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Castor oil as booster for colon capsule endoscopy preparation reduction: A prospective pilot study and patient questionnaire
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Abstract
BACKGROUND
Preparation for colon capsule endoscopy (CCE) requires a large liquid laxative volume for capsule excretion, which compromises the procedure's tolerability.

AIM
To assess the safety and utility of castor oil-boosted bowel preparation.

METHODS
This prospective cohort study including 20 patients (age range, 16-80 years; six men and 14 women) suspected of having colorectal disease was conducted at Kindai University Hospital from September 2017 to August 2019. All patients underwent CCE because of the following inclusion criteria: previous incomplete colonoscopy in other facility (n = 20), history of abdominal surgery (n = 7), or organ abnormalities such as multiple diverticulum (n = 4) and adhesion after surgery (n = 6). The exclusion criteria were as follows: dysphagia, history of allergic reactions to the drugs used in this study (magnesium citrate, polyethylene glycol, metoclopramide, and castor oil), possibility of pregnancy, possibility of bowel obstruction or stenosis based on symptoms, or scheduled magnetic resonance imaging within 2 wk after CCE. The primary outcome was the capsule excretion rate within the battery life, as evaluated by the total large bowel observation rate, large bowel transit time, and bowel creasing level using a five-grade scale in different colorectal segments. The secondary outcomes were complications, colorectal lesion detection rates, and patients’ tolerability.

RESULTS
The castor oil-based regimen was implemented in 17 patients. Three patients cancelled CCE because they could tolerate castor oil, but not liquid laxatives. The capsule excretion rate within the battery life was 88% (15/17). The mean large bowel transit time was 236 min. Approximately 70% of patients had satisfactory colon cleansing levels. CCE detected colon polyps (14/17, 82%) and colonic diverticulum (4/12, 33%). The sensitivity, specificity, and diagnostic accuracy rates for detecting colorectal polyps (size ≥ 6 mm) were 76.9%, 75.0%, and 76.4%, respectively. The sensitivity, specificity, and diagnostic accuracy rates for detection of diverticulum were 100% each. Twelve patients (71%) rated CCE as more than “good,” confirming the new regimen’s tolerability. No serious adverse events occurred during this study.

CONCLUSION
The castor oil-based regimen could reduce bowel preparation dose and improve CCE tolerability.
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Core Tip: Castor oil, a vegetable oil collected from castor oil plant seeds, is hydrolyzed into glycerin and retinoic acid in the small intestine, stimulating bowel movement in the small intestine. Among patients treated with castor oil as a booster, the rate of capsule excretion within battery life was 88%, whereas 70% of them had a more than “good” bowel cleansing level. The questionnaire of tolerability compared with previous colonoscopy showed that 71% of patients were satisfied with the new colon capsule endoscopy procedure. Sensitivity, specificity, and diagnostic accuracy of detecting colorectal polyps (size ≥ 6 mm) were 76.9%, 75.0%, and 76.4%, respectively.

