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Objectives: Fibrin glue (FG) endo-vesical
application seems to be a promising therapy
for hemorrhagic cystitis (HC). We aimed to evaluate efficacy and
safety of FG instillation in patients with HC.

Methods: Patients with HC not responsive to conventional treat-
ments (bladder irrigation, catheterization, blood transfusions,
hyperhydration and endoscopic coagulation) were treated with
FG endo-vesical instillation (April 2017- December 2018).

FG was prepared from 120 mL of patient blood with the
Vivostat® system. After standard cystoscopy, bladder was insuf-
flated with carbon dioxide (CO,) according to bladder compli-
ance and autologous FG was applied to bladder wall and bleed-
ing sites.

Results: Ten patients included with grade 2 or higher HC sec-
ondary to bone marrow graft for hematological diseases (30%)
or to actinic cystitis caused by prostate cancer radiotherapy (RT)
(70%). The median HC onset time after RT was 4.8 (IQR 3.9-
6.3) years and 35 (IQR 27.5-62.5) days after hematopoietic stem
cell transplantation (HSCT). Five patients had a complete
response dafter one treatment, three patients had clinical
response (grade < 2 hematuria, amelioration of symptoms), one
of them required catheterization and bladder irrigation. One
patient required a second instillation of FG achieving a clinical
response. No adverse events related to the procedure were
recorded, however one patient died for causes not related to the
procedure. Median Interstitial Cystitis Symptoms Index was 13.0
(IQR 11.0-15.0) pre-operatively and 4.0 (IQR 2.0-5.0) post-oper-
atively.

Conclusions: Our study showed that, even in hematological
patients, autologous FG instillation maybe a safe, repeatable and
effective treatment modality in patients with refractory HC.

Summary
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INTRODUCTION

Hemorrhagic cystitis (HC) is a condition defined as the
presence of hematuria and lower urinary tract symptoms
(LUTY), irritative voiding symptoms, such as urgency, fre-
quency, nocturia and pain or burning with urination (1).
Radiotherapy (RT) for pelvic malignancies, including
prostate cancer (2, 3), could be associated with the devel-
opment of HC in up to 6.5% of patients, as result of blad-
der wall modification and neovascularization (4).
However, HC may be a complication of hematological
cancer treatment, too. Medication toxicity and immune-
mediated hypersensitivity may lead to LUTS and bladder
mucosae bleeding in 7 to 68% of patients treated with
cyclophosphamide (5). In literature there are many possi-
ble treatments for HC. First line treatments are the most
conservative and include hyperhydration, blood transfu-
sion, transurethral three-way catheterization with contin-
uous bladder irrigation, hyaluronic acid instillation and
reversal of anticoagulation. Second line treatments also
include endo-vesical instillation of several compounds
(e.g. aluminum compounds, silver or formalin) as well as
transurethral surgery with laser or fulguration. In case of
failure, third line options proposed include hyperbaric
oxygen (HBO) or arterial embolization. In extreme cases a
radical cystectomy with urinary derivation might be indi-
cated (6-10). Despite the variety of treatments available
there is not a consensus about the best treatment to use in
these cases (11). More recently, FG endo-vesical applica-
tion seems to be a promising therapy for HC (12, 13).
However, literature is limited to only two single center
experiences (12, 13). Thus, we aim to report results about
efficacy and safety of FG therapy in patients with HC.

MATERIALS AND METHODS

Patients and study population
We reviewed prospectively collected data from our insti-
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tutional dataset about patients with HC treated with FG
between April 2017 to December 2018. Our analyses
included data about patients’ demographic (age, gender),
condition that led to the hematuria (RT for prostate can-
cer, allogenic transplant for Acute lymphoblastic
leukemia, Acute myeloid leukemia, Hodgkin's lym-
phoma), time of hematuria onset (identified as the first
episode of hematuria after RT or Hematopoietic stem cell
transplantation (HSCT) after systemic chemotherapy
treatment with Busulfan 12.8 mg/kg, Thiotepa 10 mg/kg,
Fludarabine 150 mg/m?), RT type, treatment characteris-
tics (management of the hematuria before the FG instil-
lation), clinical response and toxicity.

