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Abstract. – BACKGROUND: Intravesical ba-
cillus Calmette-Guerin (IVBCG) is considered 
the most optimal follow-up therapy for high-risk 
urothelial cancers. Although side effects such 
as cystitis, hematuria, and low-grade fever are 
common, they are generally mild. Severe reac-
tions involving the kidneys are extremely rare. 
Here, we present the case of a 64-year-old male 
who developed acute renal failure due to acute 
tubulointerstitial nephritis (ATIN) following the 
first IVBCG administration. We have also con-
ducted a literature review concerning IVBCG-in-
duced nephritis.

CASE REPORT: A 64-year-old male present-
ed to the Nephrology Department with acute 
kidney injury indicators and hematuria. The pa-
tient was suffering from high-grade papillary 
urothelial carcinoma. Transurethral resection of 
the bladder tumor was performed twice and fol-
lowed by one IVBCG administration – two days 
before the symptoms occurred. The latest fol-
low-up cystoscopy excluded the recurrence of 
the cancer. Laboratory tests displayed hyper-
kalemia, decreased glomerular filtration rate 
(GFR = 4 ml/min/1.73 m2), elevated C-reactive 
protein, and acute metabolic acidosis. Urinaly-
sis showed proteinuria (900 mg/24 h), leukocy-
turia, and erythrocyturia (20,402.7 per microli-
ter). Renal ultrasound demonstrated slight bilat-
eral renal enlargement. The patient was identi-
fied with acute tubulointerstitial nephritis (ATIN). 
The treatment involved intravenous methylpred-
nisolone (250 mg three times every two days 
and then 125 mg four times every two days), fol-
lowed by oral methylprednisolone (24 mg and 
12 mg daily alternately for a week). Piperacillin 
and tazobactam, probiotics, and proton pump 
inhibitors were also administered. Hemodialysis 
was conducted three times. Two weeks after the 
admission, a significant improvement was ob-

served: creatinine decreased to 2.04 mg/dl, and 
GFR increased to 33 ml/min/1.73 m2. The patient 
was discharged with a recommendation to re-
duce the dose of glucocorticosteroids and con-
tinued in the outpatient clinic.

CONCLUSIONS: IVBCG may lead to acute 
kidney injury due to ATIN. Symptoms may oc-
cur as early as after the first IVBCG, contrary 
to previous reports. Patients should be regular-
ly assessed for potential complications, includ-
ing creatine level measurement, after each IVB-
CG treatment.
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Introduction

Transitional cell carcinoma (TCC), alterna-
tively known as urothelial carcinoma, stands as 
the prevailing form of bladder cancer, with the 
papillary subtype being the most predominant. 
Intravesical bacillus Calmette-Guerin (IVBCG) 
serves as the premier adjuvant treatment for 
high-risk, non-muscle-invasive bladder cancer 
and is acknowledged as the gold standard for 
preventing recurrence or progression. It has 
been utilized since 19761 and consists of six 
weekly administrations conducted a few weeks 
after resection, followed by subsequent instil-
lations as maintenance therapy2. At least three 
cycles of maintenance BCG are necessary to 
significantly lower the recurrence rate3. The pre-
cise mechanism underlying IVBCG remains to 
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be fully comprehended. However, it is believed 
that IVBCG triggers a strong innate immune 
response lasting several weeks that results in 
sustained adaptive immunity. The activation of 
urothelial and antigen-presenting cells fosters 
the infiltration of granulocytes and mononuclear 
cells near the tumor tissue through cytokine 
stimulation4,5. Other studies6 suggest that trained 
immunity might be a key mechanism in mediat-
ing BCG immunotherapy. This understanding 
could pave the way for enhancing personalized 
BCG treatment strategies for non-muscle-inva-
sive bladder cancer6.

Several investigations over the years aimed 
to increase the treatment efficiency by replacing 
IVBCG. A comparison7 of intravesical Mitomy-
cin C (MMC) chemotherapy and IVBCG showed 
no difference in the recurrence rates. What is 
more, a significant number of MMC patients ex-
perienced severe cystitis or hypersensitivity reac-
tions. In contrast, the vast majority of the patients 
receiving BCG therapy had only mild or moder-
ate side effects7,8. IVBCG was also revealed to be 
more effective intravesical immunotherapy for 
superficial TCC of the urinary bladder compared 
to interferon alpha-2b9.

