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Abstract
Purpose Postoperative diarrhea, including high-output stoma (HOS), frequently occurs after colorectal surgery; its risk factors and clinical implications on subsequent complications remain unknown. This study aimed to evaluate the risk factors
and clinical implications of postoperative diarrhea after primary colorectal cancer (CRC) surgery.
Methods This prospective observational study included patients with CRC who underwent radical surgery at six hospitals
between June 2016 and December 2017. The patients were categorized into three groups (non-stoma, colostoma, and ileostoma groups).
Results A total of 178 patients participated in the study. In the non-stoma group, the incidence of postoperative diarrhea
was 18.4% (27/147). The incidence of HOS was 28.6% (4/14) in the ileostoma group, and 0% in the colostoma group. Multivariable analyses of the incidence of diarrhea in the non-stoma group indicated that habitual smoking and hypertension
were significantly associated with postoperative diarrhea (P = 0.012 and P = 0.0274, respectively). Postoperative diarrhea
was more likely to occur in patients with rectal cancer than in those with colon cancer (P = 0.0501). In the non-stoma and
ileostoma groups, the probability of the occurrence of other complications with Clavien–Dindo (C-D) grades II or higher
was significantly higher in patients with C-D grade I diarrhea, including HOS, than in patients without diarrhea (39.3% vs.
14.6%, P = 0.0061).
Conclusions Smoking and hypertension are the independent predictors of postoperative diarrhea after an elective CRC surgery. Rectal cancer surgery seems to be associated with postoperative diarrhea more than colon cancer surgery does. Mild
postoperative diarrhea may lead to more severe complications.
Keywords Diarrhea · Complications · Colorectal cancer · Colorectal surgery

Introduction
Postoperative diarrhea is a frequent complication that can
negatively affect the nutritional status and clinical outcome
of patients after colorectal cancer (CRC) surgery. Various
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causes of postoperative diarrhea include bowel stenosis
due to a huge tumor, surgical procedures, and perioperative
pharmacological treatment [1, 2]. Clostridioides difficile
(formerly known as Clostridium difficile) infection (CDI)
is also a common nosocomial enteritis that causes diarrhea
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and occasionally severe symptoms [3, 4]. Meanwhile, excessive output from a stoma, called high-output stoma (HOS),
can cause dehydration, renal dysfunction, and electrolyte
abnormalities; it is also often observed in patients with
stoma after CRC surgery [5, 6]. According to recent reports,
HOS occurs in 16–43.3% of the patients who have undergone rectal resection and have a diverting ileostomy [5–7].
Over the last decade, many retrospective studies have
been conducted to elucidate the chronic gastrointestinal
complications after a CRC surgery, including diarrhea [2,
8, 9]. However, to date, only a few reports on prospective
studies on acute postoperative diarrhea after CRC surgery
have been published. The aim of this study was to elucidate the predictive factors of acute postoperative diarrhea
and their relevance to complications after elective surgery
in patients with primary CRC.

Methods
Study design
This (Shiga Surgical Association-1602) is a multicenter, prospective, observational study involving patients with postoperative diarrhea who underwent CRC surgery at six hospitals in
Japan. A total of 178 consecutive patients with CRC, who were
scheduled for an elective radical surgery between June 2016
and December 2017, were enrolled in this study. The study
was performed in accordance with the ethical standards as laid
down in the 1964 Declaration of Helsinki, and was approved
by the Research Ethical Committee of Shiga University of
Medical Science (approved IRB number: 27–222). Written
informed consent was obtained from all eligible patients.
The inclusion criteria were as follows: (1) diagnosis of
histopathologically confirmed CRC, (2) scheduled for curative resection, (3) age ≥ 20 years at the time of enrollment,
and (4) performance status (PS) ≤ 2 on the Eastern Cooperative Oncology Group (ECOG) scale. Those with diarrheal
symptoms before surgery, a history of CDI, or an emergency
operation were excluded. Patients with severe complications
or a PS ≥ 3 on the ECOG scale were also excluded, due to the
likelihood of fecal incontinence. Bowel preparation before
the surgery was performed at the discretion of each facility. This trial was registered with the UMIN Clinical Trials
Registry (UMIN 000,022,206). This manuscript has been
prepared in accordance with the STROBE guidelines [10].

