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Abstract: Hemorrhagic cystitis (HC) can be one of the most challenging clinical scenarios for urologists to manage. It most commonly
occurs as a toxicity of pelvic radiation therapy or in patients treated with the oxazaphosphorine class of chemotherapy. Successful
management of HC necessitates a stepwise approach with a thorough understanding of the various treatment options. Once ensuring
hemodynamic stability, conservative management includes establishing bladder drainage, manual clot evacuation, and continuous bladder
irrigation through a large-bore urethral catheter. If gross hematuria persists, operative cystoscopy with bladder clot evacuation is often
required. There are multiple intravesical options for treating HC, including alum, aminocaproic acid, prostaglandins, silver nitrate, and
formalin. Formalin is an intravesical option that has caustic effects on the bladder mucosa and is most often reserved as a last-line intravesical
treatment. Non-intravesical management tools include hyperbaric oxygen therapy and oral pentosan polysulfate. If needed, nephrostomy tube
placement or superselective angioembolization of the anterior division of the internal iliac artery can be performed. Finally, cystectomy with
urinary diversion is a definitive, albeit invasive, treatment option for refractory HC. While there is no standardized algorithm, treatment
modalities typically progress from less to more invasive. Clinical judgement and shared decision-making with the patient are required when
choosing therapies for managing HC, as success rates are variable and some treatments may have significant or irreversible effects.
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Introduction

Hemorrhagic cystitis (HC) is a sterile cystitis that results in persistent diffuse bleeding from the bladder mucosa with
resultant gross hematuria. It is most common in patients treated with the oxazaphosphorine class of chemotherapy or
secondary to pelvic radiation therapy (RT). The chemotherapy agents most commonly implicated include ifosfamide or
cyclophosphamide in the setting of bone and soft tissue sarcoma or hematopoietic cell transplantation. It can also present
as a late toxicity of pelvic RT when the bladder is within or near the radiation treatment field (eg prostate cancer, cervical
cancer, etc.). Clinical presentations range from transient painless hematuria or irritative lower urinary tract symptoms to
refractory acute bleeding necessitating transfusion and interventional measures.

Despite the availability of multiple treatment options, management of HC can be challenging, as treatment success
rates vary and in some cases symptoms can be severe and persistent. The objective of this paper is to review the etiology,
presentation, and management of HC, specifically in the context of the urologist’s role in workup and management. Our
intention is not to review an exhaustive list of all agents and treatment modalities reported, but rather to describe
a practical set of tools that the urologist can add to their armamentarium and apply as indicated depending on the
presentation of HC.

Epidemiology
Gross hematuria accounts for approximately 27% of all urologic consultations and between 4% and 20% of inpatient
urologic consultations.'* Regarding HC specifically, radiation cystitis accounts for 5-10% of gross hematuria cases.’
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Among patients presenting to the emergency room for HC related to radiation for prostate cancer, roughly 50%
subsequently undergo invasive procedures.* In the largest series of patients undergoing cystectomy for refractory HC,
radiation was identified as the etiology in 95% of patients.’

In addition, up to 40% of patients who receive the oxazaphosphorine class of chemotherapy (ie cyclopho-
sphamide and ifosfamide) develop HC of various severity, though this rate decreases to less than 5% when
preventive measures are taken.®'” Prolonged and higher doses of these chemotherapeutic agents increase the risk
of HC, such as in patients undergoing hematopoietic cell transplantation and those on chronic oral therapy for
rheumatologic diseases.''

Etiology and Pathophysiology
The most common inciting factors for HC are chemotherapy and pelvic radiation therapy. While multiple chemother-
apeutic agents can cause HC, those most often implicated are the oxazaphosphorine alkylating agents ifosfamide and

cyclophosphamide.'*!?

Ifosfamide and cyclophosphamide result in a proinflammatory cascade that can lead to HC.
Hepatic metabolism of cyclophosphamide and ifosfamide generates the reactive unsaturated aldehyde, acrolein, which is
renally filtered, excreted, and concentrated in the bladder.*'> Acrolein leads to cell death by upregulating reactive
oxygen species and nitric oxide, both of which produce downstream effects resulting in abnormal DNA repair and
increased production of proinflammatory cytokines.'®'” Histologically, these molecular changes manifest as urothelial
damage including bladder mucosal edema, ulceration, and hemorrhage.

