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A B S T R A C T

Purpose: to map (a) methodological features, (b) Haemorrhagic Cystitis (HC) preventive and treatment inter-
ventions scrutinized to date, (c) outcomes measured, and (d) trends in effectiveness as documented among
Haematopoietic Stem Cell Transplanted (HSCT) adults.
Methods: A scoping review was performed in 2018. Medline, CINAHL, and Cochrane Systematic Reviews da-
tabases were researched using “haemorrhagic cystitis”, “prevention”, “treatment”, “prevent*” and “treat*” as
search terms. Handsearching was also performed. Clinical trials, randomized controlled trials, comparative and
observational studies, reviews, systematic reviews and meta-analyses published in English and concerning adults
were all included.
Results: Fifteen primary studies, mainly monocentric, retrospective and with a sample size <200, were iden-
tified. Seven focused on preventive (mainly continuous bladder irrigation and mesna) and eight on treatment
interventions (mainly intravenous and intravesical cidofovir). The onset of micro and macrohaematuria and the
clinical resolution of HC were the main measured outcomes. Positive effectiveness trends were apparent for
mesna and cidofovir.
Conclusions: In HC prevention and treatment, published primary studies are sparse and further research is re-
quired with larger, multicenter, and longitudinal designs conducted at international levels, with standardized
methods, interventions, outcome measures, and reported data.

1. Introduction

In 2017, around 172,910 new cases of haemolymphopoietic tu-
mours have been diagnosed in the US (Siegel et al., 2017). In patients
whose disease is not responsive to conventional therapies, Haemato-
poietic Stem Cell Transplantation (HSCT) has been reported as the last
therapeutic choice. According to recent data, 45,418 HSCTs have been
performed by 683 teams across 63 European and affiliated countries. Of
these, 18,281 (40%) have been allogeneic and 27,137 (60%) auto-
logous (Annual Report of the European Society for Blood and Marrow
Transplantation [EBMT], 2018). In these patients, Haemorrhagic Cy-
stitis (HC) has been documented as a severe complication causing
bleeding from the bladder mucosa and symptoms ranging from micro-
haematuria to pain, dysuria, severe haematuria and potential retention
of clots and, ultimately, renal failure (Gaziev et al., 2010). The in-
cidence of HC has been reported to range from 18% to 40% (Gonella
et al., 2015; Hadjibabaie et al., 2008; Tsuboi et al., 2003), reaching
severe grades in 4–8% of cases (Lee et al., 2003; Xu et al., 2007).
HC is defined as Early Onset Haemorrhagic Cystitis (EOHC) when it

occurs within 48 h, or Late Onset Haemorrhagic Cystitis (LOHC) when
it occurs after 48 h from the conditioning regime (Russel et al., 1994).
EOHC has been associated with a conditioning regime involving alky-
lating agents such as oxazafosforine (cyclophosphamide [CY] and
ifosfamide) and busulfan (Lee et al., 2003). The aetiology of LOHC is
less well understood and is associated with the reactivation of some
viruses (Adenovirus [ADV] and BK virus [BKV] Cesaro et al., 2013;
Sakurada et al., 2016), acute Graft Versus Host Disease (GVHD)
(Federoff, 2008; Hadjibabaie et al., 2008), the use of high doses of anti-
thymocyte globulins, the type of HSCT performed and the compatibility
between the donor and the recipient (Gonella et al., 2015; Xu et al.,
2007).
At the patient level, HC has been reported to increase the in-hospital

stay and the risk of mortality (Cesaro et al., 2013; Tsuboi et al., 2003).
Therefore, with the aim of preventing and managing this complication,
various studies have been performed to date, including the pediatric
population.
Among the preventive interventions, studies have mostly focused on

decreasing the concentration of acrolein and its contact time with the
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urothelium for example by administering Continuous Bladder Irrigation
(CBI) (Gonella et al., 2015; Hadjibabaie et al., 2008; Vose et al., 1993).
Urine alkalinization, hyperhydration (Cesaro et al., 2013; Gonella et al.,
2015) and forced diuresis (Bedi et al., 1995) have also been docu-
mented. Moreover, 2-mercaptoethane sodium sulphonate (or mesna), a
widely used pharmacological agent, has been tested for its capacity to
react with acrolein, making it less toxic at the bladder level, in addition
to CBI, hydration and urine alkalinization (Gonella et al., 2015;
Hadjibabaie et al., 2008).
In terms of treatments, antivirals have been widely used in HC as-