Evaluation of postoperative diarrhea
and subsequent complications
The patients were categorized into three groups according
to stoma creation: 1) non-stoma group, 2) colostoma group,
and 3) ileostoma group. The definition of postoperative
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diarrhea for the non-stoma group in this study was adopted
on the basis of the World Health Organization’s criteria;
accordingly, postoperative diarrhea was defined as a “frequent watery bowel movement for more than three times
per day within postoperative 30 days [11]”. Diarrhea corresponded to type 6 (mild; fluffy pieces with ragged edges, a
mushy stool) and type 7 (severe; watery, no solid pieces, and
entirely liquid) on the Bristol stool chart [12]. Meanwhile, in
the colostoma and ileostoma groups, an HOS was defined as
an ostomy excretion of greater than 2000 mL per day within
postoperative 30 days. If postoperative diarrhea or HOS was
diagnosed, a Clostridioides difficile (CD) toxin assay and
fecal culture examinations were performed at the discretion
of the attending physician. Other adverse events and postoperative complications, including surgical site infection (SSI),
were also assessed according to the Clavien–Dindo (C-D)
classification system [13].
We analyzed the patients’ background characteristics
(sex, age, body mass index [BMI], PS, smoking habits,
comorbidities [hypertension and diabetes mellitus], tumor
location, and TNM classification stage [from the eighth
edition of the Japanese Classification of Colorectal Carcinoma]) and preoperative care factors (therapeutic antibiotics, antacid, chemotherapy, hospital stay, mechanical
preparation, and chemical preparation). Data on the postoperative outcomes (including the onset date and treatment
of postoperative complications) and postoperative hospital
days were prospectively collected. Analyses of risk factors
for postoperative diarrhea were performed for the nonstoma group.
Furthermore, the clinical impact of mild postoperative
diarrhea on other complications that followed was evaluated.
The associations between C-D grade I diarrhea, including
HOS, and other complications of C-D grades II and higher
were investigated in the non-stoma and ileostoma groups; in
both groups, the patients received bowel reconstruction. In
this investigation, the patients with diarrhea of C-D grade II
or higher were excluded. Furthermore, the patients who had
diarrhea after other C-D grade II or higher complications
were excluded in consideration of therapeutic antibioticinduced diarrhea.

Statistical analysis
The categorical variables are expressed as numbers and percentages. In the univariate analysis, group comparisons were
performed using the Fisher’s exact test and the chi-squared
test for binary variables. Multivariable logistic regression
analysis was performed using variables found to be significant (P < 0.05) in the univariate analysis; factors predictive
of postoperative diarrhea were determined. The analysis was
performed using the backward stepwise regression method.
A P-value of < 0.05 was considered to indicate statistical
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significance. Statistical analyses were carried out using the
statistical program EZR (Saitama Medical Center, Jichi
Medical University, Saitama, Japan), which is a graphical
user interface for R (The R Foundation for Statistical Computing, Vienna, Austria) [14].

Results
Patients’ clinical background
A total of 178 patients were enrolled in this study; of these,
147 were categorized into the non-stoma group. Based on
the stoma-creation surgery, 17 and 14 patients were categorized into the colostoma and ileostoma groups, respectively.
Table 1 demonstrates the characteristics of the patients in
the three groups. All the patients in the colostoma and ileostoma groups had permanent colostomy and diverting loop
ileostomy, respectively. The entire study sample comprised

96 men and 82 women. The median age was 71 years, and
the median BMI was 22 kg/m2; 72 patients (40.4%) were
smokers, 69 patients (38.8%) had a high blood pressure,
and 28 (15.7%) had diabetes mellitus. Preoperative medications were as follows: therapeutic antibiotics (n = 12, 6.7%),
antacid (n = 32, 18.0%), and chemotherapy (n = 11, 6.2%).
No patients underwent perioperative radiation therapy. The
median preoperative hospital stay duration was 3 days.
Before the surgery, 157 patients (88.2%) underwent mechanical bowel preparation, while 61 patients (34.3%) underwent
chemical bowel preparation.
The tumor locations were as follows: right colon (n = 60),
left colon (n = 42), rectum (n = 75), and both the right colon
and the rectum (n = 1). The TNM classification stages were
as follows: 0 (n = 1), I (n = 45), II (n = 32), III (n = 74), and
IV (n = 26). Among the 178 patients, 127 (71.3%) underwent
laparoscopic surgery. The median operation time and blood
loss were 240 min and 50 mL, respectively. Eleven patients
(6.2%) received blood transfusion during the operation.

