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Abstract
(Ozturk H, Mirosoglu B, Aktas S. Hyperbaric oxygen treatment for refractory haemorrhagic cystitis occurring after 
chemotherapy and haematopoietic stem cell transplantation: retrospective analysis of 25 patients. Diving and Hyperbaric 
Medicine. 2022 March 31;52(1):27–34. doi: 10.28920/dhm52.1.27-34. PMID: 35313370.)
Introduction: Intractable haemorrhagic cystitis (HC) is a serious complication of chemotherapy (CT) and haematopoietic 
stem cell transplantation (HSCT). Hyperbaric oxygen treatment (HBOT) is a promising treatment option based on the 
similarities in injury pattern and observed histological changes with radiation induced HC, which is an approved indication. 
We present our experience with HBOT in HC occurring after CT and HSCT.
Methods: Medical fi les of patients who underwent HBOT between the years 2000−2020 for HC that developed after 
chemotherapy and/or HSCT were reviewed. Demographic data, primary diagnosis, history of HC and details of HBOT were 
documented. Treatment outcomes were grouped as complete and partial healing, no response and deterioration.
Results: Twenty-fi ve patients underwent a median of 12 HBOT sessions for HC occurring after CT and HSCT. Complete 
healing was observed in 11 patients whereas haematuria improved in seven patients. HC grades after HBOT were signifi cantly 
better than referral grades. A signifi cant correlation was shown with the number of HBOT sessions and change in haematuria. 
Patients who underwent seven or more HBOT sessions benefi tted most. 
Conclusions: HBOT appears to be a safe and effective treatment for refractory HC following CT and HSCT. Higher quality 
evidence would be needed to prove effi cacy. However, given the diffi culty of conducting randomised controlled trials on 
such a vulnerable and small group of patients with few treatment options, and given the consistency of current observational 
evidence, HC occurring after CT and HSCT may be considered as an optional or investigational indication for HBOT.

Introduction

Haemorrhagic cystitis (HC) is a diffuse bladder infl ammation 
that causes haematuria and other urinary tract complaints. 
Clinical presentation can vary from painless microscopic 
haematuria to severe occlusive haematuria that causes 
renal failure. It can be a life-threatening situation requiring 
challenging treatments with prolonged hospitalisation, 
multiple transfusions and sometimes aggressive interventions 
while impairing quality of life. Acute HC is mostly caused 
by bacterial infections and responds well to treatment.1,2  
Chronic or intractable HC is related mostly to treatment 
of malignancy and can be induced by radiotherapy, some 
chemotherapeutics (particularly cyclophosphamide) 
and haematopoietic stem cell transplantation (HSCT).3  
Interstitial cystitis is another but comparatively rare cause.

Cyclophosphamide is used for preconditioning before HSCT 
and in the treatment of certain solid tumours and lymphoma, 
as well as some immune-infl ammatory conditions like 

systemic lupus erythematosus or Wegener’s granulomatosis.4  
Cyclophosphamide induces HC through its urotoxic 
metabolite acrolein which impairs the integrity of urothelium 
when comes in direct contact and causes mucosal and 
submucosal oedema, ischaemia and cell loss. Consequent 
bleeding from telangiectasic capillaries develops.5  In 
immunocompromised patients, specifi cally after HSCT, 
urotropic viruses like BK Polyoma virus, John Cunningham 
virus or adenovirus types reactivate and replicate in the 
already injured mucosa.6,7  Finally, it is thought an immune 
reaction directed towards virus antigens further damages the 
mucosa leading to haemorrhage.8  HC associated with HSCT 
is regarded as early onset when it starts between 48 hours to 
one week after preconditioning. Late onset HC, conversely, 
may occur weeks after the transplant.3  Histologic changes in 
chemotherapy (CT)- and HSCT-related HC are very similar 
to those in radiation-induced HC, which is characterised by 
progressive endarteritis, mucosal and submucosal oedema 
and infl ammation with cellular hypoxia leading to fi brosis 
and diffuse telangiectasia.9,10
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Management of HC occurring after CT and HSCT is 
primarily based on prevention. Mesna, which binds the 
urotoxic metabolite acrolein in the urine, and supportive 
treatments like hyperhydration (forced diuresis) and 
continuous bladder irrigation are the common methods 
for prevention.6  HC incidence after CT and HSCT has 
declined signifi cantly with these measures however they 
are not always successful and HC may still develop.4  
Supportive treatments are fi rst line options but their effi cacy 
is limited once haemorrhage starts and HC may progress.2  
Spontaneous remission is also possible in some but it may 
take a long time with signifi cant morbidity in the interim.6,11