sociated with BK virus (Miyamura et al., 2000; Paduch, 2007; Philippe
et al., 2016). Prostaglandins have also been studied for more than 20
years, with the conclusion that they are safe and inexpensive treat-
ments, especially in refractory HC (Ippoliti et al., 1995; Laszlo et al.,
1995). Tranexamic and e-aminocaproic acid as haemostatic agents,
intravesical instillations of formalin and alum (Roskopf et al., 2002),
hyaluronic acid (Miodosky et al., 2006) and fibrin glue (Tirindelli et al.,
2009) have also been studied over the years. Recently, studies have
suggested the use of specific T-BKV cells as the best therapeutic option
to treat HC and to minimize the risks of GVHD (Mani et al., 2014;
Tzannou et al., 2017) while Hyperbaric Oxygen Therapy has been
suggested for severe grades of HC (Mackey, 2012; Philippe et al., 2016).
Cystoscopy with clot evacuation, cautery and surgical interventions
(including radical cystectomies) has also been reported in patients at
risk of death (Dropulic and Jones, 2008; Ippoliti et al., 1995). Alongside
these treatments, supportive interventions aimed at providing comfort
to patients have also been studied (Ippoliti et al., 1995; Philippe et al.,
2016; Pihusch et al., 2005).
Various reviews (for example, Mackey, 2012; Philippe et al., 2016)

have been conducted to date particularly on HC treatments in HSCT
adults; however, no systematic review has been performed and no gold
standards have been established in the field. Furthermore, to our best
knowledge, no reviews have been performed on the preventive inter-
ventions which are crucial in the clinical practice of nurses. Therefore,
with the aim to support the development of more focused lines of re-
search on both HC prevention and treatment the intent of our study was
to map:

(a) the methodological features of research performed to date in the
field,

(b) the preventive and treatment interventions scrutinized,
(c) the outcomes measured to establish their effectiveness, and
(d) the trends in effectiveness as documented in studies including HSCT

adult population with HC.

The HSCT population was considered given its high risk of devel-
oping HC due to different factors, such as the conditioning regime (Lee
et al., 2003), the reactivation of some viruses (Cesaro et al., 2013;
Sakurada et al., 2016), the acute GVHD (Federoff, 2008; Hadjibabaie
et al., 2008), and the use of high doses of anti-thymocyte globulins
(Gonella et al., 2015; Xu et al., 2007) which are all less probable in
other populations, thus characterizing those receiving HSCT as unique.

2. Methods

2.1. Study design

A scoping review was performed in 2017 and updated on June 15th,
2018, following the procedure defined by Levac et al. (2010): (a)
identification of the research question(s), (b) identification of relevant
studies, (c) selection of studies for inclusion, (d) collection of data, and
(e) collation, summary, and reporting of the findings. Specifically, the
Preferred Reporting Items for Systematic reviews and Meta-Analyses
extension for Scoping Reviews (PRISMA-ScR, Tricco et al., 2018)
Checklist was followed to report the process and the findings of the
Scoping review as reported in the Supplementary Table 1.

2.2. Research questions

According to the study aims, the research questions were the fol-
lowing:

(a) Which studies have investigated interventions aimed at preventing
or managing HC in adult HSCT patients?

(b) Which preventive and treatment interventions have been studied in
the field?

(c) Which outcomes have been measured in the available studies, and
(d) Which trends in effectiveness of interventions tested have been

documented to date?

2.3. Relevant studies

The Medline and Current Index to Nursing and Allied Health
Literature (CINAHL) databases, and Cochrane Database of Systematic
Reviews (CDSR) were searched using free text-words given that the
Mesh Term “Haemorrhagic Cystitis” has not been established to date.
The following text-words were used: “haemorrhagic cystitis”, “pre-
vention”, “treatment”, “prevent*” and “treat*” combined by using the
Boolean operators “AND” and “OR”. Specifically, in Medline database,
the search string was: “haemorrhagic cystitis AND (prevention OR
treatment)” and “haemorrhagic cystitis AND (prevent* OR treat*)”;
moreover, in order to include a wider amount of studies, the keyword
“Hemorrhagic cystitis” was used for CINAHL and for CDSR database.
Handsearching was also performed.

