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Management of RHC in prostate
cancer with selective embolisation and
hyperbaric oxygen therapy

rostate cancer is one of the most

prevalent malignancies affecting

men worldwide. Radiotherapy is a
common treatment modality for localised
and locally advanced prostate cancer. While
radiotherapy can be effective, it may lead
to complications such as radiation-induced
haemorrhagic cystitis (RHC), which has
a reported incidence of 6.5% following
radiation therapy for pelvic malignancy.
Late radiation tissue injury to the bladder
may develop from six months to 20 years
following radiation treatment, with a mean
of 35.5 months following completion of
pelvic radiotherapy [1]. The European
Organization for Research and Treatment
of Cancer / Radiation Therapy Oncology
Group (EORTC / RTOG) classification of
late radiation effects is a commonly used
classification system for grading RHC
(Table 1).

Management of post-radiotherapy
haemorrhagic cystitis in prostate cancer
patients often involves a multidisciplinary
approach, including selective transcatheter
embolisation (STE) and hyperbaric oxygen
therapy (HBOT). This literature review aims
to explore various management strategies
for RHC in prostate cancer, focusing
particularly on the roles of STE and HBOT.

First-line treatment of RHC includes
conservative management with bladder
irrigation with clot-evacuation, IV hydration
and transfusion as necessary. Should
conservative management fail, second-line
treatments consist of intravesical instillation
of astringents such as alum, aminocaproic
acid, or silver nitrate. Systemic therapy with
pentosan polysulfate sodium, conjugated
oestrogen, and tetrachlorodecaoxide
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(WF10) have also been described [2].
In addition to intravesical and systemic
therapies, cystoscopy and fulguration of
bleeding vessels using electrocautery or
laser may be used [3]. If these measures
fail, more invasive or time-intensive options
include HBOT, STE, or urinary diversion with
or without cystectomy.

STE and HBOT have emerged as
promising adjunctive treatments for RHC
in prostate cancer patients. STE targets
bleeding vessels, achieving haemostasis
while preserving surrounding tissue, and
is effective in controlling haemorrhage
in various clinical settings. HBOT, on the
other hand, enhances tissue oxygenation,
promotes angiogenesis, and mitigates
radiation-induced damage, thereby
facilitating wound healing and reducing the
risk of recurrent bleeding episodes.

Several studies have demonstrated the
efficacy of selective embolisation in
managing post-radiotherapy bleeding

in prostate cancer patients. Success is
variably defined across different studies;
when defined as achieving control and
preventing the recurrence of haematuria the
reported success rates ranged from 43%
to 100%, those that focused on technical
success reported up to 88%, and clinical
success reached 100% [4].

STE of the internal iliac artery is a
proven method for managing severe
haematuria related to terminal pelvic
malignancy [4,5]. Typically performed
under local anaesthesia, it involves
retrograde catheterisation of the femoral
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artery on one or two sides using a 5- or
6-F sheath. Selective angiography of the
internal iliac arteries is performed using a
5-F Cobra or Simmons type 2 catheter to
delineate the pelvic arterial anatomy and
selective angiography of the internal iliac
arteries. This delineates pelvic arterial
anatomy, revealing vesical and prostatic
artery origins. Although angiography may
show abnormal vascularity or masses,
extravasation visualisation is rare. Super-
selective catheterisation of vesical or
prostatic branches guided by angiographic
findings is then conducted using a coaxial
microcatheter. Schematic drawings
illustrate the various origins of these
arteries, aiding in procedural planning. The
main techniques of bladder or prostate
angiographic embolisation include, super-
selective embolisation, coil blockade
technique, and selective embolisation.

The most reported complication
was post-embolisation syndrome [6,7].
Additional side-effects may manifest, such
as fever, gluteal pain, nausea, and external
genital oedema. Complications specific to
the accessed vessel were noted, including
transient gluteal claudication with the
inferior mesenteric approach. The presence
of anastomoses between vesical and sacral
lateral arteries necessitates vigilance during
angiography to prevent Brown-Sequard'’s
syndrome, bladder necrosis, gluteal paresis,
or skin necrosis [7-13].

Performing super-selective embolisation
of the bladder or prostate arteries whenever
feasible is recommended to mitigate the
risk of ischaemic complications elsewhere
in the internal iliac region. This approach is
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associated with lower complication rates,
approximately around 10% [14,15].