There is no defi nitive treatment algorithm when prevention 
fails but a wide range of therapeutic approaches have been 
investigated. Systemic use of pentosane polysulphate 
sodium, oestrogens, recombinant factor VII or VIII and 
some growth factors are conservative options however results 
are inconsistent. Intravesical instillation of some agents 
like hyaluronic acid, prostaglandins or alum have been 
reported but evidence for their use is confl icting. Antivirals, 
specifi cally cidofovir (both intravenous and intravesical use) 
were shown to be benefi cial in the presence of virus but 
effi cacy still needs to be validated. Besides, deterioration 
in renal function is a serious concern. Recently cellular 
therapies were introduced but scientifi c support is still 
scarce. Aggressive surgical interventions ranging from clot 
evacuation, fi brin glue application to vesicostomy, selective 
arterial embolization, and even cystectomy may be necessary 
in unresponsive cases.3,6,11

Hyperbaric oxygen treatment (HBOT) has emerged as 
a non-invasive modality for HC occurring after CT and 
HSCT based on the similarity of histological changes to 
radiation-induced HC (an accepted indication for HBOT), 
and promising results have been reported.3,5  It is proposed as 
a safe treatment with recommendation levels similar to other 
options in urological reviews and guidelines.3–6,11  However, 
it is not approved in HC after CT or HSCT by the European 
Committee for Hyperbaric Medicine (ECHM), Undersea and 
Hyperbaric Medicine Society (UHMS) or our local authority 
(the Turkish Ministry of Health) and its use is still limited 
even though refractory HC caused by radiation cystitis 
is approved.12,13  Taking account of cumulative evidence 
from observational clinical reports together with some 
comparative and experimental studies, HC occurring after 
CT and HSCT may be considered for approval as at least a 
weak recommendation.  We report our 20-year experience 
of treating HC occurring after CT and HSCT with HBOT 
to add to the body of observational evidence.

Methods

This single centre retrospective study was approved by 
Istanbul Faculty of Medicine Clinical Research Ethical 
Board with approval number 2017/394.

Patients who underwent HBOT in our department 
between the years 2000–2020 for HC that developed after 
chemotherapy and/or HSCT were identifi ed. Radiation-
induced HC cases were not included. Patient fi les were 
reviewed and demographic data, primary diagnosis, 
history of HC including previous chemotherapy and HSCT 
data, treatment before referral and details of HBOT were 
documented. Severity of HC at the time of presentation and 
at the end of HBOT was graded as proposed elsewhere14 
(Table 1). A classifi cation was developed to assess the 
response to HBOT and treatment outcomes were grouped 
as complete healing, partial healing, no-response and 
deterioration (Table 2). Complete healing and partial healing 
were defi ned as complete resolution of symptoms (HC Grade 
0), or reduction in severity of symptoms without complete 
resolution, respectively.

HYPERBARIC OXYGEN TREATMENT

Hyperbaric oxygen was administered at 243 kPa (2.4 
atmospheres absolute) in a multiplace chamber (Hipertech 
Zyron12, Turkey) once daily, fi ve days per week. Treatment 
involved 15 minutes of compression; three 25-minute 
oxygen breathing periods separated by five-minute air 
breaks; and 15 minutes of decompression. Oxygen was 
administered by a mask. Medical staff attended all sessions.

