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Ketamine is a potent anaesthetic drug that has been
used for decades. Ketamine abuse is an increasingly
common problem, particularly among young people.
Over one quarter of ketamine users will have at least
one bothersome urological symptom, with heavier and
longer use leading to potentially irreversible damage to
the lower and upper urinary tract. Hence, this study
carried out a narrative review focusing on ketamine-
induced uropathy pathophysiology, clinical presentation,
and treatment options. It was found that ketamine
uropathy is an inflammatory condition affecting predom-
inantly the bladder but also the upper urinary tracts.
A hypersensitivity reaction to the drug has been pro-
posed as the potential pathophysiological mechanism
that causes inflammatory reaction, muscle hypertrophy,

and non-reversible fibrosis in the advanced stages of
the disease. Abstinence from ketamine use is the cor-
nerstone of treatment at any stage of the disease, with
effective pain management and psychological support
being critical to reduce ketamine seeking behaviours.
For mildly symptomatic patients, minimally invasive
options such as bladder instillations and intravesical
Botox injections can provide symptomatic relief. For
more severe cases with refractory symptoms and upper
urinary tract involvement, reconstructive urological
operations might be necessary, including augmenta-
tion cystoplasty, cystectomy, or ureteric reconstruction.
Ongoing surveillance of the upper tracts is recommended
for both groups of patients. Ketamine induced uropathy
is an increasingly prevalent condition, and ketamine
abuse should always be inquired about in people with
unexplained lower urinary tract symptoms. Adequate
information of the public regarding ketamine abuse
and early consultation with a urologist might prevent
irreversible damage.

Key Words: ketamine uropathy, reconstruction,
bladder pain, harm reduction, lower urinary tract
symptoms (LUTS)
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Introduction

Ketamine uropathy (KU), also known as ketamine
cystitis, is a severe and debilitating urological condi-
tion caused by chronic recreational use of ketamine.
This is an increasingly growing health concern, espe-
cially among young adults, as it can lead to profound
urinary symptoms and, in difficult situations, irre-
versible organ damage.1–3

First synthesised in 1962, ketamine is a fast-acting
dissociative anaesthetic that acts primarily as a non-
competitive antagonist to the N-methyl-D-aspartate
(NMDA) receptor.4,5 It is a lipid-soluble molecule
with a large volume of distribution, allowing it to
cross the blood-brain barrier to produce its central
effects. Ketamine undergoes oxidative metabolism
in the liver by cytochrome P450 enzymes primarily.
Ketamine and its major active metabolite norke-
tamine have a half-life of approximately 2–4 h, and
90% of metabolites are excreted in the urine, and can
be detected in urine for up to 14 days after a single
dose.6,7

Effects vary depending on its dose and can affect
learning and memory. It has been demonstrated
to play a role in depression by modulating
neurotransmitter systems, including opioidergic,
monoaminergic, and muscarinic systems, which can
potentiate the effects of gamma-aminobutyric acid
synaptic inhibition. Low doses are associated with
changes to visual, auditory perceptions, whereas
high doses can induce the “K-hole” dissociative
phenomenon, which is characterised by changes to
consciousness and a mind-body dissociation.8 It has
broad clinical uses in anaesthetics, epilepsy, pain
management, and recently in depression.8 Because of
the dissociative and analgesic effect, ketamine has a
strong and popular appeal as a recreational drug that
can be inhaled, smoked, injected, or ingested, and
can be referred to by their street names such as ‘K’,
‘Special K’, ‘Super K’, ‘Vitamin K’, ‘Super acid’, ‘Jet
K’, ‘Kit Kat’, ‘Purple’, ‘Special La Coke’, ‘Cat valium’,
and ‘Cat tranquilizer’.9

The objective of this narrative review is to sum-
marise and critically appraise the current evidence
on KU, focusing particularly on pathophysiology,
clinical presentation, and management. By high-
lighting current evidence-backed practices and their
limitations, this review aims to help provide a prac-
tical framework to support the clinical management
of KU.

Methods

We conducted a non-exhaustive narrative review
of the literature examining the clinical presentation,
underlying pathophysiology, and management
strategies of KU. A targeted search of electronic
databases, including PubMed and MEDLINE (Ovid)
was performed. English-language publications
between January 2000 and November 2025 were
selected based on search terms such as “ketamine”,
“ketamine abuse”, “recreational ketamine”,
“ketamine cystitis”, “ketamine-associated uropathy”,
combined with “lower urinary tract symptoms”,
“urothelial dysfunction”, “inflammation”, “fibrosis”,
“pathophysiology”, and “treatment”.

