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Rapid transit in the left-sided 
colon is related to poor defecatory 
function at early period after stoma 
closure
Ri Na Yoo*, Hyeon-Min Cho, Bong-Hyeon Kye*, Hyung Jin Kim, Sukhyun Shin & Gun Kim

Sphincter-saving surgery (SSS) is the gold standard for rectal cancer surgery but results in a wide 
spectrum of bowel dysfunction. This study investigated the impact of colonic dysmotility on the 
incontinent form of bowel dysfunction. Bowel function of patients who received SSS with loop 
ileostomy for treating rectal cancer was reviewed retrospectively from June 2013 two August 2015 
at a single hospital. Immediately after closure of a diverting stoma, patients were tested for the 
colonic transit time (CTT) using radiopaque markers. Bowel dysfunction at 6 and 12 months after SSS 
was measured as the severity of fecal incontinence according to the Cleveland Clinic Incontinence 
Score (CCIS) and the use of an anti-diarrheal drug. A short CTT for the left colonic segment was 
significantly associated with the high CCIS and use of an antidiarrheal agent at 6 months after sphincter 
preservation. However, the CTT didn’t correlate with the CCIS at 12 months after SSS. Rather, age 
and surgical method demonstrated a significant association. Colonic dysmotility after SSS appears to 
intensify fecal incontinence for a relatively short period. Its impact abates within a year.

With the advent of modern surgical techniques and chemoradiation therapy, sphincter-saving surgery (SSS) has 
become the gold standard treatment in patients with rectal cancer1–3. As the survival outcome improves, issues 
on quality of life for cancer survivors are now greatly emphasized. Up to 80% of patients undergoing SSS reported 
a broad spectrum of significant bowel dysfunction postoperatively, defined as low anterior resection syndrome 
(LARS)4. Because LARS perniciously affects daily life, the quality of life of patients who have undergone SSS can-
not be deemed superior to that of patients with permanent colostomy5,6.

The demand to improve quality of life of patients with bowel dysfunction is increasing. However, current 
treatments for LARS are merely empirical, controlling symptoms of incontinence, frequent diarrhea, and consti-
pation7. Multifactorial etiologies and the complex, intertwined pathophysiology of LARS render diagnosis and 
treatment difficult. Some risk factors for LARS are known, such as an alteration in anorectal physiology, injury to 
the anal sphincter or pudendal nerve, and colonic dysmotility. Nevertheless, most of the mechanisms and much 
of the pathophysiology of LARS remain to be elucidated8,9. From daily incontinence with urgency and soiling 
to constipation and obstructive defecation, patients present with a wide spectrum of bowel dysfunction after 
rectal resection. This study aims to evaluate the impact of colonic dysmotility on incontinent symptoms of LARS 
through a colonic transit time (CTT) test on patients with multiple risk factors for LARS.

Result
A total of 126 patients with rectal cancer in which the distal margin was within 12 cm from the anal verge under-
went radical rectal resection during the designated period. Excluding patients who underwent abdominoperineal 
resection, Hartmann’s procedure, subtotal colectomy, or total colectomy, 110 patients were identified to have 
undergone SSS (12 patients without loop ileostomy and 98 with loop ileostomy). Among those with loop ileos-
tomy, the CTT test was conducted in 45 patients (Fig. 1).

Table 1 lists the demographics of the patients in this study. The mean age was 62.9 years, ranging from 38 to 75 
years. The sex ratio was 25 males to 20 females. Of 45 patients, 36 underwent low anterior resection with stapled 
anastomosis. The other nine patients received intersphincteric resection (ISR) with hand-sewn anastomosis. The 
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mean distance of the distal margin of the tumor from the anal verge was 7.8 cm. The average CCIS was 10.3 at 6 
months and 8.9 at 12 months. The average defecation frequency per day was 8.6 times at 6 months and 7.7 at 12 
months. The mean CTT immediately after the closure of a diverting stoma was 52.5 hours for the entire remnant 
colon, 43.8 hours for the right, 7.2 hours for the left, and 1.5 hours for the rectosigmoid.

After patients with a CCIS greater than 9 were compared with those having a score equal to or less than 9 at 6 
months after SSS, the CTT for the left side of the remnant colon was significantly shorter in patients with a CCIS 

Rectal cancer with the distal margin within 12 cm 
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Figure 1.  Inclusion and exclusion criteria. Inclusion and exclusion criteria are depicted above.