The number of HBOT sessions was generally determined 
on a case-by-case basis depending on the patient’s response 
and general condition. Patients were primarily followed by 
the referring physician by daily physical examination, blood 
and urine tests. HBOT was stopped when symptoms totally 
resolved or no further improvement was observed, or if a 
patient’s general condition deteriorated unrelated to HBOT.

STATISTICAL ANALYSIS

Data were analysed using IBM SPSS v21.0 software. 
Normality of distribution was evaluated by Kolmogorov-
Smirnov test. Demographic and descriptive data were 
expressed as mean and standard deviation or numbers and 

Grade Manifestations

0
No haematuria, no irritative 
symptoms

I
Non-visible (microscopic) 
haematuria, dysuria

II Macroscopic haematuria

III
Macroscopic haematuria with 
small clots

IV

Gross haematuria with clots 
causing urinary tract obstruction 
requiring instrumentation for clot 
evacuation

Table 1
Haemorrhagic cystitis grading as proposed by Droller et al.14
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percentages where appropriate. HC grades before and after 
HBOT were compared by Wilcoxon test for non-parametric 
paired samples. The Kruskal-Wallis test was used to compare 
number of HBOT sessions applied in all treatment outcome 
groups and the Mann-Whitney U test was used to compare 
pairs of outcome groups. Correlation between number of 
HBOT sessions and treatment outcomes was investigated 
with Spearman’s rho test. The HBOT effi cacy limit was 
determined using receiver operating characteristic (ROC) 
analysis. Signifi cance was accepted at P < 0.05.

Results

Twenty seven patients were treated with HBOT for HC 
occurring after CT or HSCT. Two patients were excluded; 
one had an incomplete record and one ceased treatment due 
to a new diagnosed bladder malignancy.

Demographic data and details of previous medical records for 
the 25 patients analysed are given in Table 3. Female patients 
(mean [SD] age = 23.7 [13.3] years) were signifi cantly older 
than males (15.3 [5.6]) (P = 0.033). Urotropic virus presence 
was confi rmed in 13 patients. Either no virus was detected 
or presence was not reported in the remaining 12 patients.

Patients had received conventional treatments after 
HC occurred. The combination of hyperhydration and 
continuous bladder irrigation was applied to all patients. 
Twenty-two patients had received antibiotic therapy. 
Thirteen patients in whom virus detection was reported had 
received antivirals.  Patients were referred for HBOT after 
they remained unresponsive to their treatments.

Haemorrhagic cystitis grades at the time of referral and at 
the end of HBOT are given in Table 4. Grades after HBOT 
were signifi cantly lower than referral grades. (P < 0.001) 
None of the patients had Grade I at the time of referral. 
Change in number of patients in each HC grade with HBOT 
is given in Figure 1. Of the 25 patients included, 11 (44%) 
healed completely whereas clinical condition improved in 
seven (28%) and did not change in seven (28%) patients. 
Haematuria did not worsen in any patient.

Of the seven patients who did not respond to HBOT, two 
refused to continue after two sessions, one quit after the sixth 
session due to scheduled chemotherapy and in three others 
HBOT was interrupted by their primary physicians after 
the third session due to deterioration in general condition 
unrelated to HBOT. Similarly, in the partial healing group, 
four patients’ treatments were terminated by their primary 
physicians as soon as an improvement was observed despite 
our advice to continue. Complete resolution was reported in 
three of these patients at eight, 10 and 20 days after HBOT. 
Nevertheless, these patients were still classifi ed as being in 
the partial healing group.

The patients underwent a mean of 12 (SD 10) HBOT 
sessions. The mean number of sessions patients underwent 
in each outcome group is given in Table 2. The number of 
sessions applied differed signifi cantly between treatment 
outcomes (χ2 = 13.13; P = 0.001). There was no statistically 
significant difference between the number of sessions 
applied in the total healing and the partial healing group 
but the number of sessions in the no response group was 
signifi cantly less than both the complete and partial healing 
groups (P = 0.002 and 0.008 respectively). A signifi cant 
correlation was shown with the number of sessions applied 
and change in HC grades with HBOT (rho = 0.601, 
P = 0.001).

