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Abstract
Purpose of Review The purpose of this review is to study the epidemiology, presentation, pathogenesis and management of
ketamine cystitis and its complications.
Recent Findings Recent data suggest that the toxicity of ketamine can be due to direct cytotoxicity, independent of a NMDA
receptor-mediated mechanism. Bladder barrier dysfunction, neurogenic inflammation with abnormal neurotransmission and
immunological mechanisms have also been proposed, based on data from animal models and in vitro studies. Effects on the
bladder are dependent on the dose and duration of ketamine use. Clinical studies have showed that the model of outreach clinics
with involvement of local urology services holds most promise, with a tiered approach to management based on stage of the
disease.
Summary Chronic ketamine use is associated with significant lower urinary tract symptoms including frequency, urgency,
haematuria and bladder pain. This may progress to irreversible bladder dysfunction with poor capacity and compliance and
upper tract dysfunction may also occur. The key to successful treatment is ketamine cessation. The role of medications is not well
established but there may be benefit from drugs used for IC/BPS and bladder Botox. Patients with end stage disease will require
surgery, but there is a high complication rate.
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Introduction

Ketamine is an N-methyl-D-aspartate (NMDA) antagonist,
which was first synthesised in 1964 and widely adopted for
use in human anaesthesia, due to its profound analgesia, am-
nesia and excellent safety profile [1]. However, patients re-
ported a variety of unpleasant symptoms including agitation
and vivid dreams, when recovering from anaesthetic, which
led to ketamine being withdrawn frommainstream anaesthetic
use. The very psychedelic effects, which limited its use in
anaesthetics, have made it attractive to recreational drug users.
Since ketamine first appeared on the ‘rave’ scene in the 1990s,
its use amongst recreational drug abusers has grown signifi-
cantly [2]. The 2017 global drugs survey found a major rise in
the use of psychedelics, with 26% of UK respondents

admitted using ketamine in the past 12 months compared to
20% in 2014 [3]. In Hong Kong, ketamine has been the most
common abused substance in teenagers since 2005 [4].

Ketamine is obtained in powder form and administered
through snorting or inhaling. Recreational users report varying
sensations of weightlessness, colourful visions, hallucinations
and euphoria, with some users experiencing a ‘near death
experience’ of travelling through a dark tunnel into a light at
high speed with buzzing, whistling sounds [5]. Tolerance rap-
idly develops, forcing users to seek increasingly larger doses
to experience the same effects [1]. Ketamine is metabolised by
the hepatic microsomal enzymes to norketamine, which is
then hydroxylated to dehydronorketamine and then conjugat-
ed with glucuronate before being excreted in the urine [6]. In
2007, two case series from Hong Kong and Canada described
severe lower urinary symptoms (LUTS), haematuria and blad-
der pain in young patients who had used ketamine
recreationally [7, 8]. Since then, published evidence has
grown, which have confirmed the emergence of ‘ketamine
cystitis’ (KC)—a condition characterised by small contracted
inflamed bladder with frequent upper urinary tract involve-
ment, which develops in 20–30% patients abusing ketamine
[9–19, 20•, 21••, 22•]. Although there is a growing need for
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urology services to manage these patients, there are no
evidence-based recommendations for investigations or treat-
ment of KC, due to the lack of large prospective clinical stud-
ies. Here, we review the existing literature, regarding the uro-
logical complications of chronic ketamine use, our current
understanding of its pathophysiology and treatment.

Epidemiology

Ketamine is a controlled drug in many countries. In the UK, it
became a class C drug in 2006. In Taiwan, it has been a
schedule III drug since 2002 [23••]. The epidemiology of
KC was studied in a survey of 3806 participants from the
dance, music and clubbing scene in the UK [24]; 1947
(51%) reported ‘ever use’ of ketamine, whilst 1258 (34%)
had used ketamine in the past year. The mean age was 23.5
(SD 5.8) years and 70.3% were male; 27% of participants
reported at least one urinary symptom; 31% reported using
0.125 g or less during a typical session (low user), 35% re-
ported using 0.25 or 0.5 g (medium) and 34% 1 g (high) or
more. With regard to frequency, users were divided into low
(1–4 days/month, 70% of subjects), medium (5–8 days/
month, 16%) and high (≥ 9 days/month, equating tomore than
twice weekly, 13.4%). Muetzelfeldt found that 20% of fre-
quent (> 4 times per week) users, 6.7% of infrequent (two
times per month to four times per week) users and 13.3% of
ex-users reported ‘cystitis or bladder problems’ [25]. Thus,
infrequent users may have mild ‘cystitis’ type symptoms,
but frequent usage with larger doses may result in irreversible
damage with significant symptoms.

