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Simple Summary: We tried to minimize the number anastomoses, restore intestinal continuity, and
avoid stoma creation for 295 patients with stage III/IV ovarian cancer who underwent low anterior
rectal resection (LAR) with or without colon resection during cytoreductive surgery. When remaining
colon cannot reach the rectal stump after left hemicolectomy with LAR, we used the following
three techniques for tension-free anastomosis: right colonic transposition, retro-ileal anastomosis
through an ileal mesenteric defect, or additional colic artery division. The rate of stoma creation and
rectal anastomotic was 3% (9/295) and 6.6% (19/286), respectively. Among 21 patients in whom the
remaining colon did not reach the rectal stump after left hemicolectomy with LAR, 20 underwent
tension-free anastomosis, including eight, six, and six patients undergoing right colonic transposition,
retro-ileal anastomosis through an ileal mesenteric defect, and an additional colic artery division,
respectively. Colorectal anastomosis is feasible in patients with extended colonic resection.

Abstract: Extended colon resection is often performed in advanced ovarian cancer. Restoring
intestinal continuity and avoiding stoma creation improve patients’ quality of life postoperatively.
We tried to minimize the number of anastomoses, restore intestinal continuity, and avoid stoma
creation for 295 patients with stage III/IV ovarian cancer who underwent low anterior rectal resection
(LAR) with or without colon resection during cytoreductive surgery. When the remaining colon could
not reach the rectal stump after left hemicolectomy with LAR, we used the following techniques
for tension-free anastomosis: right colonic transposition, retro-ileal anastomosis through an ileal
mesenteric defect, or an additional colic artery division. Rates of stoma creation and rectal anastomotic
were 3% (9/295) and 6.6% (19/286), respectively. Among 21 patients in whom the remaining
colon did not reach the rectal stump after left hemicolectomy with LAR, 20 underwent tension-
free anastomosis, including eight, six, and six patients undergoing right colonic transposition,
retro-ileal anastomosis through an ileal mesenteric defect, and an additional colic artery division,
respectively. Colorectal anastomosis is feasible for patients with extended colonic resection. Low
anastomotic leakage and stoma rates can be achieved with careful attention to colonic mobilization
and tension-free anastomosis.

Keywords: left hemicolectomy; low anterior resection; anastomosis; ovarian cancer; cytoreduc-
tive surgery

1. Introduction

No macroscopic residual disease after cytoreductive surgery is the most important
prognostic factor for advanced ovarian cancer. Extended colonic resection is frequently
necessary to achieve complete cytoreduction in patients with advanced ovarian cancer; in
these cases, the rectum is the most commonly resected segment [1–4]. In addition to low

Cancers 2021, 13, 4248. https://doi.org/10.3390/cancers13164248 https://www.mdpi.com/journal/cancers

https://www.mdpi.com/journal/cancers
https://www.mdpi.com
https://orcid.org/0000-0003-4013-5674
https://orcid.org/0000-0002-7247-2205
https://doi.org/10.3390/cancers13164248
https://doi.org/10.3390/cancers13164248
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/cancers13164248
https://www.mdpi.com/journal/cancers
https://www.mdpi.com/article/10.3390/cancers13164248?type=check_update&version=4


Cancers 2021, 13, 4248 2 of 13

anterior rectal resection, extended left or right hemicolectomy is performed in patients pre-
senting with an omental cake that is densely adherent to the transverse colon with splenic
or hepatic flexure. When extended colon resection is performed, protective ileostomy
or colostomy is often performed [5] because there is a concern that anastomotic leakage
will increase compared to the only rectal resection. However, complications involving
the stoma or frequent bowel movements often occur, resulting in poor quality of life or
poor compliance with continued adjuvant chemotherapy [6,7]. Therefore, gynecologists
and patients would like to restore intestinal continuity and to avoid stoma creation if
possible. Performing optimal surgical techniques for colorectal anastomosis after extended
colon resection is necessary in patients who undergo cytoreductive surgery for advanced
ovarian cancer.