INTRODUCTION
Colonoscopy is a well-established examination for detecting various types of colorectal diseases, including inflammatory bowel disease and colorectal tumors[1-3]. In addition to disease detection, colonoscopy plays an indispensable role in colorectal cancer (CRC) prevention through detection and removal of precancerous adenomatous polyps and early CRC. Although colonoscopy is usually performed under conscious sedation, a significant number of patients undergoing colonoscopy complain of pain and discomfort even under sedation. Thus, pain associated with colonoscopy is a major obstacle that prevents patients from undergoing this procedure for colorectal disease detection.
Such painful nature of colonoscopy is considered to result in a lower examination attendance rate than that of other types of cancer screening methods[4,5]. Colon capsule endoscopy (CCE), a recently developed technique for the detection of colorectal diseases, was approved for reimbursement under the national health insurance system of Japan in 2014. CCE is recognized as a noninvasive imaging modality that can be performed in patients complaining of colonoscopy-associated pain and discomfort. In fact, the usefulness of CCE as an alternative screening method for CRC prevention has been reported by several groups[6-8]. However, a major weakness of CCE lies on the fact that bowel preparations for CCE require a larger volume of laxative than that used in conventional colonoscopy because of the need for completion of capsule excretion[9-13]. For smooth capsule excretion, > 4.5 L of polyethylene glycol (PEG) is usually required for CCE[9-13]. Thus, patients need to take more than twice the volume of PEG for the observation of the entire colon by CCE than that used for conventional colonoscopy. Such a high liquid laxative volume may reduce patients’ tolerability and compliance.
Therefore, the development of a new bowel preparation method with comparable liquid volume to colonoscopy is necessary to increase patient tolerability of CCE. One way to achieve clean preparation and volume reduction of liquid laxative is to use a booster to accelerate capsule excretion though the colon. Castor oil, a type of vegetable oil collected from the castor oil plant seeds, is hydrolyzed into glycerin and retinoic acid by lipase in the small intestine, which stimulates the bowel movement in the small intestine[14-16]. Castor oil is widely used as a laxative in traditional medicine in western countries[14-16]. Indeed, several regimens consisting of PEG and castor oil, the latter of which functions as a booster, were proposed for the reduction of laxative liquid volumes. Such a booster effect by castor oil has the potential to accelerate capsule excretion through the colon and reduce the volume of the liquid laxative. Thus, the use of castor oil as a booster may help us develop tolerable bowel preparation methods for patients receiving CCE.
In this study, we aimed to determine the feasibility of a new bowel preparation regimen consisting of a low volume of PEG (2 L) combined with castor oil as a booster and provide evidence that it can achieve both effective capsule excretion and sufficient colon cleansing in CCE.

MATERIALS AND METHODS
Patient selection
In total, 20 patients who were suspected of having colorectal diseases were enrolled in this study. This prospective pilot cohort study was performed at Kindai University Hospital from September 2017 to August 2019. This study was approved by the Institutional Review Board of Kindai University Hospital (29-087) and the procedures were in accordance with the Declaration of Helsinki. All study participants, or their legal guardian, provided written consent prior to study enrollment. The clinical trial is registered with University Hospital Medical Information Network, using identifier UMIN000028694. Details can be found at https://upload.umin.ac.jp/cgi-openbin/ctr_e/ctr_view.cgi?recptno=R000032809.

Patient eligibility
Patients aged between 16 and 80 years suspected of having colorectal disease were included. All 20 patients (age range, 16-80 years; sex, six men and 14 women) underwent CCE because of previous incomplete colonoscopy in other facilities (n = 20), history of abdominal surgery (n = 7), or organ abnormalities, such as multiple diverticulum (n = 4) and adhesion after surgery (n = 6).
The exclusion criteria for this study were dysphagia, history of allergic reactions to the drugs used in this study (magnesium citrate, PEG, metoclopramide, and castor oil), possibility of pregnancy, possibility of bowel obstruction or stenosis based on symptoms, or scheduled magnetic resonance imaging within 2 wk after CCE.

Study outcomes
The primary outcome was the capsule excretion rate within battery life as evaluated by total large bowel observation rate, large bowel transit time, and bowel cleansing level using a five-point scale (excellent, good, fair, poor, and inadequate), as described in the Aronchick Global Assessment Scale[17] (Figure 1). The degree of colon cleansing level was rated in different segments of the colorectum (cecum, ascending colon, transverse colon, descending-sigmoid colon, and rectum).
The secondary outcomes were complications, diagnostic accuracy of colorectal lesion, and patients’ tolerability evaluated using the CCE questionnaire. The diagnosis of colorectal disease obtained by CCE was verified by subsequent colonoscopy in our university hospital (Kindai University Hospital), which is a high-volume center and, thus, it is fully equipped with endoscopy devices and many experienced colonoscopists. Therefore, our facility can perform total colonoscopy even in patients who have undergone incomplete colonoscopy at other facilities.

Patient-reported outcome
To assess patient-reported outcome, the patients were asked to complete a questionnaire regarding the tolerability of CCE. The questionnaire included CCE bowel preparation, taste of castor oil as a booster, total period of CCE procedure, and overall evaluation of CCE examination. The satisfaction level was rated on a five-point scale (excellent, very good, good, fair, and poor) in each point.