The rate of hemorrhagic cystitis resulting from oxazaphosphorine chemotherapeutic agents is significantly reduced
with the use of prophylactic mesna.® '® Mesna is a thiol compound (2-mercaptoethane sulfonate) administered either
subcutaneously or intravenously that inactivates acrolein in the urine. Mesna reduces the rate of HC with gross hematuria
to less than 5%, though microscopic hematuria may still occur in up to 18% of patients.® '° Likewise, hyperhydration at
the time of chemotherapy treatment has been associated with decreased rates of HC.'®'"?

While RT can cause acute bladder inflammation leading to urinary symptoms, HC is typically a late complication
of RT. Following full-dose, standard-fractionation pelvic RT for prostate or gynecologic cancer, HC occurs in 6.5%
to 9% of patients, though it is classified as severe in less than 5%.%°?* It can occur months to years after radiation
treatment, with the median latent period from pelvic radiation therapy to the development of radiation-related HC
being 35 months.***?° The initial response of the bladder to radiation therapy is edema and friability of the
urothelium. Later, there is progressive endarteritis leading to obliteration of the suburothelial vasculature. This
results in ischemia, reperfusion injury, and fibrosis of the mucosa and submucosa. Clinically, during cystoscopy, this
presents itself as visibly dilated and friable vessels that bleed easily.”® Proposed measures to prevent radiation-
related HC include hyperhydration, continuous bladder irrigation, sodium hyaluronate, and cranberry juice or
extract; however, no definitive success with these interventions has been demonstrated, and therefore none are
routinely recommended.’

Presentation

Clinically, patients with HC will often present with some degree of gross hematuria, ranging from mild hematuria to
significant gross hematuria with clots, or even life-threatening hemorrhage. Notably, the intensity of red color change in
the urine does not necessarily reflect the severity of the hematuria, since just 1 mL of blood per liter of urine can cause
visible color change.?’ Additional symptoms may include irritative lower urinary tract symptoms (urgency, frequency,
and dysuria) as well as obstructive symptoms (sensation of incomplete bladder emptying), especially if there is clot
obstruction.

When HC is suspected, it is important to recall that cyclophosphamide or ifosfamide causes hematuria within 24 to 48
hr of administration of a single dose, which can last for approximately 5 days. In addition, these patients may be
thrombocytopenic or have other bleeding disorders related to the underlying pathology that is being treated with
chemotherapy. As previously discussed, HC resulting from RT can occur at any point after RT and is typically months

to years later.>**?3
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Initial Evaluation and Management

Regardless of the etiology of gross hematuria, the initial evaluation in an acute setting should be focused on assessing
hemodynamic stability and ensuring bladder drainage. This assessment includes vital signs, complete blood count,
coagulation profiles, and intravascular volume repletion, including blood products, as indicated. Platelets should be
repleted to maintain levels at >50,000/uL, and consideration should be given to holding of anticoagulation medications
while weighing the risk of thromboembolic events. Physical exam should include abdominal exam and suprapubic
palpation to assess bladder distention. Bladder drainage must be ensured immediately to prevent potential clot retention
and the risk of subsequent bladder rupture. If there is gross hematuria with large clots, a large bore (>22Fr) 3-way
catheter should be placed, and manual irrigation performed for clot extraction. If urine is cleared with manual irrigation
alone, monitoring bladder drainage and providing hydration may adequately control hematuria. However, if significant
hematuria with passage of clots persists, continuous bladder irrigation with normal saline should be initiated. The initial
evaluation and management of hematuria with clot retention is summarized in Figure 1. From there, it is essential to
identify the likely underlying etiology for hematuria as well as any contributing factors to target further management.

