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Background: The treatment of ketamine-induced bladder contractures remains poorly studied. We 
therefore evaluated the efficacy of cystectasia with a sodium hyaluronate balanced solution in this kind of 
bladder contracture.
Methods: Eighteen patients presenting with ketamine-induced bladder contracture between July 2010 
and February 2018 were selected and analysed. Ketamine was discontinued in all patients, who were then 
treated with weekly cystectasia (0.09% sodium hyaluronate balanced solution) 3 times. The volume of the 
first perfusion was twice the preoperatively measured bladder capacity, and the volume of the subsequent two 
perfusions was increased by 100 mL each time. The Pelvic Pain and Urgency/Frequency (PUF) symptom 
score, O’Leary-Sant Interstitial Cystitis (IC) Symptom Index (ICSI), IC Problem Index (ICPI), Quality 
of Life (QOL) score, and bladder capacity were recorded before surgery and 3 and 12 months after the 3rd 
expansion.
Results: No significant complications were observed during the 3 expansions. Fourteen patients completed 
the full follow-up schedule. Preoperatively and at the 3- and 12-month follow-up evaluations performed 
after the 3rd expansion, the PUF symptom scores were 20.4±3.6, 11.5±3.1, and 13.2±3.3, respectively; the 
mean ICSI was 13.6±2.8, 7.7±2.3, and 8.2±2.5, respectively; the mean ICPI was 10.6±2.6, 7.3±2.1, and 
7.7±2.5, respectively; and the mean QOL scores were 6.0±0, 2.1±0.5, and 2.7±0.8, respectively; and the mean 
bladder catheter volume was 83±27, 234±56, and 228±52 mL, respectively. There were significant differences 
between all preoperative and postoperative values.
Conclusions: Cystectasia with a sodium hyaluronate balanced solution is an effective treatment modality 
for ketamine-induced bladder contracture.
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Introduction

Young adults and adolescents are increasingly abusing 
ketamine as a recreational drug (1). One of the adverse 
health effects of abusing this drug is ketamine cystitis, 
which is characterized by lower urinary tract symptoms 
(LUTS), such as decreased bladder volume, decreased 
bladder compliance, dysuria, gross haematuria, and urge 
incontinence. These findings and symptoms are due to 
the toxic effects of dihydroxybenzene, a metabolite of 
ketamine (2-5). In severe cases, bladder contracture and 
vesicoureteral reflux can occur, leading to ketamine-
associated urinary dysfunction (KAUD) and even cancer (6). 
These pathological effects have a substantial physical and 
mental impact on addicts and place a huge burden on their 
families, communities, and nations (7,8). At present, there 
are several treatment options for ketamine cystitis; these 
include the use of α receptors and M receptor blockers for 
the treatment of overactive bladder, antibiotics in patients 
with high white blood cell counts, and augmentation 
cystoplasty utilizing the sigmoid colon (9). However, 
researchers have also discovered that some of these agents 
have side effects, such as constipation and blurred vision, 
that can lead to an unsatisfactory quality of life (QOL) (10). 
These shortcomings have prompted further efforts in this 
field. In this study, we included 18 patients who underwent 
treatment for a bladder capacity <120 mL due to ketamine 
abuse in 3 hospitals from July 2010 to February 2018. We 
performed cystectasia by infusing patients with a balanced 
solution of 0.09% sodium hyaluronate and then evaluated 
the efficacy of this treatment.

Methods

Patients

Eighteen male patients who underwent treatment for 
bladder contracture induced by ketamine abuse at the 
Affiliated Hospital of North Sichuan Medical College, 
the First Affiliated Hospital of Jinan University, the Third 
Affiliated Hospital of Sun Yat-sen University and the 
Third People’s Hospital of Dongguan from July 2010 to 
February 2018 were included. This study was approved by 
the ethics committees of these institutions, and all patients 
signed informed consent forms. The bladder capacity 
of the patients <120 mL, as measured by B-scan. The 
bladder capacity was defined as the vertical diameter × the 
longitudinal diameter × the transverse diameter ×0.52. The 
patients ranged in age from 17–33 years, with an average age 