Table 1  Clinical characteristics of patients
Characteristics
Patient-related factors
Gender (Male:Female)
Age (years, median) [range]
BMI (kg/m2, median) [range]
ECOG PS 0/1/2
Smoking habits (n, %)
Hypertension (n, %)
Diabetes mellitus (n, %)
Preoperative care-related factors
Preoperative therapeutic antibiotics (n,
%)
Preoperative antiacid (n, %)
Preoperative hospital stay (days, median)
[range]
Preoperative chemotherapy (n, %)
Mechanical preparation (n, %)
Chemical preparation (n, %)
Tumor/surgery-related factors
Location
Procedure
TNM Stage 0/I/II/III/IV
Approach (Open:Laparoscopy)
Operation time (minutes, median)
[range]
Blood loss (mL, median) [range]
Intraoperative transfusion (n, %)

Non-stoma group (n = 147)

Colostoma group (n = 17)

Ileostoma group (n = 14)

75:72
72 [23–96]
22.1 [14.2–37.8]
68/33/19
55 (37.4)
60 (40.8)
23 (15.6)

13:4
73 [56–92]
20 [14.5–27.1]
8/5/4
9 (52.9)
3 (17.6)
2 (11.8)

8:6
67 [39–100]
22.5 [17.6–31.6]
8/4/2
8 (57.1)
6 (42.9)
3 (21.4)

10 (6.8)

1 (5.9)

1 (7.1)

25 (17.0)
3 [1–47]

4 (23.5)
6 [2–57]

3 (21.4)
4 [2-14]

3 (2.0)
131 (89.1)
49 (33.3)

6 (35.3)
12 (70.6)
7 (41.2)

2 (14.3)
14 (100)
5 (35.7)

Right: 60/Left: 41/Rectum: 46
ICR: 10/RHC: 47/TC: 2/LHC:
6/SC: 36 HAR: 31/LAR: 15
1/38/27/62/19
39:108
254 [26–487]

Left: 1/Rectum: 15/Right and rectum: 1
SC: 1/Hartmann: 5/APR: 8/TPE: 2
RHC + Hartmann: 1
0/0/4/7/6
5:12
313 [187–889]

Rectum: 14
LAR: 12/ISR: 2
0/7/1/5/1
7:7
308.5 [175–550]

40 [0–1510]
4 (2.7)

520 [20–3938]
7 (41.2)

170 [0–600]
0 (0)

BMI body mass index, ICR ileocecal resection, RHC right hemicolectomy, TC partial transverse colectomy, LHC left hemicolectomy, SC sigmoid colectomy, HAR high anterior resection, LAR low anterior resection, ISR intersphincteric resection, APR abdominoperineal resection, TPE
total pelvic excenteration
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Clinical features of postoperative diarrhea
In the non-stoma group, the incidence of postoperative diarrhea was 18.4% (27/147). Among the stoma groups, HOS
occurred with an incidence of 28.6% (4/14) in the ileostoma group, while it did not occur in the colostoma group.
Out of the 31 patients with postoperative diarrhea including
HOS, 17 patients (54.8%) underwent the rapid CD toxin
assay and fecal culture examination. All the patients tested
negative for the CD toxin. However, two patients (11.8%)
demonstrated CD-antigen positivity; one of these also had
a positive fecal culture on examination. Both patients were
clinically diagnosed with mild CDI (one on the third postoperative day and the other on the fourth postoperative day).
They received metronidazole, in accordance with the clinical
practice guidelines [15].
Twenty-nine patients with diarrhea due to causes other
than CDI were all mildly ill and did not require special treatments, such as antibiotics; hence they were judged to have a
C-D grade I postoperative complication. The median onset
of diarrhea was postoperative day 4 (range, postoperative
days 1–20). The median duration of postoperative hospitalization was 13 days in both patients who had diarrhea (range,
10–58 days) and those who did not (range, 7–90 days). In
this study, patients with diarrhea did not take any postoperative aperients before the onset of diarrhea.