Anastomosis between the remaining transverse or ascending colon and the rectal
stump is considerably more difficult after left hemicolectomy with low anterior rectal
resection than after low anterior rectal resection with or without right-sided colectomy
(ileocecal resection or right hemicolectomy). This difficulty is because the remaining
transverse or ascending colon frequently cannot reach the rectal stump in the pelvic cavity
after left hemicolectomy with low anterior rectal resection. In patients with synchronous
colorectal cancers or inflammatory bowel disease, right colonic transposition and retro-ileal
anastomosis through an ileal mesenteric defect are used for tension-free anastomosis after
extended left hemicolectomy [8–13]. Although several studies have reported the safety of
these techniques [8–13], few reports have discussed their feasibility after left hemicolectomy
with low anterior rectal resection in patients with advanced ovarian cancer.

We have tried to minimize the number anastomoses, to restore intestinal continuity,
and to avoid stoma creation for patients with advanced ovarian cancer who underwent low
anterior rectal resection with or without colon resection during cytoreductive surgery. We
examined whether colorectal anastomosis was possible using right colonic transposition
or retro-ileal anastomosis for advanced ovarian cancer when the remaining transverse
or ascending colon could not reach the rectal stump after left hemicolectomy with low
anterior rectal resection for advanced ovarian cancer. We investigated the rate of stoma
creation and rectal anastomotic leakage in patients with advanced ovarian cancer who
underwent low anterior rectal resection with or without extended colon resection when
trying to restore intestinal continuity and to avoid stoma creation.

2. Materials and Methods
2.1. Patients

This retrospective study was approved by the Institutional Review Board of Chiba
University Graduate School of Medicine (Number 3715). Between April 2008 and February
2021, 368 consecutive patients with International Federation of Gynecology and Obstet-
rics (FIGO) 2014 stage III/IV ovarian, fallopian tube, or primary peritoneal carcinoma
underwent cytoreductive surgery for the primary treatment at Chiba University Hospital.
Of these 368 patients, 313 underwent low anterior rectal resection with or without colon
resection based on the site of dissemination. We excluded 18 patients who received long-
term steroids for dermatomyositis or myasthenia gravis and those with septic shock or
pre-septic shock secondary to cancer-induced rectal perforation because anastomosis was
not planned due to the high risk of leakage. The 295 patients who underwent low anterior
rectal resection with or without colon resection were included in this study. The definition
of the colon resection was based on previous reports [14]: left hemicolectomy involved
division of left colic artery and sigmoid artery, right hemicolectomy involved division
of ileocolic artery and right colic artery and/or right branch of the middle colic artery,
ileocecal resection involved division of ileocolic artery, and transverse colon involved
division of middle colic artery.
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2.2. Surgery and Chemotherapy

The surgical policy and chemotherapeutic regimen used during the study period were
described in a previous report [15–17]. A monodisciplinary surgical team consisting of three
gynecologic oncologists with expertise in advanced ovarian cancer treatment performed
cytoreductive surgery, including colonic resection, to achieve complete cytoreduction. The
surgical team selected the type of bowel resection and anastomosis that would minimize
the number of anastomoses required while maintaining the maximum possible length of
the healthy bowel during cytoreductive surgery. Ileostomy and colostomy were avoided as
much as possible. Cytoreductive surgery was performed when complete cytoreduction
could be achieved, regardless of primary debulking surgery or neoadjuvant chemotherapy,
followed by interval debulking surgery. Even in stage IV patients, cytoreductive surgery
was performed because residual tumor size after cytoreductive surgery was reported as a
prognostic factor [18–21]. Paclitaxel and carboplatin with or without bevacizumab were
administered as the first-line chemotherapy.

2.3. Surgical Techniques for Colorectal Anastomosis after Low Anterior Rectal Resection and
Right-Sided Colectomy

Descending colon and splenic flexure were sufficiently mobilized to the lower border
of the pancreas after low anterior rectal resection. If the descending colon did not reach
the rectal stump, inferior mesenteric artery was divided. After confirming that the remain-
ing colon reached the distal rectal stump without any tension, the end-to-end colorectal
anastomosis was performed using the double staple technique.

