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Simple Summary: Anastomotic leakage (AL) is a major problem in patients who undergo operations
for rectal cancers. Various solutions, such as ICG angiography and transanal drainage tubes (TDT),
have been proposed to prevent AL. Although the microbiota has recently been recognized to play a
role in the pathogenesis of AL, mainly from the results of experimental animal models, it remains
unclear whether this mechanism can occur in humans. In this study, we investigated the relationship
between intestinal perfusion and fecal volume through TDT in laparoscopic low anterior resection,
and found that the need of a proximal shift of the transection site due to insufficient intestinal
perfusion was significantly associated with high fecal volume, which might reflect the correlation
between intestinal perfusion and postoperative diarrhea. In addition, we found that the intensity
of ICG fluorescence at the transection site was significantly associated with fecal volume through
TDT. To the best of our knowledge, this is the first clinical study to examine the relationship between
intestinal perfusion and fecal volume through TDT.

Abstract: In order to prevent anastomotic leakage (AL) following rectal surgery, various solutions—such
as intraoperative indocyanine green (ICG) angiography and transanal drainage tubes (TDT)—have
been proposed. This study investigated the relationship between intestinal perfusion and fecal
volume through TDT in laparoscopic low anterior resection (LAR). A total of 59 rectal cancer patients
who underwent laparoscopic LAR with both intraoperative ICG angiography and postoperative TDT
placement were retrospectively analyzed. The relationship between intestinal perfusion and fecal
volume through TDT was examined. Based on the ICG fluorescence, the transection site was shifted
more proximally in 20 cases (33.9%). Symptomatic AL occurred in seven patients (11.8%). The AL rate
of the patients whose daily fecal volume exceeded 100 mL/day in 2 or more days was significantly
higher than that of those whose daily fecal volume exceeded it in 0 or 1 day (44.4% vs. 6.0%; p < 0.01).
Univariate and multivariate analyses showed that the need for a proximal shift of the transection site
was significantly associated with a high fecal volume. The quantitative analysis of ICG fluorescence
indicated that Fmax (the fluorescence difference between the baseline and maximum) was significantly
associated with fecal volume through TDT.

Keywords: rectal cancer; ICG angiography; transanal drainage tube; anastomotic leakage

1. Introduction

Recent advances in minimally invasive surgery, such as laparoscopic surgery and
robotic surgery, as well as in stapling devices, have made it possible to dissect and anasto-
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mose the rectum close to the anus in rectal cancer surgery. Despite advanced improvements
in surgical procedures and perioperative management, anastomotic leakage (AL) follow-
ing the low anterior resection (LAR) of the rectum is reported to still occur in 3% to 20%
of cases; the most commonly reported rates are approximately 10–13% according to the
recent large population databases in the USA and Japan [1–3]. AL is one of the most
destructive complications following rectal surgery, and can result in not only short-term
outcomes (morbidity, mortality, and increased length of hospital stay) but also long-term
outcomes (overall survival, disease-free survival and local recurrence) [4–6]. Although
several factors—including BMI, sex, level of anastomosis, tumor size, intestinal perfusion,
precompression before stapler firings, diverting stoma, the transanal tube and intestinal
microbes—have been reported as possible causes of AL [7–11], the pathogenesis of AL is
still unclear. Various attempts, such as intraoperative indocyanine green (ICG) angiography
and transanal drainage tube (TDT), have been proposed to prevent AL. Intraoperative
ICG angiography is a promising technology to evaluate the intestinal perfusion in real-
time [12,13]. We previously reported that the quantitative analysis of ICG fluorescence
was beneficial in order to determine the appropriate transection line of the proximal colon,
which could reduce the AL [14–16]. In recent years, the effectiveness of TDT in the preven-
tion of AL has been widely accepted [17–19]. In theory, TDT could be useful in decreasing
the endoluminal pressure at the anastomosed colon. We previously reported that the AL
rate of the patients whose daily fecal volume through TDT exceeded 100 mL/day in 2 or
more days was significantly higher than that of those who exceeded in 0 or 1 day [20].

The intestinal microbiota plays a key role in the pathogenesis of obesity, inflammatory
bowel disease, and gastrointestinal malignancies. Although several factors affect AL de-
velopment, the microbiota has been recently recognized to play a role in the pathogenesis
of AL [21–23]. The genus Serratia was reported to be associated with postoperative AL by
producing collagenase in a mouse model [24]. Using experimental rat models, Shogan et al.
recently reported that intestinal devascularization altered Enterococcus feacalis to become
more virulent (i.e., by degrading collagen and activating matrix metalloproteinase), con-
tributing to AL [25]. However, it remains unclear whether intestinal perfusion can affect
the microbiota at the anastomotic site in humans. In this study, the need for a proximal
shift of the transection site based on ICG fluorescence showed a statistical significance
for association with fecal discharge through TDT. Moreover, the quantitative analysis of
ICG fluorescence showed that Fmax (the fluorescence difference between the baseline and
maximum) was significantly associated with fecal discharge through TDT. As far as we
know, this is the first clinical study to examine the relationship between intestinal perfusion
and fecal discharge through TDT.