In a different population to the UK study, Tam et al. report-
ed that of the 318 patients that self-registered for assessment of
their urinary symptoms related to ketamine use, 55% were
female. Mean age was 24.4 (SD 3.1) years and patients had
used ketamine for a mean (SD) period of 81 (36) months. The
mean (SD) ketamine use per week was 18.5 (15.8) g [21••].
Ketamine users tend to be polydrug users, with most common
associated drugs being methamphetamine, cocaine and canna-
bis. Most users also admitted to consuming alcohol at the
same time [17, 19, 21••, 24]. Despite the polydrug use, the
symptoms from chronic ketamine use appear to be due to
ketamine itself rather than an adulterant [7, 18]. Urinary symp-
toms suggestive of KC have also been reported after use of
ketamine for chronic pain [26–28]. The ketamine doses were
in the range of 50 mg QDS to 200 mg five times a day, which
is less than the amount typically used by recreational ketamine
users, but duration of ketamine use was in months, implying
chronic use. In all except one case (where symptoms persisted
despite stopping ketamine, ketamine use durationwas 3 years),
symptoms improved/resolved following stopping/lowering
dose of ketamine. Ketamine also shows promise as a novel
treatment for depression. However, there have been no reports

of KC when ketamine has been used intermittently in short
spells in subanaesthetic doses for this indication (typically
0.5 mg/kg iv repeated every few days for a finite number of
sessions) [29]. Therefore, whilst there is clearly a relationship
between dose, frequency and duration of ketamine use to the
emergence of symptoms, there may be unidentified factors,
such as individual susceptibility that determine the develop-
ment of KC.

Presentation

Patients with KC present with dysuria, bladder pain and se-
vere urinary frequency with urgency. Some patients also have
gross haematuria. The critical amount and duration of keta-
mine exposure that results in symptoms is not known. Tsai et
al. found that patients developed symptoms sometimes as ear-
ly as 1 month after starting the drug but severe symptoms was
obvious at 1 year [15]. A study of community dwelling ado-
lescents using ketamine found that usage of three or more
times a week for at least 2 years produced measurable bother-
some symptoms [17]. In addition to bladder dysfunction, pa-
tients can also present with unilateral or bilateral
hydronephrosis with or without renal impairment [9, 10, 12,
15–17, 19, 20, 21••, 22, 30, 31, 32•]. Up to 7% patients in
some case series presented with impaired renal function due to
hydronephrosis [9, 12, 19, 21••]. These patients may require
upper tract decompression or even dialysis to stabilise their
renal function [9, 12, 19, 32•]. Wu suggested stratifying pa-
tients with KC into three clinical stages, according to the se-
verity of disease, dose and duration of ketamine abuse.
Patients were grouped into stage I (inflammatory stage), stage
II (initial bladder fibrosis stage) and stage III (end stage fibro-
sis, contracture stage). Patients had been using ketamine at <
0.5 g/week for < 2 years (stage I), 0.5–2 g/week for 2-4 years
(stage II) and > 2 g/week for > 4 years(stage III disease) [22•].
They found that advanced stages did not always manifest as
increasing LUTS severity, indicating that symptoms may not
reflect disease progression. However, patients were more like-
ly to have upper tract involvement with worsening renal func-
tion in stage III.

Pathophysiology

The underlying pathogenesis of destruction of urinary tract
from chronic ketamine use is not clear. Several mechanisms
have been proposed based on data from animal models and in
vitro studies using human bladder tissue.