2.4. Surgical Techniques for Tension-Free Colorectal Anastomosis after Left Hemicolectomy with
Low Anterior Rectal Resection

The end-to-end colorectal anastomosis was performed using the double stapler tech-
nique after the remaining transverse or ascending colon reached the distal rectal stump.
When the remaining transverse or ascending colon could not reach the distal rectal stump
in the pelvic cavity after tumor resection, one of the following techniques were attempted
to perform colorectal anastomosis, depending on the length and blood supply of the re-
maining colon. When the remaining colon did not reach the distal rectal stump even after
trying three techniques, a permanent end stoma was created.

2.4.1. Right Colonic Transposition

Right colonic transposition (Figure 1, Supplementary Video S1) was initiated with a
complete mobilization of the right colon and hepatic flexure up to the base of the right
mesocolon [8–10]. An incision was made along the Toldt’s fascia and was extended to
the base of the right mesocolon and mesentery. The second and third duodenal segments
were completely freed. The right-sided colon was transposed using one of the following
procedures for tension-free anastomosis: (a) the right colon was rotated 180◦ in the sagittal
plane and around the ileocecal pedicle axis. The bottom of the cecum was shifted to the
level of the right upper abdomen, and the right colonic stump was shifted to the level of
the rectal stump in the pelvis. (b) The right colon was rotated 180◦ in a counterclockwise
manner in the frontal plane and around the superior mesenteric axis. The bottom of the
cecum was shifted to the level of the mid or left upper abdomen, and the right colonic
stump was shifted to the rectal stump in the pelvis.
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Figure 1. Right colonic transposition for colorectal anastomotic techniques after left hemicolectomy
with rectal low anterior resection. The right colon is rotated 180◦ in the sagittal plane and around the
ileocecal pedicle axis or the right colon is rotated 180◦ in a counterclockwise manner in the frontal
plane and around the superior mesenteric vessel axis.

2.4.2. Retro-Ileal Anastomosis through an Ileal Mesenteric Defect

A window was created in an avascular area of the distal ileal mesentery (Figure 2).
The transverse or ascending colon was passed through the window to reach the rectal
stump [11–13].

Figure 2. Retro-ileal anastomosis through an ileal mesenteric defect for colorectal anastomotic
techniques after left hemicolectomy with rectal low anterior resection. The transverse or right colon
is passed through a window created in an avascular area of the distal ileal mesentery to reach the
rectal stump.

2.4.3. Additional Division of the Colic Artery

A branch of the middle colic artery was ligated and divided to improve the mobiliza-
tion of the remaining transverse or ascending colon and enable the remaining colonic stump
to reach the rectal stump without right colonic transposition or retro-ileal anastomosis
(Supplementary Video S2).
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2.5. Definition and Management of Anastomotic Leakage

Anastomotic leakage was diagnosed when the fecal fluid was identified from the
pelvic drain placed near the anastomosis intra-operatively, or when CT revealed the fluid
or air around the anastomosis and contrast agents injected from the drain or anus revealed
the communication between the intra and extraluminal compartment at anastomosis.

Diverting colostomy or ileostomy was performed in patients who developed acute
peritonitis. In patients who did not develop acute peritonitis, the drain was replaced and
repositioned under radiographic guidance to ensure appropriate drainage. A new percuta-
neous drainage catheter was inserted in patients in whom the drain placed intra-operatively
was not appropriately positioned. Antibiotics were administered to patients with signs
of infection. Stop oral feeding with total parental nutrition were administered. After con-
tinuing drainage, drain was removed when fistulography revealed a simple tract without
spread of the contrast agent in the pelvis surrounding the drain tract and anastomosis.

2.6. Surgical Outcomes

We investigated the rate of stoma creation and rectal anastomotic leakage, the surgical
complexity scores [22], intraperitoneal residual tumor after cytoreductive surgery, postop-
erative complications according to the Clavien-Dindo classification [23], time interval until
initiation of adjuvant chemotherapy, length of hospitalization, and survival.

