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Abstract
BACKGROUND
Irritable bowel syndrome (IBS) is a bowel disorder involving abdominal pain or discomfort along with irregularity of stool form and passage frequency. The pathophysiology is poorly understood and seems to be multifactorial. Investigations of possible causes of IBS have included only a few colonic transit studies and no simultaneous determination of the colonic faecal content.

AIM
To compare colon transit time and faecal load between IBS-patients and healthy control subjects. 

METHODS
The study included 140 patients with IBS, with a mean age of 50.0 years. The control group comprised 44 healthy persons with a mean age of 43.4 years, who were selected at random from the National Civil Register. Both the patient group and the control group underwent a marker study to measure colon transit time (CTT) and to calculate a faecal loading score. The patient group underwent treatment with a combined prokinetic regime, after which their CTT and faecal loading were reassessed. Analyses were performed to compare measurements between the control group and the patient group before and after treatment.

RESULTS
Compared to healthy controls, IBS-patients exhibited a significantly prolonged mean CTT (45.48 h vs 24.75 h, P = 0.0002) and significantly greater mean faecal loading scores in all colonic segments (P < 0.001). Among IBS patients, we found no significant differences between the 48 h and 96 h radiographs. Among patients exhibiting increased CTT and faecal loading, approximately half exhibited a palpable mass in the right iliac fossa. After intervention with a prokinetic treatment, the mean CTT among IBS patients was reduced from 45.48 h to 34.50 h (P = 0.091), with the post-treatment CTT not significantly differing from the CTT among control subjects (P = 0.095). The faecal loading score among IBS patients did not significantly differ before and after treatment (P = 0.442). The post-treatment faecal loading score in IBS patients remained significantly higher compared to that in controls (5.3 vs 4.3, P = 0.014). After treatment, half of the IBS-patients were relieved of bloating, while the majority no longer experienced abdominal pain and achieved a daily consistent stool. 

CONCLUSION
IBS-patients exhibited prolonged CTT and heavier faecal loading. These assessments may aid in diagnosis. Faecal retention may contribute to IBS symptoms, which can be treated using a prokinetic regime.
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Core Tip: Patients with irritable bowel syndrome (IBS) exhibit a significant prolonged colon transit time (CTT) and greater faecal loading compared to healthy people. This finding adds to our understanding of IBS since faecal retention may lead to major symptoms like abdominal bloating and pain and defaecation disturbances. The targeted therapy was a prokinetic regime. All the more, CTT/faecal load may serve as a diagnostic procedure.

INTRODUCTION
Irritable bowel syndrome (IBS) is a bowel disorder involving abdominal pain or discomfort along with irregularity of stool form and passage frequency[1]. Its prevalence ranges from 9%-23% of the world population[2]. IBS considerably affects quality of life and imposes a profound burden on patients, physicians, and the health-care system[3,4]. The pathophysiology is poorly understood and seems to be multifactorial. Investigations for possible causes of IBS have included only a few colonic transit studies[5,6], and none have included a simultaneous determination of the colonic faecal content. Therefore, in the present study we aimed to measure colon transit time and faecal load in patients with IBS and to compare these measures with those of a healthy control group.

MATERIALS AND METHODS
This study included 140 patients diagnosed with IBS based on recurrent abdominal pain and abdominal discomfort during the last 3 mo, which was associated with two or more of the following: Improvement with defecation, change in frequency of stool, and change in form (appearance) of stool[7]. The patients were recruited from a database of 281 patients who were referred for abdominal and ano-rectal symptoms[8]. A control group was recruited from a random selection of 372 people over 18 years of age, from the National Civil Register. Screening excluded individuals with gastrointestinal symptoms who took laxatives or strong analgesics and who had previous abdominal surgery. A total of 44 people fulfilled these criteria and were included in the control group. This study was approved by a local ethical and research committee and was conducted in accordance with the Declaration of Helsinki.
Included patients underwent a physical examination with special attention to abdominal signs, as well as a colonic marker study. The patients were on their own diet, and each patient swallowed a capsule containing 24 radiopaque markers (Sitzmark, Konsyl, Pharmaceutical Inc., Fort Worth, TX, United States), and then abdominal X-rays were taken after 48 h and 96 h[9]. Abdominal X-rays were divided into three segments, in a reverse Y-design, formed by the vertical column and two imaginary lines extending from the fifth lumbar vertebra to the right and left pelvic brim, pointing towards the femoral head, which was a modification from earlier studies[10,11]. The three segments include the right, transverse, and left colon and the rectum (Figure 1). The number of markers was counted in each segment and colonic transit time (CTT) was calculated using the following equation: CTT (in hours) = (48/n) × (n48 + n96), where n48 and n96 are the total number of markers observed at 48 h and 96 h after ingestion of n = 24 markers[12]. The control subjects also ingested 24 markers at the same time for 6 d, followed by an abdominal X-ray on day 7. In the control subjects, the number of markers visible on X-ray was then equal to the CTT in hours[12] (Figure 2).
The estimated faecal load in the colon from each segment on the X-ray was scored from 0-3, where 0 indicated no faeces visible, 1 indicated slight, 2 moderate, and 3 severe faecal loading. We then obtained a segmental score of 0-3 and a total score of 0-9 for each radiograph. Similarly, faecal loading scores were estimated for the controls. The presently used score is a modification of the Leech-score, which details faecal loading from 0-5[13]. The X-ray images were examined by observers who were unaware of the patients’ clinical course. 