Direct Cytotoxicity

High concentrations of ketamine and its metabolites in urine
might cause direct toxic effects on the bladder cells [9]. Near
total loss of urothelium was seen in a cystectomy specimen of
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a patient with KC, but the urachal epithelium which was not
exposed to urine remained healthy, implicating direct contact
with ketamine metabolites was necessary for effect [33]. The
rationale for direct cytotoxicity is based on the histopatholog-
ical findings of ulcerated bladder urothelium and interstitial
fibrosis [23]. Wai et al. suggested that hydroquinone, which is
one possible metabolite of ketamine, could directly fragment
DNA and chromosome in cells [34]. Baker et al. showed that
the effect of ketamine on bladder tissue was not mediated by
NMDA receptor antagonism, but direct cytotoxicity by acti-
vating the intrinsic apoptotic pathway [35].

Bladder Barrier Dysfunction

E-cadherin is a cell adhesion molecule and loss of E-cadherin
expression is associated with bladder inflammatory diseases
with bladder barrier dysfunction, such as interstitial cystitis/
bladder pain syndrome (IC/BPS) [36]. Lee et al. found de-
creased E-cadherin and increased apoptosis in KC and IC/
BPS bladders, but these were more severe in KC bladder
tissues [30]. Gu found urinary nitric oxide and antiprolifera-
tive factor levels were increased in ketamine-treated rats with-
in the first 30 h after administration [37]. The investigators
concluded that ketamine, or its urinary metabolites, disrupted
the proliferation of bladder epithelial cells, resulting in defec-
tive bladder epithelial barrier. However, it is possible, that the
converse is true, i.e., bladder barrier dysfunction could be the
result of bladder inflammation.

Neurogenic Inflammation and Abnormal
Neurotransmission

Nerve hyperplasia is a unique finding in histopathological
examination of bladder tissue from KC. This is likely to ac-
count for the extreme pain experienced by KC patients.
Urothelial damage was a notable feature of all ketamine cys-
titis specimens and where urothelium remained, increased
nerve growth factor (NGFR) expression was observed. This
would indicate that the development of pain in ketamine cys-
titis is mediated through a specific neurogenic mechanism that
may also implicate the urothelium [38]. Meng et al. reported
enhanced noncholinergic contractions and P2X1 receptor ex-
pression in the ketamine bladder indicating that dysregulation
of purinergic neurotransmission may underlie detrusor over-
activity in cases of KC [39].

Immunological Reaction

Bladder mucosa of KC patients is infiltrated by mast cells and
eosinophils, suggesting an immunological basis to the patho-
genesis [7, 23, 40]. In a study of IgE, patients with KC had
higher serum IgE than patients with IC/BPS, acute bacterial
cystitis or controls. Serum IgE and the severity of eosinophil

infiltration were associated with bladder pain severity and
small maximal bladder capacity. KC patients who stopped
ketamine lowered their serum IgE levels whilst the levels
remained high in patients who did not stop ketamine. Thus,
IgE-mediated inflammation appears to play a role, although
further immunohistochemical staining for IgE in bladder tis-
sue is necessary to prove this that hypersensitivity contributes
to the pathogenesis [41]. It is likely that KC as a pathological
entity is distinct from what has been described as classical
eosinophilic cystitis [7].

Nitric Oxide Synthase (NOS) and the Cyclooxygenase
(COX) Pathway

iNOS is the enzyme responsible for inflammation. This is not
expressed in resting cells and is induced by cytokines.
Overexpression of iNOS has been found in rat bladders with
KC [37, 42]. Ketamine could stimulate neurotransmitters to
induce the NOS-COX pathway, which could play a role in the
pathogenesis of KC.

It is likely that a combination of the above mechanisms
leads to the key pathophysiological change in KC which is a
severe bladder inflammation. Chronic use causes gradual re-
placement of elastic connective tissue and muscle fibres with
fibrosis in the bladder, as shown in animal models, which
could be epithelial to mesenchymal transformation mediated
by transforming growth factor β [43, 44]. A small contracted
bladder, with varying degrees of inflammation, lead to the
typical symptoms of KC.

Pathogenesis of Upper Tract Damage

Although the bladder is the primary site affected in KC, with
toxic effects possibly accentuated by the longer contact time,
the upper tracts can be involved either concurrently or sepa-
rately, through the same or several other mechanisms.

& Development of a small shrunken poorly compliant blad-
der, with or without vesicoureteric reflux, results in im-
paired drainage from the kidney [9, 15, 19, 32•].