If HC secondary to chemotherapy or prior RT is suspected, the urologist must ensure other potential etiologies are
ruled out, including malignancy (eg progression of primary malignancy or secondary malignancy from prior chemother-
apy or radiation), urolithiasis, infection, traumatic injury, and upper urinary tract bleeding, among others. Once stabilized,
the recommended diagnostic evaluation for gross hematuria includes urine cytology, cystoscopy, and upper tract cross-
sectional imaging, preferably with CT urogram (as comorbidities allow).?

During initial evaluation and stabilization, if the clot burden is such that catheter irrigation alone is insufficient to
control the hematuria or clear the clots from the bladder, then the patient should be taken to the operating room for
cystoscopy and clot evacuation under anesthesia. This procedure is also an opportunity to fulgurate bleeding vessels, to
manage any bleeding tumors accordingly, and to potentially establish a diagnosis of HC based on the appearance of the
urothelium. Figure 2 If there is complete catheter obstruction with inability to drain the patient’s bladder, then this trip to
the operating room should be treated as an emergency. In a series of 33 patients with HC from cyclophosphamide
exposure or RT, cystoscopy with clot evacuation (with or without fulguration) resulted in resolution of hematuria without
further need for treatment in 14 (42%) patients.’® Fulguration is typically performed with cautery, however reports of
laser use have also demonstrated success.>’ Attention must be paid to the depth of laser penetration, as bladder

Presentation with Clot Retention
e Insertion of large bore 3-way Foley catheter (22 F or greater), manual irrigation
e |dentify potential risk factors, reversible causes
e Evaluate hemodynamic stability, including hemoglobin
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Figure | Initial evaluation and management of gross hematuria with clot retention. Reproduced with permission from: Linder BJ, Boorjian SA. Management of emergency
bleeding, recalcitrant clots, and hemorrhagic cystitis. AUA Update Series. 2015;34 (Lesson 3).28
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Figure 2 Cystoscopic image of radiation cystitis demonstrating increased vascularity/telangiectasia.

perforation and intestinal injury have been reported.>? Regardless of whether cystoscopy with clot evacuation is curative
for HC, it is often a necessary step to clear the bladder of clot burden prior to administering intravesical therapy.

Interventions for Persistent Hemorrhagic Cystitis

If hematuria persists despite hydration, bladder irrigation, and cystoscopy with clot evacuation, then intravesical
instillations should be considered. Our practice is to trial conservative management for 2—4 days (eg hydration and
normal saline continuous bladder irrigation) if the patient’s clinical status allows and then proceed with cystoscopy and
clot evacuation with or without fulguration. Pending findings and results, a transition to instillation of intravesical
therapies may be needed if patients are not progressing. Care is taken to clear the bladder of all clots prior to intravesical
instillation due to the difficulty associated with clot removal after clots interact with intravesical agents. Of note, data
regarding the efficacy and safety of intravesical therapies are largely limited to case series. While there is no standardized
treatment algorithm for HC, treatments typically progress from less invasive to more invasive and should be based on
shared decision-making with the patient. For patients with symptoms refractory to less-invasive measures, interventional
procedures and surgery are then utilized Figure 3.

Alum

Given a favorable side effect profile and reasonable success rates, alum is commonly the first intravesical therapy
utilized. Alum (aluminum ammonium sulfate or aluminum potassium sulfate) is an intravesical agent that induces
hemostasis by causing protein precipitation, vasoconstriction, and decreased capillary permeability.>*** Our practice is
to irrigate the bladder with a 1% alum solution (50gm alum in 5L of sterile water) at a rate of 250 to 300 mL/hour once
the bladder has been cleared of clots.>® This irrigation is done through a large-bore three-way catheter and can be
initiated after clot evacuation, and treatment can be continued at the bedside without the need for anesthesia. The rate of
alum treatment resulting in resolution of HC ranges from 66% to 100%.%*~*> In the largest studied cohort of alum-treated
patients (n=40), 60% did not require further treatment for HC prior to hospital discharge, and 33% did not require further
treatment for HC at a median follow-up of 17 months.*® Furthermore, the median time to discharge was significantly
shorter for patients who responded to alum than those who did not (3 days vs 13 days).*