Epidemiology

The prevalence of ketamine use has been increasing
in many Western countries. In the UK, the proportion
of 16–59-year-olds reporting drug use increased from
0.3% in 2006/2007 to 0.8% in 2023/2024. For young
adults aged 16–24 years old, its use has almost trebled
in the same period from 0.8% to 2.9% (see Figure 1).10

This growing trend is reflected in other countries:
in the United States, the prevalence of ketamine use
has also increased 81.8% between 2015–2019 and 40%
between 2021–2022, and in the Netherlands, adult
use has doubled from 0.6% to 1.2% between 2018–
2023.11,12 On the contrary, in Hong Kong, ketamine
was reported as the second most commonly used
recreational drug after heroin by 2010, with over 2000
reported cases in 2014; however, this has dropped to
528 cases since 2014.3,13

Epidemiological data on KU have focused pri-
marily on LUTS experienced in ketamine users. In
one study of 1285 ketamine users in the UK, who
have not sought medical care, 26.6% of the surveyed
participants have reported cystitis-like symptoms.14

This prevalence is similar to another large-scale web-
based survey in USA which reports 28% and 30% in
people who have tried ketamine before in their life
and people who have used ketamine in the past 6
months respectively.15 Data from Taiwan have shown
more than 50% of ketamine users averaging 2 years
of use have reported LUTS.1

Pathophysiology

The exact mechanism underlying KU is not fully
understood, but a number of interconnected path-
ways have been proposed.
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FIGURE 1. Incidence (%) of recreational ketamine use in the United Kingdom from April 2006 to March 2024.7

Direct toxicity of ketamine and its metabolites
and barrier defects
Ketamine and norketamine exert dose- and exposure-
dependent toxicity. Baker et al. demonstrated
ketamine-induced apoptosis through mitochondrial
and endoplasmic reticulum stress.16 Concentrations
above 1 mmol/L cause a sustained increase in
intracellular calcium concentration, activating
the intrinsic apoptotic pathway. Ketamine and
norketamine can persist in urine for up to 14 days,
prolonging drug exposure in the bladder and thereby
increasing urothelial toxicity.1,2,16,17

Histopathological specimens of the bladder
biopsy in KU patients show decreased expression
of tight junction and adhesion proteins (zonula
occludens-1, E-cadherin, claudin-4, and uroplakins)
that are integral for barrier function compared to
controls.1,15 The epithelium becomes permeable,
allowing K+ and ATP to excite the suburothelial
afferents and trigger neurogenic inflammation. This
results in lowering of depolarisation thresholds,
inducing detrusor overactivity. The non-voiding
long-term contractions, in addition to TGF-β1-driven
fibrosis, progressively reduce bladder compliance.1

Hypersensitivity
Transmural inflammation of the bladder involving
mast cells and eosinophils predominantly suggests
a hypersensitivity mechanism of inflammation.14,15,17

Patients actively using ketamine show a significantly
raised level of IgE, IL-6, and IFN-γ compared to blad-
der pain syndrome (BPS) or interstitial cystitis (IC),
helping to differentiate these two similar conditions.

Raised serum IgE levels and eosinophil infiltration of
the bladder wall are associated with symptom sever-
ity.18 T-helper cell dysregulation also plays a role, with
increased Th2 activity promoting both the production
of IgE and T-helper 17 cells that result in further
inflammation and collagen deposition.17

Microvascular injury
Jhang et al. described microvascular injuries to the
bladder. This may be the result of NMDA receptor
activation of vascular endothelial cells within the
submucosa of the bladder, causing antigen-antibody
immune complexes in the arterial walls and subse-
quent endothelial basement membrane thickening,
inflammation, and autoimmune-mediated vascular
congestion. This compromises the microcirculation
and perfusion to the urothelium, causing ischaemia
and pain.1 Lin et al. demonstrated that the basement
membrane is thicker than in healthy controls, sug-
gesting endothelial cell activation and microvascular
injury.19 Histological findings of fibrinoid necrosis
within small and medium-sized arterioles of the
bladder indicate a possible immune reaction caused
by antigen-antibody complex deposition, causing
thrombosis, ischaemia, and tissue necrosis and con-
tributing to the severe bladder pain experienced by
patients.20

Neurogenic inflammation, bladder fibrosis, and
upper urinary tract involvement
Nerve hyperplasia is seen in the mucosa, mus-
cle, and subserosa with increased neurotrophin and
transforming growth factor-β (TGF-β) signalling.12,19
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These findings correlate with reduced bladder capac-
ity and pain seen in KU and contribute to the
functional changes of hypersensitivity and detrusor
overactivity.