& Ureteric wall can also be directly involved in an inflam-
matory process similar to that in the bladder, as evidenced
by wall thickness and enhancement of ureteric wall on CT
Urogram suggesting transmural inflammation [16, 20•].
This could then lead to development of ureteric strictures
or ureterovesical junction obstruction [9, 14, 16, 20•, 32•]

& A third mechanism is the development of acute papillary
necrosis, which could be due to irreversible damage to the
medullary papillary interstitial cells by ketamine [9].

& A single case has been reported, of obstruction of
both pelvi-calyceal systems with gelatinous debris
which was confirmed to be ketamine metabolites
and cannabinoids [12].
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Ketamine-induced kidney damage has also been shown in
animal models. Yeung showed mononuclear cell infiltration
into murine ureter and kidney including glomeruli and the
blood vessels, suggesting that a chronic interstitial inflamma-
tory process is induced by ketamine [45]. Wai found hydropic
degeneration of the kidney tubules in mice after 6 weeks of
treatment with ketamine. Long-term ketamine administration
(28 weeks) led to atresia of glomeruli in the kidney and pro-
teinuria. The damages in both liver and kidney of these mice
were more severe when the animals were treated with both
ketamine and alcohol [46].

Investigations

The purpose of investigations in ketamine cystitis is to ex-
clude other pathology, confirm the diagnosis and identify
complications like upper tract damage. The findings vary
and change as the disease progresses. Full blood count and
renal and liver function tests (LFT) are mandatory at initial
assessment and follow up. Abnormal LFTs with a cholestatic
picture has been reported [8, 12, 47]. A urine culture is advis-
able, as although the urine is generally sterile, a few patients
present with sterile pyuria, and/or a concomitant urinary tract
infection which is almost always secondary [9, 19, 21••].
Urine cytology is sometimes requested and is almost always
negative [19].

A voiding diary is a simple non-invasive technique to as-
sess voided volume and frequency with increased frequency
and voided volumes being typically under 200 ml [9, 20•, 48].
Pelvic pain, urgency and frequency questionnaire (PUF) score
has been validated and used in evaluating patients with KC [9,
17]. The PUF total score ranges from 0 to 35, with scores ≥ 15
considered significant [9, 21••]. The mean PUF total score in
Chu’s series was 25 (SD 7.5) [9]. Similarly, Yee et al. found a
significantly higher mean (± SD) PUF total scores in active
(23.3 ± 6.7) compared to ex-users (19.8 ± 7.7) P < 0.0005. In
comparison, normal subjects with a negative history of keta-
mine abuse have a mean (SD) PUF total score: 2.1 ± 2.4
[48••].

A severe reduction in the bladder capacity is the most com-
mon finding at urodynamics, typically < 150 ml [9, 15]. Other
findings include poor compliance with vesicoureteric reflux
on voiding cystometrogram (VCMG), detrusor overactivity at
very low bladder volumes (as low as 14 ml) and urgency
incontinence and ineffective bladder emptying [9, 15, 21••,
49]. Often, patients refuse to have urodynamics, as they are
unable to tolerate the pain [15, 19, 22•].

Upper tract imaging is best done with an ultrasound in the
first instance. Reduced bladder wall volume and bladder wall
thickening has been reported by almost all researchers. Some
patients were unable to fill their bladder due to the extreme
discomfort. Hydronephrosis is found in 8–51% of cases [9,
16, 17, 19, 20, 21••]. Bladder wall calcification has also been

reported [21••]. The difference in incidence of upper tract
damage could possibly be due to the disease being picked
up at different stages in the natural history of the disease. In
those with hydronephrosis, CT urography is thought to be the
investigation of choice [16, 20•, 50]. Diffuse bladder wall
thickening with enhancement, perivesical inflammation and
small bladder volume were the commonest findings. There
was also involvement of upper tracts with hydronephrosis,
ureteral wall thickening and enhancement. Huang also found
vesicovaginal fistula in 15% of patients [20•]. Interestingly in
their study, they did not find a correlation between upper tract
involvement and the severity of cystitis.