Alum generally has a low-risk profile and is well tolerated. The most commonly reported adverse effects are irritative
urinary symptoms such as bladder spasms, which occur in 35% and can be managed with anticholinergic or beta-3 agonist
medications.”>~*® Alum is renally cleared and should therefore be used with caution in patients with renal insufficiency who
are at increased risk of systemic effects. Aluminum toxicity can manifest as mental status changes, malaise, speech disorder,
and seizure.***%37 In patients with renal insufficiency, osteomalacia and anemia can also occur.®® If there is concern for
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Figure 3 Algorithm for managing hemorrhagic cystitis. Reproduced with permission from: Linder BJ, Boorjian SA. Management of emergency bleeding, recalcitrant clots, and
hemorrhagic cystitis. AUA Update Series. 2015;34 (Lesson 3).2®

aluminum toxicity, the alum irrigation should be stopped, and serum aluminum levels checked. In patients with normal renal
function receiving alum, serum aluminum levels have been shown to increase from a mean baseline of 1.68 umol/L to 3.36

pmol/L, while alum toxicity has been reported to occur at a mean aluminum level of 7.4 pmol/L.***

Aminocaproic Acid
Aminocaproic acid is a synthetic lysine that promotes hemostasis by competitively inhibiting plasminogen and plasmin,
resulting in decreased fibrinolysis.*® It can be administered intravesically or orally, as approximately 80% is excreted in
the urine unchanged.*' Intravesical dosing is 200 mg aminocaproic acid/L of 0.9% normal saline, while oral dosing is
100 to 150 mg/kg/day in divided doses. Both intravesical and oral routes of administration have demonstrated 92% to
100% effectiveness in resolving hemorrhagic cystitis, though these data are from small case series with no specific
commenton durability of the treatment.*>**

Adverse events of aminocaproic acid are rare and most often associated with oral administration rather than
intravesical. Such events include thrombotic complications, myopathy, and rhabdomyolysis.*>*® Importantly, a CT
urogram or an equivalent study should be performed to rule out upper urinary tract hemorrhage prior to administration

of oral aminocaproic acid, as upper tract clots can form and cause ureteral obstruction.*’

Prostaglandins
Intravesical prostaglandins include carboprost tromethamine and prostaglandin F2-alpha. These agents lead to vascular
smooth muscle constriction and platelet aggregation.>>** One regimen for intravesical prostaglandin administration is
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50 mL of 4 to 8 mg/L carboprost tromethamine instilled in the bladder for 1 hr followed by bladder drainage and then by
another 50 mL of the solution for another hour. The solution is again drained, and the bladder is irrigated with normal
saline. This can be repeated four times daily for a maximum of 400 mL of carboprost tromethamine administered within
8 hr. The concentration can be increased to 10 mg/L if there is no improvement. In addition, continuous bladder irrigation
using 8 to 10 mg/L solution of carboprost tromethamine at 100 mL/hour for 10 hr can also be tried.** The efficacy of
intravesical prostaglandins in managing HC appears similar to that of alum, with successful control of HC in 60% of
patients in a prospective randomized case series of 19 patients.*®*® While adverse effects of prostaglandins are limited to
bladder spasms, notable drawbacks include higher cost, specific storage requirements, and lower availability.*>*® It is
therefore considered an alternative if other agents are unsuccessful or unavailable.

Silver Nitrate

Silver nitrate induces chemical cauterization of hemorrhagic urothelium as it converts to to nitric acid upon bladder
instillation. Silver nitrate must be mixed with water, as mixture with saline causes precipitation. Solution concentrations
of 0.01% to 1% can be used, though instillation of concentrations 0.5% or higher can be painful and require general or
spinal anesthesia.*’ The available evidence regarding the efficacy of intravesical silver nitrate is limited, with fewer than
20 reported cases of successful HC control.’®>? The most recent report found that intravesical instillation did not result
in resolution of hematuria for the nine patients studied, and all patients required additional interventions and red blood
cell transfusions.*’ Overall, there appears to be a limited role for intravesical silver nitrate in the management of HC. Of
note, silver salts can precipitate during silver nitrate instillation, which can cause obstruction of upper urinary tracts;
therefore, a cystogram should be performed prior to instillation to rule out vesicoureteral reflux.>