Despite its effectiveness, IVBCG does come 
with certain side effects. Dysuria and increased 
urinary frequency often accompany IVBCG as 
common side effects10. However, a large study5 

consisting of over 2,600 patients revealed that 
95% of patients experienced no severe adverse 
effects. The predominant severe side effects in-
cluded fever exceeding 39.5ºC (2.9%), hematuria 
(1.0%), granulomatous prostatitis (0.9%), gran-
ulomatous pneumonitis or hepatitis (0.7%), and 
arthralgia (0.5%). Additionally, extremely rare 
occurrences of epididymitis, severely dissemi-
nated IVBCG sepsis, rashes, ureteral obstruc-
tion, bladder contraction, and renal abscesses 
were reported, each with an incidence lower than 
0.5%. Renal complications following IVBCG are 
extremely rare. However, they have been report-
ed11-21. We report a 64-year-old male patient 
who experienced acute renal failure as a result 
of acute tubulointerstitial nephritis (ATIN) fol-
lowing the first IVBCG instillation. Among all 
reported cases, our case is characterized by the 
highest creatinine levels, nearly twice as much 
as the highest second one (12.14 mg/dl vs. 6.58 
mg/dl). This underscores the severity of this 
patient’s state and underlines the necessity of 
proper therapy when managing IVBCG renal 
complications.

Case Presentation

A 64-year-old male presented to the Nephrol-
ogy Department in January 2023 with acute kid-
ney injury indicators and hematuria. The symp-
toms had persisted for several days before. 

The patient had a history of high-grade papillary 
urothelial carcinoma. As a result, transurethral re-
section of bladder tumor (TURBT) was performed 
twice (September and November 2022). Afterward, 
he underwent IVBCG immunotherapy. It is worth 
noting that it had been performed in January 2023, 
two days before the symptoms occurred. The latest 
follow-up cystoscopy excluded the recurrence of 
the cancer. Past medical history included hyperten-
sion, chronic ischemic heart disease, and Warthin’s 
tumor of the parotid gland (treated surgically in 
2022). The medications involved were telmisartan, 
nebivolol, and atorvastatin. 

As shown in Table I, laboratory tests displayed 
hyperkalemia (6.03 mmol/l), high serum creati-
nine concentration, markedly decreased glomeru-
lar filtration rate (GFR = 4 ml/min/1.73 m2), high 
serum urea concentration, elevated C-reactive 
protein, and acute metabolic acidosis. Urinalysis 
showed proteinuria, leukocyturia, and massive 
erythrocyturia (20,402.7 per microliter). Renal 
ultrasound demonstrated slight bilateral renal en-
largement.

The patient was identified with ATIN and treat-
ed immediately. First and foremost, intravenous 
methylprednisolone (250 mg three times every 
two days and then 125 mg every two days four 
times) was administered. This was followed by 
oral methylprednisolone (24 mg and 12 mg daily 
alternately for a week), as Figure 1 demonstrates. 
Due to severe renal dysfunction, hemodialysis 
was required three times. The treatment also 
required intravenous piperacillin and tazobactam 
(4.5 g, 1-0-1 for 14 days), proton pump inhibitor 
(40 mg, 1-0-0), and probiotics. Telmisartan was 
replaced by lercanidipine (10 mg, 1-0-0) and 
doxazosin (4 mg, 0-0-1) was introduced due to 
increased risk of hyperkalemia and further renal 
suppression. 

Three weeks after the admission, a significant 
improvement was observed: creatinine dropped 
to 2.04 mg/dl and GFR increased to 33 ml/
min/1.73 m2 (Figure 2). Several laboratory pa-
rameters normalized within the reference range, 
including potassium, C-reactive protein, and gas-
ometry parameters. The patient was discharged 
with a recommendation to reduce the dose of glu-
cocorticosteroids and continued in the outpatient 
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clinic. He was also advised to perform a control 
laboratory test a month after leaving the Nephrol-
ogy Department.

Discussion

Our patient was identified with ATIN as an 
IVBCG complication. ATIN often results in acute 
renal failure, and it arises from immune-mediated 
injury to the tubulointerstitial region. ATIN is 
distinguished by the infiltration of inflammatory 
cells and edema, impacting both the tubules and 
the interstitial tissues of the kidney. The predom-

inant inflammatory cell types involved are pri-
marily T-lymphocytes (CD8+), along with mono-
nuclear cells, macrophages, and eosinophils22. 
BCG was found23 to be the second most common 
cause of ATIN among various chemotherapeu-
tics, including ifosfamide, tyrosine kinase inhibi-
tors, and pemetrexed. 

It is the first reported case that describes severe 
renal nephritis following the first dose of IVBCG. 
The toxicity has been reported5 to be notably cor-
related with the number of administrations, as se-
vere side effects have only been noted following a 
few administrations. This notion is supported by 
our literature review (Table II) – grave compli-

Table I. Selected patient’s laboratory tests (performed during admission and three weeks after admission).