Cystoscopy is a key investigation to exclude other pathol-
ogy, best done under a general anaesthetic, as it is unlikely to
be tolerated with the patient awake. Also, one has to be care-
ful, as significant bleeding and bladder perforation have been
reported [19, 51]. Although patients with mild LUTS in the
very early stages of the disease have a normal bladder appear-
ance, typical cystoscopic findings in severely symptomatic
patients include low bladder capacity (in most series <
300 mls), contracted nondistensible bladder, varying degrees
of inflammation and neovascularisation, fragile mucosa with
easy tearing on distension and ulceration [7, 9, 19, 32•]. After
hydrodistension, there may be glomerulations, diffuse bleed-
ing from the bladder or persistent bleeding from the ulcer [40].
Where performed, ureteroscopic findings show mucosal
swelling and oedema, which is distinctly different from pa-
tients with IC/BPS who rarely have ureter involvement [41].
Bladder biopsies reveal ulceration and chronic inflammatory
changes similar to those seen in IC/BPS and are listed in
Table 1. Similarly, ureteric tissue biopsies have showed in-
flammatory infiltrates through the ureteric wall with
periureteric fibrosis [55].

The author and several others have reported high atten-
dance default rates for appointments of upto 59% [18, 19,
48]. In a unique study of users experience of KC, users report-
ed that fear and embarrassment adversely affected medical
help seeking, which was often inadequate, with limited assess-
ments, incorrect diagnosis, inappropriate advice and inade-
quate support [56]. Participants also felt that they were judged,
ignored and treated with contempt by most health profes-
sionals. This demonstrated a need for a more compassionate
and integratedmulti-agency approach. Tam et al. reported on a
dedicated one stop clinic set up for assessment and manage-
ment of ketamine users in Hong Kong. Appointments to this
clinic were made through a hotline without the need for med-
ical referrals or prior assessment. All patients were evaluated
at the first visit by a standard protocol which included the PUF
questionnaire, uroflowmetry, urinary tract ultrasound and full
history and physical examination by a urologist. Social
workers were encouraged to attend. After a diagnosis of keta-
mine cystitis was made, patients were counselled about their
condition and first line treatment was prescribed. All study
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patients were successfully evaluated at the first visit using this
approach [21••].

Management

Behavioural and Medical Treatment

The goal of treatment is to relieve symptoms and prevent
deterioration of renal function. Cessation of ketamine intake
is the only effective treatment but the effect varies depending
on the stage of disease and duration of ketamine use. Patients
with near normal bladder capacities who stop ketamine may
return to normal bladder function [9, 19]. In the largest UK
study, 51% reported improvement in urinary symptoms after
cessation of ketamine use [24]. Tam found that status of ex-
abuser (stopped ketamine for ≥ 4 weeks before first visit) was
the only protective factor against severe symptoms as judged
by a PUF score ≥ 28, voided volume ≤ 35 ml or bladder ca-
pacity ≤ 60 ml [21••]. In some patients, however, symptoms
might continue despite abstinence and in some cases worsen
over time [10, 19, 21••, 24, 25]. Cheung reported that 90% of

female ex-ketamine users continued to have active urinary
symptoms; this was highest in those who had used ketamine
for 2 years or more [57]. LUTS in ketamine users is due to
both the ongoing inflammatory process and fibrosis that de-
velops subsequently. Cessation may partly resolve the cystitis,
but contraction of the bladder wall is irreversible, which may
explain the continuation of symptoms in these patients.

Compliance with drug cessation can be difficult, especially
with high users with bladder pain, who take ketamine to re-
lieve the pain, but end up in a vicious cycle of pain and more
ketamine. According to one report, 79% of ketamine users
were dependent on the drug and 54% reported withdrawal
symptoms when ketamine was stopped; 26% had a lifetime
history of a psychiatric diagnosis apart from substance use.
Drug expectancy assessment showed that although ketamine
users realised the negative effects of illicit drugs, they contin-
ued to use the same drugs or try different combinations in
expectation of positive effects [58]. Key elements to aid ces-
sation are avoidance of ketamine using social scene, access to
general psychological social support and availability of alter-
native analgesia [59]. In Bristol, UK, the chronic pain special-
ists have developed a regime which includes buprenorphine

Table 1 Cystoscopic biopsy
findings in ketamine cystitis Biopsy findings (number of patients who had biopsy/total number in series) Study

Denuded mucosa with thin layer of reactive epithelium, superficial lamina propria was
oedematous with dilated blood vessels and inflammatory cells, deeper lamina
propria was dense and fibrotic. Throughout stroma there were scattered mast cells,
lymphocytes and eosinophils (4/9)

