions to decrease the risk of dangerous intraprocedu-
ral arrhythmias or cardioplegia. In MUO, consideration
needs to be given as to whether decompression will lead to
improvement in quality, not just quantity, of life.

Contraindications to Ureteric Stenting

Current active urinary tract infection is a contraindication
to ureteric stent insertion. There is no standard time
interval between PCN for infected obstructed upper tract
and internalisation; however, many practitioners wait at
least 3 days from PCN to placement of polymeric double-J
stents (DJS) and 7 days for semi-permanent metallic stents.
Urinary lithiasis increases the risk of encrustation; there-
fore, active ipsilateral upper tract stone disease is a relative
contraindication to semi-permanent metal stents and
should limit the dwell time for DJS (maximum dwell time
should not exceed 2-3 months).

Regardless of cause, stented ureters often lack effective
peristalsis and require low vesical pressures for function
[7]. Causes of high intra-vesical pressure should be
addressed which, in some cases, will obviate the need for
stenting, e.g. passage of a urethral catheter in the presence
of infravesical obstruction. A small volume, irritable blad-
der can predict debilitating stent symptoms and high-vol-
ume pelvic malignancy can predict stent failure, but these
are relative contraindications. In these patients, a trial of
stent may be performed using a nephro-ureteric stent
(NUS), which can be converted to PCN with ease should
the patient experience debilitating bladder irritation. Sim-
ilarly, urinary incontinence and neurogenic or spastic

Clinical scenario Optimal stent choice

1. Obstructing symptomatic ureteric stone TEMPORARY

Ureteric stent placement prior to definitive ureteroscopy or shockwave lithotripsy facilitates
endourologic management in difficult ureteric anatomy, infection, or poor renal function

Advised in the presence of severe ureteral oedema, anticipated long operative time (> 45 min),
and in the presence of renal pelvic or ureteric stones > 2cm [6]

2. Malignant ureteric obstruction

Usually a PERMANENT requirement in a palliative setting with the patient’s end-of-life

defining disease being their malignancy

MUO may occasionally resolve with treatment, e.g. lymphoma, in which case the stent can be

removed

3. Benign ureteric obstruction

Usually SEMI-PERMANENT as the patient’s life expectancy is not related to the ureteric

obstruction and stent exchange will be required at some point

In patients where more definitive surgical reconstruction is not possible; stents with the longest
dwell time are preferable but where removal and exchange remain feasible (including
combined nephro-ureteric stents)

4. Ureteric fistula (if the fistula can be
covered with a stent graft)

TEMPORARY until healing, or SEMI-PERMANENT if no likelihood of healing
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bladders are contraindications. Antegrade stents should not
be placed in the presence of pelvic fistulae without addi-
tional upper tract diversion via PCN.

Patient Preparation

Informed consent must be obtained, preferably by a
member of the IR team and where possible at a suit-
able interval before the procedure, e.g. 2-3 days before-
hand in the Interventional Radiology outpatient clinic [8].
In the presence of lower tract fistulae, multidisciplinary
discussion is recommended to ensure the optimal
management.

Pre-procedural Imaging

Adequate pre-procedural imaging is required for diagnosis
and procedure planning. Hydronephrosis is clearly
demonstrated by ultrasound. Computed tomography of the
renal tract is optimal for demonstrating calculi (conven-
tional CT for radiodense calculi, dual-energy CT for radi-
olucent stones) [9, 10]. Excretory contrast-enhanced CT
(CECT) demonstrates the site and cause of obstruction in
non-calculous disease and documents urinary leakage/fis-
tulation. MR-urography can provide similar diagnostic
information and can identify radiolucent stones, but
availability may be challenging in some departments,
especially out of hours. Imaging should be reviewed
specifically to optimise the approach, particularly with
regard to the presence of possible anatomic variants
(e.g.-horseshoe kidney) and to avoid puncturing vessels or
bowel. In elective cases, radionuclide scintigrams may
contribute to the decision-making process for the proce-
dure, particularly in differentiating true from pseudo-ob-
struction, in assessing residual function in a kidney prior to
proposed interventions, and in prioritising which side to
drain in cases of bilateral obstruction.

Diagnosing Stone Disease in Pregnancy

Ultrasound (US) is the first-line examination. If inconclu-
sive, non-contrast MRI may be used as a problem-solving
tool in the first trimester [11]. Low-dose CT (LDCT) can be
used in the second and third trimesters for complex cases
[11, 12].