2.7. Statistical Analysis

We used the chi-square or Wilcoxon non-parametric tests for comparisons of the
clinical factors and anastomotic leakage. Survival rates were analyzed using the Kaplan–
Meier method. All statistical analyses were performed using JMP software, version 11
(SAS, Cary, NC, USA). A p-value <0.05 was considered statistically significant.

3. Results
3.1. Patient Characteristics

Patient characteristics are summarized in Table 1. One hundred twenty-one patients
(41.0%) have stage IV disease. Thirty-three patients were diagnosed with stage IVB due
to cardiophrenic lymph node metastasis. Seventeen of 24 patients with stage IVA had
positive washing cytology of pleural effusion during interval debulking surgery after
neoadjuvant chemotherapy. The median peritoneal cancer index [24,25] was 16. Neoadju-
vant chemotherapy followed by interval debulking surgery was performed in 178 patients
(60.3%). Forty patients underwent left hemicolectomy with low anterior rectal resection
(15 who underwent concomitant ileocecal resection, and 5 who underwent concomitant
right hemicolectomy), 105 patients underwent right-sided colectomy (69 who underwent
ileocecal and concomitant low anterior rectal resection, and 36 who underwent right hemi-
colectomy and concomitant low anterior rectal resection), and 145 patients underwent only
low anterior rectal resection. One patient underwent total colectomy, and four patients
underwent low anterior rectal resection concomitant with transverse colectomy.

3.2. Surgical Outcomes

Surgical outomes are summarized in Table 2. Permanent colostomy was performed
in nine (6.6%) patients. The reasons were as follows: a residual distal rectum too short
to perform anastomosis because of the excision line on the anal side of the rectum being
near the levator ani muscle in seven patients; the remaining colon not reaching the distal
rectal stump even after applying several techniques for mobilization in one patient; and
blood supply in the distal part of the residual colon after LAR being insufficient in one
patient. Protective ileostomy was performed in four (1.4%) patients. The reasons were long
operative time with massive bleeding in three patients, and cecum-rectal anastomosis in
one patient.
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Table 1. Patients characteristics.

Variables
All Left Hemicolectomy with Low

Anterior Rectal Resection
Right-Sided Colectomy with

Low Anterior Rectal Resection
Transverse Colectomy with Low Anterior

Rectal Resection or Total Colectomy
Low Anterior Rectal

Resection Only

n = 295 n = 40 n = 105 n = 5 n = 145

Age, median (IQR) 63 (51–71) 65 (51–71) 66 (54–72) 62 (61–70) 59 (50–69)

Primary site
Ovary 175 (59.3%) 23 (57.5%) 51 (48.6%) 5 (100%) 96 (66.2%)

Fallopian tube 102 (34.6%) 15 (37.5%) 46 (43.8%) 0 (0%) 41 (28.3%)
Peritoneum 18 (6.1%) 2 (5.0%) 8 (7.6%) 0 (0%) 8 (5.5%)

Performance status
0 69 (23.3%) 8 (20.0%) 20 (19.1%) 0 (0%) 41 (28.3%)
1 135 (45.8%) 24 (60.0%) 43 (41.0%) 2 (40.0%) 66 (45.5%)
2 66 (22.4%) 8 (20.0%) 31(30.0%) 2 (40.0%) 25(17.2%)
3 25(8.5%) 0(0%) 11(10.5%) 1 (20.0%) 13(9.0%)

FIGO 2014 stage
IVA 28 (9.5%) 0 (0%) 1 (1.0%) 0 (0%) 27 (18.6%)
IVB 15 (5.1%) 0 (0%) 1 (1.0%) 0 (0%) 14 (9.7%)
IVC 131 (44.4%) 18 (45.0%) 55 (52.4%) 4 (80.0%) 54 (37.2%)
IIIA 24 (8.1%) 3 (7.5%) 11 (10.5%) 0 (0%) 10(6.9%)
IIIB 97 (32.9%) 19 (47.5%) 37 (35.2%) 1 (20.0%) 40 (27.6%)

Histology
High-grade serous 223 (75.6%) 31 (77.5%) 90 (85.7%) 3 (60.0%) 99 (68.3%)