Predictors of postoperative diarrhea
in the non‑stoma group
In the non-stoma group (n = 147), univariate analysis of
various clinical factors for postoperative diarrhea was performed (Table 2). In the stoma group, the incidence and
number of patients with HOS were too low for the analysis
of HOS predictors. Smoking habits, hypertension, and tumor
location (rectum) were significantly associated with postoperative diarrhea (P = 0.0146, P = 0.0497, and P = 0.042,
respectively.)
The multivariable analysis included the three variables
that showed statistical significance in the univariate analyses, i.e., smoking habits, hypertension, and tumor location
(rectum). Among these, smoking habits (odds ratio [OR],
3.14; 95% confidence interval [CI], 1.29–7.66; P = 0.012)
and hypertension (OR, 2.74; 95% CI, 1.12–6.70; P = 0.0274)
were the independent predictive factors for postoperative
diarrhea (Table 3). Rectal cancer surgery tended to be a statistically significant predictive factor (P = 0.0501).

The relationship between postoperative diarrhea
and other complications that followed
Finally, we investigated the impact of C-D grade I diarrhea
on other complications of C-D grade II or higher. During the
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study period, no C-D grade IV life-threatening complications or C-D grade V complications (such as surgery-related
deaths) were noted. There were no cases where C-D grade
II and III complications occurred simultaneously. In this
investigation, a patient with antibiotic-induced postoperative diarrhea after incisional SSI was excluded. Furthermore,
two patients with C-D grade II CDI were excluded. The total
incidence of C-D grade II and III complications in patients
with C-D grade I diarrhea was 39.3% (11/28); this was significantly higher than that in patients without postoperative
diarrhea (14.6% [19/130], P = 0.0061; Table 4). The details
of the C-D grade II and III complications in patients with
and without C-D grade I diarrhea are shown in Table 4.
Among them, urinary tract infection (UTI) occurred a day
after the onset of postoperative diarrhea in two men (7.1%;
2/28) with rectal cancer and a smoking habit. On the other
hand, 130 patients without postoperative diarrhea were not
significantly affected by UTI (P = 0.0305).

Discussion
Postoperative diarrhea frequently occurs after CRC surgery
and may have a harmful influence on the clinical course.
However, postoperative diarrhea generally tends to be disregarded because of oblique clinical judgment and mostly
mild symptoms. Our results suggest that smoking and
hypertension are associated with postoperative diarrhea,
although the definitive mechanism underlying postoperative diarrhea due to smoking and hypertension is unknown.
Regarding cigarette smoking, some clinical analyses have
shown that cigarette smoking is a risk factor for the development of inflammatory bowel disease (IBD), including
Crohn’s disease, collagenous colitis, and lymphocytic colitis [16, 17]. Birrenbach and Böcker described potential
mechanisms for the pathogenic interaction of nicotine and
IBD, which include changes in the humoral and cellular
immunity, cytokine levels, gut permeability, motility, and
mucosal blood flow [16]. However, the relationship between
intestinal motility and nicotine after colorectal surgery is
still controversial [18]. On the other hand, a direct association between diarrhea and hypertension has never been
described. Although enteropathy associated with consumption of some antihypertensive agents, such as beta-blockers
and angiotensin II receptor blockers, has been recognized
and reported so far [19, 20], in our study, the type of antihypertensive drug was not taken into consideration. However,
clinicians should keep in mind that diarrhea could also be
caused by some antihypertensive drugs.
Recently, some retrospective studies have reported that
postoperative diarrhea impacts postoperative outcomes
after colorectal surgery [21, 22]. Gaertner et al. described
that postoperative diarrhea, whether in patients with CDI or
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Table 2  Univariate analysis
of candidate risk factors for
postoperative diarrhea in the
non-stoma group (n = 147)