 Laboratory Results on admission Results 3 weeks after Reference range
 test [unit] admission [unit] [unit]

Potassium (serum) 6.03 [mmol/l] 4.77 [mmol/l] 3.5-5.1 [mmol/l]
Creatinine (serum) 12.14 [mg/dl] 2.04 [mg/dl] 0.7-1.2 [mg/dl]
Urea (serum) 390 [mg/dl] 55 [mg/dl] 17-50 [mg/dl]
GFR 4 [ml/min/1.73 m2] 33 [ml/min/1.73 m2] >90 [ml/min/1.73 m2]
CRP 38.9 [mg/l] 1.5 [mg/l] <5 [mg/l]
Protein (urine) 100 [mg/dl] 15 [mg/dl] <15 [mg/dl]
Leukocyte (urine) 570.9 [per microliter] Absent <13.2 [per microliter]
Erythrocyte (urine) 20,402.7 [per microliter] Absent <13.6 [per microliter]
pH (capillary) 7.25 7.41 7.35-7.45
PaCO2 (capillary) 18.8 [mmHg] 34.8 [mmHg] 35-45 [mmHg]
Bicarbonate (capillary) 8 [mmol/l] 21.4 [mmol/l] 21-27 [mmol/l]
Base excess (capillary) -17.7 [mEq/l] -2.2 [mEq/l] -2.3 to 2.3 [mEq/l]

GFR = glomerular filtration rate, CRP = C-reactive protein, PaCO2 = arterial carbon dioxide pressure.

Figure 1. Steroid treatment. Red colour (Phases 1-2) represents intravenous methylprednisolone administration, while colours 
green and blue represent oral methylprednisolone administration. The treatment was divided into subsequent phases, each 
phase consisted of subsequent cycles, while each cycle consisted of 2 days. Phase 8 signifies maintenance dose. The dashed 
line marks the end of hospitalization. Doses are shown in miligrams. For instance, phase 4 consisted of 7 cycles and lasted 14 
days, during every ‘odd’ day of the cycle (1., 3., 5., …) 24 mg of methylprednisolone were administered, while during every 
‘even’ day (2., 4., 6., …) the daily dose consisted of 12 mg of methylprednisolone. 
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Figure 2. Changes in glomerular filtration rate (GFR) during treatment.

Table II. Literature review concerning renal inflammation incidents following IVBCG. 

       Creatinine Creatinine
       before after
     No. BCG  treatment treatment
 Reference Age Sex Renal histology administration Therapy (mg/dL) (mg/dL)

Modesto et al11 70 M Epithelioid granulomas  11 ATT (I) + P 3 1.8
   with giant cells     

Modesto et al11 70 M Interstitial fibrosis  18 ATT 5.4 NAa
   with diffuse mononuclear  (I + E; 8  
   infiltrates without   months) + P  
   granulomas, mesangial  (single  
   IgM and C3 deposits   course), HD  
     (2 months)  

Modesto et al11 48 M Diffused mesangial 3 ATT (I+R; 1.3 NA
   proliferation with   6 months)  
   moderate interstitial     
   fibrosis, without    
   granulomas,    
    subendothelial IgG    
   and C3 deposits    

Fry et al12 72 M Acute tubulointerstitial  3 ATT (I+R),  6.31 1.97
   nephritis without   P 
   granulomas; 30% of     
   glomeruli were abnormal,    
   with focal segmental     
   mesangial proliferation    
   without necrosis    

Continued



P. Tyburski, J. Sikora, M. Miedziaszczyk, Z. Niemir, I. Idasiak-Piechocka

4294

ATT = anti-tuberculosis treatment, I = isoniazid, PY = pyrazinamide, E = ethambutol, HD = hemodialysis, P = prednisone, MP 
= methylprednisolone, NA = not available.

Table II (Continued). Literature review concerning renal inflammation incidents following IVBCG. 

       Creatinine Creatinine
       before after
     No. BCG  treatment treatment
 Reference Age Sex Renal histology administration Therapy (mg/dL) (mg/dL)

Kennedy et al13 72 F Diffuse tubulointerstitial  5 P 3.13 1.7
   nephritis, patchy     
   inflammatory infiltrate    
   included lymphocytes,    
   plasma cells, histiocytes    
   and a moderate number of    
   eosinophils, tubular    
   degeneration, intramural     
   lymhocytes, non-necrotizing    
   granulomas present, mild     
   interstitial fibrosis, mesangial    
    deposits of IgM and C3    

Jose Manzanera 76 M Acute interstitial nephritis,  4 MP (3 days),  6.58 3.5
Escribano et al14   diffuse interstitial cellular   P  
   infiltrate of lymphocytes,    
   plasma cells, and eosinophils,    
   without granulomas    