Range

Age (years) 62.9 ± 9.6 38~75

  Sex (male:female) 25:20

  Operation method (SA: CAA) 36:9

  Tumor location (cm from anal verge) 7.8 ± 2.4 2.7~12.0

Defecation

  CCIS at 6months 10.3 ± 4.9 0~20

  CCIS at 12months 8.9 ± 4.6 0~20

  Defecation/day at 6months 8.6 ± 4.3 2~20

  Defecation/day at 12months 7.7 ± 5.2 2~30

Colon transit time Reference value13

  Total Transit time (hours) 52.5 ± 27.6 10.0~135.8 20.5~30.1

  Right (hours) 43.8 ± 24.6 7.4~121.4 5.4~6.8

  Left (hours) 7.2 ± 6.3 0.2~24.4 10.8~12.5

  Recto-sigmoid (hours) 1.5 ± 1.9 0.0~9.4 5.7~7.7

Table 1.  Demographics. CCIS, Cleveland Clinic Incontinence Score SA, Stapled anastomosis, CAA colo-anal 
anastomosis.
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greater than 9 than in the others, as shown in Table 2. Furthermore, with marginal significance, patients with a 
CCIS greater than 9 tended to be older than those with a CCIS equal to or less than 9. The tumor location was 
closer to the anal verge in patients with a CCIS greater than 9 with marginal significance. When patients who 
used an antidiarrheal agent at 6 months after SSS were compared with those who did not, the CTT for the left and 
rectosigmoid area was significantly shorter, as shown in Table 3. Patients who used an antidiarrheal agent were 
older than those without such use.

As listed in Table 4, patients with a CCIS greater than 9 at 12 months were significantly older than the oth-
ers. Moreover, they exhibited a tumor located lower in the rectum and received ISR more frequently. However, 
the CTT was not significantly different between the two groups. Patients who used an antidiarrheal agent at 12 
months exhibited similar characteristics: older age and the tumor being located lower in the rectum, as shown in 
Table 5. The patients who underwent ISR tended to use an antidiarrheal agent at 12 months more frequently than 
the others did.

Discussion
Investigating the impact of colonic dysmotility on the symptoms of LARS, this study demonstrated that the 
colonic motility of the mobilized, left colon seems to be correlated with the symptom of fecal incontinence, as 
reflected by the CCIS at postoperative 6 months. Such a consequence is partially explained by the denervation of 
the left colon during transection of the IMA at its origin and mobilization of the left colon9,10. Previously, a canine 
model of the anterior resection state demonstrated that injuries to the descending fibers of the inferior mesen-
teric plexus and to the ascending fibers of the pelvic plexus seem to shorten the CTT for the mobilized colonic 
segment mediated by dominant inhibitory sympathetic pathways in the distal colon11. Although the level of arte-
rial ligation in rectal cancer surgery is still controversial, high ligation of the IMA gives advantages in regards to 

CCIS ≤ 9 
(N = 19)

CCIS > 9 
(N = 26)

P-value

Uni-variate Multi-variate

Age (years) 59.9 ± 9.9 65.1 ± 8.8 0.078 0.193

Sex

  Male 13 (52.0%) 12 (48.0%) 0.224

  Female 6 (30.0%) 14 (70.0%)

Tumor location (cm from AV) 8.6 ± 1.8 7.2 ± 2.6 0.063 0.065

OP method

  SA 16 (44.4%) 20 (55.6%) 0.712

  CAA 3 (33.3%) 6 (66.7%)

Colon transit time

Total (hours) 55.9 ± 24.8 47.9 ± 31.2 0.346

Right (hours) 45.6 ± 22.5 41.5 ± 27.6 0.585

Left (hours) 8.9 ± 7.1 4.7 ± 4.2 0.026 0.021

Recto-Sigmoid (hours) 1.4 ± 1.6 1.7 ± 2.4 0.554

Table 2.  Cleveland Clinic Incontinence Score at 6 months after sphincter-saving surgery. CCIS, Cleveland 
Clinic Incontinence Score SA, Stapled anastomosis, CAA colo-anal anastomosis.

