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Abstract
BACKGROUND
Encrusted cystitis (EC) is a chronic inflammation of the bladder associated with mucosal encrustations. Early diagnosis and optimal treatment are not well established. Here, we report a case of EC successfully treated with combination therapy.

CASE SUMMARY
A 27-year-old man presented with frequency, urgency, dysuria, gross hematuria and suprapubic pain for 2 mo. He was diagnosed with EC based on characteristic calcifications of the bladder wall (most of them were struvite), cystoscopy and histopathological examination. He was cured after combined therapy of elimination of encrustations, bladder instillation of hyaluronic acid and injection of botulinum-A neurotoxin into bladder submucosal tissue.

CONCLUSION
Bladder instillation of hyaluronic acid and injection of botulinum-A neurotoxin into the bladder submucosal tissue can be used for treatment of EC.
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Core tip: Encrusted cystitis is a chronic inflammation of the bladder associated with mucosal encrustations. Early diagnosis and optimal treatment are not well established. We report a case of encrusted cystitis successfully treated with combined therapies of elimination of encrustations, bladder instillation of hyaluronic acid and injection of botulinum-A neurotoxin into the bladder submucosal tissue. To our knowledge, we report the first description of encrusted cystitis treated with bladder instillation of hyaluronic acid and injection of botulinum-A neurotoxin into the bladder submucosal tissue.

INTRODUCTION
[bookmark: OLE_LINK2218][bookmark: OLE_LINK2219]Encrusted cystitis (EC), first described in 1914, is characterized by localized ulcerative inflammation with deposits of magnesium ammonium phosphate and sodium hyaluronate on the bladder surface and on the walls of the ulcer. It is a rare form of chronic cystitis[1]. The etiology of this rare entity is presently controversial. Many factors are involved in the development of EC, including the presence of specific bacteria, most commonly Corynebacterium urealyticum (C. urealyticum)[2], a pre-existing urological procedure or a pre-existing lesion of the mucosa[1,3]. C. urealyticum grows slowly and is often missed in rapid urine cultures, especially if the bacterial load is low, and thus presents a potential diagnostic challenge[2]. The diagnosis should be based on sterile pyuria, alkaline urinary pH and characteristic calcifications of the bladder wall as observed by computed tomography and confirmed by prolonged culture, supplemented with DNA polymerase chain reaction sequencing if available[4,5]. Treatment of EC consists of three complementary elements: treatment of infection; acidification of urine; and endoscopic removal of encrustations containing microorganisms[1,6,7]. Here, we report a case of EC successfully treated with combination therapy. 

CASE PRESENTATION
Chief complaints
A 27-year-old man presented with frequency, urgency, dysuria, gross hematuria and suprapubic pain for 2 mo.

History of present illness
At 2 mo previous, the patient underwent ureteroscopic lithotripsy. At 3 d after the operation, he began to complain of frequency and urgency, which gradually aggravated. At 1 mo after lithotripsy, he experienced dysuria, gross hematuria, microlith expulsion, putrefaction expulsion and suprapubic pain. When he presented to our hospital, he needed micturition every 10 min, and his sleep quality was badly affected.
At disease onset, urinalysis showed pH 7.0, leukocyte count 500/mL, erythrocyte count 200/mL and nitrite (-). Urine bacterial and fungal culture, urine acid-fast bacillus, blood tuberculosis antibody and tuberculin tests were all negative. Chest radiography showed no abnormality. On day 22 after disease onset, ultrasonography showed that the bladder wall was thickened and rough with multiple strong echogenic spots attached to it (Figure 1A). The patient started on empirical antituberculosis treatment with combination of rifampin, isoniazid, ethambutol and pyrazinamide, which lasted for 11 d. However, the symptoms did not improve. On day 30 after disease onset, cystoscopy showed diffuse white necrotic tissue in the bladder wall and flocculent substance in the bladder cavity. Histopathological examination showed that there was inflammatory granulation tissue on the bladder wall with local necrosis and calcification (Figure 2A and 2B). On day 45 after disease onset, cystoscopy showed reduced bladder volume, swollen, congested and stiff bladder wall, multiple calcifications, and no typical miliary nodules. Pathological examination showed chronic inflammation and epithelial hyperplasia of the bladder mucosa and calcium deposition and proliferation of fibrous tissue. Infiltration of neutrophils, eosinophils and lymphocytes was observed in the lamina propria of the bladder mucosa (Figure 2C and 2D). Since the onset of EC, the patient had received a variety of antibiotics with poor efficacy (ceftriaxone sodium 2.0 g, bid, 3 d; levofloxacin 0.2 g, bid, 8 d; levofloxacin 0.2 g, bid, 3 d; amikacin 0.4 g, qd, 5 d; cefaclor 0.25 g, tid, 10 d; norfloxacin 0.4 g, bid, 10 d; latamoxef disodium 2.0 g, bid, 10 d). 