Bladder fibrosis is driven by chronic inflamma-
tion and collagen deposition. Muscle and subserosal
inflammation lead to increased cytokine expression
and subsequent collagen deposition in stromal layers,
resulting in reduced bladder capacity and fibro-
sis. In mouse models, fibrosis has been correlated
with overexpression of TGF-β1 and fibronectin.2

Irreversible scarring occurs by cellular transition
processes, with TGF-β1 overexpression activating
endothelial-to-mesenchymal transition (EMT).1,2,21,22

Exposed mesenchymal cells due to barrier loss
activate fibroblasts via EMT and cause collagen depo-
sition, muscular hypertrophy, and subserosal fibrosis.

In advanced KU, transmural inflammation and
fibrosis are not limited to the bladder and can
involve the distal ureters, causing ureteric nar-
rowing, oedema, and stricturing with resultant
ureteric obstruction.3 High intra-vesical pressures
due to poorly compliant, contracted bladders can
overcome the vesicoureteric junction and result
in vesicoureteric reflux. The can then result in
hydronephrosis and papillary necrosis, and eventual
renal failure.2

Clinical Presentations

Hallmark symptoms of KU can be any of the follow-
ing: frequency, urgency, urge urinary incontinence,
nocturia, dysuria, suprapubic or loin pain, visible or
non-visible haematuria. Urinalysis is usually positive
for blood, and urine culture is often negative for
bacterial growth. Functional bladder capacity may be
reduced. Upper urinary tract involvement, including
hydronephrosis and subsequent renal impairment,
can occur in advanced disease. Common bile duct
dilatation, causing cholangiopathy and liver fibrosis,
is also a recognised feature of KU.2,23 Other clinical
findings may also include erectile dysfunction and
neurocognitive impairment.2,24

The presence of urinary symptoms among
ketamine users is dependent on several factors, such
as frequency, dose, and duration. Estimates suggest
that over one quarter of ketamine users suffer lower
urinary tract symptoms (LUTS), and up to 30%
will develop some degree of hydronephrosis with
prolonged use.24,25

A research questionnaire from November 2009 to
January 2010 by Winstock et al. described the clin-
ical symptoms of recreational ketamine users to be

the following: lower abdominal pain, burning sen-
sation when urinating, increased urinary frequency,
urinary incontinence, and haematuria.26 Symptom
severity was associated with increased exposure and
dose of ketamine; all patients using more than 5
g/day developed symptoms.27 Li et al. showed a
positive correlation between duration of use and
severity of LUTS and bladder pain in a Taiwanese
cohort in 2019.28 Symptoms can appear within one
month of use.23 Mode of administration is also rel-
evant, whereby nasal inhalation is associated with
more severe symptoms compared to smoking or oral
ingestion.28 Importantly, reported LUTS severity is
not indicative of upper urinary tract involvement or
injury.2

Many patients do not seek medical attention for
KU, with symptoms becoming more apparent after
two years of ongoing chronic use.26,29 Although absti-
nence is part of the treatment of KU, with 51%
of urinary symptoms improving after stopping use,
symptoms may still persist for up to 1 year following
cessation, with gradual improvement.2,26

The advent of ketamine as part of the treatment
for treatment resistant depression (TRD) and major
depression disorder (MDD) has given rise for the
investigation of KU in this patient population. Specif-
ically, esketamine has been approved by the Food and
Drug Administration (FDA) for treatment of TRD and
MDD and comprises of the isolated S-enantiomer of
ketamine compared to racemic ketamine that is used
in recreational setting. Esketamine has 3–4 higher
affinity for the NMDA receptor and exerts less effect
on other pathways that can contribute to KU e.g.,
opioid, dopaminergic pathways. In the 2025 system-
atic review of 27 studies of ketamine and esketamine
used in psychiatric disorders, Kerr-Gaffney et al.
showed that urological symptoms occurred in 0–
24.5% of patients and that these symptoms resolved
with cessation.30 These symptoms were mild and
rarely required stopping therapy. While chronic recre-
ational use of ketamine is associated with KU, the
evidence suggests that therapeutic doses of eske-
tamine is associated with predominantly mild and
transient symptoms and has not shown to progress to
irreversible uropathy.

