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Abstract: Radiation-induced hemorrhagic cystitis is a refractory disease that can cause severe hematuria and bladder
tamponade. Bladder tamponade due to radiation-induced hemorrhagic cystitis can often recur repeatedly and markedly reduce
the quality of life. However, no blood test parameter has been studied yet regarding the prevention of bladder tamponade
recurrence. An 84-year-old patient with a history of radiation therapy for cervical cancer was repeatedly hospitalized for
bladder tamponade due to radiation-induced hemorrhagic cystitis. At each hospitalization, blood transfusions were performed
to treat severe anemia as the first treatment, resulting in hematuria improvement, and the patient was discharged without
invasive treatments such as transurethral coagulation. However, anemia developed gradually after each discharge. The anemia
progression was obviously unrelated to macrohematuria because macrohematuria did not appear during that period. When the
serum hemoglobin level decreased below the physiological range, bladder tamponade recurred. Based on these findings, we
posited that the monitoring of the serum hemoglobin level could be useful to predict the occurrence of bladder tamponade. We
hypothesized that if the serum hemoglobin level did not fall below the physiological range, bladder tamponade would not
occur. We treated chronic anemia after determining its cause and kept serum hemoglobin levels within the physiological range.
Since the treatment was initiated, bladder tamponade has not recurred in over 27 months. In this case, the monitoring of the
serum hemoglobin level was useful to predict the occurrence of bladder tamponade due to radiation-induced hemorrhagic
cystitis. By maintaining serum hemoglobin levels within the physiological range, we successfully prevented the recurrence of
bladder tamponade due to radiation-induced hemorrhagic cystitis.
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Introduction

Radiation therapy to the pelvis is commonly performed for urologic, gynecologic, and gastrointestinal malignancies.'™
Radiation therapy is effective for these diseases, but toxicity to the bladder, especially radiation-induced hemorrhagic
cystitis (RIHC), remains a disastrous side effect. RIHC is a refractory disease that often causes severe hematuria,
resulting in bladder tamponade.' ™ Bladder tamponade is urinary retention resulting from obstruction of the bladder outlet
by blood clots formed by intense hematuria. Bladder tamponade causes severe pain and progressive anemia and further
exacerbates hematuria, leading to a negative vicious cycle of recurrent bladder tamponade.'” Persistent, intractable
bleeding can lead to life-threatening hypovolemic shock.”> Hence, the vicious cycle of bladder tamponade requires

repeated hospitalization and treatment, which drastically reduces the quality of life.'
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Common treatments and recurrence prevention strategies for bladder tamponade due to RIHC include manual
or continuous bladder irrigation, hemostatic agent administration, transurethral coagulation (TUC), intravesical
instillation, hyperbaric oxygen therapy (HBOT), vascular embolization, enterocystoplasty, total cystectomy, and
urinary diversion.'** However, implementing these treatments can be difficult depending on the patient’s general
condition and hospital facilities. Unfortunately, prophylactic treatment and optimal management protocols for
bladder tamponade due to RIHC have not been fully established. Herein, we report an interesting case in which
bladder tamponade due to RIHC was successfully prevented by maintaining serum hemoglobin levels within the

physiological range.

Case Presentation

An 84-year-old woman was urgently admitted to our hospital because of bladder tamponade in July 2019. She
had received radiotherapy for cervical cancer at another hospital in 2000 (irradiation method; dose unknown).
A urinary catheter was placed due to urinary retention caused by a hypoactive bladder. Blood test results
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Figure | Examination and clinical course during the initial admission. (a) Computed tomography image of the pelvic region showing a large blood clot in the bladder. (b)
Cystoscopy revealed numerous easily hemorrhagic dilated vessels, which can be mainly observed in the neck of the bladder. (c) Clinical course during the initial admission.
The hematuria disappeared once the serum hemoglobin levels increased with blood transfusion. Thereafter, no recurrence of hematuria was observed after transfusion, and
the patient was discharged on the seventh day of hospitalization.