Laboratory Work-up

PCN carries a moderate to high risk of bleeding [13].
Coagulation status needs to be evaluated and corrected
when disturbed. The following are generally taken as
acceptable parameters: haemoglobin > 8g/L, platelets >

50 x 10 9/L, and prothrombin time < 15s (INR ~ 1.5).
Blood urea nitrogen, creatinine, haematocrit, and urinalysis
are routinely checked, with urine cultures reserved for
cases of suspected infection.

General Preparation Including Antibiotic
Administration

Local institutional pre-procedure fasting requirements
should be followed, hydration maintained according to the
patient’s clinical status, and peripheral venous access
obtained. Patients presenting with sepsis secondary to an
infected obstructed collecting system should be treated
with empiric broad-spectrum antibiotics until the respon-
sible pathogen is identified on culture of urine aspirated at
the time of nephrostomy [14]. Routine prophylactic
administration of pre-procedural antibiotics in patients
without evidence of infection is a point of debate without
clear supporting evidence. Local protocols, as defined by
microbiology and pharmacy, should be followed. Where
appropriate, prophylactic antibiotics are administered 1 h
before the procedure and are usually not continued if there
is no evidence of infection at the time of puncture, unless
recognised risk factors are present. For retrograde trans-
urethral exchange of ureteric stents, a single dose of a
third-generation cephalosporin is adequate.

Treatment and Peri-procedural Care
Common to all Procedures
Intraprocedural Monitoring and Medications

Pulse, blood pressure, and oxygen saturations must be
monitored during the procedure. If sedation is given, car-
diac monitoring is recommended. The urothelium may be
sensitive, and wire and/or catheter manipulations can pro-
voke a bradyarrhythmia. Nephrostomy can be performed
with local anaesthesia only, the latter administered to the
skin, the subcutaneous tract, and renal capsule. In
stable patients, intravenous sedation can be used as
required.

Nephrostomy for Decompression

Positioning and Tract Planning

Patients are placed in a prone, semi-prone, or decubitus
position. Immediately pre-procedure, targeted US is per-
formed to identify the optimal patient position and skin

entry site and to plan a tract that excludes interposed
organs, bowel, or vasculature. A posterolateral approach to
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the most suitable calyx is recommended so as to puncture
the parenchyma via the relatively hypovascular plane of
Brodel, which usually corresponds to the posterior axillary
line. One should avoid traversing the erector spinae mus-
cles as this approach is more painful and associated with
higher rates of tube dislodgement. If the PCN is going to be
permanent, and a more anterior approach is safe, this is
more comfortable for the patient when sleeping and facil-
itates bag exchange.

When anticipating antegrade stent placement, an inter-
polar approach should be considered to avoid the
mechanical disadvantage arising when a lower pole calyx
is used, particularly in the presence of a tight ureteric
stricture. Although a subcostal approach is preferred,
intercostal approaches (cranial to the 12th or rarely the 11th
ribs) may be necessary, especially when targeting upper
pole calculi for percutaneous nephrolithotomy (PCNL).
When employed, these approaches are associated with
higher risks of pleural puncture [15].

Procedural Technique

Under sterile conditions, the target calyx is punctured
under ultrasound guidance with a needle of the operator’s
choice, more experienced operators using 16-19-gauge
needles, more recently trained IRs using a 21-gauge two-
part needle. A standard Seldinger technique is most fre-
quently employed in adults, often utilising a proprietary
triaxial set to upsize from the 0.018” nitinol-tipped guide
wire used for initial entry to a 0.035 or 0.038" stiff
guidewire. In the presence of a scarred cortex, initial access
with 16-19G needles facilitates direct passage of a 0.035”
wire which will provide more mechanical advantage when
dilating the tract. In fibrous or scarred cortices, it may be
necessary to dilate to 1 French larger than the planned
catheter. In the presence of pus or known infection, con-
trast injection is discouraged as increases in collecting
system pressure may provoke bacteraemia and acute
uroseptic collapse. For the same reason, wire manipula-
tions other than those required to safely place the catheter
should be avoided. Following tract dilatation, the catheter
is inserted over the wire and its loop formed within the
collecting system. The same technique is used in ob-
structed transplant kidneys but is performed with the
patient in the supine position.

Means of securing the catheter to skin vary widely and
are at the operator’s discretion; however, suturing the
catheter to skin is discouraged as it is painful for the patient
post-procedure and has a risk of suture-tract infection. An
open system (nephrostomy draining into a stoma bag) has a
lower rate of nephrostomy displacement.

