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Abstract
AIM:  To evaluate effectiveness of the barium impaction therapy for patients with colonic diverticular bleeding.

METHODS: We reviewed the clinical charts of patients in whom therapeutic barium enema was performed for the control of diverticular bleeding between August 2010 and March 2012 at Yokohama Rosai Hospital. Twenty patients were included in the review, consisting of 14 men and 6 women. The median age of the patients was 73.5 years. The duration of the follow-up period ranged from 1 to 19 months (median: 9.8 mo). Among the 20 patients were 11 patients who required the procedure for re-bleeding during hospitalization, 6 patients who required it for re-bleeding that developed after the patient left the hospital, and 3 patients who required the procedure for the prevention of re-bleeding. Barium (concentration: 150 w%/v%) was administered per the rectum, and the leading edge of the contrast medium was followed up to the cecum by fluoroscopy. After confirmation that the ascending colon and cecum were filled with barium, the enema tube was withdrawn, and the patient’s position was changed every 20 min for 3 h.

RESULTS: Twelve patients remained free of re-bleeding during the follow-up period (range 1-19 mo) after the therapeutic barium enema, including 9 men and 3 women with a median age of 72.0 years. Re-bleeding occurred in 8 patients including 5 men and 3 women with a median age of 68.5 years: 4 developed early re-bleeding, defined as re-bleeding that occurs within one week after the procedure, and the remaining 4 developed late re-bleeding. The DFI (disease-free interval) decreased 0.4 for 12 mo. Only one patient developed a complication from therapeutic barium enema (colonic perforation).

CONCLUSION: Therapeutic barium enema is effective for the control of diverticular hemorrhage in cases where the active bleeding site cannot be identified by colonoscopy.
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INTRODUCTION
In recent years, the overall prevalence of colonic diverticulosis has increased in Japan, which was likely caused by the shift to Westernized low-fiber diets[1]. In patients in Western countries, this disease usually affects the left side of the colon[2], whereas in patients in Eastern countries, diverticulosis is more common in the right hemicolon[3]. Although diverticular disease is actually uncommon in people under the age of 40, by the age of 50, almost one-third of the population develops diverticulosis[4].
Diverticula develop at sites of weaknesses in the colonic wall where the vasa recta penetrate the circular muscle layer[5]. As a diverticulum herniates, the vasa recta drape over the dome of the diverticulum and become susceptible to trauma and disruption[6].
Diverticular hemorrhage is the source of lower gastrointestinal bleeding in 17%–40% of adults, and thus, it is the most common cause of lower gastrointestinal bleeding. However, the exact cause of diverticular bleeding is not yet well understood[7]. Diverticula of the large intestine constitute a common source of lower gastrointestinal bleeding caused by the rupture of the underlying vasa recta[4,8]. A comparison of bleeding and non-bleeding diverticula has suggested the role of traumatic factors in the rendering of the vasa recta as prone to rupture and massive hemorrhage in the bleeding diverticula[6]. Although the cause of such trauma may be stercoral, little evidence has been found with respect to inflammation or diverticulitis[6].
More recent observations from the colonoscopic appearance of bleeding diverticula suggest that ulcerations or erosions at the neck or dome of the diverticula may be more frequent than was previously thought[9]. Bleeding has been observed to cease spontaneously in approximately 75% of undetected cases, but it is reported to recur in approximately half of these cases[10,11]. In cases with bleeding, endoscopic hemostasis is an effective treatment; however, it is often difficult to identify the source of bleeding because of massive bleeding and the presence of clots.
We use therapeutic barium enema as a treatment method in cases where the source of bleeding cannot be identified by endoscopy. In 1970, Adams et al[12] first reported the outcome of this treatment, but there have been few other reports of this method.
We present patients with colonic diverticular bleeding in whom the bleeding was successfully controlled by the newly designed barium impaction therapy with a high concentration of barium sulfate.

MATERIALS AND METHODS
Subjects
We reviewed the data of patients in whom therapeutic barium enema was performed for the control of diverticular bleeding between August 2010 and March 2012 at Yokohama Rosai Hospital. Twenty patients were included in the review, consisting of 14 men and 6 women. The median age of the patients was 73.5 years (range 38-92 years). The duration of the follow-up period ranged from 1 to 19 months (median: 9.8 mo).
Among the 20 cases were 11 cases in which the procedure was performed for re-bleeding during hospitalization, 6 in which it was performed for re-bleeding that developed after the patient left the hospital, and 3 cases in which it was performed for the prevention of re-bleeding.