The British Association of Urological Surgeons
(BAUS) consensus statements on the management of
ketamine uropathy in 2024 provide a structured eval-
uation for a patient suspected of KU.24 All patients
require assessment of urological symptoms, a recre-
ational drug history including ketamine and any
other drugs, and the psychosocial impact of symp-
toms and drug use. The dose, duration, and route
of drug use should be noted. An examination of the
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abdomen and pelvis should be performed. Investiga-
tions also include urinalysis, flow rate, and post-void
residual urine volume scan, blood tests for full blood
count, renal and liver function, and an ultrasound
of the upper urinary tracts. Validated question-
naires such as the pain and urgency/frequency (PUF)
questionnaire or the International Consultation on
Incontinence Questionnaire ICIQ-LUTS can be used
for assessing symptoms of KU.24,31

Visible haematuria should be investigated appro-
priately with cystoscopy with or without a bladder
biopsy. Any hydronephroses or suspicion of upper
urinary tract involvement would warrant further
investigations such as MAG3 renogram, CT urogram,
and video urodynamics. Similar diagnostic investiga-
tions are proposed by other associations, including
the French Association of Urology guidelines for
ketamine uropathy.32

Without a disclosure of recreational ketamine use
history, KU symptoms such as haematuria and severe
LUTS can overlap with other conditions, such as UTI
and malignancy.29 Oxley et al. had found histopatho-
logical overlap between carcinoma in situ (CIS) and
KU bladder biopsies. The absence of cytokeratin 20
(CK20) in KU bladder biopsies supports reactive
atypia and excludes malignancy.33

The BAUS 2024 consensus stratifies KU into 3
stages based on the period and intensity of abuse,
renal and liver function derangement, structural or
morphological bladder alterations, and upper tract
involvement. These stages are adapted from the
staging system proposed by Wu et al.24,34:

• Stage 1—Predominantly inflammatory changes
• Stage 2—Structural bladder changes (reduced

capacity and bladder wall thickening)
• Stage 3—End-stage disease with upper

tract involvement

Management of KU

Conservative/bladder-sparing management of
KU
Medical management: abstinence, analgesia, and oral
pharmacotherapy
Complete ketamine cessation is the first and essen-
tial step in conservative care. Ideally, this should
be supported by addiction services and combined
with symptom control and preservation of bladder
capacity and compliance. A large UK study demon-
strated that 51% of patients with uropathy symptoms
demonstrate improvement after ketamine cessation,
as monotherapy.26 For early stages of the disease, a

conservative bundle of urgent ketamine cessation,
multimodal analgesia, and oral pharmacotherapy has
been suggested.24,25 For patients using esketamine
for TRD or MDD, new onset LUTS should prompt
discussion on the risks and benefits of continuing
treatment, highlighting the potential long term effects
of ketamine on the urinary tract and offer alternative
treatment if possible.

Patients with storage symptoms predominant
phenotype—as a result of mucosal barrier failure,
inflammatory sensitisation of afferent innervation,
detrusor overactivity, fibrosis, and subsequent low
bladder compliance—could be managed with oral
pharmacotherapy using anti-cholinergics and/or
without beta-3 agonists.24,32 Anti-cholinergics lack
KU-specific randomised evidence and appear
unreliable in established, painful low-compliance
bladders, but they are suitable to try in early, less
fibrotic KU phenotypes (stage 1–2).35,36 Non-response
should trigger timely escalation to minimally
invasive options (intravesical instillations) rather
than prolonged dose-cycling.

A hallmark of KU is severe and debilitating
bladder pain, and given the proven analgesic ben-
efits of ketamine, a vicious cycle is often created
whereby patients continue to use ketamine, or even
increase their use to self-medicate for pain control.29

This sustained ketamine use, therefore, increases the
severity of their underlying disease and symptoms.
Good pain management is particularly challenging in
this cohort, as persistent ketamine misuse has been
shown to alter typical pain modulation.37 There is
evidence that tissue from KU bladders demonstrates
peripheral nerve fascia hyperplasia and an abun-
dance of neurofilament protein (NFP+) nerve fibres
compared to other bladder conditions, a potential
mechanism behind the severity of pain experienced
by those suffering.38 Equally, it is well researched
that chronic ketamine use increases systemic lev-
els of brain-derived neurotrophic factor (BDNF), an
established modulator in both neuropathic pain and
inflammatory hypersensitivity. Elevated BDNF levels
have therefore been implicated in both chronic pain
conditions and a lower pain threshold.39,40