2.4. Study selection

Studies satisfying the following inclusion criteria were selected: (a)
clinical trials, randomized controlled trials (RCTs), comparative and
observational studies including also case series, reviews, systematic
reviews and meta-analyses; (b) published in English; and (c) concerning
post HSCT adults (19 + years). Therefore, single case reports, com-
ments, letters, preclinical studies, as well as studies including patients
not undergoing HSCT or including the paediatric population were all
excluded.
Two researchers (CV, MV) screened the titles and abstracts against

the inclusion criteria independently in the first stage and then reaching
a consensus on eligible studies. The full text of articles that met the
inclusion criteria was retrieved and reviewed for their final inclusion by
the same researchers (CV, MV) independently, and then with common
agreement. Furthermore, in the four reviews emerged (Lynch and
Kajon, 2016; Mackey, 2012; Philippe et al., 2016; Satyanarayana et al.,
2014) primary studies non consistent with the inclusion criteria were
removed. For example, four out of five studies from the Mackey's re-
view (2012) (Bridges et al., 2006; Focosi et al., 2009; Eisen et al., 2009;
Rao et al., 2009) were removed as the first two were case reports, the
third focused on paediatric patients and the fourth was a letter. More-
over, one study (Ganguly et al., 2010) included in two reviews (Mackey,
2012; Philippe et al., 2016) was considered as a unique study.
A total of 11 sources were included: one was split according to its

double nature as a retrospective and a review study (Philippe et al.,
2016). Therefore, 15 primary studies were included: (a) eight of them
were primary studies, and (b) seven were retrieved inside of reviews.
The full process is reported in Fig. 1 according to the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
(Moher et al., 2009).

2.5. Data extraction and synthesis

The following data was extracted:

(a) For the first and second research questions: publication (authors,
year, country), aim(s), study design, units involved (monocentric
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vs. no) and study duration, population (sample size, age, gender)
and preventive or treatment intervention(s) performed both in the
exposed and in the control group;

(b) For the third research question: the outcome(s) measured (for ex-
ample, grading of HC, time of appearance of HC, incidence of HC);

(c) For the fourth research question: trend in effectiveness as reported
by studies for HC preventive and treatment interventions.

Two researchers (CV, MV) read the full text carefully and then ex-
tracted data independently before agreeing on them.
Given the aim of the scoping review, the quality of the studies in-

cluded was not assessed (Levac et al., 2010).

3. Results

3.1. Study methodological features

As reported in Table 1, eight primary studies, and four reviews
(Lynch and Kajon, 2016; Mackey, 2012; Philippe et al., 2016;

Satyanarayana et al., 2014) were retrieved. Specifically, the review of
Philippe et al. (2016) was based upon two studies, a retrospective
primary study and a literature review: according to its double nature,
the study was reported twice.
Nine studies were conducted in the USA (Bedi et al., 1995; Breitz

et al., 2003; Ganguly et al., 2010; Giralt et al., 2003; Ippoliti et al.,
1995; La Rosa et al., 2001; Miller et al., 2011; Savona et al., 2007; Vose
et al., 1993), two in France (Gilis et al., 2014; Philippe et al., 2016), and
the remaining in Italy (Gonella et al., 2015), Iran (Hadjibabaie et al.,
2008), Korea (Lee et al., 2015) and Japan (Kawakami et al., 1997),
respectively. Only three studies were multicentric in nature (Breitz
et al., 2003; Giralt et al., 2003; Gonella et al., 2015).
The majority of studies were retrospective in nature (Ganguly et al.,

2010; Gilis et al., 2014; Gonella et al., 2015; La Rosa et al., 2001; Lee
et al., 2015; Philippe et al., 2016; Savona et al., 2007); three were Phase
I/II trials (Breitz et al., 2003; Giralt et al., 2003; Ippoliti et al., 1995);
two were RCTs (Bedi et al., 1995; Vose et al., 1993), and the remaining
were quasi-experimental (Hadjibabaie et al., 2008), perspective (case
series, Kawakami et al., 1997) and both retrospective and prospective

Fig. 1. Flow-diagram of the review process according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Moher et al., 2009)
Abbreviations: CINAHL: Current Index to Nursing and Allied Health Literature; CDSR: Cochrane Database of Systematic Reviews databases; HC: Haemorrhagic
Cystitis. HSCT: haematopoietic stem cells transplanted.
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studies (Miller et al., 2011).
The review of Mackey (2012) included studies performed from 1997

to 2010 and Philippe et al. (2016) from 2005 to 2015. Primary studies
collected data from 1989 (Vose et al., 1993) to 2015 (Philippe et al.,
2016). However, Breitz et al. (2003) did not report when data collection
was performed; Lynch and Kajon (2016) and Satyanarayana et al.
(2014) did not report the timeframe used in the process of study in-
clusion.
Studies retrieved included from two (Kawakami et al., 1997) to 200

patients (Vose et al., 1993). Six studies showed a male gender pre-
dominance (Bedi et al., 1995; Ganguly et al., 2010; Gonella et al., 2015;
Hadjibabaie et al., 2008; Mackey, 2012; Vose et al., 1993). The in-
cluded patients were affected by different clinical conditions (for ex-
ample, acute myeloid/lymphoblastic leukaemia, chronic myeloid leu-
kaemia); Vose et al. (1993) also included patients with non-
haematological diseases such as breast cancer, sarcoma, neuroblastoma,
thymoma, and uterine cervix cancer.
Some patients had undergone autologous transplantation (Breitz