Pentosan Polysulfate Sodium

Pentosan polysulfate sodium (PPS) is a heparin analog that is well studied as an oral agent in the treatment of interstitial
cystitis/bladder pain syndrome; it is used off-label for patients with HC.>* It has both anticoagulant and fibrinolytic
properties, but the proposed mechanism of action of PPS is repair of the protective glycosaminoglycan lining of the
urothelium. Several small case series have reported successful treatment of HC resulting from radiation and chemother-
apy-induced HC with the use of oral PPS.>>>° The largest such report included 51 patients treated with 100 mg oral three
times per day, 31 (61%) of whom were able to stop PPS or take a reduced dose without recurrence of hematuria.>®
Similar success was noted in a cohort of 14 patients, with HC following RT, where 10 (71%) of patients achieved
complete resolution of HC following PPS.>> Adverse effects of PPS include headache, nausea, diarrhea, and hepatic
dysfunction; however, most concerning is the potential for maculopathy associated with chronic PPS use. Additionally,
there appears to be an increased risk of maculopathy with higher cumulative exposure to PPS.% Significant associations
between PPS and maculopathy develop after 3 to 5 years of daily exposure to PPS.®* %% This risk led the United States
Food and Drug Administration to issue a statement in the United States Prescribing Information for PPS capsules
describing the risk of maculopathy and the need to conduct annual retinal examinations in patients on chronic PPS.%

Formalin

Intravesical formalin is reserved as a last-line intravesical intervention for recalcitrant HC when other agents have failed.
Formalin is a 37% aqueous solution of formaldehyde that causes protein hydrolysis, resulting in capillary occlusion and
coagulation of the bladder mucosa.**~** It is usually administered initially as a 1% to 2% solution for 10 to 15 min under
gravity instillation (<15 cm H20), and dosing can be escalated if the initial treatment is unsuccessful; concentrations as
high as 10% have been reported.*® Notably, the recommended dosing refers to formalin concentration, not formaldehyde
concentration.>® Instillation is done in the operating room under spinal or general anesthesia due to significant discomfort
associated with instillation of this solution. It is essential to perform a cystogram prior to instillation of formalin to rule
out vesicoureteral reflux and bladder perforation, as reflux of formalin into the ureters could cause ureteral stricture. If
reflux is present, occlusive ureteral catheters can be placed prior to instillation to limit ureteral exposure.®* If bladder

perforation is identified, formalin instillation should not be performed due to the risk of intraperitoneal injury.®>
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When performing formalin instillation, the urethral catheter should be placed on light tension during instillation to
limit urethral exposure, and all exposed skin surfaces should be covered with a combination of plastic adhesive surgical
drapes and copious petroleum jelly. In female patients, vaginal packing should be placed. Prior to instillation, patients
should be counseled on the risk of long-term bladder changes including fibrosis with decreased compliance and capacity,
which can lead to significant voiding symptoms. Other documented complications of intravesical formalin include
ureteral stenosis with resultant hydroureteronephrosis, bladder neck contracture, vesicovaginal fistula, and vesicorectal
fistula.®®

There has been a rare case reporting systemic formalin absorption resulting in death.®®’° Of note, this case was with
formalin instillation at a higher concentration (4%) and with longer dwell times than in contemporary practices (30 min).
Additionally, an animal model (dog) demonstrated that increasing concentrations were associated with higher absorption
rates.”® A previous review found similar results, with higher concentrations and longer dwell times being associated with
a greater risk of complications.”'