Real-world outcomes further attributing to the ini-
tial management approach come from Hong Kong’s
standardised four-tier program.41 Based on this,
first-line oral therapy with anti-inflammatory or anti-
cholinergic with or without non-opioid analgesics
demonstrated significant improvement in symptoms,
with only 19.3% requiring proceeding on second-line
treatment (most commonly opioids and prega-
balin). Subsequently, 67.7% of the patients requiring
the second-line analgesia reported symptomatic
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improvement. However, long-term opioid-based reg-
imens remain controversial due to their higher risk
of abuse or overdose, especially in this population.
For this reason, BAUS suggests a multidisciplinary
approach in liaison with the pain team. An anal-
gesic escalation ladder of NSAIDS, COX-2 inhibitors
(e.g., etoricoxib), opioid and neuroleptic agents
(e.g., amitriptyline, gabapentin, and pregabalin) is
recommended.24

In the absence of ketamine-specific randomised
trials, the American Urological Association (AUA)
2022 guidelines can be adopted in further man-
agement of the pain. Amitriptyline, cimetidine,
hydroxyzine, and pentosan polysulfate (PPS) are also
described as oral options without a specific hierarchy.
In a multicentre randomised controlled trial (RCT),
amitriptyline plus standardized behavioural therapy
did not outperform placebo on an intention-to-treat
basis. However, patients titrated to ≥50 mg/day
achieved a higher response (66%) than placebo, con-
sistent with the benefit in a subset that tolerates dose
escalation.42 Another RCT demonstrated superiority
of amitriptyline over placebo (63% improvement in
the treatment group vs. 4% in the placebo one) on
lower doses (starting at 25 mg) titrated up to 100 mg
daily, if tolerated.43

Cimetidine (400 mg twice daily) significantly
improved total symptoms, pain, and nocturia vs.
placebo in a double-blind RCT.44 Similarly, two
observational series showed 44–57% clinically
meaningful improvement at up to 2 years, with
minimal adverse events, confirming its applicability
in pain management.45,46 Hydroxyzine has low-
quality/heterogeneous evidence (including a pilot
trial showing low global response rates when
combined with PPS) and demonstrated better efficacy
in patients with systemic allergies, likely due to its
properties, as a H1-receptor antagonist, on inhibition
of mast cell-mediated response.47,48

PPS, an oral glycosaminoglycan (GAG) replace-
ment agent, can also be considered as an adjunct in
conservative, bladder-sparing management of early
(before fibrosis) KU, with appropriate counselling,
follow-up, and alongside abstinence support. In KU,
there are no randomised, ketamine specific trials of
oral PPS, so its use is justified based on its effi-
cacy on interstitial cystitis/bladder pain syndrome
(IC/BPS) and is framed as an individualised, low-
certainty option in the current guidelines. This is
reported by Shahani et al., where 7 patients had
shown improvement following PPS treatment and
ketamine cessation.49 The BAUS 2024 ketamine con-
sensus suggests PPS at the time of cessation in stage
1–2 disease, while French national guidelines (2024)

include PPS alongside abstinence, hydrodistention,
and onabotulinum toxin A injections before recon-
struction as a last resort.24,32 AUA 2022 guidance
recommends PPS as a non-hierarchical option among
others, as mentioned above, for the control of IC/BPS,
while EAU chronic pelvic pain guidelines, being more
conservative, do not preferentially recommend PPS,
as they provide stronger direction on intravesical
therapy.50,51 Efficacy-wise, in a multicentre double-
blind RCT (n = 368), PPS 100 mg three times
daily vs. 100 mg once daily vs. placebo (24 weeks)
did not show clear dose-responsive superiority on
the primary endpoint, although some secondary
or global measures suggested modest benefit—
illustrating heterogeneous, small average effects.52

Safety counselling is deemed essential; pigmentary
maculopathy is a dose-dependent risk requiring base-
line and periodic retinal exams; bleeding tendency
(weak anti-coagulant effect) with alopecia and gas-
trointestinal disturbances are also described. Overall,
these agents are reasonable to trial in Stage 1-2 KU as
part of a multimodal, abstinence-anchored plan, with
early escalation to intravesical therapies if response
is insufficient.