LOP (−) 
(N = 17)

LOP (+) 
(N = 28)

P-value

Uni-variate Multi-variate

Age (years) 59.6 ± 11.9 64.9 ± 7.4 0.076 0.125

Sex

  Male 8 (32.0%) 17 (68.0%)

  Female 9 (45.0%) 11 (55.0%) 0.537

Tumor location (cm from AV) 8.5 ± 1.9 7.3 ± 2.5 0.13

OP method

  SA 14 (38.9%) 22 (61.1%)

  CAA 3 (33.3%) 6 (66.7%) 0.757

Colon transit time

  Total (hours) 55.7 ± 31.8 50.6 ± 25.2 0.547

  Right (hours) 43.7 ± 27.9 43.9 ± 22.8 0.981

  Left (hours) 9.6 ± 7.7 5.7 ± 4.8 0.040 0.103

  Recto-sigmoid (hours) 2.4 ± 2.7 1.1 ± 1.1 0.017 0.137

Table 3.  The use of anti-diarrheal agent at 6 months after sphincter-saving surgery. CCIS, Cleveland Clinic 
Incontinence Score SA; Stapled anastomosis; CAA colo-anal anastomosis; LOP, loperamide.
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oncologic surgery, such as en block dissection of the lymph node, low level of anastomosis without tension, and 
the precise tumor staging12. However, it is inevitable to sacrifice some descending fibers of the IMA plexus to 
perform the high ligation of IMA. The present study also demonstrated that the denervation around the origin of 
the IMA resulted a shorter CCT, compared with the reference value for healthy Korean adults13.

By correlating the CCIS with CTT test result obtained during the postoperative period of ileostomy closure, 
this study showed that the CTT is associated with the degree of fecal incontinence and use of an antidiarrheal 
agent at postoperative 6 months from index surgery. In other words, a shorter CTT for the left and neorecto-
sigmoid colon is associated with a higher CCIS and greater use of an antidiarrheal agent. At postoperative 12 
months, the CTT for the left and neo-rectosigmoid colon for patients with a CCIS greater than 9 is shorter than 
that for patients with a CCIS less than or equal to 9. However, the CTT value at 12 months was not statistically 
significant. By contrast, old age and ISR along with a low tumor location are correlated with incontinent symp-
toms at postoperative 12 months. This suggests that a rapid colonic transit time in an early following period is 
alleviated within a year.

The nerve innervation may explain the recovery of colon motility. The newly constructed left side of the colon 
is mainly distal transverse colon and proximal descending colon, which is innervated by not only from the IMA 
but also SMA plexus. Colonic motility would be influenced primarily by the left colon postoperatively because the 
right colon is not affected by the nerve injuries around the IMA plexus. The neo-rectosigmoid colon would likely 
function as a passage rather than a functional reservoir since pelvic fibrosis and injury to the IMA plexus proba-
bly induce the complete loss of bowel motility in the neo-rectosigmoid colon. The left colon seems to recover the 
colonic motility in a year, and the recovery possibly involves the effect of SMA plexus.

Aging, the capacity of the remnant rectum, and iatrogenic sphincter injury during index surgery are more 
potent factors for LARS than colonic dysmotility caused by nerve injury during rectal resection. In cases of 

CCIS ≤ 9 
(N = 27)

CCIS > 9 (N 
= 18)

P-value

Uni-variate Multi-variate

Age (years) 60.5 ± 10.7 66.5 ± 6.1 0.037 0.038

Sex

  Male 14 (56.0%) 11 (44.0%)

  Female 13 (65.0%) 7 (35.0%) 0.76

Tumor location (cm from AV) 8.4 ± 2.0 6.8 ± 2.7 0.032 0.883

OP method

  SA 25 (69.4%) 11 (30.6%)

  CAA 2 (22.2%) 7 (77.8%) 0.019 0.053

Colon transit time

Total (hours) 57.7 ± 29.6 44.8 ± 22.9 0.126

Right (hours) 47.2 ± 26.5 38.7 ± 21.1 0.259

Left (hours) 8.5 ± 6.5 5.0 ± 5.4 0.069 0.191

Recto-sigmoid (hours) 1.9 ± 2.2 0.9 ± 1.4 0.123

Table 4.  Cleveland Clinic Incontinence Score at 12 months after sphincter-saving surgery. CCIS, Cleveland 
Clinic Incontinence Score SA, Stapled anastomosis, CAA colo-anal anastomosis.