Abbreviation: Hb, hemoglobin.
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revealed anemia with a hemoglobin concentration of 8.2 g/dL. There were no abnormalities in the platelet count
and coagulation profile, including prothrombin time-international normalized ratio (PT-INR) and activated partial
thromboplastin time (APTT). She was not taking any anticoagulants or antiplatelet agents. Computed tomography
(CT) showed large blood clots in the bladder (Figure la). Cystoscopy revealed dilated hemorrhagic vessels,
mainly in the bladder neck (Figure 1b). Urinary cytology was negative. No other pathological cause of hematuria
was identified, and a diagnosis of bladder tamponade due to RIHC was made. Bladder irrigation was performed
to remove the blood clots, hemostatic agents (carbazochrome sodium sulfonate hydrate 25 mg/day and tranexa-
mic acid 2000 mg/day) were administered, and continuous bladder irrigation was initiated. However, the
hematuria did not improve, and the serum hemoglobin level dropped to 6.8 g/dL on day 2. Therefore, a blood
transfusion was performed on day 3. Although the patient was scheduled to undergo TUC for hemostasis
management, it was not performed because the serum hemoglobin level improved to 10.0 g/dL after the
transfusion, and the hematuria resolved spontaneously. Thereafter, hematuria did not recur, and the patient was
discharged on day 7 (Figure lc).

However, bladder tamponade recurred approximately 2 months after discharge, and the patient was urgently
hospitalized. After manual bladder irrigation to remove blood clots, hemostatic agent administration (carbazo-
chrome sodium sulfonate hydrate 25-100 mg/day and tranexamic acid 1000-2000 mg/day), and blood transfu-
sion, macrohematuria disappeared, and the bladder tamponade obviously improved again. When the
macrohematuria improved, the administration of these hemostatic agents was terminated, and there was no
recurrence of macrohematuria during hospitalization. Eventually, the patient was discharged without undergoing
TUC. This clinical course repeated five times in one year. There were no abnormalities in the platelet count and
coagulation profile including PT-INR and APTT each time. CT, urine cytology, urine culture, and cystoscopy
were performed each time, but no other cause of hematuria could be identified, and a diagnosis of bladder
tamponade due to RIHC was made. There was no evidence of local recurrence of cervical cancer or invasion of
the urinary tract. The patient also had no history of previous use of anticancer drugs such as cyclophosphamide
or ifosfamide. Therefore, drug-induced bleeding was also negative. Since significant anemia was observed at
each admission, blood transfusions were performed as the first treatment. After the transfusion, the hematuria
obviously disappeared each time. The patient was discharged each time without an invasive treatment such as
TUC. Despite this frequent occurrence of bladder tamponade, the patient was unable to receive preventive
treatment, such as HBOT, intravesical instillations, or vascular embolization, due to inadequate facilities. The
hospital did not have the tools or equipment to perform intravesical injection therapy such as alum or formalin,
vascular embolization of the bladder, and HBOT. To make matters worse, the patient was bedridden with
deterioration in the activities of daily living and found it difficult to visit another hospital for preventive
treatment. Moreover, the patient had chronic heart failure and poor surgical tolerance. The cardiothoracic ratio
of the patient was 75% on chest x-ray, with a left ventricular ejection fraction of 39% on cardiac ultrasound.
Although her cardiac function was stabilized with antihypertensive drug therapy and no drinking restrictions
were needed, the invasive load from anesthesia or surgery was deemed dangerous by a cardiologist. Hence, the
patient could not undergo invasive surgical procedures such as total cystectomy and urinary diversion.

After reviewing the clinical course of this patient, we noticed that the serum hemoglobin level, which had been
elevated by blood transfusion at the time of discharge, gradually decreased after discharge. The anemia progres-
sion was apparently unrelated to hematuria because the patient and her family monitored the color of her urine
several times a day, and macrohematuria did not appear during that period. In other words, the anemia was slowly
progressing despite the absence of any macrohematuria. When the serum hemoglobin level dropped below the
physiological range, bladder tamponade suddenly appeared every time (Figure 2). Based on this, we hypothesized
that monitoring of serum hemoglobin levels could predict the occurrence of bladder tamponade due to RIHC; that
is to say, if the serum hemoglobin level did not fall below the physiological range, bladder tamponade would not
occur. Therefore, the patient was treated to maintain a physiological serum hemoglobin level by treating chronic
anemia. We identified chronic renal failure and iron deficiency as the causes of the patient’s chronic progressive
anemia. Thus, erythropoiesis-stimulating agent (ESA) and darbepoetin alfa plus sodium ferrous citrate (SFC) were
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Figure 2 Course of serum hemoglobin levels during the period between discharge and hospitalization (between the third discharge and fourth hospitalization). The serum
hemoglobin level, which was elevated at discharge, started to decline slowly without macrohematuria. At a low hemoglobin level, the hematuria suddenly appeared and
resulted in bladder tamponade.