History of past illness
The patient had no previous disease history.

Physical examination
Physical examination was normal except for suprapubic tenderness.

Laboratory examinations
Urinalysis revealed hematuria, pyuria and pH 5.5. Conventional (not prolonged) urine culture was sterile. Urine acid-fast bacillus and blood tuberculosis antibody tests were negative.

Imaging examinations
Ultrasonography performed on day 60 after disease onset showed that the bladder wall was thickened (the thickest part was about 9 mm) and rough with multiple strong echogenic spots attached to it (Figure 1B). Computed tomography showed that the bladder wall had extensive thickening and many calcifications (Figure 3A). Intravenous pyelography on day 60 after disease onset showed that the bladder was gourd-like with a rough margin, and hydronephrosis was found in the left upper urinary tract (Figure 3B).

Personal and family history
Personal and family history was unremarkable.

Further diagnostic work-up
Cystoscopy on October 8, 2010 showed a marked inflammatory appearance of all parts of the bladder mucosa with ulcerations and whitish plaques corresponding to multiple ECs (Figure 4). Infrared spectrophotometry of the encrustations confirmed the presence of struvite. Histopathological examination showed that the bladder mucosa was edematous and necrotic with encrusted crystals and a polymorphonuclear infiltrate forming a thick conglomerate (Figure 2E and 2F).

FINAL DIAGNOSIS
EC

TREATMENT
Endoscopic removal of encrustations was performed on October 8, 2010. The patient was prescribed sefamandole (2 g bid) for 3 d and solifenacin (5 mg qd) for 1 wk. However, the efficacy was poor. He was then prescribed hyaluronic acid (HA) bladder instillations (50 mL qw) for 1 mo. One month later, his symptoms were relieved slightly, and he needed to go for micturition every 30 min. Cystoscopy on November 10, 2010 showed that the apex and bilateral bladder wall mucosa still had hyperemia and edema with ulceration and multiple ECs (Figure 5). The second endoscopic removal of encrustations was performed. Ceftriaxone sodium (1g bid) was administered for 3 d, and solifenacin (5 mg qd) and HA (50 mL q2w) were administered for 1 mo. One month later, his symptoms were further relieved. Cystoscopy on December 8, 2010 showed that the ulcers on the top and bilateral bladder wall were healed, but there were still a few ECs on the mucosa (Figure 6). Because of the few ECs, a third endoscopic removal of encrustations was performed. Cefamandole (2 g bid) was administered for 5 d. Solifenacin (5 mg qd) and HA (50 mL q4w) were administered for 2 mo. Two months later, his dysuria, gross hematuria and suprapubic pain symptoms were relieved. He needed to go for micturition every 70 min, voiding 100-150 mL each time. However, he still complained of obvious frequency and urgency. Cystoscopy on February 16, 2011 showed no mucosal ulcers but still a few mucosal encrustations on the top and bilateral bladder wall (Figure 7). A fourth endoscopic removal of encrustations was performed. Cefamandole (2 g bid) was administered for 5 d. Because he still complained of frequency and urgency, he received botulinum-A neurotoxin (BoNT/A) therapy. BoNT/A was injected into the submucosal tissue of bladder through “COOK” bladder injection needle under cystoscopy. The total dose of BoNT/A was 200 U, which was randomly injected into the bladder wall at 40 points.