et al., 2003; Giralt et al., 2003), allogeneic transplantation from siblings
(Hadjibabaie et al., 2008; Kawakami et al., 1997; Lee et al., 2015; Miller
et al., 2011; Mackey, 2012; Philippe et al., 2016; Savona et al., 2007),
auto and allogeneic transplantation (Bedi et al., 1995; Gonella et al.,
2015; Ippoliti et al., 1995; La Rosa et al., 2001; Vose et al., 1993),
Matched Unrelated Donor transplantation (Ganguly et al., 2010;
Gonella et al., 2015; Kawakami et al., 1997; Miller et al., 2011; Mackey,
2012; Savona et al., 2007) and allogeneic transplantation from the
umbilical cord (Ganguly et al., 2010; Gilis et al., 2014; Gonella et al.,
2015; Lee et al., 2015; Miller et al., 2011; Philippe et al., 2016).
Seven primary studies were focused on the effectiveness of pre-

ventive interventions (Bedi et al., 1995; Breitz et al., 2003; Giralt et al.,
2003; Gonella et al., 2015; Hadjibabaie et al., 2008; Miller et al., 2011;
Vose et al., 1993) and eight on treatments (Ippoliti et al., 1995; Ganguly
et al., 2010; La Rosa et al., 2001; Kawakami et al., 1997; Savona et al.,
2007; Gillis et al., 2014; Lee et al., 2015; Philippe et al., 2016) among
HSCT adult population.

3.2. Preventive interventions

As reported in Table 1, the first preventive intervention regarding
HC among adult HSCT patients, dated back to 1993 when Vose et al.
(1993) randomized 200 patients to receive intravenous mesna (daily
dose of 100% of the daily cyclophosphamide [CY] dose), from 1 h be-
fore the first CY administration by continuous infusion, and at 24 h after
the last CY dose (=103). In the other study arm (=97), patients re-
ceived CBI with normal saline at 200mL/h through a three-way Foley
catheter for 12 h after the end of CY administration. Furthermore, all
patients received intravenous hydration with normal saline at a rate of
250mL/h.
A few years later, the mesna was administered at 60mg/kg per day

(120% of the daily CY dose) in five intravenous doses 30min before and
3, 6, 9, and 12 h after each dose of CY (n=71) (Bedi et al., 1995). All
patients received intravenous hydration and furosemide if the urine
output decreased <1.5mL/kg/h in any 4-h period, the urine specific
gravity was >1.010, or if the body weight increased >1 kg with re-
spect to that recorded on admission.
Ten years later, Breitz et al. (2003) and Giralt et al. (2003) studied

the effectiveness of CBI (at 200mL/h) compared to hydration and fre-
quent voiding every 2 h: they studied the same population (n=83),
who received escalation doses of radiotherapy with 20–40 Gy of 1⁶⁶Ho-
DOTMP in addition to melphalan (140–200mg/m2) and Total Body
Irradiation (TBI) (8 Gy).
The two most recent preventive studies focused on patients re-

ceiving CBI (Gonella et al., 2015; Hadjibabaie et al., 2008). The treated
group in the non-randomized controlled trial by Hadjibabaie et al.
(2008) was subjected to CBI with normal saline at a rate of 300mL/h,
starting 12 h before the first dose of CY in addition to intravenousTa
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mesna, vigorous hydration with dextrose water or normal saline con-
taining potassium chloride, and alkalinization with sodium bicarbo-
nate. The control group did not receive CBI. Gonella et al. (2015) in-
stead studied the effectiveness of mesna: 51 patients were catheterized
and underwent CBI at a rate of 300mL/h of normal saline through a
three-way Foley catheter on the day of the first dose of CY until 48/72 h
after the last drug dose. The other 107 recipients did not undergo CBI.
All patients received mesna (3863mL daily) and hyperhydration
(2500mL daily) with the exception of one patient (n=157) who was
allergic to the medication; 147 patients received sodium bicarbonate
(980mL daily) for diuresis alkalinization while 139 received antibiotic
prophylaxis with fluoroquinolones.
Regarding the preventive interventions tested, different dosages and

timings were used across studies: for example, mesna was started from
30 (Bedi et al., 1995) to 60min (Vose et al., 1993) before the first in-
fusion of CY and was continued until 12 (Bedi et al., 1995), 18