CCE procedure
CCE was performed using PillCam COLON Capsule (Medtronic, Minneapolis, MN, USA). The details of our modified CCE regimen using castor oil, as a booster, are shown in Table 1.
Our regimen used 50 g of magnesium citrate (Magcorol P; Horii Pharmaceutical Industry, Ltd, Osaka, Japan) dissolved in 180 mL of water on the day before examination. On the examination day, patients took 1 L of PEG solution plus ascorbic acid (MoviPrep; EA Pharma Co., Ltd, Tokyo, Japan) together with 500 mL of water at 6:00 AM. Patients visited the hospital at 9:00 AM and took the capsule 30 min later. Then, metoclopramide (10 mg) intravenously administered. Patients went home after the capsule reached the duodenum. When they got home, they took 20 mL of castor oil (Himashi Oil; Yoshida Pharmaceutical, Tokyo, Japan) as a booster, together with 500 mL Moviprep and 250 mL water. After 1 h, they took 500 mL of Moviprep and 250 of mL water. When the capsule was not excreted at 2 h after receiving the castor oil, they took additional Magcorol P (50 g) dissolved in 180 mL water together with 20 mL of castor oil. Our regimen required 2 L of PEG, which is approximately 50% of the volume of the bowel preparation without castor oil.

Assessment of colon cleansing levels
The degree of the colon cleansing level was rated in different segments of the colorectum (cecum, ascending colon, transverse colon, descending-sigmoid colon, and rectum), as described in the Aronchick Global Assessment Scale[17], and the overall cleansing level in the entire colon was determined.

Statistical analysis
The sensitivity, specificity, positive predictive value, negative predictive value, accuracy of adenoma detection ≥ 6 mm, accuracy of adenoma detection ≤ 5 mm, and diverticula detection were calculated for each classification category.The statistical methods of this study were reviewed by biomedical statistician Satoru Hagiwara from Kindai University Hospital.

RESULTS
Patient characteristics
Seventeen patients (85%) successfully followed our modified CCE regimen using castor oil. Three patients cancelled CCE because they could tolerate only castor oil, but not liquid laxatives. Seven patients experienced incomplete colonoscopy because of an abdominal surgery history (Table 2). The reasons for taking CCE were abdominal pain, diarrhea or constipation, elevation of tumor markers, anemia, bloody stool, and follow-up examination results after colon polypectomy or after colon cancer operation.

Effects of castor oil on CCE
As shown in Table 3, the capsule excretion rate within the battery life was 88% (15/17) among patients treated with castor oil as a booster. Two patients did not expel the capsule within the battery life duration. Thus, the combination of PEG with castor oil for bowel preparation promoted capsule excretion in CCE.
The median time of large bowel transition was 236 min. The overall cleansing level of the colon was “excellent,” “good,” “fair,” and “poor” in seven, five, four, and one cases, respectively. No cases were judged as having “inadequate” cleansing (Tables 3 and 4). Thus, > 70% (12/17) of patients treated with PEG in combination with castor oil as a booster exhibited enough level of colon cleansing for the detection of colorectal diseases by CCE. More detailed information regarding the colon cleansing levels at five different sites is shown in Figure 2.
The percentage of those who had a more than “good” bowel cleansing level was 70% (12/17). The percentages of patients exhibiting a cleansing level of “excellent” or “very good” were higher in the proximal than in the descending-sigmoid colon. Thus, the distal sites of the colon tended to show poor cleansing compared with the proximal sites. Such lower cleansing levels at the descending-sigmoid colon can be partially explained by the presence of diverticulum at this site. In fact, the diverticulum was detected in four (80%) out of five patients with a “fair” cleansing level at the descending-sigmoid colon. Although floating of oil originating from the castor oil degradation was sometimes observed, the presence of oil in the colonic lumen did not affect the detection of colorectal disease.