OUTCOME AND FOLLOW-UP
At 3 mo after the fourth operation, the symptoms of frequency, urgency, urodynia, gross hematuria and suprapubic pain disappeared. He needed to go for micturition six to seven times during the daytime and once during the night with a volume of 300-400 mL each time. Urinalysis was normal. Ultrasonography showed that there were still a few strong echogenic spots attached to the bladder wall. During follow-up on February 8, 2012, the patient reported no recurrence of frequency, urgency, urodynia, gross hematuria and suprapubic pain. He needed to go for micturition four to seven times during the daytime, with a volume of 300-500 mL each time, and zero times at night. Ultrasonography showed that the bladder wall was smooth without hyperechoic spots (Figure 1C). During the latest telephone follow-up on March 30, 2020, the patient reported no recurrence of lower urinary tract symptoms.

DISCUSSION
EC is a chronic inflammatory condition in the bladder characterized by mucosal inflammation with encrustations and ulcers. Most of the literature related to EC is case reports with about 160 cases being reported. EC is a nosocomial infectious disease. The risk factors for EC are: Corynebacterium parasiticum infection (such as long-term hospitalization); invasive urinary system procedures (such as open or endoscopic surgery, indwelling urinary catheter, nephrostomy tube, ureteral stent, etc.); previous urinary tract lesions (such as urinary tract tumor, infection, bladder perfusion chemotherapy, etc.); and immunosuppression (such as renal transplantation, long-term use of broad spectrum antibiotics, chronic diseases, drug abuse, AIDS, etc.)[1,3-19]. The interval from the operation to the onset of disease can be several days to 3 years[1,3,4,6,7,13,15,16,18,19]. 
[bookmark: OLE_LINK2216][bookmark: OLE_LINK2217]It has been reported that there are more than 40 types of urease-producing bacteria that can cause EC, and C. urealyticum is the most common[1,3,7-9,11,16,20-22]. C. urealyticum is a common skin colonizer of hospitalized elderly individuals who are receiving broad spectrum antibiotics. It is an opportunistic pathogen and has strong urease activity and obvious predilection for indwelling urinary tract catheters and urothelial cells (especially when the mucosa has inflammation or trauma). C. urealyticum can infect the urinary tract through indwelling catheters, cystostomy tubes or nephrostomy tubes[2,23]. Due to its strong urease activity, C. urealyticum can decompose urea to produce ammonia after infection of the urinary tract, which results in alkaline urine. Alkaline urine causes magnesium ammonium phosphate, calcium phosphate and other salt substances in the urine to become supersaturated and to precipitate on the infected mucosa and form mucosal encrustations[1,2]. In addition, urease can also mediate the cytotoxic effect of ammonia on the urothelium[2,11]. However, Del Prete et al[11] found that bladder epithelial cells differentiate into osteoclasts after C. urealyticum infection, triggering the synthesis of typical bone-like protein. They suggested that the formation of mucosal calcification is a process of tissue injury and scar repair regulated by calmodulin. Jelic et al[24] proposed that the formation of mucosal calcification may be related to nanobacterial particles, which can promote the precipitation of free calcium and phosphate in urine under physiological conditions.
EC patients have no specific symptoms. The common symptoms of EC are frequency urgency, urodynia, dysuria, gross hematuria, suprapubic pain, elimination of gritty material or struvite stones with the urine and an ammonia-like odor of the urine[1,3-7,12-16,18,19]. A quarter to half of patients may have fever[1]. There are red blood cells, white blood cells, magnesium ammonium phosphate and calcium phosphate fragments in the urine of EC patients, and the urine pH of most patients is > 7[1,3,4,13]. 
C. urealyticum is a slow-growing, nonhemolytic, Gram-positive, nonsporulating, lipophilic and aerobic opportunistic pathogenic bacterium. It has the typical characteristics of Corynebacterium. The biggest difference between C. urealyticum and other Corynebacterium species is that it has strong urease activity and cannot acidify sugar substances[1,2]. The diagnosis of C. urealyticum requires culture for 48-72 h at 37 °C on media enriched with 5% CO2 or sheep blood agar[1,2]. C. urealyticum can be cultured in urine, scraped calcified foci and blood of patients with bacteremia. The positive standard of culture is a bacterial count of ≥ 105 CFU/mL[1]. For patients with negative culture of C. urealyticum, polymerase chain reaction can also be used to detect the DNA of C. urealyticum[2,20]. 
Sonography, radiography, computed tomography and magnetic resonance imaging are useful diagnostic tools as they can distinguish calcification from bladder mucosa or the bladder cavity[1,4,6,7,11-13,15,19]. Cystoscopy shows erosion of bladder mucosa with calcification. Calcification can be as small as cashmere or as large as stone and embedded in the bladder wall. With the progression of the disease, bladder wall necrosis and calcification can lead to bilateral hydronephrosis and then to renal damage[1,13,17]. Necrosis and calcification of the bladder wall can also lead to decreased bladder compliance and eventually to bladder contracture and complete loss of bladder function[1,3,11]. The main components of calcification are magnesium ammonium phosphate (> 50%), some carbonaceous apatite (15%-35%) and a small amount of other components (such as protein)[1,4,19]. 