(Hadjibabaie et al., 2008) or 24 h (Vose et al., 1993) after the last dose
of CY. Mesna was administered through a bolus route with repeated
administration (Bedi et al., 1995; Hadjibabaie et al., 2008) or by con-
tinuous infusion (Vose et al., 1993). Gonella et al. (2015) did not spe-
cify the administration route. Daily mesna dose was established in re-
lation to the daily dose of CY, ranging from 100% to 120% of the daily
CY dose (Bedi et al., 1995; Hadjibabaie et al., 2008; Vose et al., 1993).
Moreover, CBI with normal saline was administered at 200mL/h (Giralt

et al., 2003; Vose et al., 1993) and 300mL/h (Gonella et al., 2015;
Hadjibabaie et al., 2008) prior to and until the day following 1⁶⁶Ho-DOTMP
(Giralt et al., 2003), or until 12 (Vose et al., 1993) or 48 h (Gonella et al.,
2015; Hadjibabaie et al., 2008) after the last CY dose. Breitz et al. (2003)
did not specify the solution used, nor the speed of the CBI.
Intravenous hyperhydration was also performed in all preventive

studies with different dosages and/or timings: Gonella et al. (2015) and
Vose et al. (1993) used 250mL/h, whereas Bedi et al. (1995) reported a

Table 2
Trends in effectiveness of preventive and treatment interventions for HC.

Preventive Interventions Studies Microscopic
haematuria

Macroscopic
haematuria

Bladder toxicity using
dosimetry MIRD

CBI Vose et al. (1993) ↓
Breitz et al. (2003) ↑
Giralt et al. (2003) ↑
Hadjibabaie et al. (2008) ↑
Gonella et al. (2015) ↓

Mesna Vose et al. (1993) ↑
Bedi et al. (1995) ↑
Hadjibabaie et al. (2008) ↑
Gonella et al. (2015) ↑

Intravenous hydration Hadjibabaie et al. (2008) ↑
Gonella et al. (2015) ↑

Hyperhydration and forced diuresis Bedi et al. (1995) ↑
Breitz et al. (2003) ↓
Giralt et al. (2003) ↓

Diuresis alkalinization Hadjibabaie et al. (2008) ↑
Gonella et al. (2015) ↑

Fluoroquinolones Gonella et al. (2015) ↕
Orally ciprofloxacin Miller et al. (2011) ↑

Treatment Interventions Studies Resolution of macroscopic haematuria
for 48 hours after end of treatment

Subjective or clinically improvement in
symptoms or reduction of HC grade

Full symptom remission
of HC

Intravesical carboprost Ippoliti et al. (1995) ↑
Intravenous CDV Ganguly et al. (2010) ↑

Gilis et al. (2014) ↑
Lee et al. (2015) ↑
Philippe et al. (2016) ↑
Savona et al. (2007) ↑

Intravesical CDV Philippe et al. (2016) ↑
Intravenous and intravesical CDV Ganguly et al. (2010) ↑

Philippe et al. (2016) ↕
Intravenous ribavirin La Rosa et al. (2001) ↓
Intravenous vidarabine Kawakami et al. (1997) ↕
Immunoglobulin infusions Gilis et al. (2014) ↑
Oral probenecid Philippe et al. (2016) ↕
Intravesical hyaluronic acid Lee et al. (2015) ↕
Formalin and alum instillation Gilis et al. (2014) ↑

Ippoliti et al. (1995) ↑
Oral ciprofloxacin Gilis et al. (2014) ↑
Aminocaproic acid Ippoliti et al. (1995) ↑
Hyperbaric oxygen therapy Gilis et al. (2014) ↑
Position change after intravesical

instillation
Ippoliti et al. (1995) ↕

CBI Ippoliti et al. (1995) ↑
Lee et al. (2015) ↕ (to reduce BKV viral load)
Philippe et al. (2016)* ↕

Fulguration/
cauterization

Gilis et al. (2014) ↑
Ippoliti et al. (1995) ↑

Cystectomy Gilis et al. (2014) ↑

Abbreviations:
CBI: Continuous Bladder Irrigation; CDV: Cidofovir; HC: Haemorrhagic Cystitis; MIRD: Medical Internal Radiation Dosimetry.
↑: effective; ↓: ineffective ↕: no indicators of/data on effectiveness; *as supportive measure
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dosage of 2mL/kg/h from 12 h before CY until 24 h after the last CY
dose. Finally, Giralt et al. (2003) and Hadjibabaie et al. (2008) ad-
ministered normal saline and 5% dextrose at the rate of 200mL/h.
Breitz et al. (2003) did not specify the solution infused.
Differently from the preventive strategies studied by above-mentioned

authors, Miller et al. (2011), focused upon the preventive effectiveness of
oral ciprofloxacin by administering 500mg every 12 h from the day of
transplantation until the 60th day after the transplantation.