Detection rates of colorectal diseases
CCE detected colon polyps (14/17, 82%) and colonic diverticulum (4/12, 33%). No patient had CRCs or inflammatory bowel disease (Table 3). These colorectal diseases diagnosed by CCE were verified by subsequent colonoscopy.
The sensitivity, specificity, and diagnostic accuracy rates in adenoma detection of ≥ 6 mm were 76.9%, 75.0%, and 76.4%, respectively (Table 4). Most cases of inconsistent diagnosis between CCE and colonoscopy were those bearing colon polyps ≤ 5 mm because the diagnostic accuracy for small polyps ≤ 5 mm was low. Indeed, the sensitivity, specificity, and diagnostic accuracy rates in detecting adenoma ≤ 5 mm were 50.0%, 66.7%, and 55.6%, respectively (Table 4). Regarding the detection of diverticulum, the sensitivity, specificity, and diagnostic accuracy rates were all 100% (Table 4).

Assessment of tolerability using the questionnaire
All participants completed the questionnaire regarding the tolerability of the bowel preparation method using castor oil as a booster for CCE. The results of the questionnaire evaluating the tolerability of our new CCE procedure from four different aspects are shown in Figure 3. Concerning total preparation of CCE, castor oil as a booster, total procedure time, and overall evaluation of CCE, 41% (7/17), 53% (9/17), 59% (10/17), and 71% (12/17) of the participants, respectively, graded each component of our new procedure as more than “good.”

Complications
None of the patients experienced adverse events associated with the use of castor oil as a booster, such as bleeding, perforation, abdominal pain, vomiting, aspiration pneumonia, or allergic reaction.

DISCUSSION
In this study, we assessed the safety and utility of castor oil-boosted bowel preparation for CCE and found that this method can achieve capsule excretion and colon cleansing in CCE. This new bowel preparation method enabled us to reduce the volume of liquid laxatives to 3.5 L after using castor oil as a booster, as evidenced by the fact that 17 patients (85%) successfully completed CCE using our castor oil-boosted bowel preparation without causing severe adverse events. As aforementioned, conventional laxative regimen for CCE requires large amounts of liquid laxatives (4.5-6.0 L) to obtain a sufficient capsule excretion rate (70%-95%)[9,11,12,18,19]. Nakaji et al[20] showed that in their historical control group, in which patients did not receive castor oil (total liquid laxatives, 4.1 L; n = 82), the capsule excretion rate (total large intestine observation) was 83%, the average colon transit time was 259 min, the bowel cleaning level (excellent/good) was 82% and the colorectal polyp detection rate was 49%. Interestingly, no adverse events were observed.
Our castor oil-boosted regimen achieved a significant reduction in the liquid laxative volume and a high capsule excretion rate (15/17, 88%). Such a reduction in liquid laxative volume achieved tolerability of CCE, as > 70% of patients were satisfied with the CCE in the overall assessment in the questionnaire scores. In addition to tolerability, the colon cleansing levels by castor oil-based bowel preparation methods were comparable to those of conventional preparation methods. Collectively, these data suggested that the castor oil-boosted bowel preparation method is useful and safe for CCE.
Although the castor oil-boosted colon preparation regimen used in this study was tolerable in most patients undergoing CCE, there is still room for improvement in our regimen. In the questionnaire, half (54%) of the patients pointed out the unique taste and sticky texture of castor oil. Therefore, it is desirable to encapsulate or add flavor to the oil to resolve this issue. Nevertheless, > 70% of the patients rated the castor oil-boosted CCE in the present form as “good” or “better.” Moreover, 76% of the patients indicated that they are willing to undergo CCE in the next examination.
Aside from castor oil, other boosters are used for the reduction of liquid laxative volume. Togashi et al[21] used gastrografin and reported a high capsule excretion rate within battery life (97%). However, gastrografin cannot be taken by individuals allergic to iodine. Thus, it is not widely used as a booster for CCE.
In line with our data, Ohmiya et al[22] recently reported the safety and feasibility of castor oil-boosted bowel preparation methods for CCE in a multicenter retrospective study. In their study, the capsule excretion rate within its battery life with castor oil was 97%, which is comparable to that of gastrografin-boosted preparation. Given the possibility of allergic reactions to gastrografin, castor oil appears to be superior as a booster despite the almost equal capsule excretion rates and the comparable volumes of liquid laxatives.
In our study, the mean large bowel transit time was 236 min (range, 16–725 min), which was longer than that reported by Ohmiya et al[22]. The longer colon transit time in our regimen as compared with that reported in the previous study[22] may be explained by the presence or absence of sodium picosulfate, sennoside, or mosapride. They administered sodium picosulfate or sennoside the day before CCE and mosapride on the day of CCE. In contrast, the patients enrolled in this study did not take any of these drugs. Therefore, additional laxatives and mosapride may further enhance the efficacy of castor oil-boosted bowel preparation for CCE. Whether the addition of sodium picosulfate, sennoside, or mosapride is absolutely required for CCE with castor oil-boosted awaits the performance of further prospective studies. Interestingly, a significant number of patients (5/17, 29%) exhibited very fast colon transit times (within 60 min) in our regimen, and the findings were consistent in 80% of them. In contrast, four cases were found in the group with a very slow transit time of ≥ 300 min, and the findings were consistent in 75% of them. However, we did not obtain significantly different results because of the limited data.
Concerning the colorectal cleansing levels, > 70% (12/17) of the patients who used our castor oil-boosted regimen achieved more than “good” bowel preparation. These data regarding the cleansing level were comparable to those of previous reports[10,13,23-25]. Therefore, the addition of sodium picosulfate, sennoside, or mosapride to our regimen can affect the colon transit time rather than the cleansing level. Despite a relatively small number of cases and poor detection rates of adenomas ≤ 5mm and no sampling the tissue for capsule endoscopy as inherent limitation, we evaluated the diagnostic performance of colorectal polyps. The sensitivity, specificity, and diagnostic accuracy rates in detecting colorectal polyps with a maximum size ≥ 6 mm were approximately 75%. Comparable to our present data, the sensitivity and specificity rates of second-generation CCE with at least one polyp with a size ≥ 6 and ≤ 5 mm were reported to range between 84% and 94% and between 64% and 94%, respectively[7,24-27].