@ Springer

Nephrostomy for Urinary Diversion

Calyceal access can be challenging in the absence of dis-
tension. The procedure should be attempted using US
guidance initially, aiming for the central apex of the renal
pyramid in the mid or lower pole [16], subjacent to which
the target calyx is expected, using Doppler to identify and
avoid vasculature. Even when calyceal puncture is suc-
cessful, spontaneous return of urine is not anticipated as the
collecting system is not under pressure and the path of least
resistance for urine remains via the ureter rather than the
21G needle. Gentle injection of contrast under fluoroscopy
is recommended to confirm intra-calyceal location. Once
confirmed, a 0.018” wire is advanced under fluoroscopic
guidance into the renal pelvis and access upsized as above
[17].

In cases where access is not easily obtained, the
administration of intravenous fluid and contrast in combi-
nation with a diuretic agent resulting in pelvicalyceal
opacification and mild distension can facilitate subsequent
US and fluoroscopic-guided puncture [18]. Where avail-
able, intravenous injection of contrast followed by cone
beam CT with proprietary tracking software can assist in
targeting a suitable calyx [19-21]. In obese patients or
patients with complex clinical scenarios, e.g. critically ill
or recently operated, as well as in patients with non-dilated
collecting systems, CT-guided nephrostomy has been
shown to be an acceptable alternative [22, 23]. If these
approaches fail, a combined approach with urology may be
necessary.

Nephrostomy for Percutaneous Nephrolithotomy
Access

US-guided access is recommended in addition to fluo-
roscopy as it allows one to identify non-target anatomy
(colon, spleen, and liver) and to maximise the length of the
parenchymal tract, which contributes to secure positioning
of the sheath. If ureteric occlusion catheters have been
placed cystoscopically pre-procedure, the collecting system
can be temporarily distended via retrograde infusion.

Ureteric Stent Insertion

Ureteral stent insertion can be performed in combination
with primary nephrostomy placement in one sitting, or as a
two-stage procedure (initial nephrostomy with second stage
stenting once dilatation has resolved and infection is
excluded/resolved). In chronic obstruction, the ureter may
be very dilated and tortuous at initial nephrostomy, ren-
dering access to the bladder from above difficult. If stent-
ing is not possible at the first attempt, it is recommended to
allow 48-72 h of nephrostomy decompression, permitting
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recovery of mucosal oedema and reduction in tortuosity,
following which a further attempt to traverse the ureter is
usually successful.

Procedural Technique

If performed in the same sitting as initial access, a 5 Fr
introducer sheath is advanced to the renal pelvis and
standard techniques are used to direct a hydrophilic wire
and catheter combination past the level of obstruction to
the bladder. If resistance is encountered, ureterography is
performed to identify the level of obstruction and charac-
terise the morphology of the lesion. Traversing excep-
tionally tight ureteric strictures may require additional
proximal support with a longer vascular sheath advanced
into the ureter and the use of a microwire/microcatheter
combination to cross the stricture. Ureteroplasty with a
6-8 mm angioplasty balloon may be required prior to stent
placement in such cases.

Before the wire is advanced into the bladder, the patient
should be warned that they will experience transitory
genito-perineal pain. If there is difficulty in advancing a
wire across the UVJ, ensuring that the bladder is distended
can alter the angle of insertion at the UVJ, facilitating
crossing of the stricture [24]. Bladder access should be
confirmed with the injection of contrast. Additional dis-
tension may be required to ensure adequate space for the
caudal loop of the stent to form (urethral catheters should
be clamped beforehand). The hydrophilic wire should be
exchanged for a stiff working wire. In cases of ureteric
transection, a rendezvous approach with an urologist
working from below may be required, facilitating subse-
quent stent deployment [25-27]. In these cases, healing
will be supported by leaving a proximal diversion
nephrostomy catheter in situ after stenting [28]. Addition-
ally, to promote ureteric healing in cases of transection,
secondary urinomas should also be drained, with placement
of the catheter close to the level of leakage [29].

The introducer sheath in the renal pelvis is then
exchanged for a peelaway sheath following tract dilatation,
and the stent advanced over the wire to the bladder. When
the stent has been advanced into the bladder, the wire is
withdrawn, allowing the caudal loop to form; the optimal
final position being cranial to the trigone in the ipsilateral
half of the bladder, i.e. not crossing the midline, to avoid
stent-related symptoms [30, 31]. The wire is then with-
drawn further, and the cranial loop formed within the renal
pelvis.