2. Materials and Methods

A total of 59 rectal cancer patients who underwent laparoscopic LAR and double-
stapling technique (DST) anastomosis with both intraoperative ICG angiography and
postoperative TDT placement between October 2013 and January 2018 in our institution
were analyzed. Patients with a covering stoma were excluded. All of the patients received
mechanical preparation (12 mg pursennid and 75 mg sodium picosulfate) and antibiotic
prophylaxis (750 mg metronidazole and 1 g kanamycin) preoperatively. The laparoscopic
surgical procedures were performed by board-certified laparoscopic surgeons [26,27]. After
the mobilization of the left-sided colon, tumor-specific mesorectal excision—including total
mesorectal excision (according to the tumor location)—was performed by the standard
surgical technique. The main principle of this technique is sharp mesorectal dissection
with a nerve-preserving technique. After clamping distal to the tumor for washout, the
rectum was transected using the linear stapler. After the extraction of the specimen through
the small incision, the colonic mesentery and marginal vessels were divided at a point
which was appropriate for the proximal margin. Subsequently, ICG (5 mg) was injected
intravenously, and the blood flow was examined using an NIR camera system (PDE-neo
System; Hamamatsu Photonics K.K., Hamamatsu, Japan), as described previously [14].
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When the ICG fluorescence of the proposed transection site was judged to be sufficient,
the proximal colon was transected as initially planned. When the ICG fluorescence of the
initially planned transection site was judged to be insufficient, the transection site was
shifted to a more proximal site which was considered to have appropriate ICG fluorescence.
The circular stapler was inserted through the rectum, and then end-to-end DST anastomosis
was completed intracorporeally. The height of anastomosis from the anal verge was
measured by digital examination during anesthesia. Cases converted to a transanal hand-
sewn coloanal anastomosis were excluded. After the completion of the DST anastomosis
intracorporeally, a Malecot catheter (28 Fr) was placed 5–6 cm above the anastomotic
portion. A Malecot catheter was connected to a bag, and the volume of fecal discharge
was measured daily, as described previously [25]. The timing of the TDT removal was
determined at the surgeon’s discretion. A soft diet was resumed on postoperative days
(PODs) 4 or 5, unless obstructive symptoms occurred.

The imaging data after ICG injection were continuously recorded, and then the stored
video files were retrospectively analyzed using a piece of software, ROIs (Hamamatsu
Photonics K.K., Hamamatasu, Japan), for the quantitative analysis of the ICG fluorescence,
as previously described [14]. The region-of-interest was set at the actual transection portion
of the proximal colon, and then the following four parameters were measured (Figure 1):
Fmax (fluorescence difference between the baseline and maximum), Tmax (time from ICG
onset to the maximum intensity), T1/2 (time from ICG onset to half of the maximum)
and Slope (Fmax/Tmax). AL was confirmed by digital examination and radiographic
examination (e.g., the extravasation of water-soluble contrast enema, abscess at the level
of anastomosis, and fluid/air bubbles surrounding the anastomosis), as previously de-
scribed [9,14–16,20]. Based on the grading system [28], AL was classified into three grades:
grade A did not need any intervention; grade B required active intervention; and grade C
required reoperation. Only symptomatic AL (grades B and C) was analyzed in this study,
because routine contrast enemas to detect asymptomatic AL (grade A) were not performed
in our institution. The diagnosis of AL was made within 30 days after the surgery.
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Figure 1. Time curve of the ICG fluorescence intensity. Fmax, Tmax, T1/2, and Slope were calculated.

Fisher’s exact test was used for the comparison and analysis of the categorical vari-
ables. The continuous variables were determined by the Mann-Whitney U test. All of
the analyses were two-sided, and a p value of <0.05 was considered statistically signifi-
cant. In order to determine factors associated with high fecal volume, multivariate logistic
regression analysis was used, and factors with a p value of <0.05 were included in the
model. The statistical analyses were conducted with the JMP Pro software, version 11.0.0
(SAS Institute Inc., Cary, NC, USA).
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The study protocol was approved by the institutional review board of Kyoto University
Hospital (R0882) and conformed to the Declaration of Helsinki. Informed consent was
obtained from all of the participants.