LOP (−) 
(N = 15)

LOP (+) 
(N = 30)

P-value

Uni-variate Multi-variate

Age (years) 56.5 ± 11.4 66.1 ± 6.7 0.001 0.005

Sex

  Male 9 (36.0%) 16 (64.0%)

  Female 6 (30.0%) 14 (70.0%) 0.757

Tumor location (cm from AV) 8.8 ± 1.5 7.3 ± 2.6 0.047 0.499

OP method

  SA 14 (38.9%) 22 (61.1%)

  CAA 1 (11.1%) 8 (88.9%) 0.089 0.426

Colon transit time

  Total (hours) 57.4 ± 33.2 50.1 ± 24.6 0.409

  Right (hours) 48.1 ± 29.1 41.7 ± 22.2 0.421

  Left (hours) 7.5 ± 6.1 7.1 ± 6.5 0.828

  Recto-sigmoid (hours) 1.9 ± 1.7 1.4 ± 2.1 0.384

Table 5.  The use of anti-diarrheal agent at 12 months after sphincter-saving surgery. CCIS, Cleveland Clinic 
Incontinence Score SA; Stapled anastomosis; CAA colo-anal anastomosis; LOP, loperamide.
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patients with multiple risk factors for a major LARS, including undergoing high ligation of IMA, use of neoadju-
vant chemoradiation therapy, use of temporary stoma, and very low anastomosis, the alteration in anorectal phys-
iology shortly after the rectal resection may benefit from an active intervention, such as using antidiarrheal agent.

There are several limitations to this study. First, the effect of ileostomy was not well addressed because all 
study patients underwent loop ileostomy simultaneously at the time of rectal resection. It is suggested that by 
causing disuse atrophic colitis, loop ileostomy plays a critical role in the development of major LARS14,15. A 
previous study on epithelial cell kinetics in the human rectal mucosa showed that on reversal of bowel continu-
ity, the rectal mucosa regained intestinal musculature and normal mucosal function16. A recent study reporting 
the factors related to major LARS demonstrated that only neoadjuvant chemoradiation therapy and colo-anal 
anastomosis were significantly associated with the development of major LARS17. However, a risk factor analysis 
of LARS revealed that patients who once had loop ileostomy around the time of rectal resection persistently 
experienced bowel dysfunction for a prolonged period of up to 5 years15. Although several risk factors related to 
the development of LARS are speculated, the pathogenesis of how independent factors provoke the alteration of 
anorectal physiology remains to be clarified. Because the study population was evaluated under same condition, 
it is reasonable to hypothesize that each risk factor for LARS minimally influenced the study result. Postoperative 
ileus and the use of narcotics can be problematic for bowel motility postoperatively. According to Vather et al., 
postoperative ileus is the presence of at least two of the following signs or symptoms on or after postoperative 
day 4: nausea and vomiting, inability to tolerate a solid or semiliquid diet during the preceding 24 hours, abdom-
inal distension, and radiological evidence of ileus18. Because all patients in this study underwent radiological 
evaluation for bowel motility, postoperative ileus could be disregarded. In addition, the use of narcotics was 
not limited during the early postoperative period. However, once patients started on oral feeding, only an oral 
form of NSAIDs was administered for pain control; therefore, the effect of narcotics on bowel motility would be 
minimal. Finally, the retrospective nature and small sample size of the study cannot be disregarded. Despite these 
limitations, and to the best of our knowledge, this study is the first to objectively measure the colonic dysmotility 
associated with LARS in order to delineate the possible pathophysiology of LARS.

Conclusion
Using the CTT for the left colon at the time of ileostomy closure, colonic dysmotility can be measured. By corre-
lating the CTT with the CCIS, colonic dysmotility is observed within a short period following SSS. However, the 
influence of the CTT on LARS diminishes over time, whereas age and tumor height are markedly more influential 
in determining the level of anastomosis and accordant surgical approach to LARS.