Mohammed 73 F Interstitial inflammation  16 P 4.04 NA
et al15   with moderate lymphocytic     
   infiltration, eosinophils and    
   a non-caseating granuloma    

Soda et al16 67 F Granulomatous nephritis  4  ATT (PY +  NA NA
   contai multinucleated giant  I + E + R)  
   cells and central necrosis    

Singh et al17 54 M Membranous  6 P NA NA
   glomerulonephritis, diffuse     
   thickening of basement    
   membrane without     
   significant proliferative     
   activity, capillary wall and     
   glomerular deposits of     
   IgM, C3, and IgG    

Tamzali et al18 79 M No renalbiopsy 2  ATT 4.38 NA
     (I + E + R)

Tsukada et al19 80 M Crescentic and fibrinoid  4  MP (3 days), 3.6 3.6
   necrotizing   P, 3
   glomerulonephritis in   plasmapheresis
   20% of glomeruli, IgA  sessions, 
   deposits mainly in  HD
   the mesangium    

Garcia et al20 70 M No biopsy, pyelonephritis 5 I (3 months) NA NA

Bijol et al21 76 M IgA nephropathy, extensive NA NA NA NA
   necrotizing granulomatous    
   inflammation    
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cations usually arise between the third and fifth 
course – it has never been reported after the first 
administration. Since the complication may occur 
so soon, it is especially important to be aware of 
possible renal complications of IVBCG. We rec-
ommend conducting regular follow-up appoint-
ments after each IVBCG instillation. Patients 
ought to be examined alongside basic laboratory 
tests, including serum creatinine levels. 

IVBCG-induced ATIN also seems to occur 
more frequently in the elderly (69.35 ± 8.65 years). 
This corresponds well with the literature data as 
the prevalence of ATIN in general has risen in 
recent years, particularly among seniors. This 
increase is likely linked to a higher incidence of 
drug-induced ATIN24. However, our review sug-
gests increased frequency in males (77%). At the 
same time, available epidemiological findings24,25 
concerning ATIN, in general, indicate either no 
significant difference in incidence between males 
and females or a slight female preference. More 
investigations are required to determine the cause 
of this phenomenon.

There is a discernible cause-and-effect asso-
ciation between the administration of IVBCG 
therapy in our case and the onset of ATIN. The 
patient displayed typical acute kidney indicators 
(decreased urine production, edema, confusion, 
lethargy) for two days following IVBCG admin-
istration. While ATIN typically arises in patients 
who have been exposed to a variety of medica-
tions26, no correlation has been reported between 
the use of telmisartan/nebivolol/atorvastatin and 
the development of ATIN. ATIN can also occur 
from infections, autoimmune and systemic dis-
eases, environmental exposures, and some idio-
pathic causes22. However, the fact that the symp-
toms followed the first IVBCG administration 
in a short period of time makes this explanation 
highly unlikely in our case.

The renal function gradually improved after 
steroid administration. Although there was some 
variability in the dosage and duration of steroid 
therapy, the standard ATIN treatment regimen in-
volves intravenous methylprednisolone followed 
by oral prednisone22. This regularity is confirmed 
by our literature review – in the majority of cases, 
prednisone or methylprednisone (or both) are in-
volved. It has been documented23 that steroid use 
seemed to improve outcomes in ATIN, compared 
to conservative treatment. Another aspect is the 
use of anti-tuberculosis treatment in such cases: it 
has been introduced in 6 of 13 reported nephritis 
cases11-21. Our case lacked notable systemic signs 

and involvement of other organs and showed no 
evidence of mycobacterial infection. Therefore, 
we decided not to administer an anti-tubercu-
lar regimen. As mentioned above, it is unclear 
whether tuberculostatic drugs should be adminis-
tered to patients with similar cases. However, ob-
servational studies27,28 report that administering 
isoniazid prophylactically during IVBCG does 
not result in a reduction in severe side effects of 
IVBCG.

Conclusions

IVBCG, a renowned urothelial carcinoma 
treatment method, may induce severe acute re-
nal failure due to ATIN. Symptoms may occur 
as soon as after the first IVBCG, as in our case, 
contrary to the previous reports. This high-
lights the need for regular assessment of po-
tential complications, including renal compli-
cations, after each IVBCG. This ATIN subtype 
appears to have a higher incidence in males and 
elderly people. In the case of IVBCG-induced 
ATIN, the treatment should consist of steroids: 
intravenous methylprednisolone followed by 
oral prednisolone. As long as there are no signs 
of notable systemic signs, involvement of other 
organs, or mycobacterial infection evidence, 
there are no recommendations for anti-tuber-
culotic treatment.
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