Before treatment, all patients had urine culture test, blad-
der ultrasound, urine analysis, blood test and cystoscopy.
All patients had HC grade 2 (8) or more no responsive to
conventional therapy, namely catheterization with bladder
irrigation, blood transfusions, hyperhydration and endo-
scopic coagulation. HC was classified in 4 stages. The sub-
group of patients who developed HC after radiotherapy
was also classified with the European organization for
research and treatment of cancer/Radiation therapy oncolo-
gy Group (RTOG/EORTC) grading of hematuria events
due to radiotherapy (14). Main Classification are reported
in Table 1.

The bladder capacity was evaluated during pre-operative
cystoscopy identifying as maximum capacity the filling
volume at which the patient felt pain. All the procedures
were performed in operative room under loco-regional
anesthesia. Patients with positive urine cytology, bladder
neoformation identified by imaging or during cys-
toscopy, with a suspect upper urinary tract tumor or any
suspect of urothelial carcinoma in situ were considered
not-eligible for the procedure and were not included in
the current study.

Surgical procedure

We performed a standard cystoscopy with an Iglesias 22
ch cystoscope evaluating the bladder mucosa to rule out
eventual bladder tumors and identify mucosal lesions.
Emptied bladder is then insufflated with carbon dioxide
(CO,) up to obtain a good distention of bladder wall,
approximately 180-240 cc occur, according to bladder
compliance.

No continuous pressure flow was used, and small adjust-
ment were possible thank to the use of a syringe filled
with ambient air. Good bladder distention is necessary to
allow air spray of the FG, guarantee a good vision and

Table 1.
Classification systems.

prevent bleeding. Under vision, the FG applicator is
introduced through the cystoscope and autologous FG is
applied to the bladder wall with specific care of bleeding
sites.

The FG instillation procedure usually last approximately
30 minutes. Fibrine Glue (FG) was prepared with the
Vivostat® system (Vivolution A/S, Birkerod, Denmark).
Vivostat® is automated medical device for production
and application of a fibrine sealant, it produces protein
components of fibrine gel Sealant from patient’ own plas-
ma with no risk of infections related to non-autologous
plasma sources.

The Vivostat® system creates from 120 ml of the patient’
blood a concentrated fibrine I solution. The solution is
then applied with a pH 10 neutralizing solution in a 7:1
ratio to produce fibrine sealant. The process takes 30
minutes to obtain a syringe of fibrin I solution at a PH of
4.4. The Vivostat® application system is composed by an
applicator (the mechanical and electronic working part
of the system) and a single-use Spraypen®. When activat-
ed fibrin I and neutralizing solution are delivered in a
stream of compressed air forming a fine low-pressure
spray of fibrin sealant (12, 13, 15).

Outcomes measurement

Patients response was classified as: complete response
(no hematuria and no LUTS); clinical response (absence
or amelioration of dysuria, urgency, and frequency, no
further need of analgesic medication, persistent hema-
turia grade < 2) and no response (no clinical response,
persistent hematuria grade > 2). Full blood count was
performed preoperatively and on day 1 to 3. Each
patient was investigated with Interstitial Cystitis Symptoms
Index (ICSI) (16) pre and postoperative at follow-up.
Patients were followed by telephone at 3 and 12 months
to assess ICSI and their bladder status.

Statistical analyses

Descriptive analyses were employed. Qualitative vari-
ables were reported as absolute and relative frequencies
(%). Quantitative variables were reported as median and
interquartile range (IQR). Wilcoxon test for paired data
tested the hypothesis that the median ICSI was higher
before the treatment than after.

A level of statistical significance was set at p < 0.05.
Analyses were performed using the R software environ-
ment for statistical computing and graphics (version
3.6.1; http:/fwww.rproject.org/).

RTOG/EORTC HC Grading HC Grading ICSI Score
Grade | Slight epithelial atrophy minor telangiectasia (microscopic hematuria) Microscopic hematuria Mild symptoms 0-6
Grade Il Moderate frequency generalized telangiectasia intermittent macroscopic hematuria Macroscopic hematuria Moderate symptoms 7-14
Grade Ill Severe frequency and dysuria severe generalized telangiectasia (often with petechiae) Hematuria with clots requiring transfusion support Severe symptoms 15-20
Frequent hematuria reduction in bladder capacity (< 150 cc)
(Grade IV Necrosis/contracted bladder (capacity < 100 cc) Severe hemorrhagic cystitis Macroscopic hematuria with clots and impaired renal function
Grade V Death for uncontrolled hematuria