Patient-related factors
Gender
Age
BMI
PS
Smoking habits
Hypertension
Diabetes mellitus
Preoperative care-related factors
Preoperative therapeutic antibiotics
Preoperative antiacid
Preoperative hospital stay (days)
Preoperative chemotherapy
Mechanical preparation
Chemical preparation
Tumor/surgery-related factors
Location
TNM Stage
Approach
Operation time (minutes)
Blood loss (mL)
Intraoperative transfusion

Variables

Diarrhea (n)

Incidence (%)

P value

Male
Female
< 75
≥ 75
< 25
≥ 25
0·1
2
Yes
No
Yes
No
Yes
No

16/75
11/72
17/90
10/57
19/115
8/32
23/124
4/23
16/55
11/92
16/60
11/87
7/23
20/124

21.3
15.3
18.9
17.5
16.5
25
18.5
17.4
29.1
12
26.7
12.6
30.4
16.1

0.398

Yes
No
Yes
No
<7
≥7
Yes
No
Yes
No
Yes
No

2/10
25/137
6/25
21/122
17/109
10/38
0/3
27/144
24/131
3/16
6/49
21/98

20
18.2
24
17.2
15.6
26.3
0
18.8
18.3
18.8
12.2
21.4

1

Colon
Rectum
Early (0 · I)
Advanced (II · III · IV)
Open
Lap
< 300
≥ 300
< 200
≥ 200
Yes
No

14/101
13/46
6/39
21/108
7/39
20/108
23/125
4/22
22/121
5/26
0/4
27/143

13.9
28.3
15.4
19.4
17.9
18.5
18.4
18.2
18.2
19.2
0
18.9

0.042

1
0.305
1
0.0146
0.0497
0.139

0.407
0.151
1
1
0.258

0.638
1
1
1
1

Numbers in bold represent statistically significant findings

not, was associated with superficial SSI [21]. Baker et al.
reported that CDI significantly increased the likelihood of
anastomotic leakage in patients with colectomy [22]. We
previously reported that postoperative diarrhea occurring in
the early phase might predict the development of symptomatic anastomotic leakage after laparoscopic low anterior
resection [23]. From the results of this study, the patients

with mild postoperative diarrhea experienced other severe
complications (particularly postoperative UTI) more frequently as compared to patients without diarrhea. Regarding
causal relationships, a possible interpretation of our findings
is that dehydration and fecal contamination of the urinary
tract coincided with postoperative diarrhea. However, only
two patients developed UTI in our study, and the conclusive
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Table 3  Multivariable analysis of risk factors for postoperative diarrhea in the non-stoma group
Variables

Odds ratio

95% CI

P value

Smoking habits (yes/no)
Hypertension (yes/no)
Location (rectum/colon)

3.14
2.74
2.45

1.29–7.66
1.12–6.70
1.00–6.02

0.012
0.0274
0.0501

CI, confidence interval
Numbers in bold represent statistically significant findings

data were insufficient. Therefore, further large clinical trials
may be expected. Meanwhile, postoperative diarrhea, including HOS, can lead to ileus and acute kidney injury (AKI)
due to decreased intestinal motility and dehydration. In our
investigation, there was no significant correlation of postoperative diarrhea with ileus or AKI of C-D grade II or higher.
Our data suggest that the patients who undergo rectal
cancer surgery tend to experience postoperative diarrhea
more commonly as compared to patients who undergo
colon cancer surgery. However, this finding contradicts the
findings of previous studies; right hemicolectomy is recognized to be associated with chronic postoperative diarrhea
due to residual bile, which acts as an osmotic agent, and
disruption of the ileal brake [2, 8, 24]. During right-sided
hemicolectomy, we resected less than 10 cm of the terminal ileum as per the usual protocol. The physiological
pathogenesis could differ between acute and chronic postoperative diarrhea after colorectal surgery. Decrease in
the rectal reservoir and sacrifice of the hypogastric nerve
Table 4  Postoperative
complications in the non-stoma
and the ileostoma groups
(n = 158)