Intervention
The present study was designed to investigate the pathogenic mechanisms of IBS rather than a therapeutic trial. Thus, the patients received an established bowel stimulatory treatment, which included a low fat and fibre-rich diet and dietician-guided meal planning, in accordance with guidelines of the Danish Nutritional Council. The diet was supplemented with 10-20 g of ispaghula husk per day, and the prokinetic drug, domperidone, 10 mg × 3 a day. Patients were also encouraged to perform 30 min of physical activity on a daily basis. This treatment continued until patients reported relief of symptoms. At this time, CTT and faecal loading were reassessed. 

Statistical analysis
The data were entered into a database, and analyses were performed using R 4.0.1 (R Core Team). Patients’ characteristics were expressed using frequency, percentage, mean, range, and standard deviation (SD). Differences (e.g., between the sexes) were calculated using a t-test and a permutations test for independence. The permutation test was also used to calculate differences between CTT values and between faecal loading scores. This test was selected because the variables did not show a normal distribution. Finally, we investigated possible associations of CTT and faecal load with specific symptoms and physical signs. A P of < 0.05 was considered to indicate statistical significance. 

RESULTS
Among 140 patients, the mean age was 50.0 years (range 17.0-81.2 years), and 118 patients were female and 22 were male. Mean age did not significantly differ between sexes, 49.6 years vs 52.3 years, P = 0.448. The control group included 44 randomly selected healthy persons with mean age of 43.4 years (range 21.0-67.0 years) and included equal numbers of males and females. 
The marker study revealed a mean CTT of 45.48 h among the 140 patients, compared to 24.75 h in the 44 controls, (P = 0.0002). CTT did not significantly differ between male and female patients (41.22 h vs 38.63 h, P = 0.741) or between male and female controls (19.73 h vs 29.77 h, P = 0.111). Patients and controls exhibited significant differences in mean faecal loading scores in all colonic segments at 48 h (right: 2.25 vs 1.80, left: 1.95 vs 1.25, distal: 1.95 vs 1.27; all P < 0.001) and at 96 h (right:2.41 vs 1.80, left: 2.05 vs 1.25, distal: 2.05 vs 1.27; all P < 0.001). Mean loading scores did not significantly differ between the 48 h and 96 h radiographs. Total mean faecal loading scores significantly differed between women and men among patients (5.77 vs 6.40, P = 0.025) but not among controls (4.55 vs 4.09, P = 0.179).
We used linear regression model to examine associations between markers and faecal load. Data from patients´ radiographs at 48 h and 96 h revealed significant associations between markers and faecal load (P < 0.001). These parameters showed the same relationship patterns among controls.
The mean intervention treatment period was 690 d. The mean CTT among patients was reduced from 45.48 h pre-intervention to 34.50 h post-intervention (P = 0.091). The mean CTT did not significantly differ between treated patients and healthy controls (P = 0.095). On the other hand, we found no significant difference between pre-treatment and post-treatment values of total faecal loading score 48 h (P = 0.442) or at 96 h (P = 0.127). Compared to healthy controls, post-treatment patients showed significantly heavier total faecal loading at both 48 h (5.3 vs 4.3, P = 0.014) and 96 h. 
Of the 140 patients, 58 (41.4%) exhibited a palpable faecal mass in the right fossa. Among the 57 patients with an elevated CTT of > 24.75 h (mean among healthy controls), 28 patients (49.1%) had a palpable mass. Similarly, of the 102 patients with a 48 h faecal loading score of > 1.80 (mean among healthy controls), 47 (46.1%) exhibited a palpable mass. Additionally, among 56 patients with an increase in CTT of > 24.75 h, 37 (66.1%) exhibited meteorism (P < 0.001). 
After the intervention, 43.9% of the patients were relieved from bloating (P = 0.1083), and 60.9% of patients no longer experienced abdominal pain (P = 0.0193). With regards to defaecation after the intervention, 88.6% of patients achieved normal daily defaecation (P < 0.001), and 74.3% had a formed stool (P < 0.001).