CONCLUSION
Reduction of liquid laxative volume and sufficient capsule rate can be achieved using our castor oil-boosted bowel preparation method for CCE. This study provides evidence regarding the safety and feasibility of this new bowel preparation method despite its limitation in the study design (i.e., the small cohort size in a single university hospital). Nevertheless, it should be emphasized that the castor oil-boosted bowel preparation may help us perform tolerable and safe CCE, and this needs to be confirmed in future prospective multicenter studies.

ARTICLE HIGHLIGHTS
Research background
Colon capsule endoscopy (CCE) is a usefulness imaging modality because it can be performed non-invasively. However, there is one major limitation of CCE, as bowel preparations for CCE require a larger volume of laxative than that used in conventional colonoscopy because of the need for capsule excretion completion. Therefore, the development of a new bowel preparation method with comparable liquid volume to colonoscopy is necessary to increase patients’ CCE tolerability.

Research motivation
Castor oil could have the potential to accelerate the capsule excretion through the colon and reduce the volume of the liquid laxative.

Research objectives
In this study, we attempted to clarify the effectiveness and tolerability of our modified regimen, which uses castor oil as a booster.

Research methods
Twenty patients suspected of colorectal diseases were enrolled in this prospective cohort study. We used modified CCE regimen using castor oil as a booster. The capsule excretion rate within the battery life, bowel cleansing level in different segments of the colorectum, and detection rates of colorectal lesions were evaluated. In this study, we asked the patients to complete a questionnaire to assess the CCE tolerability.

Research results
Seventeen patients (85%) successfully followed our castor oil–based regimen, whereas three patients (15%) were unable to ingest castor oil because of its taste and failed to expel the capsule within the duration of battery life. The mean large bowel transit time was 236 min. The percentage of patients with satisfactory colon cleansing levels was 70%. The sensitivity, specificity, and diagnostic accuracy rates in detecting colorectal polyps with a size ≥ 6 mm were 76.9%, 75.0%, and 76.4%, respectively. Twelve patients (71%) evaluated the CCE procedure as more than “good” in the questionnaire, thus confirming the tolerability of our new regimen.