3. Results

Fifty-nine patients (39 male and 20 female) who underwent elective laparoscopic LAR
and DST anastomosis with the intraoperative use of ICG angiography were analyzed. The
tumor was located within 10 cm of the anal verge in all cases. Forty-six patients (78%)
had upper rectal cancer, and the remaining 13 patients (22%) had lower rectal cancer. The
median body mass index (BMI) was 22.2 kg/m2 (range, 17.1–32.6 kg/m2). The high ligation
of the inferior mesenteric artery (IMA) was performed in 57 cases (97%), whereas low
ligation was performed in two cases (3%). Preoperative chemotherapy was carried out in
six patients (14.4%), whereas patients who received preoperative chemoradiotherapy were
not included because of the construction of a covering stoma. Lateral lymph node dissection
was performed in three cases (5.0%). No adverse events related to ICG angiography and/or
TDT placement were observed. No fatal event was observed.

After the assessment of the intestinal perfusion of the proposed transection site under
normal white light, ICG was intravenously injected for the evaluation of the intestinal
perfusion in the fluorescent mode. Based on the ICG fluorescence, the surgeons opted for a
further proximal shift of the transection site to an adequate fluorescence portion in 20 cases
(33.9%). The median proximal change distance was 2.0 cm (range, 1.0–6.5 cm).

Symptomatic AL (grades B and C) occurred in seven patients (7/59; 11.8%). In most
cases, the TDT was removed between PODs 4 and 7 (range, 1–11). If there was persistent
massive discharge, the tube was retained for a longer duration. Based on the postoperative
fecal volume through TDT, the patients were classified into two groups: patients whose
daily fecal volume exceeded 100 mL/day in 0 or 1 day (the low TDT discharge group;
n = 50 (84.7%)) and patients who exceeded in 2 or more days (the high TDT discharge
group; n = 9 (15.3%)). The AL rate of the high TDT discharge group was significantly
higher than that of the low TDT discharge group (44.4% (4/9) vs. 6.0% (3/50); p = 0.007).
These results indicated that the postoperative fecal volume through TDT could be a reliable
predictor of AL. We performed a test for Clostridium difficile toxin in cases with a high fecal
volume, and found that all of the cases were negative.

We next investigated the risk factors for a high fecal volume through TDT
(i.e., ≥100 mL/day in 2 or more days) in this series (Table 1). Univariate analysis showed
that high fecal volume was significantly associated with a longer operation time (≥300 min),
male sex, steroid therapy, and the proximal change of the transection site. Meanwhile, no
significant difference was observed in age, serum hemoglobin and albumin levels, BMI,
anticoagulation therapy, diabetes mellitus, smoking, preoperative chemotherapy, tumor
size, location, intraoperative blood loss, level of IMA ligation, and lateral lymph node
dissection. Multivariate analysis including factors with a p value of ≤0.05 indicated that
only the proximal change of the transection site remained significantly associated with a
high fecal volume (p = 0.004; odds ratio, 43.6; 95% confidence interval, 3.43–554.2).

Table 1. Univariate and multivariate analyses of the risk factors associated with a high fecal volume.

Variables Patients with High TDT Discharge
n%

Univariate
Analysis
p-Value

Multivariate
Analysis

p-Value OR

Age, years 0.97
<70 6/39 15.4
≥70 3/20 15.0

Sex 0.020 0.99
Male 9/39 23.1

Female 0/20 0.0
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Table 1. Cont.

Variables Patients with High TDT Discharge
n%

Univariate
Analysis
p-Value

Multivariate
Analysis

p-Value OR

BMI, kg/m2 0.22
<25 6/48 12.5
≥25 3/11 27.3

Albumin, g/dL 0.98
<4.0 4/26 15.4
≥4.0 5/33 15.2

Hemoglobin, g/dL 0.06
<11 3/8 37.5
≥11 6/51 11.8

Location 0.99
Upper 7/46 15.2
Lower 2/13 15.4

Operation time, min 0.039 0.056
<300 1/25 4.0
≥300 8/34 23.5

Blood loss, mL 0.53
<50 8/48 16.7
≥50 1/11 9.1

Tumor size, cm 0.80
<5.0 5/35 14.3
≥5.0 4/24 16.7

T category 0.42
Tis, T1, T2 2/20 10.0

T3, T4 7/39 17.9

N category 0.11
N0 3/34 8.8

N1, N2 6/25 24.0

Ligation of IMA 0.16
high ligation 8/57 14.0
low ligation 1/2 50.0

LLND 0.45
Yes 0/3 0.0
No 9/56 16.1

Preoperative chemotherapy 0.92
No 1/6 16.7
Yes 8/53 15.1

Anastomosis level from AV,
mm 0.30

<40 3/28 10.7
≥40 6/31 19.4

Diabetes Mellitus 0.19
No 7/53 13.2
Yes 2/6 33.3

Anticoagulation Therapy 0.30
No 7/52 13.5
Yes 2/7 28.6

Steroid therapy 0.045 0.09
No 7/55 12.7
Yes 2/4 50.0
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Table 1. Cont.