DISCUSSION
To our knowledge, our present study was the first to report the CTT and faecal load in IBS-patients. Our results showed that IBS patients had a prolonged CTT and heavier faecal load in all parts of the colon compared to healthy controls. Prior measurements of the degree of faecal loading have been exclusively described in children, and several systems have been developed to score both the amount of faeces and its localization in different colon segments[14,15]. The Leech-score is a reproducible tool for assessing faecal loading, with high intra-observer and interobserver agreement[13,16-18]. The plain abdominal radiograph has seldom been used in adults[18,19]. 
In contrast, CTT is widely used as a reproducible method[9]. In particular, CTT is utilized to assess for the presence of slow transit constipation. In our present study of IBS-patients, we utilized a single ingestion of markers to ensure better compliance, and the markers were counted on radiographs acquired at 48 h and 96 h after ingestion. We counted the localized markers in the right, left, and distal parts of the colon, including the rectum. This method was used regardless of bowel outlines that may suggest some other placement of a part of the colon. In the control subjects, we utilized multiple marker ingestion at the same time for 6 consecutive days followed by an abdominal X-ray on day 7, to circumvent the difficulty and unnecessary radiation exposure involved in obtaining two radiographs. With this technique, we measured the mean value of the mean transit times of different boluses of ingested markers, and the numbers of markers visible on the radiograph was equal to the segmental total transit time in hours[12]. This method is analogous to a bolus ingestion of markers visible on successive daily abdominal X-rays, and the two techniques were significantly correlated[9]. 
CTT has seldom been measured in IBS patients. After eliminating many patients with IBS constipation, Bouchoucha et al[20] found that CTT values in IBS patients significantly differed between male patients (25.7 h; n = 194) and female patients (31.1 h; n = 558). Other reports have also shown sex-based differences in CTT among both IBS-patients and control subjects[21]. However, in our study CTT of patients and controls was not associated with gender. Among healthy adults, CTT reportedly varies between 24.5 h and 45.6 h[20,22-24], and thus it is rather difficult to define a normal CTT. Variations in CTT can be attributed to the population investigated, dietary and fluid intake, physical activity, and study methodology. Notably, the CTT measurements obtained in sitz- or plastic marker studies of patients and controls have decreased over many years. Thus, our present CTT measurements for both IBS-patients and controls are at the lower end compared to prior studies. 
Radiopaque markers are not absorbed, do not alter gut metabolism, and have the same specific gravity as gut content and can thus be assumed to travel at the same rate as faeces. Markers are proven to be significantly associated with faecal load. Despite this, we observed great variation. Thus, patients with a heavy load may have few markers, and patients with a high load may have many markers. Additionally, the faecal load determined at 96 h was the same as at 48 h, indicating a stationary condition. A significant difference in faecal load was found between female and male IBS-patients, which was not the case for controls.
The pathophysiology of IBS is poorly understood and appears to be multifactorial, involving the combined impact of food intake, physical activity, mental status, previous infections, and genetics[25]. Recent years have brought emerging insights into the nervous system, and nervous system dysfunction may play a role in IBS[26]. Our increasing understanding of the gut microbiome has also highlighted its potential role in IBS symptoms[27]. In this context, faeces in the colon, and thereby the faecal load, may be viewed as the end result of all of these factors. Here, we found that faecal load was heavier in IBS patients than in healthy persons, and thus appears to be important in IBS. All the more, a palpable faecal mass in the right iliac fossa was found in many patients. The retention was observed irrespective of defaecation patterns (i.e., diarrhoea or constipation) and represents a hidden constipation.
Nearly half of the IBS patients in our study exhibited a palpable faecal mass in the right fossa, which was associated with both increased CTT and heavier faecal load. Moreover, a high proportion of IBS patients with an increased CTT suffered from meteorism. The endogenous source of intestinal gas is the fermentation processes of yeast and bacteria, which produces hydrogen, carbon dioxide, methane, butyric acid, and odoriferous sulphur compounds[28]. In particular, colonic hydrogen production is greater in patients with IBS than controls[29]. Thus, patients’ symptoms of bloating and abdominal pain may be caused by gas distending the colonic wall. This is in agreement with a study showing greater abdominal distension in IBS patients with delayed transit than in those with normal transit[30]. Our present results are consistent with that finding.
The simultaneous determination of CTT and faecal loading may serve as a diagnostic tool for IBS, rather than diagnosing this condition based on a constellation of symptoms alone. 
The present study was not a therapeutic trial but rather an investigative study of the mechanisms of IBS. Various IBS treatment concepts have been suggested[31]. Our patients exhibited faecal retention, and the administered treatment was targeted to relieve faecal retention with a dietary and prokinetic regime, including physical activity. Domperidone blocks the inhibitory effect of dopamine in the proximal colon in dogs[32] and thereby facilitates movements. In a placebo-controlled study, domperidone resulted in significantly reduced abdominal pain, flatulence, and abnormal bowel habits[33]. After the intervention, the patients exhibited reduced CTT values that were very close to the CTT values of healthy controls. However, the patients did not exhibit a corresponding reduction of faecal loading, which remained heavier than in the controls. These findings are in good agreement with the fact that only half of our patients experienced relief from bloating after the intervention. Fortunately, the majority of the patients no longer experienced abdominal pain and achieved daily and formed defaecation. It is possible that a treatment including prucalopride may constitute a more effective prokinetic regime for accelerating transit[34]. 