3.3. Treatment interventions

As reported in Table 1, the first two treatment studies regarding HC
among adult HSCT patients performed in the late 1990s aimed to establish
the effectiveness of (a) intravesical carboprost, a prostaglandin F₂α ana-
logue, and (b) intravenous vidarabine. With regards to the first study,
Ippoliti et al. (1995) treated 24 adults with escalating doses of carboprost,
after failure of first-line therapy. In Phase I, a total of 11 patients received
carboprost at 0.2mg/dL in 50mL saline instilled into the bladder for
60min every 6 h within 1 h of preparation. During this time, the bladder
catheter was clamped, and patients were instructed to change position
every 15min. Prior to each administration of carboprost, clots were evac-
uated from the bladder by hand irrigation. In Phase II, carboprost was
initiated in 13 patients at a dose of 0.8mg/dL; among the eight patients
who did not respond to carboprost initially, two were treated with cysto-
scopy and fulguration, one with formalin instillation, two with alum in-
stillation and administration of aminocaproic acid, and one each with
platelet transfusion or CBI.
With regards to the second, Kawakami et al. (1997), performed a

case series study by including six patients and two of them developed
HC. Intravenous vidarabine was administered at the dose of 10mg/kg/
day for five days.
In more recent years, Ganguly et al. (2010) investigated how to treat

BKV-associated HC using the antiviral cidofovir (CDV). They adminis-
tered intravenous CDV in 18 patients symptomatic to BK virus at
0.5 mL/kg once a week, and four patients required combination therapy
using the intravesical route (5mg/kg in 60mL of normal saline within
15min until symptom resolution); the bladder catheter was clamped for
60min after infusion.
The effectiveness of CDV was also documented by Philippe et al.

(2016) in their retrospective study in which intravenous CDV (5mg/kg
median dose in four median injections mostly once a week for 2 weeks
and then two injections at 2-week intervals) was administered in 24
patients; the intravesical route and the intravenous plus intravesical
one was used in one and two patients, respectively. Oral probenecid
was given 3 h before CDV and 3 h after the end of CDV to reduce
bladder toxicity. Finally, Lee et al. (2015) and Savona et al. (2007)
administered low-dose CDV (1mg/kg) for a median of four doses while
Gilis et al. (2014) administered high-dose CDV (5mg/kg average dose)
in four injections, once a week for a median duration of 26 days.
In patients who manifested clinical failure after CDV or carboprost

administration, a salvage therapy contributed to the resolution of HC:
alum instillation and cauterization/fulguration were applied in both
Ippoliti et al. (1995) and Gilis et al. (2014).

3.4. Studied outcomes and trends

As reported in Table 2, the effectiveness of the preventive interventions
was measured by considering the reduction in appearance of micro- and
macroscopic haematuria (Bedi et al., 1995; Breitz et al., 2003; Giralt et al.,
2003; Gonella et al., 2015; Miller et al., 2011; Hadjibabaie et al., 2008;
Vose et al., 1993) using different methods of grading. In Breitz et al.
(2003) and Giralt et al. (2003) the appearance of haematuria was scored
using the NCI score (NCI, 2018); Hadjibabaie et al. (2008) used the Droller
et al. (1982) score while Gonella et al. (2015) used a more recent score
developed by Leung et al. (2002). Moreover, Bedi et al. (1995) used a
score developed by themselves (Bedi et al., 1995) while Vose et al. (1993)

did not report the score used.
Methods used to measure the outcomes varied: for example, mid-

stream urine specimens were collected and examined before cytotoxic
therapy, twice a week during hospital stay and during each weekly clinic
visit after patient discharge (Bedi et al., 1995). Bladder toxicity related to
radiotherapy was determined using dosimetry (MIRD dynamic bladder
model) (Breitz et al., 2003; Giralt et al., 2003) and by collecting and
analysing urine samples at 0–6-h intervals (Giralt et al., 2003).
However, according to the findings, they showed positive trends of

effectiveness with regard to mesna, intravenous hydration and diuresis
alkalinisation and for the ciprofloxacin; in contrast, there is a non-
homogeneous trend for the effectiveness of CBI across studies, as re-
ported in Table 2.
The effectiveness of treatment interventions has also been in-

vestigated by considering the complete response to the intervention
applied, as defined by (a) the resolution of macroscopic haematuria for
48 h after the end of treatment (Ippoliti et al., 1995), (b) the subjective
or clinical improvement in symptoms or reduction in grade of HC se-
verity (La Rosa et al., 2001; Lee et al., 2015; Kawakami et al., 1997;
Savona et al., 2007) or (c) in the full symptom remission of HC
(Ganguly et al., 2010; Gilis et al., 2014; Philippe et al., 2016). More-
over, partial responses such as the downgrading of BKV-HC severity
have also been reported (Gilis et al., 2014; Philippe et al., 2016).
According to the findings, there are positive trends of effectiveness

with regard to CDV, carboprost, formalin and alum instillations, as
reported in Table 2.