Variables Patients with High TDT Discharge
n%

Univariate
Analysis
p-Value

Multivariate
Analysis

p-Value OR

Smoking, Brinkman index 0.63
<400 5/37 13.5
≥400 4/22 18.2

Proximal change of resection
site 0.003 0.004 43.6

No 2/39 5.1
Yes 7/20 35.0

Abbreviations: LLND, lateral lymph node dissection; OR, odds ratio.

Finally, we investigated the association between the postoperative fecal volume and
ICG fluorescence-related parameters at the transection portion of the proximal colon
(Figure 1). The Fmax of the low TDT discharge group was significantly higher than that of
the high TDT discharge group (median, 76.9 arbitrary units (AU) vs. 51.7 AU, respectively;
p = 0.033, Mann-Whitney U test) (Figure 2). The Slope of the low TDT discharge group
tended to be higher than that of the high TDT discharge group (median 2.4 vs. 1.2 AU/sec,
respectively; p = 0.07). Meanwhile, no significant difference was observed between the
two groups regarding the Tmax or T1/2.
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The clinical characteristics of seven symptomatic AL cases are shown in Table 2.
Symptomatic AL needing reoperation (grade C) occurred in 10.2% of the patients (6 of 59),
33.3% of the high TDT discharge group (3 of 9), and 6.0% of the low TDT discharge group
(3 of 50). In six patients of the AL cases, the surgical team changed the initially planned
transection site of the proximal colon due to the “hypoperfused” appearance on the ICG
fluorescence. Symptomatic AL occurred in six (6/20: 30.0%) of the patients who had a
revision of the transection site based on ICG angiography, while it occurred in one case
(1/39: 2.6%) of the patients who did not need a revision.

Table 2. Clinical characteristics of the AL cases.

Case AL
Grade Sex

Operation
Time
(Min)

Diabetes
Mellitus

Anticoagulation
Therapy

Steroid
Therapy

Fecal
Discharge

through TDT

Change of
Resection

Site

Fmax at
Transection

Site

Slope at
Transection

Site

1 C male ≥300 No No No high Yes 27.2 0.3

2 C male ≥300 Yes No No high Yes 30.6 0.5

3 C male ≥300 Yes No No low No 49.4 2.0

4 C male ≥300 No No No low Yes 31.8 1.3

5 B male ≥300 No Yes No high Yes 51.7 0.8

6 C male <300 No No No high Yes 49.1 1.2

7 C female <300 No No No low Yes 20.2 0.5

4. Discussion

An adequate blood supply is a prerequisite for the proper healing of the anastomo-
sis. ICG angiography is a feasible procedure, and it offers promising results in reducing
AL [12,13]. When vascular perfusion is assessed to be poor based on ICG fluorescence, the
transection site needs to be shifted to the proximal site where the perfusion is considered to
be good. In the present study, the transection site was shifted more proximally in 33.9%
(20/59). The high ligation of IMA was performed in almost all cases (57/59), which may
also affect the results of this study (33.9%). In the previous literature, this figure was
highly variable, and ranged from 1.6% to 40% [29]. This could be partially explained by
the variation in the operation procedure and methodology used; the present study focused
on laparoscopic LAR, and utilized an extracorporeal fluorescence system. In addition,
the assessment of the ICG fluorescence intensity was subjective, and—from the surgeon’s
visual interpretation of ICG fluorescence—it is sometimes difficult to judge whether the
intestinal perfusion is enough or not. This study demonstrated that the proximal change
of the transection site was strongly associated with high fecal discharge through TDT
(Table 1), which might reflect the correlation relationship between intestinal perfusion and
postoperative diarrhea.