Intravesical therapy: GAG replenishment and analgesic
cocktails
In KU, urothelial barrier failure is driven by direct
toxicity of ketamine and its metabolites, with
loss of apical GAG layers and downregulation
and derangement of tight junction and adhesion
proteins. Accordingly, GAG replenishment therapy
(hyaluronic acid [HA], chondroitin sulfate [CS])
aims to reconstitute the mucosal barrier, inhibit
the adherence of immune complexes, and facilitate
the healing process. Mechanistic work in a rat KU
model shows HA restores tight-junction proteins
and attenuates COX-2/TGF-β1-linked inflammation,
supporting barrier repair and symptom relief.53

Intravesical therapy is the principal bladder-sparing
escalation for symptomatic stage 1–2 KU, when
abstinence and oral measures fail to demonstrate
improvement. Meng et al. in a prospective series,
using a regimen of 40 mg/50 mL ×6 weekly and
then ×3 monthly HA instillations, demonstrated
early significant improvement in pain and voiding
symptoms with waning effect once dosing dropped
to monthly.54 A Hong Kong prospective series by
Yee et al. also reported significant improvement in
the functional bladder capacity and pelvic pain,
urgency, frequency (PUF) scores, and reduction of
the analgesia requirements, specifically in patients
with longer abuse time.55

776 Copyright © 2026 The Authors. Published by Tech Science Press; 33(4); August 2026



Ketamine uropathy: an update on pathophysiology, complications, and treatment options

Alkalinized-lignocaine-based cocktails (+/−bi-
carbonate, +/− short-acting steroid, +/− dimethyl
sulfoxide-DMSO) are often combined in different
regimens, securing rapid analgesia and anti-
inflammatory effect. The two standard regimens that
the BAUS 2024 ketamine consensus suggests are
the Parsons and modified Whitmore’s cocktails.56,57

In practice, instillations are recommended to be
delivered only after cessation of ketamine for
>1 month, as a weekly induction (4–6 weeks)
followed by spaced monthly maintenance if benefit
is demonstrable.24 This guidance is consistent with
the French 2024 guidelines that endorse intravesical
therapy within a stepped, bladder-sparing pathway.32

Non-responders after induction should be escalated
promptly to intra-detrusor onabotulinumtoxin A
injections (± short, low-pressure hydrodistension),
rather than cycling ineffective instillations. Patients
with advanced-stage fibrotic, fixed, and small-
capacity bladders should be referred early for
reconstructive assessment.

Hydrodistension: selective use in KU
In KU, cystoscopic hydrodistension can be used for
both diagnostic purpose. There is no proven thera-
peutic benefit in the long term.32 Most commonly, it
is used to assess the bladder capacity, but in selected
cases, it can provide short-term analgesic effects and
modest capacity increase. When done, it is essential
to maintain low pressures and short duration (typi-
cal practice: 60–80 cmH2O for ≤10 min), one or two
cycles, to prevent mucosal tears, extravasation, perfo-
ration, and a significant flare of bladder symptoms.50

Active ulceration or infection are relative contraindi-
cation. Symptom relief, if achieved, is typically
temporary (weeks to a few months) when paired with
other measures (e.g., intra-detrusor onabotulinum-
toxin A), which is why hydrodistension remains after
instillations in the treatment algorithm and is not a
stand-alone solution.51,58

Onabotulinumtoxin A (BoNT-A) intra-detrusor
injections
For abstinent KU patients with refractory urgency or
pain after trials of bladder instillation, BoNT-A is the
next escalation option. BoNT-A is a potent neurotoxin
that inhibits the neurotransmitter release from affer-
ent and efferent nerves and urothelium, leading to
peripheral desensitisation and an anti-inflammatory
effect. In IC/BPS AUA 2022 and EAU 2024 guidelines
recommend it as the last minimally invasive option
in cases of instillation failures.50,59 This intervention
is extended to KU since both IC/BPS and KU share
common inflammatory and neurogenic mechanisms.

BAUS 2024 and the French Association of Urology
2024 guidelines have also included it in their KU man-
agement pathways.24,32 Zeng et al. reported that 200
U BoNT-A combined with low-pressure hydrodisten-
sion produced marked symptom relief at 1 month
with significant improvements in interstitial cystitis
symptom index (ICSI) and interstitial cystitis problem
index (ICPI), voiding interval, voided volume, Qmax,
and bladder capacity.60 One RCT demonstrated that
BoNT-A (200 U) with HA is superior to hydrodis-
tension and HA at 12 months for daytime frequency,
ICSI, and maximal cystometric capacity, supporting
both efficacy and durability.58 Noteworthy, patients
should be counselled about transient urinary reten-
tion (requires in advance teaching of intermittent
self-catheterisation), UTI risk, and the need for repeat
cycles (benefit commonly 3–6, sometimes up to 9
months). Very low-capacity, fibrotic bladders (stage
3) respond poorly and should be considered early
for reconstructive pathways rather than repeated
injections.