Therapeutic barium enema
Predisposal enforced the usual disposal before the therapeutic barium enema, or therapeutic barium enema therapy was undertaken on the day after the colonoscopy without predisposal enforced.
Barium (concentration: 150 w%/v%) was administered per the rectum, and the leading edge of the contrast medium was followed up to the cecum by fluoroscopy.
After confirmation that the ascending colon and cecum were filled with barium, the enema tube was withdrawn, and the patient’s position was changed every 20 min (i.e., prone, left lateral, supine and right lateral positions) for 3 hours. We performed X-ray examinations during the follow-up to determine the extent of filling to the ascending colon and cecum (Figure 1).
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Statistical analysis
Statistical evaluation was performed using Mann–Whitney U test and Fisher’s exact test. The level of significance was set at P < 0.05. Statistical analyses were performed with the StatView software (SAS Institute, Cary, NC, United States). The statistical methods of this study were reviewed by Masahiko Inamori from Yokohama City University Hospital.

RESULTS
The baseline characteristics of the study patients are summarized in Table 1. A total of 20 patients (14 men and 6 women; median age 73.5 years; range 38–92 years) who were diagnosed with diverticular bleeding were enrolled in the study.
Table 2 shows the current patients who exhibited bleeding and those who did not who were diagnosed with diverticular bleeding. These patients consisted of 12 non-bleeding patients (12/20; 60%), including 9 men and 3 women with a median age of 72.0 years. Six of these patients were taking anticoagulants, while none was taking NSAIDs. 
By contrast, there were 8 patients who exhibited bleeding (8/20; 40%), including 5 men and 3 women with a median age of 68.5 years. Three of these patients were taking anticoagulants, while two were taking NSAIDs. Six patients had a history of previous bleeding.
Twelve patients remained free from re-bleeding during the follow-up period (range 1-19 mo) after the therapeutic barium enema.
Re-bleeding occurred in 8 patients: 4 developed early re-bleeding, defined as re-bleeding that occurs within one week of the procedure, while the remaining 4 were diagnosed with late re-bleeding.
A significant difference was observed in the rate of re-bleeding between patients taking NSAIDs and those who were not (P = 0.0007).
Figure 2 shows the overall disease-free interval. The DFI decreased 0.4 for 12 months. Only one patient developed a complication from therapeutic barium enema (colonic perforation).

DISCUSSION
In recent years, the prevalence of colonic diverticular diseases in Eastern countries, including Japan, has begun to increase. However, most of the reported cases of therapeutic barium enema are from Western countries[1].
Colonic diverticular disease exhibits mucosal outpouchings through the large intestine. Common complications of this disease are diverticular bleeding and diverticulitis. Diverticular bleeding is the most common source of acute severe lower gastrointestinal bleeding. It has been reported that acute lower intestinal bleeding occurs in 3%-5% of patients with colonic diverticula[2,13]. In most cases, (70%-80%), diverticular bleeding stops spontaneously and resolves by itself[10]; however, bleeding may recur. Some patients require the treatment by endoscopy, surgical operation and angiography to stop the bleeding.
Therapeutic colonoscopy may be useful when the location of acute diverticular bleeding can be identified. However, when the location of active bleeding cannot be known, therapeutic colonoscopy is unable to stop the bleeding. Because diverticula are usually numerous and bleeding is intermittent. The identification of precise localization is very important for endoscopic treatment for diverticular bleeding. 
There are case reports of the use of various colonoscopic techniques for the control of diverticular bleeding, including heater probes, epinephrine injection therapy, argon plasma coagulation, and endoclip application. In our 20 patients, it was difficult to identify the bleeding points, because colonoscopy revealed large amounts of blood in the colon and many diverticula with adherent blood clots. As an alternative therapeutic option, we performed therapeutic barium enema to control the bleeding in these patients.
There are some previous reports of the effect of barium on bleeding in the gastrointestinal tract[12,14]. The precise mechanism that underlies the effect of therapeutic barium enema remains unclear. Adams et al[12] mentioned two potential factors, namely, pressure by the barium solution that produces tamponade of the bleeding vessel and the direct hemostatic action of barium sulfate[18]. 
Table 2 shows non-steroidal anti-inflammatory drugs use as a risk factor for re-bleeding in patients with colonic diverticular hemorrhage. In Western populations, in addition to non-steroidal anti-inflammatory drugs use, antihypertensive medication and concomitant arteriosclerotic diseases have also been reported as risk factors for colonic diverticular hemorrhage[4,15]. A reason of relationship between re-bleeding and NSAIDs was unclear, but we supposed intestinal mucosal damage by NSAIDs might cause re-bleeding. One of the limitations of our study is that the sample size was small, and a larger number of cases need to be accumulated for future studies.
Although there were a few report of correlation between anticoagulation or antiplatelet therapy and bleeding from colonic diverticulae, no report was found correlation between theses therapy and re-bleeding[3,4,17].
Figure 2 shows that 60% of the patients in this study developed re-bleeding within 12-18 mo. McGuire HH Jr reported that 38% of patients developed recurrent bleeding[10]. In another report of 83 patients with diverticular bleeding who were not treated, the predicted recurrence rate of bleeding was 9% at 1 year, 10% at 2 years, 19% at 3 years, and 25% at 4 years[16]. Our results, however, may be biased because most of the patients were over 80 years old or presented with severe bleeding.
Therapeutic barium enema can be used relatively safely and has a low degree of invasiveness. However, one of our 20 patients developed a complication (perforation) from the procedure. Therefore, the possibility of perforation must be considered, especially in patients with diverticulitis.
Therapeutic barium enema is effective for diverticular bleeding when the source of active diverticular bleeding is unknown by colonoscopy. When no other treatments are available, therapeutic barium enema may be useful as a therapeutic alternative that can preclude the need for surgical treatment.
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COMMENTS
Background
In patients presenting with diverticular bleeding, while endoscopic haemostasis is an effective treatment, the source of bleeding is often difficult to identify because of massive bleeding and the presence of clots. The authors use therapeutic barium enema as a treatment procedure of second choice in cases where the source of bleeding cannot be identified by endoscopy. The authors present patients with colonic diverticular bleeding in whom the bleeding was successfully controlled by the newly designed barium impaction therapy using a high concentration of barium sulfate.

