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Abstract

Haemorrhagic cystitis is a life-threatening condition in which the transitional epithelium and blood vessels of the bladder necrose
leading to severe haematuria, abdominal pain and voiding lower urinary tract symptoms. Aetiology includes chemotherapy
(cyclophosphamide, ifosfamide, busulfan), radiotherapy or infectious agents. We present a paediatric case of a 15-year-old boy
with medulloblastoma who developed haemorrhagic cystitis following cisplatin chemotherapy. All other causes were ruled out
and it is therefore likely that the agent in this case was cisplatin, which has never had haemorrhagic cystitis reported as a side

effect. We also suggest a mechanism for urothelial injury centred around OCT-2 receptors.

An Unusual Cause of Haemorrhagic Cystitis in a Teenager with Medulloblastoma

Haemorrhagic cystitis (HC) is a life-threatening condition in which the transitional epithelium and blood
vessels of the bladder necrose leading to severe haematuria, abdominal pain and voiding lower urinary tract
symptoms!. Often occurring in immunosuppressed patients, aetiology includes chemotherapy (cyclophos-
phamide, ifosfamide, busulfan), radiotherapy or infectious agents (bacterial urinary tract infection, aden-
ovirus, BK polyomavirus (BKV) and cytomegalovirus)?. In many cases no obvious cause can be identified,
but a number of risk factors have been reported in the literature that predispose these patients to developing
HC. The incidence has a wide range between 3% and 35%, dependent on aetiology and disparity between HC
definitions used in research?. Mild HC often resolves spontaneously without complications, but moderate to
severe HC may result in life-threatening complications or death.

The mainstay of treatment lies with blood-clot evacuation with wide bore urinary catheters and contin-
uous bladder irrigation, hyperhydration with intravenous fluids and supportive red cell and/or platelet
transfusion®. Oxybutynin often provides benefit and sodium pentosan polysulphate (SPP) can be used
to replace the damaged glycosaminoglycan layer in the bladder*®. Otherwise management is specific to
the underlying cause. For example, Mesna is given alongside oxazaphosphorine chemotherapy as hepatic
metabolism of these agents forms acrolein, which is excreted in urine and leads to ulceration and necrosis
of the urothelium. Mesna binds acrolein and prevents this. Viral infections can be managed supportively
or treated with antivirals. Evidence is emerging which supports the use of hyperbaric oxygen in radiation-
induced HC3. Treatments such as oestrogen, intravesical alum, or formalin are sometimes considered in
difficult cases®"8.

We present a paediatric case of HC secondary to either cisplatin or lomustine, both of which have never been
reported to have HC as a side effect.

Case

A 15-year-old boy presented with severe headache and vomiting. Emergency CT head showed a mass in
the patient’s fourth ventricle in the posterior fossa, later identified as a Classic Medulloblastoma (WHO



grade IV, WNT-activated, CTNNB1 mutated, M1 Chang stage disease) by biopsy. The patient underwent
a right frontal EVD insertion, posterior fossa craniotomy and resection and a haematoma evacuation. He
was eligible for, and underwent, proton beam therapy to the craniospinal axis with boost to the posterior
fossa. Following this, an MRI showed no recurrent or residual disease and he proceeded with post-operative
chemotherapy.

Following the CCLG standard risk guidelines, he was treated with lomustine, vincristine, cisplatin and
cyclosphosphamide. Details of the chemotherapy are shown in table 1.

In cycle 1, vincristine, lomustine and cisplatin were given on day 1. At day 2, the patient developed
severe haematuria with gross clots, causing significant dysuria. The patient declined catheterisation and was
managed with intravenous fluids at 150% maintenance and analgesia.

Creatinine increased from 56umol/L pre-chemotherapy to 73umol/L. He had a prolonged prothrombin time
(15s) and was given 5mg of vitamin K twice daily. Platelet count was normal.