Urinary tract reconstruction in KU
Major reconstructive surgical options are usually
reserved for a selected group of patients with KU.
These typically include motivated patients who have
been abstinent for at least 6 months and have failed
pharmacotherapy and minimally invasive treatments
or present with end-stage bladder dysfunction and
upper tract compromise.2 There are no strict criteria
to determine the optimal timing of urological recon-
struction, or the exact type of reconstructive surgery,
and the available evidence is currently limited to
small retrospective series. Therefore, the operation
of choice should be decided on an individualised
basis and be validated by a multi-disciplinary team
of experts, including surgeons, pain specialists, and
psychologists.24 Most series reporting cases treated
with reconstructive surgery include patients with
severely contracted bladders (capacity <100 mL),
hydronephrosis, vesicoureteric reflux (VUR), or renal
impairment.61,62 In such cases, reconstructive surgery
seems to be the only safe option, preferred to bladder
sparing treatments, which have usually been tried
and failed. The ultimate aim of reconstructive surgery
in this patient group is to create a low-pressure,
compliant reservoir in order to minimise the risk of
renal impairment and diminish the abnormal, painful
bladder sensation and urgency symptoms.63

Patients considered for major reconstructive
surgery should undergo a detailed pre-operative
assessment as detailed in previous sections.
Cystoscopic assessment of the bladder with or
without biopsy is useful to exclude concurrent
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abnormalities and measure anatomical bladder
capacity. Video urodynamics is essential for the
assessment of bladder compliance and the presence
of VUR.25 A critical factor that affects the surgical
plan is the possibility of ureteric stricture. Therefore,
investigations to assess the upper tracts, including
renal ultrasonography, CT IVU, or retrograde uretero-
pyelogram at the time of cystoscopic assessment, are
necessary before proceeding to major surgery.32

A variety of surgical operations have been
reported in the literature, including augmentation
enterocystoplasty (with or without supratrigonal
cystectomy) with preservation of the trigone and
bladder neck, total cystectomy with orthotopic
or heterotopic neobladder formation, and urinary
diversion with ileal conduit formation. If there is
evidence of ureteric involvement, then excision
of the diseased ureteric segment and ureteric
reimplantation or reconstruction may be necessary.64

These operations have most commonly been
performed through an open approach; however,
there are increasing reports of a minimally invasive
approach (i.e., robot-assisted) in this patient
population.65

Lee et al. reported a retrospective series of
26 patients with advanced KU presenting with
significantly contracted bladders (bladder capac-
ity <100 mL), hydronephrosis, or VUR, who were
treated with augmentation enterocystoplasy with or
without ureteric reimplantation. Overall, there was
significant improvement in urodynamic parameters
(bladder capacity, compliance, voided volumes), self-
reported symptoms, and resolution or improvement
of hydronephrosis and VUR. However, 10 patients
who resumed ketamine abuse after surgery pre-
sented with symptom recurrence.62 Similar good
outcomes were reported by Chung et al., who
reported 14 cases of end-stage KU in Taiwan, treated
with augmentation enterocystoplasty. All patients
had significant subjective and objective improve-
ment in symptoms and urodynamic parameters,
respectively, but symptom recurrence was associated
with ketamine use post-operation in 4 patients.61

As expected, in patients having cystoplasty surgery,
increased post-void residual and the need to perform
self-catheterisation were reported in these series,
although all patients were able to void spontaneously
after surgery.61,62

It must be noted that case series demonstrated
a high complication rate in this cohort of patients
when compared to patients having similar opera-
tions for other benign conditions, such as neurogenic
lower urinary tract dysfunction, intractable inconti-
nence, or IC/BPS. Sihra et al. reported a cohort of 44

patients, of which 14 underwent major reconstructive
surgery, including augmentation cystoplasty, cystec-
tomy, and neobladder (with or without Mitrofanoff
channel formation), and ileal conduit urinary diver-
sion. Eight of the 14 patients had good long-term
outcomes with resolution of pain and hydronephro-
sis, and stable renal function; however, 10 patients
had post-operative complications requiring surgical
intervention, including urine and bowel leaks, new
ureteric strictures, and renal impairment.66 Similarly,
Ng et al. reported worsening renal function in 3 out
of 4 patients treated with augmentation cystoplasty
despite the initial improvement in symptoms and
bladder capacity. This deterioration was associated
with new-onset ureteric strictures post-surgery in 2
patients.67

In conclusion, major reconstructive surgery is
likely the only option in end-stage ketamine uropa-
thy. However, it is associated with high morbidity
and should be reserved only for selected patients
who have demonstrated abstinence and are commit-
ted, as recurrence of symptoms has been consistently
reported with ketamine relapse.