Shahani 2007 [7]

Cystitis glandularis (4/10) Chu 2007 [8]

Negative (1) Colebunders 2008 [11]

Denuded epithelium with reactive changes where present. Lamina propria showed
granulation tissue and infiltration by lymphocytes and eosinophils (12/59)

Chu 2008 [9]

Ulcerative haemorrhagic cystitis Cottrell 2008 [10]

Ulcer slough, ulceration, eosinophils in lamina propria, 12/16 had marked urothelial
atypia with nuclear enlargement and loss of polarity. Immunohistochemistry in 10
patents showed high expression of p53, but none of the specimens were positive for
CK20. Other findings were calcification (1), non-keratinising squamous metaplasia
(1) and nephrogenic metaplasia (1) (total 17)

Oxley 2009 [52]

Denuded mucosa, inflammatory infiltrate, foci of cystitis cystica (2/3) Storr 2009 [27]

Infiltration of granulocytes (predominantly eosinophils) and mast cells in the denuded
urothelium (5/11)

Tsai 2009 [15]

Inflamed with focal ulceration and granulation tissue, perineural inflammation with
dystrophic calcification (1)

Shahzad 2009 [13]

Nodular proliferation of VonBrunn’s nests (1) Ho 2010 [53]

Chronic cystitis, colonic metaplasia, nephrogenic adenoma, eosinophilic infiltration
(1)

Shahzad 2012 [28]

Extensive ulcerative cystitis, one biopsy showed squamous metaplasia (2/4) Jalil 2012 [54]

Chronic cystitis (3/6) Lai 2012 [49]

Mast cell infiltration in urothelium and suburotheliumwith higher apoptosis and lower
E-cadherin levels (16)

Lee 2013 [30]

Denudation, ulceration, with marked inflammatory infiltration. Eosinophilic
infiltration in three cases and reactive atypia in five (12/34)

Misra 2014 [19]

Infiltration with eosinophils and inflammatory cells with whole layer thickening of
ureter

Jhang 2015 [23]

Eosinophilic infiltrate with perivesical fibrosis (23/44) Sihra 2017 [32•]

Curr Bladder Dysfunct Rep (2018) 13:145–152 149



patches with cocodamol and amitriptyline at night. This of-
fered adequate pain control, allowing users to avoid ketamine
[18]. The Club Drug clinic in London is another initiative,
which specialises in club drugs including ketamine and have
a team of specialist addiction doctors and psychologists,
nurses, counsellors and peer mentors. There are established
pathways for referral to specialties, including urologists [60].

Anti-cholinergic agents have been used to treat overactive
bladder symptoms of KC. However, the overall response rate
is poor [9, 15, 19]. This is not entirely unexpected as the
urgency of KC might result from non-cholinergic activation,
as has been shown by Meng et al. [39]. Moreover, symptoms
result from an inflamed contracted bladder where an anti-
cholinergic is unlikely to be beneficial. NSAIDS and steroids
have also been used, but the response rate is poor [15, 19].

Based on defective glycosaminoglycan (GAG) layer model
of KC, treatment with GAG substitution therapy like Elmiron
and intravesical hyaluronic acid and chondroitin sulphate has
been tried with some benefit [7, 15, 61]. However, the num-
bers and follow-up are small, and the benefits could have been
due to cessation of ketamine. In their prospective series, Yee et
al. found that in 8 of 17 patients who completed treatment with
intravesical sodium hyaluronate, there was a significant im-
provement in voided volume for all patients after treatment,
and 5 of them could step down their oral medication usage
[48].

Intravesical Botulinum Toxin Injections

Botulinum toxin significantly improves pain and frequency in
patients with IC/BPS. Based on a similar pathophysiological
model, Zeng et al. treated 36 patients with 200 units of
Botulinum toxin A combined with bladder hydrodistension
and 1 month post-treatment; all patients had marked relief of
symptoms [62]. The follow-up is short and these results have
not been reproduced in other series [32•]. One reason could be
the loss of bladder wall elasticity. Similarly, bladder
hydrodistension has produced variable results [15, 19, 22•].