Following ureteric stent placement, the requirement for
a ‘covering’ nephrostomy is decided on a case-by-case
basis, the most common indication being a traumatic pro-
cedure with extensive clot in the collecting system at
procedure completion (a matter of debate as the risk of

stent occlusion is reduced by the intrinsic lytic effect of
urine). If there are concerns regarding early stent patency,
e.g. a plastic stent in a tightly compressed ureter, it is
deemed prudent to leave a nephrostomy in situ to facilitate
nephrostography 48—72 h post-stent insertion. When using
wide-bore metal stents, if patency can be confidently
confirmed at the time of placement with contrast injection,
there is no clear indication for a covering nephrostomy
[32].

In cases where maintenance of renal access is preferred
(e.g. documented rapid stent encrustation), combined one-
piece NUS are useful tools as they can be capped externally
when patent without the need for a drainage bag; however,
when they start to occlude, they can be exchanged via the
original access. This approach also allows IR to take
ownership of exchanges without the need for transurethral
exchanges by the urology team.

Advantages and Disadvantages of the Different
Types of Ureteric Stent

The choice of stent must be matched to the clinical sce-
nario, local availability, and expertise.

Ureteric Stent Types

Polymeric

The classic “Double-J” (DJS) or “Double Pigtail” stent
is usually made of polyurethane plastic with a variety of
coatings to reduce encrustation and bacterial biofilm and
improve patency. Sideholes may be either along the length
of the stent or just in the terminal pigtails. These are
available in differing lengths, chosen for each individual
patient on the basis of their height [33] or the measured
distance from the pyeloureteric junction (PUJ) to the UVJ
(typically between 20 and 30cm, best estimated on CT
reconstructions) [33-36]. These stents are loaded on a
removable central stiffener with a variety of releasing
mechanisms and come in diameters from 4 to 10 Fr. Sug-
gested dwell times prior to planned exchange vary from 3
to 12 months; the individual manufacturers’ instructions
for use should be consulted.

Metal “double-]J”

A chromium-nickel alloy in a spiral structure that
allows ingress of urine at every point above and egress at
every point below the stricture. It is 5—-6 times the unit cost
of a polymeric stent but is licenced for 12 months indwell,
comes in a standard 6 Fr diameter size, may extend from 20
to 30cm in length, and is intended to cover the length of the
ureter.
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Self-expanding metal ureteric stents (SEMS)

Unit costs are up to 20 times that of a polymeric stent;
however, their dwell times are over 12 months, reducing
the costs associated with multiple exchanges.

Stent selection in MUO

The average life expectancy of patients with MUO (median
survival 210 days) is longer than the dwell time of poly-
meric stents, but shorter than that of metal stents [37]; thus,
primary metal stenting permits an almost “stent and for-
get” approach, leading to increased quality of life and no
stent exchange requirement (unless the patient survives to 1
year post-insertion, at which time exchange is recom-
mended [38]).

Ureteric obstruction and Stone Disease in Pregnancy

The use of stents is discouraged in pregnancy due to the
increased encrustation rate. Where possible, PCN place-
ment is preferred before the 22nd week [39].

Ureteric Stent Exchange

When long-term stenting of benign or malignant ureteric
strictures is required, scheduled routine exchange is rec-
ommended every 4—-6 months as polymeric stents are prone
to occlusion. The fluoroscopic approach has been shown to
be a reasonable alternative to cystoscopy, especially in
women [40, 41], albeit coming with an increased radiation
burden and increased procedure time. In men, the proce-
dure is more challenging due to the longer urethra and, if
the stent is withdrawn too caudally, the cranial loop may be
delivered entirely into the bladder, losing access to the
ureter [41, 42].

Fluoroscopic Exchange Technique

All patients should receive a single prophylactic dose of a
broad-spectrum intravenous antibiotic pre-procedure, typ-
ically a third-generation cephalosporin. The procedure is
performed under conscious sedo-analgesia and topical
Xylocaine gel. Local asepsis with Chlorhexidine-based,
rather than Betadine-based agents, is recommended as the
latter are irritating, particularly to female genitals.