Outcome Defi nition
Patients
n (%)

HBO sessions
Mean (SD)

Complete healing No residual signs or symptoms 11 (44%) 15 (13)

Partial healing
At least one grade improvement in haematuria 
but complete healing is not present

7 (28%) 14 (5)

No response No change in haematuria 7 (28%) 3 (1)

Deterioration Increase in haematuria 0 0

Table 2
Treatment outcome groups, number of patients and mean number of sessions applied in each outcome group

Patient characteristics

Female / Male, n (%) 9/16 (36% / 64%)

Age, mean (SD) 18.3 (9.8)

Medical details, n (%)

Chemotherapy 25 (100%)

HSCT 22 (88%)

AML 6 (24%)

ALL 10 (40%)

CML 2 (8%)

MDS 4 (16%)

Other (RMS, FA, CID) 3 (12%)

Table 3
Demographic and medical details of the patients; ALL − acute 
lymphocytic leukaemia; AML − acute myeloblastic leukaemia; 
CID − combined immunodefi ciency; CML − chronic myeloid 
leukaemia; FA − Fanconi anaemia; HSCT − haematopoietic 
stem cell transplantation; MDS − myelodysplastic syndrome; 

RMS − rhabdomyosarcoma
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ROC analysis revealed that patients who underwent 
seven (sensitivity = 0.889; specifi city = 1.000) or more 
HBOT sessions benefitted from the treatment more 
(area under curve = 0.964; %95 GA: 0.803−0.999; 
P < 0.0001).

Discussion

The fi rst reports of HBOT use in cyclophosphamide-induced 
HC dates back to the beginning of the 1990s.15,16  Since then 
a number of studies have been published. All these studies 
have a few points in common. (1) Almost all of them are 
either case reports or series. (2) HBOT was applied as a last 
resort after all available treatments of the time had been 
tried. (3) Generally severe cases were referred. (4) Almost 
all studies report successful results with complete cessation 
of haemorrhage. (5) An exact mechanism of action was 
not proposed either in these clinical studies or in the few 
experimental studies conducted later. (6) Similar to many 
other applications of HBOT, treatment protocol (pressure, 
time, frequency, total number of sessions) varied among 
studies. (7) Haematuria generally did not recur during the 
follow up time indicated.

There are no controlled trials of HBOT in HC occurring 
after CT and HSCT but there are several case reports 
all with successful results.17–32  It is possible that only 
cases responding well to HBOT were reported in single 
case reports so case series may provide a more objective 
evaluation of the effi cacy of HBOT. Complete healing was 
reported in all referred patients in two of the fi ve case series 
available and few patients remained unresponsive in the other 
three.9,33–36  The only patient who did not show complete 
healing in one report was reported to have Fanconi anaemia 
and received only fi ve HBOT sessions due to “pressure 
intolerance”.33  In another study, the recovery rate with 
HBOT was 78%; signifi cantly higher than achieved with 
prostaglandin treatment.34  Likewise, seven of ten paediatric 
patients healed completely and haematuria resolved in two 
of the three non-recovered patients shortly after ceasing 
HBOT.35  No recurrence was reported in any of the case 
reports or series so far.

There are few relevant experimental studies however they 
all show benefi cial effects of HBOT on damaged bladder. 
The fi rst study of acrolein-induced HC in rats, showed 
that HBOT applied prior to and after acrolein installation 
increased the amount of intact bladder epithelium.37  Later, 
consecutive animal studies investigating HBOT’s role in 
cyclophosphamide induced HC were conducted.38–41  Initially 
the authors compared protective effects of HBOT and Mesna 
by evaluating changes in bladder weight, ratio of bladder 
weight to body weight and haematuria grades. It was found 
that when HBOT was added to Mesna, urothelial damage 
was minimal and evaluated parameters were comparable to 
the control group.38,39  Their subsequent study investigating 
nitric oxide involvement in CT induced HC and its relation 
to HBOT, showed that HBOT decreased the necrotic area in 
the bladder and concluded that HBOT was more therapeutic 
than prophylactic. They confi rmed this result in their next 
study that showed accelerated urothelial regeneration 
with HBOT.40,41  Recently, HBOT was shown to decrease 
infl ammation, oedema, fi brosis and tissue damage of bladder 
mucosa in a hydrogen peroxide-induced chronic cystitis 
model.42  Results observed in experimental studies are in 
line with clinical reports in general. Yet, well designed 