Psychological support for ketamine cessation
As mentioned already, the cornerstone of effective
ketamine uropathy treatment is ketamine cessation.
Alongside conservative or operative management,
effective addiction and substance misuse treatment
is essential, as ketamine relapse is associated with
symptom deterioration even after major reconstruc-
tive surgery.61,62 There is a paucity of research on
ketamine withdrawal symptoms and specific addic-
tion treatments. There is also a lack of services
available to patients looking for support in ketamine
endemic areas globally. Harding et al. in 2025, from
surveying ketamine users from the UK, USA, Canada,
and Europe, reported that treatment-seeking patients
found that services generally had a poor understand-
ing of ketamine use, were not tailored to ketamine
use, or were largely ineffective.68

Various pharmacological and neurological thera-
pies have been implicated in aiding ketamine use
disorder treatment, including naltrexone, NMDA
receptor modulators, and transcranial magnetic stim-
ulation therapy, but all studies thus far have been
small or case study cohorts with descriptive outcomes
and with no large-scale trials to date.69–71

More psychological treatment options are better
established for substance addiction management;
however, there is minimal data on ketamine
specific treatments. Interventions, including brief
interventions, motivational interviewing, and
cognitive behavioural therapy programmes, have
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all been shown to be cost-effective options to treat
substance misuse disorders compared to inactive
control groups.72 However, few studies and trials
have significant follow-up periods, so little is known
if benefits are long-lasting.73

Many substance misuse programmes now focus
on a combination of pharmacological and psycholog-
ical therapies. Benzodiazepines have been implicated
in the treatment of ketamine abuse when combined
with talking therapies, which have shown periods
of sustained abstinence and reduced ketamine intake
during periods of relapse, but again, all current
research remains at a case study level.74 The use of
ketamine is increasing as the addiction research com-
munity and mental health professionals have become
more interested in ketamine as a treatment option for
other substance disorders or depression.75 Although
the side effects of the use of ketamine for those indi-
cations have not been followed up in the long term,
it is evidently clear that there is a further need to
develop ketamine specific treatment programmes for
existing KU patients in order to reduce and prevent
progression of the disease.

Limitations

This review is narrative in nature and follow the
conclusions of selected literature available on KU,
some of which include small case series, single-centre
cohorts, or retrospective studies. Randomised con-
trolled trials are lacking and long term follow up data
on patients evaluating disease progression, treatment
response, and renal outcomes are limited. Many of
the published evidence arise from East Asia, where it
has been historically prevalent. Differences in patient
demographics, ketamine use and behaviour, access
to healthcare, and referral pathways are not simi-
lar and may not be generalizable in other countries.
There is also no universally accepted diagnostic cri-
teria or staging system for KU, when there is a
spectrum of disease presentation in KU; comparison
between different cohorts and outcomes challenging
to compare.

Conclusions

KU is a progressive and painful condition that results
from chronic ketamine misuse. The pathophysiology
involves direct urothelial injury, hypersensitivity-
driven inflammation, neurogenic remodelling and
microvascular injury, which culminates in bladder
fibrosis, reduced bladder capacity and compliance,

and in severe cases, renal failure. The reversibility
of symptoms is dependent on early recognition and
cessation, and those with advanced disease will often
require major reconstructive surgery.

A multidisciplinary team approach alongside
shared decision-making and tailored psychosocial
support is crucial in the effective management of KU.
Early diagnosis, counselling, and referral to absti-
nence services and support groups can limit the
progression of the disease, while bladder-sparing
and symptomatic therapies help minimize the symp-
tom severity and reduce the risk of drug relapse.
Regular follow-up and monitoring of renal function
are pragmatically offered, with prompt and timely
referral for reconstructive assessment when symptom
relief is not achieved or when there is upper uri-
nary tract involvement, provided drug abstinence has
been achieved.

The challenges of effective KU management are
multifaceted and well-documented. The scarcity of
robust trials comparing pharmacological and recon-
structive interventions highlights the need for further
research. Future studies should focus on further
understanding the pathogenesis of KU, targeted
therapies, and the design of effective addiction treat-
ment programmes.
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