Contemporary original research regarding the efficacy of intravesical formalin in treating HC is scarce. In the 1990’s,
a cohort of 35 patients with hemorrhagic radiation cystitis refractory to conservative measures and clot evacuation were
treated with 1% to 4% concentrations of intravesical formalin.®® While there was an initial complete response of 89%
after a single instillation, hematuria recurred in 23% of these patients at a median follow-up of 7 months. Also of note,
31% of patients experienced major complications including bilateral ureteral stenosis, vesicovaginal fistula, and
decreased bladder capacity, ultimately requiring urinary diversion. One patient died from formalin toxicity and hemor-
rhage. A more recent study reported longer-term outcomes in a similar cohort of eight patients (over a 14-year
timeframe) with recalcitrant hemorrhagic radiation cystitis undergoing treatment with 1% to 4% intravesical
formalin.®” At 8 months, 75% (6/8) had a resolution of hematuria, though 33% (2/6) of these patients ultimately required
cystectomy, one for recurrent HC and one for end-stage bladder dysfunction. Similarly, successful resolution of HC has
been reported as high as 88% at follow-up of 4 months in another older study.®®

Tacrolimus

Tacrolimus is a calcineurin inhibitor that has been studied as an agent to treat hemorrhagic cystitis due to its potent anti-
inflammatory effects and ability to induce acute arteriole vasoconstriction.”* Liposomal-encapsulated tacrolimus has been
shown in rat models to decrease symptoms of radiation cystitis, decrease inflammatory histologic changes associated
with radiation damage to the urothelium, and limit systemic absorption of tacrolimus.”>’* Clinical studies on the use of
intravesical tacrolimus are limited, though success has been reported in one case report of refractory radiation-induced
hemorrhagic cystitis.”> Intravesical tacrolimus for hemorrhagic cystitis is not used routinely and remains investigational.

Hyperbaric Oxygen Therapy
If intravesical agents are not successful in controlling hematuria, hyperbaric oxygen therapy (HBOT) is an effective
option for managing HC from both RT and chemotherapy, though most data come from RT-induced HC. Patients are
placed in a pressurized chamber and subjected to 100% inhalational oxygen at a pressure of 2 to 3 atmospheres. Multiple,
usually 2060, treatment sessions ranging from 90 to 120 min each are required.”®®® The mechanism of action is
increased oxygen tension and tissue oxygenation at the level of the urothelium, which promotes angiogenesis and wound
healing.”®-#4 8¢

In several smaller case series, partial or complete resolution of hematuria in patients with at least 12 months of
follow-up occurred in 80% to 90%.%” Several studies reported reconstitution of normal bladder mucosa confirmed
cystoscopically following completion of HBOT.”””®%3 In addition, these studies suggested that response to HBOT was
more favorable when patients were treated within 6 months of hematuria onset.””>”%:83-#8

Larger randomized trials evaluating HBOT for HC demonstrate mixed results. In one study, 36 patients were
randomized to either HBOT (100% oxygen at 2.5 atm for 60 min daily, 7 days per week for 30 days) or intravesical
instillation of hyaluronic acid (40 mg of hyaluronic acid instilled in the bladder for at least 20 min weekly for 1 month

and then monthly for the following 2 months).*® At a follow-up of 12 months, no significant differences between the
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HBOT and intravesical hyaluronic acid groups were detected, with a complete response of 50% (10/20 patients) versus
75% (12/16 patients) and a partial response of 35% (7/20 patients) versus 19% (3/16 patients), respectively.

In contrast, HBOT was shown to offer some benefit over the control group in a randomized controlled trial of 87
patients with radiation cystitis who completed pelvic RT at least 6 months prior.”® Patients were randomized to either
HBOT (100% oxygen at 2.4 to 2.5 atm for 80 to 90 min per session for 30 to 40 sessions) or to a control group that
received no interventions. The primary endpoint was a change in Expanded Prostate Index Composite (EPIC) score,
a validated patient-reported outcomes measure.”’ ** Notably, patients with hematuria requiring ongoing transfusion were
excluded.”® Patients were followed for 4 to 6 months after completion of RT (6 to 8 months post randomization), at
which point 73% of patients randomized to HBOT demonstrated clinically significant improvement, of which 23% had
no change, and 5% worsened according to EPIC score. In the control group, 34% improved, 54% had no change, and
11% worsened. Longer term outcomes were not described.