Certainly, in the majority of studies, a
relatively high mortality rate and short
follow-up duration post-embolisation
was observed. This is largely attributable
to the fact that the target demographic
primarily consists of elderly individuals
with advanced malignancies [16]. Mortality
often results from intercurrent diseases or
disease progression, rather than re-bleeding,
with embolisation frequently negating the
necessity for radical surgery. Notably, the
six-month and 12-month mortality rates
were 66% and 18%, respectively [6]. There
were significant improvements in quality of
life scores following selective embolisation
in prostate cancer patients with post-
radiotherapy bleeding [15].

Transcatheter embolisation is a viable
option for control of RHC in those for
whom less invasive methods have been
unsuccessful. Preference should be given
to selective or super-selective embolisation
when available to lessen possible side
effects.

Hyperbaric oxygen therapy
HBOT is FDA-approved for latent radiation
tissue injuries. Initiating treatment within six
months of presentation has yielded superior
responses. Other than late treatment, risk
factors associated with treatment failure
include higher radiation doses, severe
haematuria, incomplete treatment, and the
use of blood thinners. Besides its efficacy in
addressing haematuria, it has demonstrated
improvements in the lower urinary tract
symptoms linked to radiation cystitis.

HBOT increases oxygen delivery to
damaged tissue 10—-14 times the standard

amount, aiding healing by enhancing oxygen
diffusion. It triggers anti-inflammatory
responses, alters gene expression, boosts
white blood cell activity, and promotes

new blood vessel formation and stem cell
release, crucial for healing delayed radiation
injuries.

HBOT takes place within a specialised
enclosure known as a hyperbaric chamber,
which is pressurised to two to three times
the normal atmospheric pressure (Figure
1). This heightened pressure facilitates
the infusion of more oxygen into the
bloodstream. Treatments are administered
in a medical-grade hyperbaric chamber
following a specific protocol, with pressure
set between 2.0 to 2.4 ATA. Treatment
typically requires 10—-40 ‘dives’ for 60—120
minutes, making it very time-intensive
for patients. The complete response has
been reported in up to 87% of patients with
recurrence ranging from 0-35% in most
studies.

Research into hyperbaric oxygen therapy's
effects on radiation injuries indicates its
safety for soft tissue injuries induced by
radiation therapy in the pelvic region. Over
75% of patients experienced symptom
relief, lasting 6—12 months post-treatment.
Symptoms of delayed radiation injury can
significantly disrupt daily activities, yet
HBOT proves effective, as shown in Cardinal
et als study, where 84% of radiation-
induced haemorrhagic cystitis patients saw
partial or complete resolution of symptoms
between 20 and 100% [17].

The Hyperbaric Medicine Unit (HMU) at
St Richard’s in Chichester is registered with
the Care Quality Commission. It can treat
emergency and non-emergency patients
for the NHS. The Ministry of Defence funds

the provision of the service in support of
military diving and doctors from the Institute
of Naval Medicine participate in the rota for
medical cover. The NHS funds treatment
for decompression illness and a few other
ilinesses. HMU provides a 24-hour on-call
service.

The initial investment for the NHS varies
between £64,800 and £110,000 based
on chosen hardware. Annual expenses,
including capital costs, amortised over
10 years, range from £40,069 to £57,618.
Pre-treatment costs range from £30 to £41.
Oxygen recirculation proves cost-effective
within four to six years [18]. In one of the
private sectors in the UK, the cost is: one
two-hour session — £75, five two-hour
sessions — £320, 10 two-hour sessions —
£600, 20 two-hour sessions — £1080, 40
two-hour sessions — £1960.

Conclusion

Selective transcatheter embolisation (STE)
of the internal iliac artery proves to be a
reliable and safe method for managing
severe bladder haemorrhage, particularly
in cases associated with terminal pelvic
malignancies. Likewise, hyperbaric oxygen
therapy (HBOT) emerges as a low-risk,
effective treatment for haemorrhagic
cystitis with promising success rates

and minimal adverse effects. Early
implementation suggests enhanced
outcomes, positioning HBOT as a primary
intervention. In contrast to invasive options
that may harm bladder tissue, HBOT offers
a non-invasive approach that is able to
address both bleeding and lower urinary
tract symptoms. Despite challenges like
cost and availability, HBOT provides a
valuable, less risky alternative to urinary

““HBOT increases
oxygen delivery to
damaged tissue 10-14
times the standard
amount, aiding healing
by enhancing oxygen
diffusion *°

Figure 1: A modified Royal Navy recompression
chamber which can be pressurised to an equivalent
depth of 85 metres below sea level (reproduced from
www.uhsussex.nhs.uk/services/hyperbaric-medicine/
with kind permission of University Hospitals Sussex
NHS Foundation Trust).
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diversion with cystectomy remaining an
option for suitable patients.
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