of 24.5 years. The patients had been using ketamine for 2.1–
4 years at a dose of 0.1–3.0 g 2–19 times per week. Based 
on the recorded measurements, the average preoperative 
bladder capacity was 74 mL (range, 59–119 mL),  
white blood cell counts ranged from ++ to ++++ on routine 
urine tests, and 24-hour urine protein levels ranged 
from 0.1–1.3 g (Table 1). Moreover, there were 5 patients 
(27.78%) with an increased creatinine level and 4 patients 
(22.22%) with a decreased glomerular filtration rate (GFR;  
<60 mL/min/1.73 m2) and an elevated creatinine level. Both 
computerized tomography (CT) and B-scans (Figure 1) 
showed significantly thickened bladder walls, morphological 
changes, reduced bladder capacity, and varying degrees of 
expansion in the full or upper unilateral/bilateral collecting 
systems and ureters.

Treatment methods

Combined spinal-epidural anaesthesia (CSEA) was 
administered in the lithotomy position. An Olympus 
cystoscope (Japan, CYF-5A) was inserted directly into 
the bladder and revealed a significantly reduced bladder 
capacity. Next, the inferior aspect, left wall, right wall, 
and superior aspect of the bladder as well as the bilateral 
ureteral openings and trigone were examined. The water 
bag was placed 100 cm above the operating table, and the 
preoperative bladder capacity was measured and recorded 
without stress. Cystistat (a balanced solution of 0.09% 
sodium hyaluronate) was administered at a pressure of  
15 kPa via a syringe into the bladder after residual urine 
was removed. The volume of the first perfusion was twice 
the preoperatively measured bladder capacity. B-scan 
was used to simultaneously monitor bladder capacity and 
bladder wall thickness. A cystoscope revealed that the 
bladder wall was significantly diastolic, the distance between 
the haemorrhagic erythema had increased, and the small 
vessels presented a discontinuous course, with some vessels 
partly disconnected or exhibiting mucosal cracking. The 
solution was maintained for 30 min and then discharged. 
No active bleeding was noted during cystoscopy. An F22 
3-way silicone catheter was retained, and the bladder was 
continuously rinsed for 48 h. Three days after surgery, the 
catheter was clamped and only opened every 2 h to record 
urine output. For the latter two rounds of perfusion, the 
solution was directly administered via the catheter after 
successful CSEA. The volume of the latter two perfusions 
was increased by 100 mL each time (Figure 1). A B-scan 
was used for simultaneous monitoring. The 10-mL airbag 
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Table 1 Preoperative and follow-up data of 18 patients

Case
Age 
(y) 

Addiction 
time (y)

Pre-bladder 
volume (mL)

Pre-urination 
frequency(d)

Urinary 
leukocyte

Urinary 
erythrocyte

Urinary 
albumin 

(g)

3 months after surgery 12 months after surgery

Urination 
frequency(d)

Bladder  
volume (mL)

Urination  
frequency (d)

Bladder  
volume (mL)

1 18 2.3 63 20 +++ +++ 0.1 11 234 9 264

2 21 2.1 59 22 ++ +++ 1.2 12 197 9 218

3 17 2.4 74 18 ++ +++ 0.4 13 220 10 267

4 25 2.3 66 19 +++ ++ 0.8 10 186 9 230

5 20 3.3 78 16 +++ +++ 0.5 10 257 9 285

6 26 3.2 80 17 ++ +++ 0.9 Loss Loss Loss Loss

7 21 3.6 103 18 +++ ++ 0.3 9 307 8 278

8 26 3.2 66 22 +++ +++ 0.4 9 289 8 307

9 32 3 59 26 +++ ++ 0.7 9 245 9 228

10 24 3.6 70 18 ++ +++ 0.6 11 232 11 251

11 22 2.1 97 16 +++ +++ 0.2 10 252 Loss Loss

12 26 2.7 83 16 +++ ++ 0.5 9 341 9 312

13 29 4 71 19 ++ +++ 1.3 11 234 9 267

14 33 2.8 119 15 +++ +++ 1 8 342 8 333

15 25 2.7 79 22 ++ +++ 1.1 9 279 8 300

16 25 2.9 82 20 +++ +++ 1.2 10 300 loss loss

17 27 3.1 60 21 +++ +++ 0.7 8 260 7 256

18 24 2.5 59 26 +++ ++ 0.6 Loss Loss Loss Loss

++, 20–29 leukocyte or erythrocyte per high power field under the microscope; +++, 30–39 leukocyte or erythrocyte per high power 
field under the microscope.