Research conclusions
This study shows the safety and utility of modified bowel preparation for CCE, which uses castor oil, and found that that it can achieve capsule excretion, colon cleansing, high tolerability of CCE preparation, and reduction of liquid laxative volume.

Research perspectives
A prospective multicenter trial is required to assess the safety and utility of castor oil–boosted bowel preparation for CCE.
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Figure Legends
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Figure 1 Aronchick Global Assessment Scale[17].
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Figure 2 Degree of the colon cleansing level in different segments of the colorectum (cecum, ascending colon, transverse colon, descending-sigmoid colon, and rectum).
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Figure 3 Results of the questionnaire. CCE: Colon capsule endoscopy.

Table 1 Modified colon capsule endoscopy regimen using castor oil as booster
	Modified colon capsule endoscopy regimen

	Day before endoscopy
	21:00
	Magnesium citrate P 50 g + water 180 mL

	Day of endoscopy
	06:00
	PEG 1000 mL + water 500 mL

	
	09:00
	Patient comes to the hospital

	
	09:30
	Capsule ingestion, intravenous metoclopramide 10 mg

	
	10:00
	Patient goes home after the capsule reaches the duodenum

	
	When patient reaches home
	Castor oil 20 mL, PEG 500 mL + water 250 mL

	
	1 h later
	PEG 500 mL + water 250 mL

	
	2 h later
	Magnesium citrate 50 g + water 180 mL

	
	2 h later
	Castor oil 20 mL


PEG: Polyethylene glycol.

Table 2 Patient characteristics (n = 17)
	Characteristics
	

	Age (yr)
	

	Mean ± SD
	59.5 ± 16.8

	Range
	37-80

	Sex, n (%)
	

	Male
	3 (18)

	Female
	14 (82)

	History of abdominal surgery, n (%)
	7 (41)

	Reason for colon capsule endoscopy, n (%)
	

	Abdominal pain
	5 (29)

	Constipation
	5 (29)

	Elevation of tumor marker
	2 (12)

	Follow-up examination after polypectomy
	2 (12)

	Anemia
	1 (6)

	Bloody stool
	1 (6)

	Follow-up after colon cancer surgery
	1 (6)


Three patients were unable to take castor oil.

Table 3 Results of colon capsule endoscopy (n = 17)
	Variables
	n (%) or mean (range)

	Capsule excretion rate within battery life
	15 (88)

	Large bowel transit time (min)
	236 (16-725)

	Cases within 60 min
	5 (29)

	Cleansing level (overall)
	12 (70)

	Excellent
	6

	Good
	6

	Fair
	5

	Poor
	0

	Polyp detection rate
	14 (82)
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Table 4 Colon capsule endoscopy detection
	
	Disorder
	No disorder

	Detection of adenoma ≥ 6 mm

	Positive test result
	True positive: 10
	False positive: 1

	Negative test result
	False negative: 3
	True negative: 3

	Sensitivity, 76.9%; Specificity, 75.0%; Diagnostic accuracy, 76.5%

	Detection of adenoma ≤ 5 mm

	Positive test result
	True positive: 2
	False positive: 1

	Negative test result
	False negative: 3
	True negative: 3

	Sensitivity, 50.0%; Specificity, 66.7%; Diagnostic accuracy, 55.6%

	Detection of diverticulums

	Positive test result
	True positive: 4
	False positive: 0

	Negative test result
	False negative: 0
	True negative: 13

	Sensitivity, 100%; Specificity, 100%; Diagnostic accuracy, 100%



image3.png
Excellent
Very good

Good
Fair

Poor

sl

u Total bowel preparation ~ ® Castor as a booster
= Total period of procedure = Overall evaluation of CCE





image1.png
Aronchick bowel preparation scale

y

N ! {, ¢ = »
. —
Good





image2.png
Bowel cleaning level

Excellent

01:29:25