Via a urinary catheter, the bladder is distended with
roughly 200 cc of dilute contrast, and the catheter is
exchanged over an 0.035” wire for a vascular introducer
sheath (at least 2 French larger than the stent to be
removed); the sheath limits the urethral irritation that
occurs with snare manipulation. Pain from attempted stent
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removal may be so debilitating as to result in procedure
abandonment [43].

The caudal pigtail of the stent is grasped with a snare
under fluoroscopic guidance and delivered to the urethral
orifice via the sheath. Once delivered, the caudal endhole
of the stent is cannulated with a wire which is advanced
and coiled within the renal pelvis. The stent is then
removed and replaced over the wire. Essentially, the same
approach is taken when exchanging stents in the renal
transplant and trans-ileal conduit settings [44, 45]. In the
presence of a conduit, if instead of a stent, a pigtail catheter
is used with its hub delivered into a stoma bag, exchange is
much more straightforward.

Severely encrusted stents may result in an inability to
advance a wire through the stent. In these cases, the length
of the stent may be ‘extended’ by passing a suture through
the caudal tubing and advancing a long sheath over the
suture—stent combination into the ureter, facilitating stent
removal whilst maintaining access to the ureter. A similar
approach is taken in the unusual event of needing to
exchange a metallic stent, whereby, on delivery to the
meatus, a suture can be tied tightly around the stent and a
long sheath advanced over the suture—stent combination
into the ureter.

Specific Considerations for Paediatric Patients

Almost all nephrostomy and stent placements in children
will require sedation or anaesthesia, the selection depend-
ing on established practices and local expertise. It is
advised that these procedures be performed in specialised
centres with paediatric urology back-up in the event of
complications. Children require specialised sedation and
anaesthesia services tailored to their age and weight. A
multidisciplinary approach involving paediatric specialists
(nephrologists, urologists, anaesthesiologists, nurses, and
others) is recommended. Children requiring renal or ure-
teric interventions range from less than 1kg to 100kg and
require the use of a variety of needles, wires, catheters, and
drainage devices tailored to their anatomy and size.

Minimising radiation exposure is particularly important.
Where possible, US should be the primary modality during
the procedure and where this is not possible, the use of low-
dose pulsed fluoroscopy with last image-hold is highly
desirable. A high-quality US system with a variety of
transducers is essential to permit imaging across a range of
patient sizes and weights.

The practical steps of PCN and stent placement in
school-age children are very similar to those in adults,
though kidneys tend to lie more cranial than in adults and
upper pole punctures are often not possible; however,
nephrostomy placement in neonates or infants presents
challenges not generally encountered in adults. Neonatal
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kidneys are small (average 4.5cm). Despite their relative
proximity to skin, the lack of retroperitoneal fat makes the
kidneys mobile and liable to retreat from an advancing
needle or trocar. Even though the collecting system may be
relatively dilated, its absolute volume is small, so coiling
guidewires and forming a pigtail may be challenging. If the
guidewire does not advance down the ureter, it can be
impossible to get the stiff portion of the guidewire beyond
the renal capsule. The small renal pelvic volumes also
mean the collecting system can decompress rapidly during
the procedure. The combination of these factors may make
it difficult to advance a micropuncture set into a collecting
system.

The approach used (21G single needle access versus
modified trocar versus direct trocar) will be informed by
the clinical experience of the operator, combined with
patient factors such as the degree of pelvicalyceal dilata-
tion. Koral et al. advocated a modified trocar placement
approach [46] with a 19-gauge vascular single-wall needle
through which a 0.035” 80-cm stiff guidewire is passed.
Under fluoroscopy, a 6-French hydrophilic tapered tip
catheter and small locking pigtail are advanced over the
wire. Other authors have suggested a direct trocar approach
for neonates, in particular those with Grades III or IV
hydronephrosis [47]; this approach requires excellent
visualisation of the calyceal trajectory and may be a
technique better selected for smaller children [48].

In addition to the indications in adults, stent placement
in children is indicated for persistent PUJ obstruction fol-
lowing pyeloplasty and UVJ stenosis following reimplan-
tation. Antegrade stent placement is frequently possible
when retrograde cystoscopic attempts have failed. Internal
stents range in size from 4-8 French and are available in
variable lengths (typically 8—20cm stent length or 22-32cm
length) which are invaluable for paediatric practice. A
useful heuristic for estimating the length of a child’s ureter
is ‘age in years + 10cm’. NUS in children are prone to
infection and dislodgement by pulling on the external
component and thus internalised drainage is preferred.
Metallic stents are never used, even in the presence of
MUO. Nephrostomy catheter dislodgement and catheter-
associated urinary tract infections are common post-pro-
cedural complications and need to be actively sought and
managed [49].