3.4.1. Secondary research outcomes
Secondary outcomes were pain (Ippoliti et al., 1995; Vose et al.,

1993) and discomfort (Ganguly et al., 2010; Gonella et al., 2015;
Hadjibabaie et al., 2008; Vose et al., 1993) but no specific tools were
used to detect their intensity. Moreover, discomfort was reported as
mild (Gonella et al., 2015; Hadjibabaie et al., 2008) or moderate–severe
(Vose et al., 1993) and was associated with bladder spasms (Ippoliti
et al., 1995; Vose et al., 1993), restriction in movements (Vose et al.,
1993) or the insertion of a Foley catheter and CBI (Ganguly et al., 2010;
Ippoliti et al., 1995; Vose et al., 1993).

4. Discussion

4.1. Study methodological features

Studies relating to the topic under consideration are sparse and require
further investments with larger, multicentre, and longitudinal study de-
signs conducted at the international level. In fact, only 15 primary studies
were identified regarding patients undergoing HSCT: most of them were
performed in the USA, and were mainly based upon retrospective and
monocentric study designs. These studies were published from 1993 (Vose
et al., 1993) to 2016 (Philippe et al., 2016), a period in which the number
of transplants increased (EBMT, 2018). However, despite the documented
prevalence and incidence of HC (Hadjibabaie et al., 2008; Tsuboi et al.,
2003), as well as its negative impact on patients (Cesaro et al., 2013),
studies have only included small sample sizes to date.
Gender was not always equally represented across studies, with a

tendency to include male patients in six primary out of 15; the age of
the included patients was wide, ranging from 19 (Lee et al., 2015) to 71
years (Giralt et al., 2003), possibly because age is not considered as a
risk factor in developing HC (Gonella et al., 2015; Xu et al., 2007).
However, studies included patients undergoing different transplanta-
tion strategies (for example, autologous, allogeneic) that have been
documented as having different risks of HC with a higher incidence
among allogeneic transplantation (Gonella et al., 2015; Vose et al.,
1993; Xu et al., 2007).

4.1.1. Preventive interventions
Preventive studies have analyzed the role of intravenous mesna
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(Bedi et al., 1995) and that of mesna as compared to CBI (Vose et al.,
1993). In more recent years, authors have compared CBI to hyperhy-
dration (Breitz et al., 2003; Giralt et al., 2003; Gonella et al., 2015;
Hadjibabaie et al., 2008). However, the most studied intervention to
date has been the administration of CBI, as reported in five studies
(Breitz et al., 2003; Giralt et al., 2003; Gonella et al., 2015; Hadjibabaie
et al., 2008; Vose et al., 1993) and the intravenous administration of
mesna, as reported in four studies (Bedi et al., 1995; Gonella et al.,
2015; Hadjibabaie et al., 2008; Vose et al., 1993). Moreover, preventive
measures have often been studied in combination, as in Bedi et al.
(1995), where the effectiveness of mesna was investigated in addition
to two interventions (hydration and furosemide) against forced diuresis
only; and in Breitz et al. (2003) and Giralt et al. (2003), where CBI was
compared to hyperhydration and forced diuresis. Furthermore, four
interventions (mesna, intravenous hydration, diuresis alkalinization
and administration of fluoroquinolones) were investigated in combi-
nation by Gonella et al. (2015) and Hadjibabaie et al. (2008).
With regard to studies investigating the same interventions, a wide

variety of dosages, timings, and routes of administration have been used:
in retrospective study designs, this can be due to the different practices
and protocols already used in the involved units. However, future studies
should be based on standardized methods of preventive intervention ad-
ministration and a standardized set of data should be reported.