The quantitative analysis of ICG fluorescence has been introduced to overcome the
subjective interpretation and observer bias of the ICG fluorescence imaging [30,31]. How-
ever, no consensus exists regarding the optimal quantitative parameters or the adequate
threshold. We previously reported that the quantitative analysis of ICG fluorescence was
beneficial for assessing anastomotic perfusion in laparoscopic rectal surgery, and that
Fmax was the most predictive for AL among several parameters [14]. We examined the
utility of quantitative analysis in this series, and found that the Fmax at the transection
site was significantly higher in the low TDT discharge group than in the high TDT dis-
charge group (Figure 2). Considering the results of the recent animal study showing that
Enterococcus feacalis becomes more virulent by intestinal ischemia [25], we speculate that
the hypo-perfused microenvironment in the proximal colon might make the intestinal
bacteria more virulent, which could result in increased daily fecal volume and/or AL.
When patients require a revision of the transection site based on the ICG angiography,
surgeons might pay attention to the fecal discharge through TDT and extend the timing of
the TDT removal for the increased fecal volume.
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Regarding the fecal discharge through TDT, we previously reported that daily fecal
volume gradually increased until PODs 3–4, and then significantly decreased on POD 5, and
that the AL rate of the patients whose daily fecal volume exceeded 100 mL/day in 2 or more
days was significantly higher than that of those who exceeded in 0 or 1 day (26.9% vs. 7.9%;
p < 0.01) [20], which was in agreement with the result of this study. In addition, Hidaka et al.
also reported that the total volume of fecal discharge for PODs 1–3 after laparoscopic LAR
was significantly associated with the rate of AL [32]. Patients undergoing colectomy have a
risk of Clostridium difficile infection because of the disruption of the colonic microflora. The
impact of Clostridium difficile infection was reported to increase the number of overall worse
outcomes following colectomy [33]. It was reported that postoperative diarrhea or high
stoma output regardless of Clostridium difficile infection could significantly increase the
number of surgical site infections, including AL [34], which may suggest the relationship
between AL and the intraluminal pressure increase from postoperative diarrhea. Further
investigation focusing on intestinal microbes is required in order to investigate the causes
of AL.

Our study has limitations. First, selection bias may have been introduced by selecting
patients who underwent laparoscopic LAR with intraoperative ICG angiography and
postoperative TDT placement. However, this is inevitable because our study was intended
to investigate the relationship between intestinal perfusion and fecal discharge through
TDT. Second, the sample size was small. A study in a large number of patients is needed in
order to clarify the association between intestinal perfusion and fecal discharge through
TDT. We suppose that the next step is to analyze the metabolome and gut microbiome in
patients with high fecal discharge through TDT.

5. Conclusions

In this study, we report that the need for the proximal shift of the transection site
was significantly associated with high fecal volume through TDT, and that quantitative
ICG fluorescence intensity (i.e., Fmax) at the transection portion of the proximal colon was
significantly associated with fecal volume through TDT. This is the first clinical study to
examine the relationship between intestinal perfusion and fecal volume through TDT.

Author Contributions: Conceptualization, K.K.; methodology, K.K.; software, K.K. and T.W.; valida-
tion, T.W. and T.Y.; formal analysis, K.K. and T.Y.; investigation, K.K., T.W. and T.Y.; writing—original
draft preparation, K.K.; writing—review and editing, T.W., T.Y., Y.I., K.H. and K.O.; visualization,
K.K.; supervision, K.O.; funding acquisition, K.K. All authors have read and agreed to the published
version of the manuscript.

Funding: This work was supported by grants from the Ministry of Education, Culture, Sports, Science
and Technology of Japan (to K. Kawada, grant number 22K08770).

Institutional Review Board Statement: The study protocol was approved by the institutional review
board of Kyoto University Hospital (R0882), and conformed to the Declaration of Helsinki. Informed
consent was obtained from all of the participants.

Informed Consent Statement: Information about the right to opt-out was posted on the website of
the Department of Surgery, Kyoto University.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this study.

Acknowledgments: The authors thank the medical staff and residents of Kyoto University Hospital
gastrointestinal surgery for their participation in this study.

Conflicts of Interest: The authors declare no competing interests.



Cancers 2022, 14, 2328 9 of 10

References
1. Kang, C.Y.; Halabi, W.J.; Chaudhry, O.O.; Nguyen, V.; Pigazzi, A.; Carmichael, J.C.; Mills, S.; Stamos, M.J. Risk factors for

anastomotic leakage after anterior resection for rectal cancer. JAMA Surg. 2013, 148, 65–71. [CrossRef] [PubMed]
2. Matsubara, N.; Miyata, H.; Gotoh, M.; Tomita, N.; Baba, H.; Kimura, W.; Nakagoe, T.; Simada, M.; Kitagawa, Y.; Sugihara, K.; et al.

Mortality after common rectal surgery in Japan: A study on low anterior resection from a newly established nationwide large-scale
clinical database. Dis. Colon Rectum 2014, 57, 1075–1081. [CrossRef] [PubMed]

3. Shiomi, A.; Ito, M.; Maeda, K.; Kinugasa, Y.; Ota, M.; Yamaue, H.; Shiozawa, M.; Horie, H.; Kuriu, Y.; Saito, N. Effects of a
diverting stoma on symptomatic anastomotic leakage after low anterior resection for rectal cancer: A propensity score matching
analysis of 1,014 consecutive patients. J. Am. Coll. Surg. 2014, 220, 186–194. [CrossRef] [PubMed]

4. Branagan, G.; Finnis, D. Wessex Colorectal Cancer Audit Working Group. Prognosis after anastomotic leakage in colorectal
surgery. Dis. Colon Rectum 2005, 48, 1021–1026. [CrossRef]