Haemorrhagic cystitis 
grade before HBOT 

Haemorrhagic cystitis grade after HBOT (n)

Grade IV
(n = 2)

Grade III
(n = 4)

Grade II
(n = 8)

Grade I
(n = 0)

No 
haematuria 

(n = 11)

Grade IV (n =5) 2* 2† 0 0 1‡

Grade III (n =11) 2* 5† 0 4‡

Grade II (n =9) 3* 0 6‡

Grade I (n =0) 0 0

Table 4
Number of patients in each haemorrhagic cystitis grade group before and after HBOT; * no response; † partial healing; ‡ complete healing

Figure 1
Change in the number of patients in each haemorrhagic cystitis 

grade group before and after HBOT
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experimental studies looking into possible mechanism of 
HBOT in HC would fi ll a gap.

The present retrospective analysis of 25 patients showed 
HBOT can be useful for HC occurring after CT and HSCT. 
Apart from being the largest series presented to date, this 
study differs from the previous ones by evaluating the 
response to HBOT in terms of change in haematuria severity 
instead of cure rate alone. This provides a clearer view on 
the effects of HBOT. In our study group, haematuria ceased 
in eleven patients and improved in seven, while no change 
was observed in the rest of the patients. Complete healing 
in our study was less than healing rates reported before. 
However, premature interruption of HBOT was common 
in our patient group whereas only a few patients were 
reported to withdraw prematurely in previous series. It can 
be speculated that outcomes could be better if these patients 
had received more sessions. Indeed, our fi ndings revealed 
that number of HBOT sessions had an impact on treatment 
outcomes. Additionally, the minimum number of sessions 
for HBOT to be effective was found to be seven. Yet, all 
seven patients in the no response group underwent less than 
seven sessions due to problems unrelated to HBOT. Again, 
the possibility of a better outcome with additional sessions 
cannot be ignored.

Naturally, in a group where spontaneous remission is 
possible and other treatment methods are also applied it is 
hard to attribute healing solely to HBOT. However, in our 
study group all patients had received treatments that were 
accepted standard of care at the time they had been treated 
and had remained unresponsive. As was the case in most of 
the previous reports, improvement was observed only after 
they started HBOT. In a recent study that compared HBOT 
with conventional therapies for HC occurring after HSCT, 
HBOT was found to have higher complete resolution rates 
and shorter treatment times.43  A similar result was revealed 
in a study in which HBOT was compared to prostaglandin 
instillations.34

HBOT increases tissue oxygenation and vascular endothelial 
growth factor, initiates stem cell mobilisation, capillary 
angiogenesis and fi broblast proliferation, decreases oedema 
and fi brosis, improves granulation and epithelialization, 
all leading to healing in damaged and ischaemic tissue. 
Moreover, by modulating leukocyte function, it reduces 
pathological infl ammation and enhances immune responses 
to pathogens.9,44  Both in cyclophosphamide- and virus-
induced HC pathological fi ndings show infl ammation and 
ulceration in bladder mucosa. The underlying mechanism 
is thought to be ischaemia which leads to mucosal 
breakdown.7,10  HBOT elevates tissue oxygen tension in 
hypoxic urothelium, normalising tissue healing and so 
helping the repair of damaged bladder mucosa. Provision of 
permanent healing is attributed to this mucosal repair.18,19,23

There is no defi nitive HBOT protocol for HC occurring after 
CT and HSCT and data about number of sessions required 

for efficacy and treatment schedules are inconsistent. 
The minimum number of sessions at which a response 
to treatment was observed is three. In a few other cases, 
haematuria or tamponade were reported to resolve with a 
maximum of fi ve sessions.20,27,28  However, various numbers 
of sessions are reported and an objective analysis about 
minimum effective sessions is not available. Our fi ndings 
may contribute to treatment planning in this regard.