Post-treatment and Follow-up Care

Post-procedure, patients require close monitoring in order to
detect early uroseptic collapse or evidence of haemorrhage.
If the patient was profoundly septic pre-procedure, High
Dependency Unit (HDU) or Intensive Care Unit (ICU)
monitoring is recommended post-procedure. The patient’s

fluid balance should be monitored closely as post-obstructive
diuresis may occur. Antibiotics are continued in the presence
of ongoing infection in the post-procedure period, adjusted
according to urine cultures. Post-procedural pain is managed
in line with hospital protocols. The output from the
nephrostomy should be monitored by volume and to detect
onset, or worsening, of haematuria. Following stent place-
ment, the patient should be warned that they will likely
experience some urinary frequency and bladder irritation in
the first 48—72 h but that this should resolve.

Clinical Follow-up: Nephrostomy Catheters

When the underlying cause of ureteric occlusion or urinary
leakage is resolved, the nephrostomy catheter can be
removed. If there is no ureteric stent in situ, removal can be
safely performed without fluoroscopic guidance once the
locking mechanism has been released; however, if a ure-
teric stent is present, the nephrostomy should be removed
over a wire with fluoroscopic guidance.

If there is an ongoing requirement for drainage, e.g. in
malignancy, nephrostomy catheters should be routinely
exchanged every 6-8 weeks initially, as they tend to
occlude secondary to encrustation after some time, with the
attendant risk of sepsis. If, on repeat visits, the patient’s
catheter is not encrusted, the length between exchanges
may be safely extended (8—12 weeks). Flushing of the
catheter with saline twice a week may reduce the risk of
occlusion. In addition, patients should be advised to
maintain a moderately high oral fluid intake, e.g. 2L/day.

In pregnancy, nephrostomy catheters should be changed
more frequently, i.e. every 4-6 weeks, especially if the
patient is a stone-former. If signs or symptoms of tube
obstruction/malposition occur, such as fever, flank pain, or
pericatheter leakage, the catheter should be exchanged on
an urgent basis (within 24 h), regardless of the planned
exchange schedule.

All patients should be provided with 24-h contact
information and should be instructed to contact the hospital
if they develop fevers, flank pain, or the catheter dislodges
or stops draining, or urine leaks alongside the catheter. If a
‘trial of capping’ is being conducted as an outpatient, the
patient should be given drainage bags and advised to uncap
the tube and connect it to a drainage bag if they develop
any of the symptoms above.

Clinical Follow-up: Ureteric Stents
All patients receiving a stent should be entered into a

hospital stent register with a clear plan of management (e.g.
planned routine exchange 4—6 months). This is especially
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Table 5 Complications of nephrostomy insertion

1 Non-target organ puncture (pleura or
gut)

2 Bleeding

3 Infection

Occurs in between 0.1 and 0.2% of PCNs [52-58]

Pleural complications are more frequent in supracostal approaches and occur more often on the
right (29%) than the left (19%), and in 11th intercostal space punctures [15]

Transfusion required in 1.9-4% [17, 54, 55, 59, 61-64] the need increasing in coagulopathic
patients [59]

Incidence of haematuria is increased when PCNL is performed (12-14%) [65] and when
puncturing non-dilated systems (31.5%) [17]

Vascular injury requiring intervention such as embolisation or nephrectomy occurs in between
0.1 to 1% [54, 61, 63]

In the non-emergent setting, bacteraemia occurs in 21% of patients

Low-grade fevers occur in as many as 100% following nephrostomy in the emergency setting
[65]

In the presence of pyonephrosis, septic shock occurs at the time of nephrostomy in 7-9% of

patients [53-55, 59, 61, 64, 67, 68] and in 3.6% will lead to an ICU admission [64]

4 Catheter malfunction (blockage /
inadvertent dislodgement)

Dislodgement occurs < 1% in the early post-procedure period [59, 64]
Catheter dislodgement occurs in the first month after insertion in between 3.6% and 5% of PCNs

in native kidneys, increasing to as many as 62% by 36 months [66, 70]

Nephrostomy tube occlusion requiring exchange occurs reasonably often (1.73%), incidence
increasing with dwell time [66]