Research frontiers
Therapeutic barium enema can be used relatively safely and has a low degree of invasiveness. When no other therapeutic techniques are available, therapeutic barium enema may be useful as a therapeutic alternative that can preclude the need for surgical treatment.

Innovations and breakthroughs
Endoscopic treatment may be useful when the source of lower gastrointestinal bleeding is known. However, when the source of bleeding cannot be identified or if multiple sites of bleeding are found, endoscopic treatment is unable to stop the bleeding. Therapeutic barium enema is effective for diverticular hemorrhage when the active bleeding site cannot be identified by colonoscopy. The authors present patients with colonic diverticular bleeding in whom the bleeding was successfully controlled by the newly designed barium impaction therapy using a high concentration of barium sulfate.

Applications
Therapeutic barium enema is effective for diverticular hemorrhage when the active bleeding site cannot be identified by colonoscopy. When no other therapeutic techniques are available, therapeutic barium enema may be useful as a therapeutic alternative that can preclude the need for surgical treatment.

Terminology
Diverticula develop at sites of weaknesses in the colonic wall where the vasa recta penetrate the circular muscle layer. As a diverticulum herniates, the vasa recta drape over the dome of the diverticulum and become susceptible to trauma and disruption. Diverticular hemorrhage is the source of lower gastrointestinal bleeding in 17%–40% of adults, and thus, it is the most common cause of lower gastrointestinal bleeding.

Peer review
The report describes the usefulness of therapeutic barium enema procedure in preventing bleeding from colonic diverticula.
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Figure 1 Barium (concentration: 150 w%/v%) was administered per the rectum, and the leading edge of the contrast medium was followed up to the cecum by fluoroscopy. X-ray follow-up to confirm filling up to the ascending colon and cecum was performed on the following day (A), 3 d after the procedure (B), and 2 mo after the procedure (C).
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Figure 2 Overall disease-free interval in cases of diverticular bleeding.
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Table 1 Clinical characteristics of the patients
	Characteristics
	n = 20

	Gender (M/F)
	14/6

	Age (mean ± SD, median: min-max)
	70.6 ± 12.5, 72.0: 39-92

	Taking anticoagulants
	9

	Taking NSAIDs
	2


NSAIDs: Non-steroidal antiinflammatory drugs.

Table 2 Risk factors for re-bleeding
	n = 20
	Non-bleeding
(n = 12)
	Re-bleeding 
(n = 8)
	P value

	Gender (M/F)
	9/3
	5/3
	0.6424

	Age (median: min-max)
	73.5: 54-90
	68.5: 39-92
	0.58851

	Taking anticoagulants
	6
	3
	0.6699

	Taking NSAIDs
	0
	2
	0.0007


1P values were calculated by Fisher’s exact test or Mann–Whitney U test. NSAIDs: Non-steroidal antiinflammatory drugs.
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