HC: Hemorrhagic cystitis; EORTC: European organization for research and treatment of cancer/RTOG: Radiation therapy oncology Group grading of hematuria events due to radiotherapy; ICSI: Interstitial Cystitis Symptoms Index.
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Table 2.
Pre- operative and post- operative (at discharge) patients’ blood count.
Preoperatively Postoperatively
Red blood cells Hemoglobin Hematocrit Platelets count Red blood cells Hemoglobin Hematocrit Platelets count
count (*108/mm?) (g/d1) (%) (*103/mm?) count(*10%/mm?) (g/d1) (%) (*103/mm?)
1 474 138 18 201 45 137 43 150
2 404 128 ) 220 4 124 40 200
3 291 84 283 213 299 86 219 254
4 453 137 418 180 3.95 114 354 229
5 291 89 2.7 39 293 89 252 56
6 2.76 89 24 46 285 8.7 2% 37
7 3.15 98 313 273 // // // //
8 287 9.1 25.6 25 219 1.1 21 31
9 463 127 8.7 476 463 12.7 BT 476
10 414 132 i 238 379 121 36.7 281
MEDIAN 3.59 (IQR2.92-4.43) 98(I0R89-132)  35(IQR26.3-416)  210(QR79.5-264.2) | 3.79(IQR2.96-3.975)  10.15(IQR 8.675-12.25)  35.4 (IQR 25.2-38.7) 200 (IQR 56-237)
Table 3.
Descriptive features of included patients treated with endovesical instillation of Vivostat”.
Age | Grade of [ RTOG/ | Primary | Cause | Time from Prior intravesical Grade of RTOG/ Response | Hospital | ICSI | ICSI
HC pre | EORTC pre of HC | HC onset management hematuria (post-op) | EORTC post al stay days | PRE | POST
1 58 8 PC IMRT Hyperhydration 0 0 Complete 2 9 5
2 86 4 4 PC IMRT 1 year Bladder irrigation, 0 0 Complete 8 1" 2
Catheterism,
Blood transfusions
3 (5 3 4 PC [MRT Bladder irrigation, 3 3 Clinical 26
Catheterism, 1 after 1 after 2
Blood transfusions Il treatment II treatment instillations
4 8 2 8 PC IMRT 11 years Catheterism 0 0 Complete 8 uc uc
5 2 3 LLA HSCT 35days | Catheterism, Bladder irrigation 1 Clinical 1 19 1
6 45 2 - LH HSCT 3 months Catheterism 0 - Complete 1 - -
1 84 3 4 PC [MRT 5 years Catheterism, Blood transfusions| - - 12 - -
8 46 3 LMA HSCT 20 days Bladder irrigation, 0 - Clinical 1 15 13
Hyperhydration
9 65 3 8 PC IMRT 5 years Catheterism, Bladder irrigation 0 0 Complete 4 uc uc
0] 75 3 PC IMRT Bladder irrigation, 1 1 Clinical 4 13 4
Catheterism
HC: Hemarrhagic cystitis; EORTC: European organization for research and treatment of cancer/RTOG: Radiation therapy oncology Group grading of hematuria events due to radiotherapy; PC: Prostate cancer; ALL: Acute lymphoblastic leukemia;
HL: Hodgkin’slymphoma; AML: Acute myeloid leukemia; IMRT: Intensity modulated radiation therapy; HSTC: Hematopoietic stem cell transplantation after chemotherapy treatment with Busulfan, Thiotepa and Fludarabine;
Complete: Complete response (no hematuria or other symptoms); Clinical: Clinical response (amelioration or absence of symptoms, grade < 2 hematuria); UC: Urinary catheter in situ.

RESuLTS

A total of 10 patients were treated. The 30% (n = 3) had
HC secondary to bone marrow graft for hematological
diseases after systemic chemotherapy treatment, the
remaining 70% (n = 7) were diagnosed with actinic cys-
titis due to prostate cancer RT. The median age was 70
years (IQR 49.0-81.8). In the hematological patients
median age was 45 years (IQR 36.0-45.5), while in the
radio therapy patients group the median age was 75
years (IQR 70.0-84.5). The median onset time of hema-
turia was 4.8 (IQR 3.9-6.3) years after RT and 35 (IQR
27.5-62.5) days after hematological treatment. Main pre-
operative and post-operative laboratory findings are
reported in Table 2.