PCN Percutaneous nephrostomy; PCNL Percutaneous nephrolithotomy; /CU Intensive care unit

true for patients cared for by non-urology specialities, e.g.
Gynaecology and Oncology, in order to reduce the inci-
dence of ‘forgotten stents’ [S0]. Urinary lithiasis increases
the risk of encrustation; therefore, active ipsilateral upper
tract stone disease should limit dwell time to less than
3 months. All stents are prone to failure at some point, with
recurrence of acute kidney injury, obstructive pyonephro-
sis, or intractable stent symptoms from ureteric dilatation
or trigonal irritation, and patients should be reviewed
specifically for these issues. In pregnancy, stents migrate
more frequently because of the physiological hydroureter
and have a high risk of encrustation and bacterial coloni-
sation; for these reasons, the use of stents in pregnancy is
discouraged [51].

The complications of nephrostomy are summarised in
Table 5.

Non-target organ puncture occurs infrequently (0.1
and 0.2% of PCNs) [52-58]. Supracostal approaches are
associated with a higher risk of pneumo-hydrothorax
(especially during PCNL), empyema, haemothorax, and
nephro-pleural fistula. Key to managing these complica-
tions in the post-procedural period is to exclude down-
stream obstruction by ureteric stent placement.

Bleeding typically occurs due to branch lacerations [59]
and is more common in infundibular and direct renal pelvic
punctures [54, 60]. In non-dilated systems, there is a six-
fold increase in overall complications compared to punc-
ture of a dilated system [54]. Persistent severe haematuria
lasting more than 3 days should prompt suspicion of an
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arterial injury and should be investigated by CT angiog-
raphy in the first instance. If the latter does not reveal a
source, combined renal angiography and nephrostomy
removal over a wire should be performed to identify and
treat the bleeding vessel via the transarterial approach.

Intraprocedural death has not been reported; however,
deaths have occurred in the first 30 days post-procedure,
occurring in 0.192% in Kaskarelis et al.’s series [66].

Infection: In the presence of pyonephrosis, septic shock
occurs at the time of nephrostomy in 7-9% of patients
[53-55, 59, 61, 64, 67, 68] and in 3.6% will lead to an ICU
admission [64].

Catheter malfunction (blockage/inadvertent dis-
lodgement): The ability to reinsert a new catheter via the
prior tract increases with age/maturation of the tract, being
close to 100% of tracts > 12 months old. A need for fre-
quent tube changes, particularly if associated with pain
and/or irritative GU tract symptoms, can result in a
diminished performance status and reduced quality of life
[31, 69].

The complications of ureteric stent placement and
exchange are summarised in Table 6.

Outcomes
Percutaneous nephrostomy and ureteric stent placement

have high technical and clinical success rates, summarised
in Tables 7, 8 and 9.
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Table 6 Complications of ureteric stent placement and exchange

Complication

Description

Frequency

Wire perforation
of the ureter

Maldeployment

Stent-related
symptoms

Macroscopic
haematuria

Crystal
incrustation /
encrustation

‘Forgotten’
ureteric stents

Infected stents

Stent migration

Strictures

Complications:
stent exchange

Extravasation may occur when crossing very tight strictures; rarely significant if
a diverting nephrostomy is also placed [24]

Stents deployed without addressing the level of obstruction, e.g. distal pigtail
above UV]J or stricture not fully covered

Rarely, maldeployment into the retroperitoneum may occur if mural perforation
is not recognised

Urge incontinence, haematuria and pain

Severe persistent haematuria, particularly if presenting late, should raise
suspicion for rare uretero-arterial fistulation (more common in elderly
patients with a combination of pelvic surgery and pelvic radiotherapy) [38]

Common in the presence of polymeric stents (less often on metal stents); when
severe, encrustation may lead to stent fracture at the time of attempted
exchange [24, 71, 74-76]

Ureteric stents may become severely encrusted and serve as a nidus for stone
formation and infection, rarely resulting in a need for nephrectomy
[71, 77, 78]. In some instances, if a stent is ‘stuck’ it may be possible to pass
a new stent alongside the fixed stent to allow drainage

May occur leading to pyuria, generally prevented by routine exchanges (every
3-6 months) [31, 73]

Stents may migrate or become displaced

Strictures may develop secondary to a longstanding stent, particularly when
encrusted, which can hinder or prevent subsequent exchange [43]

Transient (< 1 day), self-limiting minor haematuria
Urinary tract infection most common