He subsequently developed significant hesitancy, urgency and dysuria in addition to passing more clots.
The patient was passing urine every 15 minutes at its worst, associated with significant pain. A clinical
diagnosis of HC was made. He required red-cell transfusion for a haemoglobin of 60g/L and was treated
with oxybutynin, SPP and morphine patient-controlled analgesia (PCA) on the advice of urology. A repeat
ultrasound at day 9 showed a thickened, hyperaemic bladder wall with echogenic debris, in keeping with
HC. Catheterisation was felt not to be in the patient’s best interest as despite pain he was passing urine
regularly.

Urine culture was negative with no presence of pyuria or organisms on microscopy. Urine dips were positive
for blood and white cells, but no nitrites. Urine (x2) and plasma samples for BKV were negative. Cy-
tomegalovirus (CMV), Epstein-Barr virus (EBV) and adenovirus serology were negative. Throughout this
episode, the patient’s neutrophils remained within normal range. C-reactive protein was 32mg/L at its peak.

The patient recovered by day 14. Frank haematuria stopped at day 10. Oxybutynin, PCA and SPP were
weaned and further vincristine was delayed to day 21. The patient did not experience a recurrence of HC.

Discussion

Our patient developed grade 3 CTCAE HC, which resolved completely with supportive care. Chemotherapy-
induced HC generally resolves upon withdrawal of the offending agent, along with the treatments described
above. It has a favourable prognosis when compared to HC caused by pelvic radiotherapy, which can recur for
many months post-treatment. Complications are rare in chemical-induced HC but can include acute kidney
injury requiring dialysis, urinary tract obstruction/infection, bladder perforation and death®. Long-term
effects include bladder and upper tract fibrosis as well as reduced bladder capacity. In paediatric patients,
increased mortality is linked to catheterisation, need for dialysis and presence of BKV?.

Infective agents were ruled out in this case. Urine culture was negative with no evidence of pus or white
cells/organisms on microscopy. The absence of pyuria has a negative predictive value of near 90%!!. BKV,
adenovirus and CMV have been implicated in the pathogenesis of HC!2:13 and serology for all was negative.

Pelvic radiotherapy is a known cause of HC. Proton beam therapy, which is increasingly used for medulloblas-
toma in a paediatric population, allows for more precise treatment than traditional photon radiotherapy due
to the Bragg peak phenomenon'? and therefore reduces the damage done to adjacent organs and tissues.
Craniospinal irradiation is carried out to the level of L1 vertebrae and is therefore sufficiently removed from
the bladder to rule out. There is no evidence in the literature that HC can be caused by distant radiotherapy.

A literature review regarding each of the medications the patient was taking (levomepromazine, omeprazole,
ondansetron and paracetamol) revealed one unrelated result when searched with HC on Pubmed. Accidental
administration of cyclophosphamide was excluded after thorough investigation by pharmacy and nursing
staff.



It is possible that the chemotherapy agents the patient received before HC developed are culprits. Vincristine
is mostly hepatically metabolised'® and is commonly used in many chemotherapeutic regimes and is therefore
unlikely to be the cause. Lomustine is metabolised renally, but does not typically cause any renal issues,
unless used for a prolonged period!®.

Cisplatin is a platinum-based alkylating agent used for many malignancies and is well documented to cause
nephrotoxicity due to accumulation in renal tubules!?. The co-transporter protein OCT-2 has been identified
as a key protein for the uptake of cisplatin into renal cells, and cisplatin competitively inhibits other substrates
that are normally taken up via OCT-2. Inside the cell, there are a myriad of mechanisms whereby cisplatin
can cause apoptosis/necrosis of the cell, including upregulation of p53'8. OCT-2 receptors are also found in
the urothelium'®, so it follows that cisplatin could be taken up in a similar way in the bladder and cause
inflammation and necrosis, leading to HC. In addition, carboplatin, a similar akylating agent, which can be
substituted with cisplatin in the CCLG treatment guideline, has been mentioned in one paper as a potential
cause®. Another case reports HC following combination chemotherapy with bleomycin, vinblastine, cisplatin
and etoposide?°.

Given the number of causes for HC, it is possible that cisplatin-induced HC has been underreported. Aden-
ovirus is common among the general population and it is not hard to imagine a rare patient with cisplatin-
induced HC being co-infected with adenovirus and the condition being falsely attributed to the known cause.
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