Figure 1 Contrast diagram of pre-operative and post-operative bladder. (A) Pre-operative bladder with a reduced volume and thicker wall. (B) 
Bladder after the first perfusion of cystistat, with its volume expanded and wall thinning. (C) Bladder after the second perfusion of cystistat, 
with a further expanded volume and thinner wall. (D) Bladder after the third perfusion of cystistat, showing up a much well improved 
bladder capacity and wall thickness.

A B C D
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capacity of the catheter was included in the total volume of 
the solution.

Follow-up

Follow-up was carried out by questionnaire via telephone 
or WeChat survey to primarily record the Pelvic Pain and 
Urgency/Frequency (PUF) symptom score, O’Leary-Sant 
IC Symptom Index (ICSI), IC Problem Index (ICPI), QOL 
score, and bladder capacity before surgery and 3 and 12 
months after the third expansion. Postoperative B-scan and 
CT were performed at the nearest medical facility, and the 
results were sent as images via WeChat.

Statistical methods

SPSS 20.0 statistical software was used to analyse the data. 
Continuous data with a normal distribution are shown as 
the mean ± standard deviation (SD). Analysis of variance 
was performed using a single set of repeated measurements 
for comparisons between different time points within 
a group. Changes in bladder capacity as well as PUF, 
ICSI, ICPI, and QOL were assessed between before and 
after surgery. Categorical data are expressed as a number 
(percentage). P<0.05 was regarded as statistically significant.

Results

Imaging changes in the kidneys and bladders between 
before and after surgery

All patients in the study showed significant imaging 
changes. Preoperative B-scans revealed 7, 9, and 3 cases of 
mild, moderate, and severe hydronephrosis, respectively, 
in the bilateral renal pelvis. There were 4 cases of full 
dilatation and 8 of upper dilatation of the bilateral ureters 
and 3 cases of unilateral dilatation. All 18 patients had 
significantly thickened bladder walls, morphologic changes, 
and bladder contractures and significantly reduced bladder 
capacities (average, 74 mL; range, 59–119 mL; Figure 2A).

The CT scans showed varying degrees of changes in the 
unilateral and bilateral collecting systems and full and upper 
dilatation of the ureters but no evidence of calcifications or 
abnormal densities in the bilateral renal parenchyma. The 
most important showed significantly thickened bladder 
walls and reduced bladder capacity (average 69 mL; range, 
52–119 mL; Figure 2B). Two patients had renal papillary 
necrosis, enlarged abdominal aorta lymph nodes, significantly 

thickened bladder walls, and morphological changes. Three 
patients had small gourd-shaped bladders, one had a pebble-
shaped bladder, and two had bladder diverticula. Moreover, 
there were six patients with seminal vesicle enlargement, 
suggesting inflammatory changes. Dynamic enhancement 
showed seven patients had thickened ureteral walls.

Compared  to  preopera t i ve  B-  and  CT scans , 
postoperative scans performed in all 14 patients showed 
significantly increased bladder capacities, improved 
bladder filling, and thinner bladder walls. B-scans obtained  
3 months after surgery showed that the maximum bladder 
capacity was approximately 285 mL (average, 234±56 mL; 
Figure 2C), while CT scans obtained 3 months after surgery 
showed the maximum bladder capacity to be approximately 
307 mL (average, 274±39 mL; Figure 2D).

Urine volume and frequency, PUF, ICSI, ICPI, QOL, and 
RU changes after surgery

Two patients were lost to follow-up after surgery. Two 
patients relapsed after 8 months. Fourteen patients were 
followed up for at least 12 months. As shown in Figure 3, 
the results obtained for PUF, ICSI, ICPI, QOL score, and 
bladder capacity indicated that compared to preoperative 
values, postoperatively, the patients showed significant 
improvement in bladder capacity at 3 and 12 months 
after surgery. Before surgery and at 3 and 12 months after 
surgery, the PUF was 20.4±3.6, 11.5±3.1, and 13.2±3.3, 
respectively; the ICSI was 13.6±2.8, 7.7±2.3, and 8.2±2.5, 
respectively; the ICPI was 10.6±2.6, 7.3±2.1, and 7.7±2.5, 
respectively; the QOL was 6.0±0, 2.1±0.5, and 2.7±0.8, 
respectively; and bladder capacity was 83±27, 234±56, and 
228±52 mL, respectively. Statistical analysis showed that 
after 3 months, the PUF, ICSI, ICPI, and QOL scores 
were markedly better than those obtained preoperatively 
(P<0.001). There was no significant difference in the data 
obtained after 3 and 12 months of follow-up (P>0.05;  
Figure 3).