5. Den Dulk, M.; Marijnen, C.A.; Collette, L.; Putter, H.; Påhlman, L.; Folkesson, J.; Bosset, J.F.; Rödel, C.; Bujko, K.; Van De Velde,
C.J.H. Multicentre analysis of oncological and survival outcomes following anastomotic leakage after rectal cancer surgery.
Br. J. Surg. 2009, 96, 1066–1075. [CrossRef]

6. Mirnezami, A.; Mirnezami, R.; Chandrakumaran, K.; Sasapu, K.; Sagar, P.; Finan, P. Increased local recurrence and reduced
survival from colorectal cancer following anastomotic leak: Systematic review and meta-analysis. Ann. Surg. 2011, 253, 890–899.
[CrossRef]

7. Kingham, T.P.; Pachter, H.L. Colonic anastomotic leak: Risk factors, diagnosis, and treatment. J. Am. Coll. Surg. 2009, 208, 269–278.
[CrossRef]

8. Park, J.S.; Choi, G.S.; Kim, S.H.; Kim, H.R.; Kim, N.K.; Lee, K.Y.; Kang, S.B.; Kim, J.Y.; Lee, K.Y.; Kim, B.C.; et al. Multicenter
analysis of risk factors for anastomotic leakage after laparoscopic rectal cancer excision: The Korean laparoscopic colorectal
surgery study group. Ann. Surg. 2013, 257, 665–671. [CrossRef]

9. Kawada, K.; Hasegawa, S.; Hida, K.; Hirai, K.; Okoshi, K.; Nomura, A.; Kawamura, J.; Nagayama, S.; Sakai, Y. Risk factors for
anastomotic leakage after laparoscopic low anterior resection with DST anastomosis. Surg. Endosc. 2014, 28, 2988–2995. [CrossRef]

10. Kim, C.W.; Baek, S.J.; Hur, H.; Min, B.S.; Baik, S.H.; Kim, N.K. Anastomotic leakage after low anterior resection for rectal cancer is
different between minimally invasive surgery and open surgery. Ann. Surg. 2016, 263, 130–137. [CrossRef]

11. Kawada, K.; Sakai, Y. Preoperative, intraoperative and postoperative risk factors for anastomotic leakage after laparoscopic low
anterior resection with double stapling technique anastomosis. World J. Gastroenterol. 2016, 22, 5718–5727. [CrossRef] [PubMed]

12. Arezzo, A.; Bonino, M.A.; Ris, F.; Boni, L.; Cassinotti, E.; Foo, D.C.C.; Shum, N.F.; Brolese, A.; Ciarleglio, F.; Keller, D.S.; et al.
Intraoperative use of fluorescence with indocyanine green reduces anastomotic leak rates in rectal cancer surgery: An individual
participant data analysis. Surg. Endosc. 2020, 34, 4281–4290. [CrossRef] [PubMed]

13. Lin, J.; Zheng, B.; Lin, S.; Chen, Z.; Chen, S. The efficacy of intraoperative ICG fluorescence angiography on anastomotic leak after
resection for colorectal cancer: A meta-analysis. Int. J. Colorectal Dis. 2021, 36, 27–39. [CrossRef] [PubMed]

14. Wada, T.; Kawada, K.; Takahashi, R.; Yoshitomi, M.; Hida, K.; Hasegawa, S.; Sakai, Y. ICG fluorescence imaging for quantitative
evaluation of colonic perfusion in laparoscopic colorectal surgery. Surg. Endosc. 2017, 31, 4184–4193. [CrossRef]

15. Kawada, K.; Hasegawa, S.; Wada, T.; Takahashi, R.; Hisamori, S.; Hida, K.; Sakai, Y. Evaluation of intestinal perfusion by ICG
fluorescence imaging in laparoscopic colorectal surgery with DST anastomosis. Surg. Endosc. 2017, 31, 1061–1069. [CrossRef]

16. Wada, T.; Kawada, K.; Hoshino, N.; Inamoto, S.; Yoshitomi, M.; Hida, K.; Sakai, Y. The effects of intraoperative ICG fluorescence
angiography in laparoscopic low anterior resection: A propensity score-matched study. Int. J. Clin. Oncol. 2019, 24, 394–402.
[CrossRef]

17. Dumble, C.; Morgan, T.; Wells, C.I.; Bissett, I.; O’Grady, G. The impact of transanal tube design for preventing anastomotic leak in
anterior resection: A systematic review and meta-analysis. Tech. Coloproctol. 2021, 25, 59–68. [CrossRef]