plexus may influence not only a high frequency of defecation, but also acute diarrhea after rectal cancer surgery.
Perioperative oral synbiotic supplementation is
expected to improve the digestive microbial balance and
present postoperative infectious complications. Despite
various reports on probiotics, prebiotics, and synbiotics,
their efficacies in preventing CRC surgery complications
remain controversial [25]. Komatsu et al. reported that the
occurrence of postoperative complications did not differ
significantly between the group taking synbiotics and the
control group in a randomized controlled trial with 362
patients with CRC [26]. Meanwhile, Yang et al. reported
that the incidence of diarrhea after CRC surgery was significantly lower in the probiotics group (26.7%, 8/30) than
in the placebo group (53.3%, 16/30) [27]. According to
our data, prophylactic oral administration of synbiotics
for a week after surgery might be worth trying, especially
in patients with rectal cancer with a smoking habit or
hypertension.
There is no agreed definition of HOS; it refers to excretion ranging from 1500 to more than 2000 mL per day or
for 2 consecutive days. The non-standardized definition in
this study may have influenced the results. Moreover, this
prospective study has several limitations, including the
small number of patients, different operative procedures,
absence of standardized bowel preparation, and difficulty
in diagnosing CDI (due to the low sensitivity of the CD
toxin assay). Finally, this study lacks a sufficient number
of cases, which reduces the generalizability of its results.
The courses and mechanisms of postoperative diarrhea are

Complications

With mild diarrhea
(n = 28)

Without diarrhea
(n = 130)

P value

Total
C-D grade II
C-D grade III
Incisional surgical site infection
Ileus
Anastomotic leakage
Intra-abdominal abscess
Neurogenic bladder
Delirium
Heart failure
Urinary tract infection
Pneumonia
Chyle leak
Port site hernia
Postoperative transfusion

11 (39.3)
7 (25)
4 (14.3)
2 (7.1)
2 (7.1)
1 (3.6)
1 (3.6)
1 (3.6)
1 (3.6)
1 (3.6)
2 (7.1)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

19 (14.6)
15 (11.5)
4 (3.1)
6 (4.6)
4 (3.1)
3 (2.3)
1 (0.8)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
2 (1.5)
1 (0.8)
1 (0.8)
1 (0.8)

0.0061
0.0741
0.0337
0.632
0.288
0.546
0.324
0.177
0.177
0.177
0.0305
1
1
1
1

Values are presented as numbers (%)
Numbers in bold represent statistically significant findings
C-D Clavien-Dindo
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diverse and complex; therefore, further basic physiological
and pathological studies may be needed along with clinical
studies to identify ways to prevent postoperative diarrhea.

Conclusion
Our findings suggest that smoking and hypertension are
independent predictors of acute postoperative diarrhea,
and mild postoperative diarrhea may lead to other more
severe complications (including UTI) after an elective
CRC surgery, especially rectal cancer surgery. Additional
studies with much larger participant numbers are necessary to confirm the relationship between postoperative
diarrhea and other complications in CRC surgery.
Author contribution H. O.: conceptualization, methodology, and writing of the original draft; T. M.: validation and formal analysis; T. U.:
investigation and resources; M. K.: investigation and resources; M.
K.: data curation and resources; T. T.: data curation and resources;
T. I.: data curation and resources; S.K.: data curation and resources;
T. S.: supervision and project administration; E. M.: supervision and
project administration; M. T.: supervision, review, editing, and funding acquisition.

Declarations
Ethics approval All the procedures performed in the studies involving
human participants were in accordance with the ethical standards of
the institutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards. The study was approved by the Research Ethics Committee
of Shiga University of Medical Science (no: 27–222).
Consent to participate Informed consent was obtained from all the
individual participants included in the study.
Consent to for publication Informed consent was obtained from all the
participants included in the study.
Conflict of interest The authors declare no competing interests.
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 Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted 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 licence, visit http://creativecommons.org/licenses/by/4.0/.