The final diagnosis must account for histological examination, which shows three differentiated layers: a superficial layer with necrosis and microcalcifications; an intermediate layer with inflammatory changes; and a third layer corresponding to the bladder muscularis[1,7,11]. Diagnosis of EC can be confirmed by combining the history, symptoms, signs and the above auxiliary examinations. However, sometimes the patients do not have alkaline urine and C. urealyticum is not detected in urine culture[25]. Therefore, early diagnosis is always delayed. The differential diagnoses of bladder mucosal encrustation includes tuberculosis, schistosomiasis, malakoplakia, necrotic urothelial carcinoma and urea-splitting bacterial infections[1,26]. Bladder mucosal encrustation can also occur after intravesical instillations of formaldehyde, cyclophosphamide or mitomycin C[1,26]. In our case, the urine pH was not alkaline and urine culture was sterile. He was not diagnosed with EC until comprehensive analysis of risk factors, symptoms, imaging findings, cystoscopic findings, infrared spectrophotometry of the encrustations and histopathological data.
Treatment of EC consists of three complementary elements: antimicrobial therapy; acidification of urine and chemolysis; and elimination of encrustations that contain microorganisms. Resistance to most antibiotics is a significant characteristic of C. urealyticum[1,2,23]. Therefore, the application of antibiotics should be based on the results of urine culture and drug sensitivity tests. All Corynebacterium are stably sensitive to glycopeptides, especially vancomycin and teicoplanin[1,2,23]. The antibacterial effect of glycopeptides has been proven in experimental and clinical studies, and its efficacy does not depend on urine pH[1]. The course of treatment of glycopeptides is about 14 d to 2 mo[2]. In general, C. urealyticum is highly resistant to β-lactams and aminoglycosides, and its sensitivity to fluoroquinolones, macrolides, keto esters, rifampicin and tetracycline is unstable[2,23,27]. 
Urine acidification therapy includes oral administration and bladder perfusion. The most commonly used oral drug is acetohydroxamic acid[1,28], which has a chemical structure similar to that of urea. It can competitively inhibit the activity of urease, reduce the decomposition of urea and reduce the concentration of urine ammonia and pH[28]. Its urinary excretion rate ranges from 35% to 65%, and the recommended dose is 15 mg/kg/d. It can effectively reduce the urine pH and ammonia concentration[1,28]. The most widely used acid solution is Suby’s G solution (citric acid 32.3 g, sodium carbonate 4.4 g, magnesium oxide 3.8 g, distilled water 1000 mL) and Thomas C24 solution (sodium gluconate 27 g, citric acid 27 g, malic acid 27 g, distilled water 1000 mL)[1]. Because of their ability to form calcium citrate complexes, they can acidify urine and kill bacteria[1]. Antimicrobial therapy is usually combined with urine acidification therapy[1,2]. The combined therapy of anti-infection and urine acidification should last until the lesion mucosa is completely recovered and repeated urine culture is negative. The general course is 4 wk[1]. 
As the calcification contains a large number of bacteria and limits the role of antibiotics, local treatment with cystoscopic or surgical removal of the mucosal encrustations is required (especially when the calcification is thick and cannot be dissolved by urine acidification therapy)[29]. Because the calcification is attached to the mucosa, it may be difficult to completely scrape out at one time. So, repeated operations are required and may lead to massive bleeding of the bladder mucosa[1]. Because of the delayed diagnosis and drug resistance of C. urealyticum, treatment of EC is difficult. If the diagnosis can be established as soon as possible and the correct treatment is given, EC can be completely cured. On the contrary, delayed diagnosis and treatment may lead to bladder contracture and renal insufficiency, which may eventually lead to bladder resection.
In our case, because bacterial culture was negative and urine pH was not alkaline, we did not use glycopeptides and urine acidification therapy. Because of recurrence of calcification on the bladder wall, we performed transurethral removal of mucosal encrustations four times.
Severe urinary tract infections (such as EC) can induce a primary defect in the glycosaminoglycan layer of the mucosa, which result in bladder mucosal edema and erosion. The literature reports bladder instillation of HA is effective for mucosal rehabilitation in patients with recurrent urinary tract infections[30,31]. HA is a major mucopolysaccharide found widely in the connective, epithelial and neural tissues. HA in the urothelium constitutes a protective barrier[32]. In our case, bladder mucosal erosion was also significantly improved after bladder instillation of HA. However, after calcification of the bladder mucosa was removed and the mucosa was repaired, the patient still complained of obvious urgency and frequency. It is known that the urothelium plays a significant role as a pressure-sensing organ with a complex series of transduction mechanisms that modulate the micturition reflex and afferent feedback from the lower urinary tract[33]. BoNT/A can inhibit the release of acetylcholine, ATP and substance P and reduce axonal expression of the capsaicin and purinergic receptors as a primary peripheral effect. This may be followed by central desensitization through a decrease in central uptake of substance P and neurotrophic factors. The summation of these effects is a profound and long-lasting inhibition of the afferent and efferent mechanisms that are thought to be the pathophysiological basis for urgency and frequency[34]. In our case, the urgency and frequency were both relieved after injection of BoNT/A into the bladder submucosal tissue. 