Method
Patients who underwent radical rectal resection for clinical stage II and III rectal cancer located within 12 cm of 
the anal verge between June 2013 and August 2015 were retrospectively analyzed. Patients who received abdom-
inoperineal resection, Hartmann’s procedure, subtotal colectomy, or total colectomy were excluded. On patients 
with loop ileostomy and without the evidence of anastomotic leakage, the CTT test was conducted after closure 
of a diverting stoma. Patients with a CTT test result were included in this study. This study was approved by the 
Institutional Review Board of St. Vincent’s Hospital, the Catholic University of Korea (IRB No.VC16RISI0216). 
The documentation of informed consent was waived by the IRB because of the retrospective nature of the study 
and the analysis used anonymous clinical data. Also, this study did not involve any additional procedure other 
than the routine practice given in clinical setting, presenting no more than minimal risk of harm to subjects.

All patients included in this study received preoperative long-course chemoradiation therapy within 6 to 8 
weeks before SSS. A 5-fluorouracil-based regimen was administered concurrently to the pelvis with radiation of 
45 to 50 Gy in 25 to 28 fractions. For the surgical procedure, high ligation of the inferior mesenteric artery (IMA) 
and mobilization of the splenic flexure were performed routinely. Total mesorectal excision was carried out as a 
standard procedure. To secure the integrity of anastomosis, temporary loop ileostomy was performed. The closure 
of a diverting stoma was performed 12 to 14 weeks after SSS. The wait period for the closure of a diverting stoma 
was based on the schedule for the adjuvant chemotherapy given during the following six months. All patients 
received the 5-fluorouracil-based regimen given every 4 week. The temporary stoma was closed just before the 
last cycle of the adjuvant chemotherapy.

Retrospective analysis was conducted after data were prospectively collected on patients’ demographics, oper-
ation type, tumor location, and information on defecation, including the frequency, use of an antidiarrheal drug, 
and Cleveland Clinic Incontinence Score (CCIS) gathered at postoperative 6 and 12 months after SSS.

All patients followed a standardized clinical pathway after closure of loop ileostomy. On postoperative day 3, 
oral hydration with clear water was allowed. On postoperative day 4, a liquid diet was started, and on day 5, a soft 
diet. The CTT test was started on postoperative day 4. Three capsules of KolomarkTM (M.I. Tech, Pyeongtaek, 
South Korea), containing 20 radiopaque markers in each capsule, were administered with water after the first 
liquid meal in the morning. From day 4, a kidney–ureter–bladder X-ray was taken twice daily, morning and 
evening, until the radiopaque markers disappeared. During this period, patients were not administered laxatives 
or other medications that might affect bowel motility.

The CTT was calculated based on an equation modified from Arhan’s theory 10. Thus, the CTT was calculated 
from X-rays taken every 24 hours after a single dose of 20 radiopaque markers was administered. The equation 
below, on the left side, was used: Because our study patients generally presented with rapid transit after rectal 
resection, a single dose of radiopaque markers was washed out within a day, hindering a precise measure of the 
transit time. Thus, in this study, all patients were administered a triplet of 20 markers, and an X-ray was taken 
twice daily. By considering the use of 60 radiopaque markers and an X-ray taken every 12 hours, the CTT was 
calculated using the modified equation written below on the right side.
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: n = the total number of markers present in each dose: I = total number of films
The remaining colonic segment after SSS was divided into three sections: right, left, and rectosigmoid, based 

on the landmarks of the spinal process and imaginary lines from the fifth lumbar vertebra to the right pelvic 
outlet and left iliac crest, as shown in Fig. 2 19,20. The CTTs for the right, left, rectosigmoid, and total colon were 
calculated.

Patients were divided into two groups according to the CCIS at 6 and 12 months: one with a CCIS equal to 
or less than 9 and another with a CCIS greater than 9. Both groups were compared to determine differences in 
demographic factors and CTT. In addition, according to the use of an antidiarrheal agent at 6 and 12 months, 
patients were divided into two groups: one without the use of such an agent and the other with the use. Both 
groups were compared in the same manner as well.

Continuous variables were analyzed with Student’s t test. Categorical variables were analyzed using a 
chi-squared test. A logistic regression model was used to compare the factors considered significant in univariate 
analysis. Statistical significance was defined as p ≤ 0.05. A p value, greater than 0.05 but less than 0.1, was con-
sidered marginally significant. Statistical calculation was performed using SPSS 15.0 for Windows (SPSS, Inc., 
Chicago, IL, USA).