The total number of sessions applied also varies in the 
existing literature but is generally less than 40. Four 
patients were reported to undergo higher number of sessions 
(56, 58, 60 and 84 sessions) until complete healing was 
achieved.22,24,33,34  In the present study, the  majority of 
patients received less than 20 sessions. Two patients who 
eventually healed completely underwent 39 and 42 sessions. 
It is clear that a maximum number of sessions can’t be 
proposed with the limited data available. Nevertheless, when 
the similarity of pathophysiology is considered, common 
practice for radiation induced HC may be adapted.

A similar uncertainty is present about the timing of HBOT. 
In most of the reported cases, HBOT has been used after 
all other treatments fail. However, HBOT is expected to 
be more benefi cial in the earlier period when its possible 
mechanisms of action are considered.19  Besides, HBOT does 
not interfere with other treatment options so can be applied 
as an adjuvant. In fact, one study showed that haematuria 
resolved signifi cantly faster in the patients who started 
HBOT early in the clinical course.33  Several authors suggest 
early referral for HBOT instead of using it as a last resort.18,23

HBOT is a relatively safe modality. The most common 
side effect is middle ear barotrauma which is reversible 
and serious side effects are very rare. No side effects were 
recorded in our patients. The most unusual event reported 
in previous articles is a capillary leak syndrome in a patient 
with Fanconi anaemia.45  This patient developed generalised 
oedema, hallucinations and confusion after the ninth HBOT 
session and all symptoms disappeared when HBOT was 
ceased. The authors speculatively related this condition to 
toxic effects of oxygen and recommended avoiding HBOT 
in HC patients with Fanconi anaemia. Interestingly the only 
patient who remained unresponsive to HBOT in another 
study also had Fanconi anaemia which the author presented 
as a relative contraindication. Apparently, the patient 
withdrew from treatment after fi ve sessions not due to a 
recognized side effect but a condition defi ned as “pressure 
intolerance”.33  Our Fanconi anaemia patient discontinued 
after 11 sessions due to deterioration in general condition. 
His haematuria had improved at the time of cessation and 
later resolved completely. He was included in the partial 
healing group as mentioned earlier. We cannot exclude the 
possibility of an adverse effect since the primary physician 
did not provide details about the patient’s condition.

A more prominent threat to these patients would be cross 
infection during their visits to hyperbaric chamber. They 
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are generally immunosuppressed and prone to infection, 
but in daily practice many patients, specifi cally wound 
care patients, with resistant nosocomial infections are also 
treated in hyperbaric chambers. Therefore, management of 
HC patients at hyperbaric unit and in the chamber would 
require particular care.10  Such a complication has not 
been reported before however all our patients underwent 
exclusive HBOT sessions scheduled as the fi rst session of 
the day and the chamber was disinfected before each session. 
Moreover, patients who require continuous irrigation may 
have diffi culties especially in monoplace chambers. In one 
report, an in-chamber continuous irrigation scheme initially 
used was abandoned due to a bladder rupture that developed 
during a session.46,47