CONCLUSION
Our present results showed a significantly prolonged CTT and significantly heavier faecal loading in IBS-patients compared to healthy controls. This suggests that faecal retention may contribute to the symptoms in IBS, which could thus be relieved by treatment with a prokinetic regime. Our findings also indicate that the simultaneous determination of CTT and faecal loading may serve as a diagnostic procedure for IBS.

ARTICLE HIGHLIGHTS
Research background
Patients with irritable bowel syndrome (IBS) experience abdominal pain and irregularities of stool form and passage frequency. The prevalence ranges from 9%-23%, and IBS imposes profound burdens on patients, physicians, and the healthcare system. The pathophysiology is poorly understood.

Research motivation
Faecal retention is suspected to play a role in IBS symptoms. However, few colonic transit studies exist, and none have included simultaneous determination of colonic faecal content. Such information would likely have implications for choice of therapeutic decisions.

Research objectives
The present case-control study was performed to compare colonic transit time (CTT) and faecal load between IBS-patients and healthy controls. We further aimed to compare these parameters in patients before and after treatment with a prokinetic regime.

Research methods
CTT and faecal load were measured by performing a marker study. IBS-patients swallowed a capsule containing 24 radiopaque markers, and abdominal X-rays were taken after 48 h and 96 h. Control subjects ingested 24 markers at the same time for 6 d, followed by an X-ray on day 7. For both groups, CTT was calculated in hours, and a faecal load score was estimated.

Research results
Compared to 44 healthy controls, 140 IBS-patients exhibited a significantly prolonged mean CTT (45.48 h vs 24.75 h, P < 0.001) and a significantly greater mean faecal loading scores in each colonic segment (P < 0.001). After the intervention, the mean CTT in IBS-patients was reduced from 45.48 h to 34.50 h (P > 0.05), with the post-treatment CTT not significantly differing from the CTT among control subjects (P > 0.05). Moreover, following treatment, half of the patients were relieved from bloating, and the majority no longer experienced abdominal pain and had achieved a consistent daily stool. 

Research conclusions
IBS-patients were examined by using a new method comprising the simultaneous determination of CTT and faecal load. Our results showed a significantly prolonged CTT and significantly heavier faecal loading in IBS-patients compared to healthy control persons. These findings may contribute to the IBS symptoms, which were relieved to some degree following treatment with a prokinetic regime. Studies are needed to examine further the association between faecal retention and symptoms.

Research perspectives
Simultaneous measurement of CTT and faecal load may serve as a diagnostic tool for investigating IBS-patients and could also be extended for use in patients with other bowel disorders. This method may also be useful for monitoring the effects of different treatment regimens.
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Figure Legends
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Figure 1 Colon transit study in an irritable bowel syndrome patient. Patient ingested 24 markers, and an X-ray was acquired at 48 h. From the X-ray, we counted the number of markers in each segment: 2 + 8 + 10 = 20; faecal load score: 2 + 2 + 1 = 5 (see text).
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Figure 2 Colon transit study in a healthy control. Subjects ingested the 24 markers for 6 d, and an X-ray was acquired on day 7. From the X-ray we counted the number of markers in each segment: 11 + 6 + 1 = 18; faecal load score: 2 + 1 + 1 = 4 (see text).
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