Received: 22 September 2019; Accepted: 17 February 2020;
Published: xx xx xxxx

References
	 1.	 Law, W. L. & Chu, K. W. Anterior resection for rectal cancer with mesorectal excision: a prospective evaluation of 622 patients. 

Annals of surgery 240, 260–268 (2004).
	 2.	 van Gijn, W. et al. Preoperative radiotherapy combined with total mesorectal excision for resectable rectal cancer: 12-year follow-up 

of the multicentre, randomised controlled TME trial. The Lancet. Oncology 12, 575–582, https://doi.org/10.1016/s1470-
2045(11)70097-3 (2011).

	 3.	 Kim, J. S. et al. Oncologic outcomes after radical surgery following preoperative chemoradiotherapy for locally advanced lower rectal 
cancer: abdominoperineal resection versus sphincter-preserving procedure. Annals of surgical oncology 16, 1266–1273, https://doi.
org/10.1245/s10434-009-0338-3 (2009).

	 4.	 Bryant, C. L., Lunniss, P. J., Knowles, C. H., Thaha, M. A. & Chan, C. L. Anterior resection syndrome. The Lancet. Oncology 13, 
e403–408, https://doi.org/10.1016/s1470-2045(12)70236-x (2012).

	 5.	 Pachler, J. & Wille-Jorgensen, P. Quality of life after rectal resection for cancer, with or without permanent colostomy. The Cochrane 
database of systematic reviews 12, Cd004323, https://doi.org/10.1002/14651858.CD004323.pub4 (2012).

	 6.	 Emmertsen, K. J. & Laurberg, S. Impact of bowel dysfunction on quality of life after sphincter-preserving resection for rectal cancer. 
The British journal of surgery 100, 1377–1387, https://doi.org/10.1002/bjs.9223 (2013).

Figure 2.  Three colonic segments. The colonic segments are divided by the landmarks of the spinal process and 
imaginary lines from the fifth lumbar vertebra to the right pelvic outlet and left iliac crest.

https://doi.org/10.1038/s41598-020-60808-7
https://doi.org/10.1016/s1470-2045(11)70097-3
https://doi.org/10.1016/s1470-2045(11)70097-3
https://doi.org/10.1245/s10434-009-0338-3
https://doi.org/10.1245/s10434-009-0338-3
https://doi.org/10.1016/s1470-2045(12)70236-x
https://doi.org/10.1002/14651858.CD004323.pub4
https://doi.org/10.1002/bjs.9223


7Scientific Reports |         (2020) 10:3739  | https://doi.org/10.1038/s41598-020-60808-7

www.nature.com/scientificreportswww.nature.com/scientificreports/

	 7.	 Martellucci, J. Low Anterior Resection Syndrome: A Treatment Algorithm. Diseases of the colon and rectum 59, 79–82, https://doi.
org/10.1097/dcr.0000000000000495 (2016).

	 8.	 Hughes, D. L., Cornish, J. & Morris, C. Functional outcome following rectal surgery-predisposing factors for low anterior resection 
syndrome. International journal of colorectal disease, https://doi.org/10.1007/s00384-017-2765-0 (2017).

	 9.	 Koda, K. et al. Denervation of the neorectum as a potential cause of defecatory disorder following low anterior resection for rectal 
cancer. Diseases of the colon and rectum 48, 210–217, https://doi.org/10.1007/s10350-004-0814-6 (2005).

	10.	 Iizuka, I. et al. Defecatory malfunction caused by motility disorder of the neorectum after anterior resection for rectal cancer. 
American journal of surgery 188, 176–180, https://doi.org/10.1016/j.amjsurg.2003.12.064 (2004).

	11.	 Tabe, Y. et al. Correlation between colonic motility and defecatory disorders after anterior resection of the rectum in canine models. 
Neurogastroenterology and motility: the official journal of the European Gastrointestinal Motility Society 20, 1174–1184, https://doi.
org/10.1111/j.1365-2982.2008.01152.x (2008).

	12.	 Hida, J. & Okuno, K. High ligation of the inferior mesenteric artery in rectal cancer surgery. Surgery today 43, 8–19, https://doi.
org/10.1007/s00595-012-0359-6 (2013).