Of all, 5 patients (55%) had a complete response (no
hematuria or other symptoms), 3 patients (33%) had only
clinical response (improvement or absence of symptoms,
grade < 2 hematuria) and one of them required catheter-
ization and bladder irrigation. Three patients required
blood transfusions. One patient died immediately after
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the loco-regional anesthesia for complications not related
to the procedure. Only one patient needed a second
FG instillation eleven days after the first one, due to grade
3 hematuria and achieving a clinical response after the
second instillation dose. Median hospital stay was 3 (IQR
1-6) days. No adverse events related to the procedure
were recorded. Moreover, we recorded a reduction of the
median ICSI after treatment. Indeed, the median ICSI was
13.0 (IQR 11.0-15.0) pre-operatively and 4.0 (IQR 2.0-
5.0) postoperatively (p = 0.02). During the median follow
up of 12 months, two patients died due to the progres-
sion of their hematological condition. None of the others
required additional treatment for hematuria. Descriptive
features and results of included patients are reported in
Table 3.

DiscussioN
Hemorrhagic cystitis is a urological condition that can
meaningfully affect patients” quality of life. Several ther-
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apeutic options are available for HC treatment, however
neither AUA nor EAU defined specific guidelines for the
treatment of HC (11, 17). The treatment paradigm
includes as first line treatment a noninvasive procedure
attempting to reduce hematuria while supporting
patients’ general condition, such as hyperhydration,
blood transfusion, transurethral three-way catheteriza-
tion, and continuous bladder irrigation (6).

In our study we investigated the results that could be
obtained with the use of FG in HC patients’ treatment
after that first line treatments have failed. Our results
showed that a good bleeding control could be achieved
with FG endo-vesical instillation with no adverse events,
no major complication as ureteral orifice closure and
hydronephrosis were recorded in our experience. In case
of injection near the ureteral orifice the use of a ureteral
open-end catheter is recommended to reduce the risk of
iatrogenic ureteral occlusion. Moreover, our results sug-
gest that the use of FG endo-vesical instillation is related
with a meaningful improvement in quality of life as
proven by the improvement in ICSI score. Moreover, our
study showed that the procedure is repeatable and that
results are reliable over time as showed by our relative
long follow-up of approximately 12 months.

The use of FG as a hemostatic agent have been previous-
ly studied in urological surgery and the use of the
Vivostat® system have been proven to be effective and
safety when applied to urological surgery, in particular to
prevent bleeding in renal surgery and lymphatic leakage
in lymphadenectomy (18-21). However, only few stud-
ies investigated its use for the treatment of HC.
Specifically, Bove et al. have investigated the effectiveness
of FG treatment in patients with actinic cystitis with
hematuria refractory to standard treatment. Their expe-
rience was based on a series of 20 patients who devel-
oped HC following RT for different types of pelvic can-
cer: bladder cancer (30%), prostate cancer (35%) or
gynecological cancer (35%) (13). They concluded that
the endoscopic application of FG is a safe and effective
therapeutic alternative for the treatment of HC refracto-
ry to conventional therapy because FG adheres tena-
ciously to the damaged mucosa, prevents the worsening
of the inflammatory process from urine exposure and
allows the tissue repair process. The endo-vesical appli-
cation during cystoscopy allows a better view of the
bleeding points and a better adhesion of the glue to the
damaged mucosa due to the constant intravesical pres-
sure (13).

Unfortunately, Bove and colleagues included only patients
with actinic cystitis, conversely in the current report we
also included patients with HC related to hematological
conditions. This is of importance since the HC related to
allogeneic hematopoietic cell transplantation negatively
affects patient’s quality of life with an increased risk of
death (22, 23). Currently its therapy was studied by
Tirindelli et al. (12) on 35 patients who developed grade
> 2 HC not responsive to conventional therapy.
Complete remission, defined as a regression of all symp-
toms and the absence of hematuria, was achieved in
100% of the cases at 7 days and 83 + 7% at 50 days from
the FG's instillation. The 6-month survival rates of
patients with HC was 49 + 8% overall. Instead, if we

consider only patients with complete clinical remission
the 6-month survival rates were 59 = 9%.

The results of this study suggest that the endoscopic
application of FG should be considered a safe, non-inva-
sive, easily repeatable, and inexpensive option for the
management of HC in fragile and immunocompromised
patients.