Abbreviation: Hb, hemoglobin.
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Figure 3 Long-term course of serum hemoglobin levels in the patient. When the serum hemoglobin level was low (especially below 9 g/dL), bladder tamponade was more
likely to recur. Once treatment for chronic anemia was initiated to prevent a decline in serum hemoglobin levels, bladder tamponade did not recur.
Abbreviation: Hb, hemoglobin.

administered for renal anemia and iron deficiency anemia, respectively. In addition, based on the clinical course, it
was suggested that the risk of developing bladder tamponade increased when the serum hemoglobin level was
below 9.0 g/dL (Figure 3). Therefore, the serum hemoglobin level was monitored regularly, once every two
weeks, and the dosage and administration intervals of ESA and SFC were adjusted. The oral dose of SFC was one
50 mg tablet daily; ESA administered 60 pg at 4-week intervals. However, due to a mild increase in serum
erythropoietin levels, the ESA dose was increased to 120 ug at 2-week intervals beginning in June 2020. This
treatment prevented a decrease in serum hemoglobin levels below 9.0 g/dL and maintained them in the physio-
logical range. Complete blood count and coagulation profile, including PT-INR and APTT, remained stable
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Figure 4 Long-term course of complete blood count and coagulation profile in the patient. (a) Long-term course of complete blood count in the patient. When bladder
tamponade occurred, changes in white blood cell (WBC) and platelet (PLT) counts occurred. However, these changes had little effect on hemostatic capacity and were very
unlikely to predispose to hematuria. (b) Long-term course of coagulation profile in the patient. Prothrombin time-international normalized ratio (PT-INR) and activated
partial thromboplastin time (APTT) were within normal limits each time.

Abbreviation: Hb, hemoglobin.

regardless of serum hemoglobin level (Figure 4). As a result, the patient has not had a single recurrence of

bladder tamponade, which had previously been frequent, in more than 27 months since then (Figure 3).

Discussion
RIHC may occur as a late complication of radiation therapy for cancer of the pelvic organs.'*>® Radiation to the bladder
causes fibrosis of the vascular endothelium, resulting in vascular occlusion and submucosal/muscular fibrosis.
Subsequently, hypoxia and ischemia due to hypovascularization induce neovascularization in the form of hemorrhage-
prone capillary dilatations, resulting in bladder tamponade.'*¢~°

HBOT is the only well-researched and validated method for RIHC treatment."* HBOT is hypothesized to
increase the partial pressure of oxygen in serum, creating a steep oxygen gradient between the blood present in
the bladder and the hypoxic bladder tissue, thus increasing the amount of oxygen supplied from hemoglobin to the
bladder tissue.'* Hyperoxia induces primary neovascularization, secondary growth of healthy granulation tissue, and
short-term vasoconstriction which may help control active bleeding.® In contrast, when the serum hemoglobin level
is elevated, as in this case, the amount of hemoglobin transported to the bladder increases. As indicated by the
oxygen-hemoglobin dissociation curve, hemoglobin can dissociate more easily from oxygen at sites where the

19 as in irradiated bladder tissue. Therefore, maintaining the serum hemoglobin level

oxygen partial pressure is low,
within the physiological range was thought to increase the amount of oxygen supplied to the bladder tissue and
improve the ischemic state, resulting in the prevention of bladder tamponade. To the best of our knowledge, this is
the first report on the recurrence prevention of RIHC-induced bladder tamponade by maintaining the serum
hemoglobin level within the physiological range.

However, it must be emphasized that there are strong limitations because this is only one case report; there have been no other
similar case reports in the past, and we have never experienced a similar case. In addition, there have been no reports to date
demonstrating this hypothesis in animal models. This is because an animal model of late radiation cystitis causing hematuria has
not yet been established.’ Hence, we cannot conclude that this treatment method can be adapted to many patients with the same
disease. To clarify this, it is necessary to establish an appropriate animal model of RIHC and to determine the efficacy of this
treatment. Furthermore, it is very important to involve other institutions and more patients. In reality, there are a certain number of
patients worldwide who, like the patient in this case, are unable to receive treatment to prevent recurrence due to poor facilities or
poor surgical tolerance. For such patients, this treatment strategy may be useful. Although longer prospective studies and larger
sample sizes are needed, our results suggest that serum hemoglobin level may be an important parameter related to bladder
tamponade.
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Conclusion
By maintaining serum hemoglobin levels within the physiological range, we successfully prevented the recurrence of
bladder tamponade due to RIHC.
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