Discussion

Ketamine is a drug that can be administered via a variety of 
routes and is abused among the younger generation (11).  
This abuse leads to bladder contractures and complex 
pathophysiological effects encompassing both histological 
inflammation and abnormal nerve regulation as well as 
complications associated changes in bladder morphology (12).  
To date, the following three theories have been advanced to 
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Figure 2 Comparison of a B-scan and CT scan before and after survey. (A,C) Were the preoperative and postoperative B-scan results of the 
same patient. (B,D) Were the preoperative and postoperative CT scan results of the same patient. (A) Preoperative B-scan of the bladder 
capacity measured at about 55 mL. (B) Preoperative CT scan of the bladder capacity measured at about 52 mL. (C) B-scan taken 3 months 
after surgery, of the bladder capacity measured at about 285 mL. (D) CT scan taken 3 months after surgery, of the bladder capacity measured 
at about 307 mL. Bladder capacity was defined as: vertical diameter × longitudinal diameter × transverse diameter ×0.52.

A

B

C

D

explain the mechanisms underlying the damage associated 
with ketamine (7,13). (I) Ketamine or its metabolites 
damage the protective layer on the bladder mucosal surface 
and thereby impairs the epithelial permeability barrier as 
well as the deep tissues in the bladder wall. Subsequently, 
infiltration by ketamine or its metabolites into the 
submucosal and detrusor layers can stimulate nerve fibres 
on the bladder wall, resulting in decreased bladder volume 
and compliance. (II) High concentrations of ketamine or 
its metabolites induce nonspecific interstitial inflammation 
related to autoimmune responses to the bladder urinary 
tract epithelium and submucosa, resulting in the activation 
of the complement system and the upregulation of C3/
C4 and an increase in the erythrocyte sedimentation 

rate. These changes can cause immersion, activation, and 
degranulation of the mast cells and increase the release of 
histamine, leading to vasodilation, congestion, inflammatory 
cell exudation, chemotaxis, and the stimulation of Group 
C nerve fibres. These effects are followed by the release 
of neuropeptides and other chemical neurotransmitters 
and consequential effects on inflammatory responses 
and damage to bladder tissues. (III) Ketamine or its 
metabolites damage endothelial cells in the bladder and 
kidney capillaries, leading to decreased endothelial capillary 
density, hardened blood vessel walls, and microcirculatory 
disorders. When these conditions are aggravated, the 
resulting bladder mucosal ischaemia can cause interstitial 
fibrosis and decrease bladder capacity, while renal papilla 
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sclerosis or microvascular diseases in the renal medulla 
can cause a lack of blood perfusion in the renal papillae, 
which may eventually progress into renal tubular-interstitial 
nephropathy and renal cortical atrophy, although this latter 
effect needs further verification. Therefore, long-term use 
of high doses of ketamine can induce effects that damage 
the upper urinary tract and lead to thickening of the bladder 
wall due to the direct toxicity of ketamine (14,15).

Imaging changes in the urinary system caused by 
ketamine abuse manifest as LUTS, which are clearly 
visible on B-scans, CT scans, and intravenous pyelograms 
(IVPs). The B-scan and CT findings presented in this study 
are consistent with previously reported changes in the 
urinary system (16) (Figure 1A,C) and included significant 
thickening and contracture of the bladder wall. Although 
no calcifications were observed, bladder capacity was 
significantly reduced, with the most severe case having 
a capacity of only 48 mL. For some patients, imaging 
performed at 3 months after cystectasia (Figure 1B,D) 
revealed that the urinary systems were significantly better 
than their preoperative state and exhibited good bladder 
filling, smooth bladder walls, and a capacity of >250 mL. 
During data collection, we also found that creatinine 
levels were elevated in 4 patients (22.22%) due to ureteral 
reflux and subsequent obstructive injury due to the long-
term reduction in bladder capacity; however, the authors 
speculate that the actual probability of renal damage was 
higher in this group because the GFR is a more sensitive 

indicator than serum creatinine in evaluating renal function. 
The GFR was directly proportional to the duration of use 
and the amount of ketamine taken in approximately 50% of 
the patients in the current study. Nevertheless, we maintain 
that the normal creatinine levels and GFRs recorded in 
the other 50% of patients did not necessarily indicate 
intact renal function. Because GFR detection can be used 
to identify cases in which the kidneys are damaged due to 
ketamine abuse, the GFR is recommended as a routine 
clinical test for patients using ketamine.