	13.	 Jung, H. K., Kim, D. Y. & Moon, I. H. Effects of gender and menstrual cycle on colonic transit time in healthy subjects. The Korean 
journal of internal medicine 18, 181–186 (2003).

	14.	 Williams, L., Armstrong, M. J., Finan, P., Sagar, P. & Burke, D. The effect of faecal diversion on human ileum. Gut 56, 796–801, 
https://doi.org/10.1136/gut.2006.102046 (2007).

	15.	 Wells, C. I., Vather, R., Chu, M. J., Robertson, J. P. & Bissett, I. P. Anterior resection syndrome–a risk factor analysis. Journal of 
gastrointestinal surgery: official journal of the Society for Surgery of the Alimentary Tract 19, 350–359, https://doi.org/10.1007/s11605-
014-2679-x (2015).

	16.	 Deruyter, L., Delvaux, G. & Willems, G. Restoration of colorectal continuity reverses atrophy in human rectal mucosa. Digestive 
diseases and sciences 35, 488–494 (1990).

	17.	 Trenti, L. et al. Quality of life and anterior resection syndrome after surgery for mid to low rectal cancer: A cross-sectional study. 
European journal of surgical oncology: the journal of the European Society of Surgical Oncology and the British Association of Surgical 
Oncology, https://doi.org/10.1016/j.ejso.2018.03.025 (2018).

	18.	 Vather, R., Trivedi, S. & Bissett, I. Defining postoperative ileus: results of a systematic review and global survey. Journal of 
gastrointestinal surgery: official journal of the Society for Surgery of the Alimentary Tract 17, 962–972, https://doi.org/10.1007/s11605-
013-2148-y (2013).

	19.	 Arhan, P. et al. Segmental colonic transit time. Diseases of the colon and rectum 24, 625–629, https://doi.org/10.1007/bf02605761 
(1981).

	20.	 Kim, E. R. & Rhee, P. L. How to interpret a functional or motility test - colon transit study. Journal of neurogastroenterology and 
motility 18, 94–99, https://doi.org/10.5056/jnm.2012.18.1.94 (2012).

Acknowledgements
This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea 
government (MSIT) (2018R1C1B5044774).

Author contributions
R.N. Yoo has drafted the work and revised the writing. B.H. Kye originated the concept, designed the study and 
revised the work. H.M. Cho co-designed the study and helped interpreted the data. H.J. Kim helped interpreted 
the data. S.H. Shin contributed the data acquisition and helped interpreted the data. G. Kim contributed the data 
acquisition and helped interpreted the data.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to R.N.Y. or B.-H.K.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-020-60808-7
https://doi.org/10.1097/dcr.0000000000000495
https://doi.org/10.1097/dcr.0000000000000495
https://doi.org/10.1007/s00384-017-2765-0
https://doi.org/10.1007/s10350-004-0814-6
https://doi.org/10.1016/j.amjsurg.2003.12.064
https://doi.org/10.1111/j.1365-2982.2008.01152.x
https://doi.org/10.1111/j.1365-2982.2008.01152.x
https://doi.org/10.1007/s00595-012-0359-6
https://doi.org/10.1007/s00595-012-0359-6
https://doi.org/10.1136/gut.2006.102046
https://doi.org/10.1007/s11605-014-2679-x
https://doi.org/10.1007/s11605-014-2679-x
https://doi.org/10.1016/j.ejso.2018.03.025
https://doi.org/10.1007/s11605-013-2148-y
https://doi.org/10.1007/s11605-013-2148-y
https://doi.org/10.1007/bf02605761
https://doi.org/10.5056/jnm.2012.18.1.94
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Rapid transit in the left-sided colon is related to poor defecatory function at early period after stoma closure

	Result

	Discussion

	Conclusion

	Method

	Acknowledgements

	Figure 1 Inclusion and exclusion criteria.
	Figure 2 Three colonic segments.
	Table 1 Demographics.
	Table 2 Cleveland Clinic Incontinence Score at 6 months after sphincter-saving surgery.
	Table 3 The use of anti-diarrheal agent at 6 months after sphincter-saving surgery.
	Table 4 Cleveland Clinic Incontinence Score at 12 months after sphincter-saving surgery.
	Table 5 The use of anti-diarrheal agent at 12 months after sphincter-saving surgery.