CONCLUSION
In addition to antibiotic therapy, urinary acidification and elimination of mucosal encrustations, there are other therapeutic methods for EC, such as bladder instillation of HA and injection of BoNT/A into the bladder submucosal tissue. 
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Figure Legends
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Figure 1 Ultrasonography. A: Ultrasonography on day 22 after onset of encrusted cystitis showed that the bladder wall was thickened and rough with multiple strong echogenic spots attached to it; B: Ultrasonography on day 60 after onset of encrusted cystitis showed that the bladder wall was thickened (thickest part-9 mm) and rough with multiple strong echogenic spots attached to the wall; C: Ultrasonography on February 8, 2012 showed smooth bladder wall with no hyperechogenic material on it.
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Figure 2 Histopathological examination. A and B: Hematoxylin and eosin staining on day 22 after onset of encrusted cystitis showed inflammatory granulation tissue on the bladder wall with local necrosis and calcification (100 × and 200 ×, respectively); C and D: Hematoxylin and eosin staining on day 45 after onset of encrusted cystitis showed chronic inflammation and epithelial hyperplasia of bladder mucosa. Calcium deposition, proliferation of fibrous tissue, and infiltration of neutrophils, eosinophils and lymphocytes were observed in the lamina propria of the bladder mucosa (100 × and 200 ×, respectively); E and F: Hematoxylin and eosin staining on day 60 after onset of encrusted cystitis showed that the bladder mucosa was edematous and necrotic with many encrusted crystals and a polymorphonuclear infiltrate forming a thick conglomerate (100 × and 200 ×, respectively).
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Figure 3 Radiology findings. A: Computed tomography performed on day 60 after onset of encrusted cystitis showed that the bladder wall had extensive thickening and many calcifications attached to it; B: Intravenous pyelography performed on day 60 after onset of encrusted cystitis showed that the bladder was gourd-like with a rough margin, and hydronephrosis was found in the left upper urinary tract.
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Figure 4 Cystoscopy performed on October 8, 2010 showed a marked inflammatory appearance of all parts of the bladder mucosa with ulcerations and whitish plaques corresponding to multiple encrusted calcifications.
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Figure 5 Cystoscopy performed on November 10, 2010 showed that the top and bilateral bladder wall mucosa still had hyperemia, edema, ulceration and multiple encrusted calcifications.

[image: ]
Figure 6 Cystoscopy performed on December 8, 2010 showed that the ulcers on the top and bilateral bladder wall were cured, but there were still a few encrusted calcifications on the mucosa.
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Figure 7 Cystoscopy performed on February 16, 2011 showed no mucosal ulcers, but there were still a few mucosal encrustations on the top and bilateral bladder wall.
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