When considering other options, hyperbaric oxygen
HBO is a widely used treatment. However, success rates
are lower than ours (34-87.5% vs. 88% of our experi-
ence) with FG (6). Browne et al. in a literature review
reported a successful rate without recurrences of 74%
after HBO. They also reported that the main complica-
tion of this treatment was otalgia, occurred in 33% of
patients (7). Intravesical instillation of various sub-
stances such as formalin, aluminum salts or hyaluronic
acid is also reported. For instance, Pascoe et al. reported
a success rate instillation therapy with formalin of 60-
90% vs. 88% of our experience. However, authors
reported serious side effects related to the use of forma-
lin, including death in 2-4% of the cases. More specifi-
cally, Browne et al. also demonstrated the danger of for-
malin by recording adverse events, such as bilateral
hydronephrosis with anuria, vesico-vaginal fistula, and
death in 30% of patients. The same study showed a suc-
cess rate with hyaluronic acid instillation of 97% (7).
Conversely, we reported no adverse events directly relat-
ed to treatment. The only death reported was due to the
general compromitted status of the patient and not to the
FG application.

Aluminum salts were also used. However, its use is con-
sidered less effective than other endo-vesical treatment,
but it is also affected by side effects: 38% of patients
showed bladder spasms, transient delirium, urinary tract
infections. The success rate was 60% (only 54% of
responders had a durable response).

Imperatore et al. described the use of hyaluronic acid and
chondroitin sulfate endo-vesical instillation treatment in
20 patients with refractory Bacillus Calmette-Guerin
(BCG) induced chemical cystitis. The study showed an
improvement in terms of bladder pain, urinary urgency,
urinary volume per void and urinary frequency.

The clinical efficacy described in 19/20 patients had a
statistically significative improvement durable in time
with a permanence of benefit up to one year after thera-
py suspension (VAS score on bladder pain and urgency
significantly decrease from the baseline; mean number of
voids/24 hour and mean urinary volume per void sig-
nificantly improved from the baseline p < 0.05 with
respect to baseline in both cases) (24).

In a recent study Masieri et al. analyzed the use of
platelet-rich plasma (PRP) in patients with HC after
HSCT, they showed an alternative endo-vesical autolo-
gous instillation therapy to treat HC in hematological
patients. They studied 10 patients with HC post HSTC
related to BK virus infection, all patients underwent PRP
instillation after electrocoagulation of the bleeding areas.
No intraoperative complications were recorded, postop-
erative complications Clavien-Dindo Grade II occurred
in 6 patients: 3 patients required additional blood trans-
fusion, 3 patients required antibiotic therapy. One
patient was readmitted for massive hematuria. 6 patients
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had complete response, 3 partial response and one no
response. It seems to be a promising treatment option
but related to a higher risk of complication compared to
our technique with a similar success rate but in a highly
selected group of patients (25).

In summary our study showed that the use of FG in HC
patients is safe and effective with higher success rates
and lower complications than other second line treat-
ments. Despite the limited number of patients and the
lack of a control group, in our study we point out that
FG treatment is a promising treatment option also in the
group of hematological patients with HC.

The main limitation of our study is the small number of
patients included and the absence of a control group. In
consequence, we are not able to infer if the use of FG
treatment could lead to better result than any other con-
servative treatment and future prospective multicenter
study are warrant. However, the same limitation applies
also to other studies that included only few more patients.
In addition, due to the small number of patients included
we were not able to test the effect of FG treatment on HC
in analyses adjusted for possible confounders, such as age
or primary cause of HC. It might be possible that the
effect of FG might differ based on the baseline character-
istics of included patients as a consequence of the com-
pound interaction with the host environment. It is also
possible that the coagulation cascade promotion based on
FG effect might differ in younger vs. older patients.
Future studies should investigate also molecular aspects
of FG instillation. Furthermore, we evaluated patients’
quality of life with ICSI score. However, other more spe-
cific scores about the quality of life in patients affected by
malignancy (such as the EPIC score) would be more
insightful (26). In future studies it should be included and
evaluated to better clarify patients’ quality of life. Finally,
we investigated only the clinical presentation of HC with-
out any molecular or laboratory tests that could shed a
light on the pharmacodynamic of FG application in HC
cases. Indeed, literature is poor of evidence in this field
and future studies should focus also on these aspects.

CONCLUSIONS

Autologous FG may be a safe and effective noninvasive
and repeatable treatment modality in patients with
refractory HC. Our report showed its efficacy also in
patients treated after HC related to hematological condi-
tions treatments and was no related to any adverse event.
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