18. Choy, K.T.; Yang, T.W.W.; Heriot, A.; Warrier, S.K.; Kong, J.C. Does rectal tube/transanal stent placement after an anterior resection
for rectal cancer reduce anastomotic leak? A systematic review and meta-analysis. Int. J. Colorectal Dis. 2021, 36, 1123–1132.
[CrossRef]

19. Zhao, S.; Zhang, L.; Gao, F.; Wu, M.; Zheng, J.; Bai, L.; Li, F.; Liu, B.; Pan, Z.; Liu, J.; et al. Transanal drainage tube use for
preventing anastomotic leakage after laparoscopic low anterior resection in patients with rectal cancer: A randomized clinical
trial. JAMA Surg. 2021, 156, 1151–1158. [CrossRef]

20. Kawada, K.; Takahashi, R.; Hida, K.; Sakai, Y. Impact of transanal drainage tube on anastomotic leakage after laparoscopic low
anterior resection. Int. J. Colorectal Dis. 2018, 33, 337–340. [CrossRef]

21. Gaines, S.; Shao, C.; Hyman, N.; Alverdy, J.C. Gut microbiome influences on anastomotic leak and recurrence rates following
colorectal cancer surgery. Br. J. Surg. 2018, 105, e131–e141. [CrossRef] [PubMed]

22. Shogan, B.D.; An, G.C.; Schardey, H.M.; Matthews, J.B.; Umanskiy, K.; Fleshman, J.W., Jr.; Hoeppner, J.; Fry, D.E.; Garcia-Granereo,
E.; Jeekel, H.; et al. Proceedings of the first international summit on intestinal anastomotic leak, Chicago, Illinois, October 4–5,
2012. Surg. Infect. 2014, 15, 479–489. [CrossRef] [PubMed]

23. Olivas, A.D.; Shogan, B.D.; Valuckaite, V.; Zaborin, A.; Belogortseva, N.; Musch, M.; Meyer, F.; Trimble, W.L.; An, G.;
Gilbert, J.; et al. Intestinal tissues induce an SNP mutation in Pseudomonas aeruginosa that enhances its virulence: Possible
role in anastomotic leak. PLoS ONE 2012, 7, e44326. [CrossRef] [PubMed]

http://doi.org/10.1001/2013.jamasurg.2
http://www.ncbi.nlm.nih.gov/pubmed/22986932
http://doi.org/10.1097/DCR.0000000000000176
http://www.ncbi.nlm.nih.gov/pubmed/25101603
http://doi.org/10.1016/j.jamcollsurg.2014.10.017
http://www.ncbi.nlm.nih.gov/pubmed/25529899
http://doi.org/10.1007/s10350-004-0869-4
http://doi.org/10.1002/bjs.6694
http://doi.org/10.1097/SLA.0b013e3182128929
http://doi.org/10.1016/j.jamcollsurg.2008.10.015
http://doi.org/10.1097/SLA.0b013e31827b8ed9
http://doi.org/10.1007/s00464-014-3564-0
http://doi.org/10.1097/SLA.0000000000001157
http://doi.org/10.3748/wjg.v22.i25.5718
http://www.ncbi.nlm.nih.gov/pubmed/27433085
http://doi.org/10.1007/s00464-020-07735-w
http://www.ncbi.nlm.nih.gov/pubmed/32556696
http://doi.org/10.1007/s00384-020-03729-1
http://www.ncbi.nlm.nih.gov/pubmed/32886195
http://doi.org/10.1007/s00464-017-5475-3
http://doi.org/10.1007/s00464-016-5064-x
http://doi.org/10.1007/s10147-018-1365-5
http://doi.org/10.1007/s10151-020-02354-y
http://doi.org/10.1007/s00384-021-03851-8
http://doi.org/10.1001/jamasurg.2021.4568
http://doi.org/10.1007/s00384-017-2952-z
http://doi.org/10.1002/bjs.10760
http://www.ncbi.nlm.nih.gov/pubmed/29341151
http://doi.org/10.1089/sur.2013.114
http://www.ncbi.nlm.nih.gov/pubmed/25215465
http://doi.org/10.1371/journal.pone.0044326
http://www.ncbi.nlm.nih.gov/pubmed/22952955


Cancers 2022, 14, 2328 10 of 10

24. Hyoju, S.K.; Klabbers, R.E.; Aaron, M.; Krezalek, M.A.; Zaborin, A.; Wiegerinck, M.; Hyman, N.H.; Zaborina, O.; Van Goor,
H.; Alverdy, J.C. Oral polyphosphate suppresses bacterial collagenase production and prevents anastomotic leak due to
Serratia marcescens and Pseudomonas aeruginosa. Ann. Surg. 2018, 267, 1112–1118. [CrossRef] [PubMed]