Procedure failure (Grade 1b CIRSE) due to:

- Failure to grasp the caudal end of the stent

- Procedure discontinuation secondary to patient discomfort

Rare, occurring in 0.3% of patients in
one large 25-year review [71]

Affects 80-90% of patients [72, 73]

In 1 to 7%, requiring blood transfusion in
only 0.0014% [38, 71]

Increases in proportion to dwell time,
occurring in up to 76.3% of patients
after 12 weeks

3.57% [66]

Overall complication rate 5%
7.7%

4.9%

1.8%

1.1%

[41, 43]

UVJ Uretero-vesical junction

Table 7 Technical and clinical success rates in PCN

Clinical scenario

Technical Success rates Clinical Success

Obstructed renal tract

Pyonephrosis

Non-dilated systems

Complex stone disease

82-99% [54, 63]
98% (54)

Renal function expected to recover in 60% of patients within 2 weeks [79]
PCN has a low procedure-related morbidity (14%) and mortality (2%) [67]

Inflammatory markers and pyrexia respond more promptly following
decompression via PCN compared to retrograde stenting [80, 81]

Fever and pain improve within 1 — 2 days [82], recovery improved by culture-
specific antibiotics (PCN cultures positive in 58% in comparison to 30% of

bladder urine cultures) [67]

Infected, obstructed kidneys may have mortality rates as high as 19%, delayed
decompression is associated with increased mortality [4, 5]

82-96% [17, 23]
82-85%

[2], e.g. staghorn calculi

Renal transplants

Haemorrhagic cystitis

98-100% (higher success rates
due to proximity to skin [83])

71% resolution at a median of 12 days post-procedure [84]

PCN Percutaneous nephrostomy
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Table 8 Outcomes in ureteric stenting and exchange

Procedure Technical success rates Clinical success Notes
Primary stenting 88% technical success (23) 83% clinical success [32]
without
covering
nephrostomy
Secondary Close to 100% technical success (23) 98% clinical success [32]
ureteric
stenting
Fluoroscopic Technical success 86-97.5% in females Clinical Success: 95.7% (lower in urological /
retrograde (excluding cystoscopic-assistance) gynaecological tumours (compared to fibrosis /
ureteric stent [40, 41, 43, 85, 86]; success reduced with other causes) and in bilateral stent exchange)
exchange longer intervals between exchanges and in [41]
bilateral exchange
Malignant Metallic stent patency: Metal stents more
ureteric e 86% at 6 months cost effective
obstruction than polymeric
® 60% at 1 year (37, 87]
Ileal conduit Close to 100% High success rates reported in the management of
hydronephrosis secondary to ureteric strictures
using a combination approach of initial PCN
placement followed by nephro-ureteral stent
placement, with subsequent internalisation and
recurring retrograde stent exchange via the
stoma [88, 89]
Stone disease Ureteric stenting, prior to definitive treatment
(URS or shockwave lithotripsy), shortens
subsequent theatre time and increases SFR in
renal calculi [6] with a cost of a longer
operative time [49]
Unplanned post-procedural hospitalisation in
high-risk stented patients is lower than in
unstented patients [49]
Post-ureteroscopy stenting reduces ureteroscopy-
related strictures, caused by stone-related
trauma, the intervention, or the combination
MUO malignant ureteric obstruction URS ureteroscopy, SFR stone-free rates, PCN Percutaneous Nephrostomy
Table 9 Factors predicting ureteric stent failure
Factor Notes
Bilateral obstruction o A marker of advanced disease and the most consistent predictor of failure which occurs in 85% of
patients with bilateral obstruction compared to 25% with unilateral [38]
Others:
e Primary malignancy not of Gynae, GI
or GU origin
e Serum creatinine > 1.2 mg/ml
e Patient on no active treatment for
primary malignancy
e Presence of a uretero-conduit
anastomosis
Metallic vs polymer stent e Polymeric have lesser patency rates compared to metallic (1-year patency rate; 61.1 vs 78.4%) [38]

e No difference between the stents in the rates of stent occlusion due to abdominal dissemination,
lymph node metastasis or direct compression by tumour [38]

Gynae Gynaecological; GI Gastrointestinal; GU Genitourinary
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Conclusions

Percutaneous nephrostomy and ureteric stent placement are
frequently performed, minimally invasive procedures
which, when performed with appropriate indications and
technique, are safe and clinically effective. The writing
group’s recommendations are summarised in Table 1.
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