4.1.2. Treatment interventions
CDV has been the most investigated HC treatment, with intravenous

administration in five studies (Ganguly et al., 2010; Gilis et al., 2014;
Lee et al., 2015; Philippe et al., 2016; Savona et al., 2007), intravesical
administration in one study (Philippe et al., 2016), and both in-
travenous and intravesical administration in two studies (Ganguly
et al., 2010; Philippe et al., 2016). In contrast, intravesical carboprost
was only documented by Ippoliti et al. (1995), in whose study patients
were also asked to frequently change their position after the instillation,
without reporting data concerning their perceptions.
Concerning CVD administration, there has been great variability across

studies, for example, in the retrospective section of Philippe et al.'s study
(2016), authors reported the use of intravenous CDV in addition to in-
travesical administration in one patient; the same combination was re-
ported in four patients by Ganguly et al. (2010). Moreover, in the retro-
spective section of Philippe et al.'s (2016) study, intravenous CDV was
given in association with oral probenecid aimed at reducing the risk of
renal failure; in contrast, one primary study administered intravenous CDV
in combination with four other measures: hyperhydration, CBI, fluor-
oquinolones and hyaluronic acid (Lee et al., 2015). Furthermore, in ad-
dition to the different routes of administration or combinations of inter-
ventions, administration procedures also varied: for example, the dosage
of intravenous CDV ranged from a minimum of 0.5mg/kg/dose once a
week (Ganguly et al., 2010) to a maximum of 5mg/kg/dose weekly
(Philippe et al., 2016). The median number of CDV injections was reported
in four injections in Philippe et al. (2016) and in six in Ganguly et al.
(2010), where administration was continued until the resolution of
symptoms. Only Lee et al. (2015) administered CDV diluted in normal
saline solution. In addition, only two studies provided a salvage therapy
(Ippoliti et al., 1995; Gilis et al., 2014), suggesting that future studies
testing HC treatments should be based on standardized methods of inter-
vention administration as well as on a standardized data reporting system
aimed at supporting both clinicians and researchers in their decision-
making.

4.2. Primary and secondary study outcomes and trends

The administration of mesna, intravenous hydration and diuresis
alkalinization seem to be effective at preventing HC, while intravenous
CDV appears to be the most effective treatment. Contrarily, CBI showed
variable preventive effectiveness among studies (Gonella et al., 2015;
Hadjibabaie et al., 2008).

As primary outcomes, macroscopic and microscopic haematuria
were considered as indicators of effectiveness among the preventive
studies. In contrast, full symptom remission of HC, resolution of mac-
roscopic haematuria for 48 h after treatment and subjective improve-
ment in symptoms or reduction of HC grade were reported as indicators
of effectiveness in treatment studies. Moreover, even the severity of HC
was measured using different tools: for example, the NCI CTCAE score
was used in three studies (Breitz et al., 2003; Giralt et al., 2003; Ippoliti
et al., 1995), and the Leung et al. (2002) and Droller et al. (1982) scores
in two (Gonella et al., 2015; Hadjibabaie et al., 2008). Therefore, it is
recommended that future studies use standardized measures of out-
comes aimed at increasing the ability to compare findings and to per-
form a meta-analysis.
Pain and discomfort were the most frequent symptoms reported;

Gonella et al. (2015) suggested to consider the risk/benefit ratio of
preventive catheterization and CBI as associated with discomfort and a
high risk of UTIs. Moreover, only Vose et al. (1993) reported side effects
perceived by patients as physical discomfort associated with CBI and
bladder catheterization on a daily basis. Other studies documented ef-
fects as reported by clinicians, suggesting that future studies should also
consider the patients’ perspective by using valid instruments to record
their perceptions.

4.3. Limitations

This scoping review has several limitations: although based upon a
systematic approach, where also handsearching was performed, some
studies could have been missed. Moreover, only studies as emerged in
three databases and published in English were included, therefore in-
troducing a potential selection bias.
Researchers classified the emerged interventions as preventive or

treatment according to their main intent. However, some studies re-
ported also some supportive measures (for example, Philippe et al.,
2016) while other did not (for example, Gilis et al., 2014). Authors are
encouraged to report the intent of each intervention under study thus
allowing for comparison of their effectiveness.

5. Conclusions

The intent of the stud was to map HC prevention and treatment
interventions in adult hematological patients after transplantation as
researched to date aiming at identifying more focused lines of research.
Studies emerged are sparse, monocentric in nature, and with high
heterogeneity in methods, interventions, and measures thus preventing
the establishment of gold standards in a clinical field where, due to HC,
the quality of life is further decreased in addition to that compromised
by the underlying disease and treatments.
To date, the studied preventive interventions have been intravenous

hyperhydration, alkalinization of urine, forced diuresis, administration
of mesna, and CBI, with conflicting findings. HC treatment studies have
been more often documented, and mainly reported the intravesical and
intravenous administration of cidofovir with positive trends in effec-
tiveness.
Nurses can have a great role in designing further studies aiming at

establishing preventive strategies. Moreover, also those focused upon
treatment interventions, all require methodologically sound studies
using homogeneous outcomes, with more standardized approaches in
intervention administration procedures. There is also a need to design
longitudinal and multicentric studies thus capable of involving large
groups of patients, whose perceptions and experience should also be
taken into account.
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