During the diagnosis and treatment process, we found 
that bladder contractures often presented clinically with 
storage symptoms and that acute onset could be complicated 
by persistent haematuria and severe suprapubic pain. This 
was the main reason that patients sought evaluation at the 
hospital. We found that most patients had mental disorders 
and sexual dysfunction, which was impossible to restore 
due to the LUTS caused by bladder contracture (17). Since 
early approaches performed using hydrodistension, the 
clinical solution to this problem had progressed through 
practice (18,19). Cheng et al. (20) reported that making a 
radial reticular incision in the bladder using a green light 
laser achieved favourable results with regard for expansion 
in China. The excellent haemostatic effect achieved by the 
laser was effective in minimizing the incidence of severe 
bleeding; however, further hydrodistension was still necessary 
in patients with a bladder capacity <50 mL. To prevent the 
bladder from rupturing due to water expansion, it should be 
noted that the water pressure should not exceed 20 kPa during 
the operation, which should be performed under anaesthesia. 
If a tear in the bladder detrusor layer is seen on cystoscopy, 
the expansion can be stopped. During the expansion process, 
the sodium hyaluronate solution could be quickly absorbed by 
the bladder mucosa at the tear site, and this could effectively 
increase the bladder capacity and thereby improve the urinary 
tract symptoms associated with ketamine.

We believe that the main cause of ketamine-associated 
cystitis is bladder contracture. Due to the obvious fibrosis 
of the bladder muscle layer, the primary task of treatment is 
to expand the bladder volume. The use of saline expansion 
under anaesthesia is a highly effective method. The fibrotic 
muscle layer could be torn to expand the bladder, and this 
procedure can be repeated many times. Indeed, a one-
stage operation is insufficient for achieving a desirable 
expansion outcome (21). Our treatment process included 
initial bladder perfusion, bladder hydrodistension, and 
bladder augmentation followed by cystectasia with sodium 
hyaluronate solution. Treatment options and timing should 
typically be determined on the basis of each patient’s dose, 

Figure 3 Comparison of PUF, ICSI, ICPI, QOL and RU before 
and after surgery follow-up after 3 rounds of treatments in these 14 
patients. PUF, The Pelvic Pain and Urgency/Frequency symptom 
score; ICSI, O’Leary-Sant IC Symptom Index; ICPI, IC Problem 
Index, QOL, quality of life.
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duration, bladder capacity, and general condition (22).  
Among the 18 patients enrolled in this study, the follow-
up evaluation performed 1 month after 3 rounds of 
cystectasia showed that single urine output was increased 
by 5-fold compared to the output at preoperative levels, 
and the frequency of urination decreased from once every 
30 min to nearly once every 120 min. Thus, bladder 
capacity was effectively increased and urine frequency 
effectively lowered, significantly improving the LUTS. 
We hypothesized that during the expansion process, the 
increased bladder pressure disrupted the detrusor’s nerve 
endings that receive sensory input, which leads to ischaemic 
necrosis of the sensory nerves on the bladder wall so that 
the distribution and density of the sensory nerves decreased. 
In addition, because the sodium hyaluronate solution is 
rich in glucuronic acid, it could potentially prevent the 
production of some of the enzymes in the cells and diminish 
free radical formation. Low-molecular weight hyaluronic 
acid is thought to exert anti-inflammatory effects, inhibits 
pathogens, has strong penetrability and is also effective in 
promoting the growth and repair of the bladder mucosa; 
however, these hypotheses warrant further testing.

In summary, our study shows that cystectasis is a safe and 
effective procedure that improves the LUTS and KAUD 
caused by ketamine-induced bladder contractures that 
requires only a simple procedure and causes minimal injury.
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