Although remarkable healing has been reported with HBOT, 
its use in HC occurring after CT and HSCT is relatively 
uncommon. This is probably due to the scarcity of robust 
evidence for its use. On the other hand, almost all other 
current and commonly adapted methods also have similar 
or weaker evidence.3,11,48  In the 6th European Conference 
of Infections in Leukaemia (ECIL) treatment guidelines, 
HBOT has similar levels of evidence and recommendation 
to intravenous cidofovir and fi brin glue for the treatment 
of HC after HSCT whereas other approaches are not 
recommended at all.11  In a recent systematic review of BK 
virus-related HC, HBOT was considered to be “effective and 
safe” for treatment and stated to have level 4 evidence with a 
grade C recommendation. A higher level of evidence 
(Level 3) was defi ned only for intravenous cidofovir in this 
review.6  Also, in the Canadian Urological Association’s best 
practice report for paediatric HC, HBOT is again presented 
as “safe, effective and relatively low risk” and stated to have 
Level 3 evidence with a grade B recommendation. Similar 
or weaker evidence was identifi ed for all other therapeutic 
modalities and even preventive measures like hydration or 
Mesna.3

In hyperbaric medicine guidelines, however, HC occurring 
after CT and HSCT is not included while other common 
intractable HC states are. Radiation-induced HC is an 
approved indication by both the ECHM and UHMS. Until 
very recently there was only one randomised trial which 
actually compared effi cacy of hyaluronic acid and HBOT in 
radiation cystitis and other support came from retrospective 
observational studies. It was only in 2019 that a randomised 
clinical trial demonstrating effectiveness of HBOT for 
radiation cystitis was published.49  Interstitial cystitis is 
also an ECHM-approved indication although with a weak 
recommendation (type 3; reasonable to use).12  The level of 
evidence is stated to be low and similarities in the mucosal 
injury with radiation-induced HC forms the basis for 
approval. HC occurring after CT and HSCT also exhibits a 
similar injury pattern and histological change.9,10,19  Although 
there are not any high-level evidence studies like RCTs on 
HBOT use in HC occurring after CT and HSCT, numerous 
observational clinical studies and some comparative studies 

have consistently reported successful results. Experimental 
studies also show reparative effect of HBOT on damaged 
bladder mucosa. When evaluated collectively, there is 
support for evaluation of HC occurring after CT and HSCT 
as an indication for HBOT.

LIMITATIONS

This is the largest series of CT and HSCT-related HC treated 
with HBOT to date but it has some limitations due to the 
retrospective nature of the study. First, long term follow-
up information is absent. Yet, in previous reports, only 
one recurrence which later recovered was reported during 
follow ups extending to 136 months.9,50  Indeed, HBOT is 
considered to provide “permanent healing” and was even 
proposed to be “disease modifying” by some authors.17,25

Also, analysis about viral loads and how they were modifi ed 
with HBOT as well as correlations between treatment 
outcome and onset of HC could not be performed since there 
were missing data in patient fi les. In the studies in which 
viraemia and viruria during HBOT was followed, signifi cant 
decreases in virus counts were observed.4,6,51  HBOT does 
not have a known antiviral effect. Therefore, this decrease 
is probably due to recovery of the hypoxic and infl amed 
bladder mucosa, which may be a convenient environment 
for the opportunistic viruses in these immunocompromised 
patients.

Another important drawback of the study is absence of 
specifi c treatment guidelines for the patient group who 
were treated. Decisions on the referral for HBOT and the 
course of treatments were made on a case-by-case basis. 
The heterogeneity of the collected data made evaluation 
harder. In addition, neither the referring physicians nor the 
HBOT specialists were blinded to the treatments. Therefore, 
possibility of bias in interpreting the clinical course cannot 
be excluded. There is a need for prospective randomised 
controlled trails with clear treatment guidelines and outcome 
reporting.

Conclusions

Haemorrhagic cystits patients have primary diseases which 
are life threatening and have been generally treated with 
hard, sophisticated and expensive therapies. However, HC 
itself can be more serious than the primary disease due to 
the suffering and morbidity it causes. Our study and others 
have shown HBOT is safe and can benefi t these patients. 
It is evident that studies investigating the mechanism 
of action of HBOT specifi cally in HC and prospective 
controlled clinical studies are required. Given the diffi culty 
of conducting randomised trials on such a vulnerable and 
small group of patients with few treatment options, and 
given the consistency of current observational evidence, 
HC occurring after CT and HSCT may be considered as an 
optional or investigational indication for HBOT.
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