In one retrospective study of stage-based treatment, whilst
behavioural treatment, pharmacotherapy and bladder
hydrodistension were suitable for patients at stages I–II, sur-
gery was recommended for patients with stage III disease,
who had upper tract damage, the longest history and highest
dosage of ketamine use. The authors reported significant im-
provement in voiding parameters and PUF scores after treat-
ment in all patients in the three stages [22•]. A similar four-
tiered approach was applied prospectively to patients in Yee’s
series, namely anti-inflammatory or anti-cholinergic drugs,
opioid analgesics or pregabalin, intravesical hyaluronic acid
and hydrodistention and augmentation enterocystoplasty
(AE); 69.7% of patients who had first line treatment and
67.7% of patients who had second line treatment symptomatic
reported improvement [48].

Reconstructive Surgery

Urinary tract reconstruction is required in severely symptom-
atic patients who fail initial treatment or to prevent further
damage to upper tracts in those with hydronephrosis due to
end stage contracted bladders with poor compliance,
vesicoureteric reflux or ureteric strictures. Wu proposed sur-
gery when functional bladder capacity is < 100 ml [22•].
Options for surgical reconstruction include augmentation
enterocystoplasty (AE) with or without supratrigonal
cystectomy and ureteric reimplantation, total cystectomy with
orthotopic neobladder, heterotopic neobladder with
Mitrofanoff or urinary diversion with or without a cystectomy
[9, 19, 31, 32, 63, 64].

Chung et al. reported improved pain scores, bladder capac-
ity and patient perception of bladder condition (PPBC) in 14
patients after AE with or without ureteric reimplantation.
Hydronephrosis resolved in all nine cases, where this was
present preoperatively and VUR disappeared in five of eight
cases [31]. Jhang reported that 28/53 patients that had partial
cystectomy with AE had good outcome [64]. However, others
have reported poor results [9, 63]. Ng performed AE in four
cases but had a poor outcome. Three of four patients experi-
enced further deterioration in renal function due to develop-
ment of ureteric strictures and sepsis [63]. The factors contrib-
uting to this were resumption of ketamine abuse after surgery
(in all four cases). It was further postulated that the metabolites
excreted in the urine could be reabsorbed by the ileum,
resulting in further prolonged exposure to ketamine. They
concluded that augmentation may be harmful and suggested
that a simpler ileal conduit urinary diversion may be a better
option. Chu performed AE in one patient but he had progres-
sive upper damage after operation due to upper ureteric stric-
ture, as he continued to abuse ketamine [9].

Sihra et al. reported their experience of major reconstruc-
tive surgery in a tertiary centre in the UK and found an in-
creased rate of complications with 71% having one or more
post-operative complication and 30% further subsequent com-
plications [32•]. The higher rate of complications was thought
to be related to more extensive inflammatory disease, extend-
ing up the ureters retroperitoneally, which required more ex-
tensive reconstruction. However, 8/14 (57%) patients did do
well, with resolution of pain and remained with normal renal
function. They all had surgery for severe LUTS and pain from
small contracted bladder. Patients who did not do well had
renal impairment or ureteric strictures preoperatively.
Although the numbers are small to make any generalisations,
there seems to be a trend for better outcomes in a subset of
patients, whose upper tracts have not yet been damaged.

Continuation of ketamine following surgery is of major
concern, as are issues like compliance with self-
catheterisation and follow-up, which can significantly com-
promise results after surgery. The effect of ketamine on
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intestinal segments is unknown. Major surgery should there-
fore only be performed after very careful patient selection, in a
multidisciplinary setting.

Conclusions

Ketamine cystitis is now an established health problem world-
wide, which poses particular problems in management, not
least due to characteristics of the patient population. These
patients are less likely to seek help by themselves; hence, there
is a need for liaison service or outreach one stop clinics to
remove barriers to seeking medical help. This would enable
a thorough baseline assessment and patient counselling about
harmful effects of chronic ketamine abuse and the central
message about ketamine cessation. Treatment plans should
be individualised, depending on the stage of the disease.
Patients referred to urological services should be managed in
a multidisciplinary setting, with pain and substance misuse
specialists, as any urological treatment without ketamine ces-
sation is doomed to failure. Having a dedicated care worker to
coordinate appointments and to provide ongoing support
would be invaluable. Although our understanding of this chal-
lenging condition is increasing, more research is required to
fully understand the pathogenesis of ketamine cystitis and
implications for treatment.
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