References
1. Andreyev HJN, Davidson SE, Gillespie C, Allum WH, Swarbrick
E, British Society of Gastroenterology, Association of ColoProctology of Great Britain and Ireland, Association of Upper
Gastrointestinal Surgeons, Faculty of Clinical Oncology Section
of the Royal College of Radiologists (2012) Practice guidance
on the management of acute and chronic gastrointestinal problems arising as a result of treatment for cancer. Gut 61:179–192.
https://doi.org/10.1136/gutjnl-2011-300563
2. Yde J, Larsen HM, Laurberg S, Krogh K, Moeller HB (2018)
Chronic diarrhoea following surgery for colon cancer—frequency,
causes and treatment options. Int J Colorectal Dis 33:683–694.
https://doi.org/10.1007/s00384-018-2993-y
3. McFarland LV, Mulligan ME, Kwok RY, Stamm WE (1989) Nosocomial acquisition of Clostridium difficile infection. N Engl J Med
320:204–210. https://doi.org/10.1056/NEJM198901263200402
4. Kent KC, Rubin MS, Wroblewski L, Hanff PA, Silen W (1998)
The impact of Clostridium difficile on a surgical service: a prospective study of 374 patients. Ann Surg 227:296–301. https://
doi.org/10.1097/00000658-199802000-00021
5. Baker ML, Williams RN, Nightingale JMD (2011) Causes and
management of a high-output stoma. Colorectal Dis 13:191–
197. https://doi.org/10.1111/j.1463-1318.2009.02107.x
6. Arenas Villafranca JJ, López-Rodríguez C, Abilés J, Rivera R,
Adán NG, Navarro PU (2015) Protocol for the detection and
nutritional management of high-output stomas. Nutr J 14:1–7.
https://doi.org/10.1186/s12937-015-0034-z
7. Pak J, Uemura M, Fukuda Y, Miyake M, Ikeda M, Nishikawa
K, Miyamoto A, Hirao M, Nakamori S, Sekimoto M (2017)
Predictors of high-output stoma after low anterior resection with
diverting ileostomy for rectal cancer. Int Surg 102:313–317.
https://doi.org/10.9738/INTSURG-D-17-00121.1
8. Ohigashi S, Hoshino Y, Ohde S, Onodera H (2011) Functional
outcome, quality of life, and efficacy of probiotics in postoperative patients with colorectal cancer. Surg Today 41:1200–1206.
https://doi.org/10.1007/s00595-010-4450-6
9. Duclos J, Lefevre JH, Lefrançois M, Lupinacci R, Shields C,
Chafai N, Tiret E, Parc Y (2014) Immediate outcome, long-term
function and quality of life after extended colectomy with ileorectal or ileosigmoid anastomosis. Colorectal Dis 16:O288–
O296. https://doi.org/10.1111/codi.12558
10. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC,
Vandenbroucke JP, Initiative STROBE (2014) The strengthening the reporting of observational studies in epidemiology
(STROBE) statement: guidelines for reporting observational
studies. Int J Surg 12:1495–1499. https://doi.org/10.1016/j.ijsu.
2014.07.013
11. Farthing M, Salam MA, Lindberg G, Dite P, Khalif I, SalazarLindo E, Ramakrishna BS, Goh KL, Thomson A, Khan AG,
Krabshuis J, LeMair A, WGO (2013) Acute diarrhea in adults
and children: a global perspective. World Gastroenterology
Organization Global Guidelines. J Clin Gastroenterol 47:12–20.
https://doi.org/10.1097/MCG.0b013e31826df662
12. O’Donnell LJ, Virjee J, Heaton KW (1990) Detection of pseudodiarrhoea by simple clinical assessment of intestinal transit rate.
BMJ 300:439–440. https://doi.org/10.1136/bmj.300.6722.439
13. Dindo D, Demartines N, Clavien PA (2004) Classification of surgical complications: a new proposal with evaluation in a cohort
of 6336 patients and results of a survey. Ann Surg 240:205–213.
https://doi.org/10.1097/01.sla.0000133083.54934.ae
14. Kanda Y (2013) Investigation of the freely available easy-to-use
software “EZR” for medical statistics. Bone Marrow Transplant
48:452–458. https://doi.org/10.1038/bmt.2012.244