25. Shogan, B.D.; Belogortseva, N.; Luong, P.M.; Zaborin, A.; Lax, S.; Bethel, C.; Ward, M.; Muldoon, J.P.; Singer, M.; An, G.; et al.
Collagen degradation and MMP9 activation by Enterococcus faecalis contribute to intestinal anastomotic leak. Sci. Transl. Med.
2015, 7, 286ra68. [CrossRef]

26. Sakai, Y.; Kitano, S. Practice Guidelines on Endoscopic Surgery for qualified surgeons by the Endoscopic Surgical Skill Qualifica-
tion System. Asian J. Endosc. Surg. 2015, 8, 103–113. [CrossRef]

27. Akagi, T.; Endo, H.; Inomata, M.; Yamamoto, H.; Mori, T.; Kojima, K.; Kuroyanagi, H.; Sakai, Y.; Nakajima, K.; Shiroshita, H.; et al.
Clinical impact of Endoscopic Surgical Skill Qualification System (ESSQS) by Japan Society for Endoscopic Surgery (JSES)
for laparoscopic distal gastrectomy and low anterior resection based on the National Clinical Database (NCD) registry. Ann.
Gastroenterol. Surg. 2020, 4, 721–734. [CrossRef]

28. Rahbari, N.N.; Weitz, J.; Hohenberger, W.; Heald, R.J.; Moran, B.; Ulrich, A.; Holm, T.; Wong, W.D.; Tiret, E.; Moriya, Y.; et al.
Definition and grading of anastomotic leakage following anterior resection of the rectum: A proposal by the International Study
Group of Rectal Cancer. Surgery 2010, 147, 339–351. [CrossRef]

29. Alius, C.; Tudor, C.; Badiu, C.D.; Dascalu, A.M.; Smarandache, C.G.; Sabau, A.D.; Tanasescu, C.; Balasescu, S.A.; Serban, D.
Indocyanine Green-Enhanced Colorectal Surgery-between Being Superfluous and Being a Game-Changer. Diagnostics 2020,
10, 742. [CrossRef]

30. Lütken, C.D.; Achiam, M.P.; Svendsen, M.B.; Boni, L.; Nerup, N. Optimizing quantitative fluorescence angiography for visceral
perfusion assessment. Surg. Endosc. 2020, 34, 5223–5233. [CrossRef]

31. Slooter, M.D.; Mansvelders, M.S.E.; Bloemen, P.; Gisbertz, S.S.; Bemelman, W.A.; Tanis, P.J.; Hompes, R.; van Berge Henegouwen,
M.I.; de Bruin, D.M. Defining indocyanine green fluorescence to assess anastomotic perfusion during gastrointestinal surgery:
Systematic review. BJS Open 2021, 5, zraa074. [CrossRef] [PubMed]

32. Hidaka, E.; Maeda, C.; Nakahara, K.; Mukai, S.; Sawada, N.; Shimada, S.; Ishida, F.; Kudo, S.-E. Fecal volume after laparoscopic
low anterior resection predicts anastomotic leakage. Dig. Surg. 2017, 34, 394–399. [CrossRef] [PubMed]

33. Damle, R.N.; Cherng, N.B.; Flahive, J.M.; Davids, J.S.; Maykel, J.A.; Sturrock, P.R.; Sweeney, W.B.; Alavi, K. Clostridium difficile
infection after colorectal surgery: A rare but costly complication. J. Gastrointest. Surg. 2014, 18, 1804–1811. [CrossRef] [PubMed]

34. Gaertner, W.B.; Madoff, R.D.; Mellgren, A.; Kwaan, M.R.; Melton, G.B. Postoperative diarrhea and high ostomy output impact
postoperative outcomes after elective colon and rectal operations regardless of Clostridium difficile infection. Am. J. Surg. 2015,
210, 759–765. [CrossRef] [PubMed]

http://doi.org/10.1097/SLA.0000000000002167
http://www.ncbi.nlm.nih.gov/pubmed/28166091
http://doi.org/10.1126/scitranslmed.3010658
http://doi.org/10.1111/ases.12166
http://doi.org/10.1002/ags3.12384
http://doi.org/10.1016/j.surg.2009.10.012
http://doi.org/10.3390/diagnostics10100742
http://doi.org/10.1007/s00464-020-07821-z
http://doi.org/10.1093/bjsopen/zraa074
http://www.ncbi.nlm.nih.gov/pubmed/33893811
http://doi.org/10.1159/000454960
http://www.ncbi.nlm.nih.gov/pubmed/28099959
http://doi.org/10.1007/s11605-014-2600-7
http://www.ncbi.nlm.nih.gov/pubmed/25091840
http://doi.org/10.1016/j.amjsurg.2015.03.032
http://www.ncbi.nlm.nih.gov/pubmed/26117432

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