In general, multi-year follow-up of HBOT is limited, though recurrence rates have been reported from 25% to 73% at
5 years.**® Data is more limited on HBOT to treat cyclophosphamide-associated HC, but small case series do support
a high degree of efficacy at up to 1 year of follow-up.”*"’

Approximately 40% of patients receiving HBOT may experience adverse events associated with HBOT including
otalgia and barotrauma, which may require placement of tympanostomy tubes.’® In addition, hyperoxia-induced transient
myopia with visual changes has been reported in up to 12%.°° Other ocular complications such as cataract formation are

a known risk of HBOT due to oxidative damage.”®"’

Selective Angioembolization

In patients who are hemodynamically unstable because of gross hematuria and in those with refractory HC despite
intravesical agents and HBOT, one may consider selective iliac artery angioembolization. During this procedure, an
interventional radiologist places an occlusive agent (ie coil or gel foam) in the anterior branch of the internal iliac
artery.”™”? Resolution of hematuria following embolization has been reported in up to 100% in some case series and has
been shown to be effective in managing HC resulting from chemotherapy and radiation.'®'** More recently, super-
selective vesical artery embolization, in which only the vesical artery is embolized, has been described, which can result
in resolution of gross hematuria within 48 hr.'° After superselective vesical artery embolization, recurrence has been
reported in 11% to 17% of patients, with follow-up ranging from 11 to 14.5 months; most recurrences were managed
conservatively, while others required repeat angioembolization. Notably, no patients reported bladder or sexual dysfunc-
tion with a median follow-up of 14.5 months.'*'** Risks of selective angioembolization include occlusion of the
posterior branch of the internal iliac artery, which could compromise the superior gluteal artery and lead to gluteal

pain.'® Although rare, another notable risk is bladder necrosis.'*®

Urinary Diversion

In cases of HC refractory to the previously listed treatment modalities, urinary diversion may be necessary. Success with
diversion via percutaneous nephrostomy tubes is limited to small series.'””1% A more definitive intervention comes in
the form of a cystectomy with urinary diversion, which is typically a treatment of last resort given its invasive nature.
This can typically be done with a simple cystectomy and an ileal or transverse colon conduit, taking care to choose bowel
that is unaffected by prior radiation in those with a history of RT.>'*>!'* Alternatively, patients who are not candidates
for intestinal urinary diversion can undergo cystectomy with either cutaneous ureterostomies or ureteral ligation with
percutaneous nephrostomy tube drainage. The largest available series on cystectomy for HC included 21 patients, 81% of
whom had radiation as the underlying etiology.” Severe complications (Clavien III-V) occurred in 42% of cases, with
a 90-d mortality rate of 16%. As such, this treatment remains a last resort for patients with emergency hemorrhage from
the bladder.

Conclusions
HC remains one of the most challenging clinical scenarios for urologists to manage. While there are multiple treatment
options, it is important to bear in mind several practical points. First, for significant gross hematuria with blood clots, the
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patient is at risk of clot obstruction. Therefore, once the patient is initially stabilized, ensuring adequate bladder drainage
is crucial. When considering intravesical options, one should consult with pharmacy personnel to determine which agents
are available, as this varies by institution. In addition, clinical judgement is required to make the decision to escalate
interventions, and one must factor in the patient’s overall clinical and functional status. For example, one must avoid the
pitfall of prolonging the inpatient course with subsequent functional and clinical decline with undue delay in manage-
ment with therapies if they are not improving the hematuria.

In general, for patients who are hemodynamically stable, our practice is to begin with aggressive manual bladder
irrigation to remove clots followed by initiation of continuous bladder irrigation. If hematuria continues despite 48 to 72
hr of bladder irrigation, then we proceed to the operating room for cystoscopy and clot evacuation; we will then start
intravesical instillation of alum in the operating room at the conclusion of the case. We typically use alum since this is
readily available at our institution and our personnel have experience using it. If hematuria persists despite these
measures, we participate in shared decision-making, with the patient regarding options of trialing another non-
formalin intravesical agent, hyperbaric oxygen therapy, or returning to the operating room for formalin instillation.
Beyond this, we discuss proceeding to procedural interventions such as nephrostomy tube placement, selective

angioembolization, or cystectomy with urinary diversion.
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