13

International Journal of Colorectal Disease
15. Surawicz CM, Brandt LJ, Binion DG, Ananthakrishnan AN,
Curry SR, Gilligan PH, McFarland LV, Mellow M, Zuckerbraun
BS (2013) Guidelines for diagnosis, treatment, and prevention of
Clostridium difficile infections. Am J Gastroenterol 108:478–498.
https://doi.org/10.1038/ajg.2013.4
16. Birrenbach T, Böcker U (2004) Inflammatory bowel disease and
smoking: a review of epidemiology, pathophysiology, and therapeutic implications. Inflamm Bowel Dis 10:848–859. https://doi.
org/10.1097/00054725-200411000-00019
17. Yen EF, Pokhrel B, Du H, Nwe S, Bianchi L, Witt B, Hall C
(2012) Current and past cigarette smoking significantly increase
risk for microscopic colitis. Inflamm Bowel Dis 18:1835–1841.
https://doi.org/10.1002/ibd.22838
18. Lambrichts DPV, Boersema GSA, Tas B, Wu Z, Vrijland WW,
Kleinrensink GJ, Jeekel J, Lange JF, Menon AG (2017) Nicotine
chewing gum for the prevention of postoperative ileus after colorectal surgery: a multicenter, double-blind, randomised, controlled
pilot study. Int J Colorectal Dis 32:1267–1275. https://doi.org/10.
1007/s00384-017-2839-z
19. Barron AJ, Zaman N, Cole GD, Wensel R, Okonko DO, Francis
DP (2013) Systematic review of genuine versus spurious sideeffects of beta-blockers in heart failure using placebo control:
recommendations for patient information. Int J Cardiol 168:3572–
3579. https://doi.org/10.1016/j.ijcard.2013.05.068
20. Ianiro G, Bibbò S, Montalto M, Ricci R, Gasbarrini A, Cammarota
G (2014) Systematic review: sprue-like enteropathy associated with
olmesartan. Aliment Pharmacol Ther 40:16–23. https://doi.org/10.
1111/apt.12780
21. Gaertner WB, Madoff RD, Mellgren A, Kwaan MR, Melton GB
(2015) Postoperative diarrhea and high ostomy output impact
postoperative outcomes after elective colon and rectal operations
regardless of Clostridium difficile infection. Am J Surg 210:759–
765. https://doi.org/10.1016/j.amjsurg.2015.03.032

13

22. Baker SE, Monlezun DJ Jr, Ambroze WL, Margolin DA (2022)
Anastomotic leak is increased with Clostridium difficile infection
after colectomy: machine learning-augmented propensity score
modified analysis of 46 735 patients. Am Surg 88:74–82. https://
doi.org/10.1177/0003134820973720. Epub ahead of print
23. Ohta H, Miyake T, Ueki T, Kojima M, Mekata E, Shimizu T, Tani
M (2020) Impact of early postoperative diarrhea on anastomotic
leakage after laparoscopic low anterior resection for rectal cancer.
J Jpn Coll Surg 45:295–300. https://doi.org/10.4030/jjcs.45.295
24. Larsen HM, Elfeki H, Emmertsen KJ, Laurberg S (2020) Longterm bowel dysfunction after right-sided hemicolectomy for
cancer. Acta Oncol 59:1240–1245. https://d oi.o rg/1 0.1 080/
0284186X.2020.1772502
25. Peitsidou K, Karantanos T, Theodoropoulos GE (2012) Probiotics,
prebiotics, synbiotics: is there enough evidence to support their
use in colorectal cancer surgery? Dig Surg 29:426–438. https://
doi.org/10.1159/000345580
26. Komatsu S, Sakamoto E, Norimizu S, Shingu Y, Asahara T,
Nomoto K, Nagino M (2016) Efficacy of perioperative synbiotics
treatment for the prevention of surgical site infection after laparoscopic colorectal surgery: a randomized controlled trial. Surg
Today 46:479–490. https://doi.org/10.1007/s00595-015-1178-3
27. Yang Y, Xia Y, Chen H, Hong L, Feng J, Yang J, Yang Z, Shi C,
Wu W, Gao R, Wei Q, Qin H, Ma Y (2016) The effect of perioperative probiotics treatment for colorectal cancer: short-term outcomes of a randomized controlled trial. Oncotarget 7:8432–8440.
https://doi.org/10.18632/oncotarget.7045
Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