Non high-grade serous 72 (24.4%) 9 (22.5%) 12 (14.3%) 2 (40.0%) 45 (31.7%)
Clear 25 (8.5%) 5 (12.5%) 5 (4.8%) 0 (0%) 15 (10.3%)

Endometrioid 18 (6.1%) 1 (2.5%) 4 (3.8%) 0 (0%) 13 (8.9%)
Mucinous 1 (0.3%) 1 (2.5%) 0 (0%) 0 (0%) 0 (0%)

Others 28 (9.5%) 2 (5.0%) 6 (5.7%) 2 (40.0%) 18 (12.4%)

Timing of cytoreductive
surgery
Primary 117 (39.7%) 13 (32.5%) 22 (21.0%) 1 (20.0%) 81 (55.9%)
Interval 178 (60.3%) 27 (67.5%) 83 (79.1%) 4 (80.0%) 64 (44.1%)

Peritoneal cancer index,
median (IQR) 16 (8–21) 23 (18–26) 20 (16–23) 20 (10–23) 9 (5–16)

Abbreviations: FIGO: The International Federation of Gynecology and Obstetrics, IQR: interquartile range.
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Table 2. Surgical outcome.

Variables
All Left Hemicolectomy with Low

Anterior Rectal Resection
Right-Sided Colectomy with

Low Anterior Rectal Resection

Transverse Colectomy with Low
Anterior Rectal Resection or Total

Colectomy

Low Anterior Rectal
Resection Only

n = 295 n = 40 n = 105 n = 5 n = 145

Permanent colostomy 9 (3.1%) 1 (0.3%) 2 (2.0%) 0(0%) 6 (4.1%)

Protective ileostomy 4 (1.4%) 0 (0%) 1 (0.1%) 1 (20.0%) 2 (1.4%)

Rectal anastomotic leakage 19 (6.4%) 3 (7.5%) 9 (8.6%) 0 (0%) 7 (4.8%)
Conservative treatment with

percutaneous drainage 15 (5.1%) 3 (7.5%) 9 (8.6%) 0 (0%) 3 (2.1%)

Requiring re-operation 4 (1.4%) 0 (0%) 0 (0%) 0 (0%) 4 (2.8%)

Surgical complexity score,
median (IQR) 13 [10–15] 15 (13–16) 15 (14–16) 11 (9–16) 11 (7–13)

Residual tumor
0 270 (91.5%) 33 (82.5%) 97 (92.4%) 3 (60.0%) 137 (94.5%)

0.1–1.0 cm 21 (7.1%) 5 (12.5%) 7 (6.7%) 2 (40.0%) 7 (4.8%)
>1.0 cm 4 (1.4%) 2 (5.0%) 1 (1.0%) 0 (0%) 1 (0.7%)

Postoperative complications
Clavien-Dindo IIIa 61 (20.7%) 15 (37.5%) 30 (28.6%) 0 (0%) 16 (11.0%)

Clavien-Dindo IIIb-V 11 (3.7%) 1 (2.5%) 1 (1.0%) 0 (0%) 9 (6.2%)

Time to initiation of adjuvant
chemotherapy, median, day 27 [21–34] 27 (21–38) 27 (22–35) 29 (28–37) 26 (20–32)

Length of hospitalization,
median, day 29 (23–40) 28 (23–47) 29 (23–38) 29 (22–40) 49 (21–51)

Abbreviations: IQR: interquartile range.
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Rectal anastomotic leakage occurred in 19 of 295 patients (3 of 40 who underwent
left hemicolectomy with low anterior rectal resection, 9 of 105 who underwent right-sided
colectomy with low anterior rectal resection, and 7 of 145 who underwent only low anterior
rectal resection). The median onset of anastomotic leakage was 9 days after cytoreductive
surgery. Fifteen patients were successfully treated with percutaneous drainage without
re-operation. The median duration of drainage was 26 days. Four patients required re-
operation to create an ileostomy (one patient developed acute peritonitis, and three patients
did not cure by continuous percutaneous drainage).

Clavien–Dindo Grade IIIb postoperative complication within 30 days of surgery
occurred in 8 patients: rectal anastomotic leakage in 4, ureteral leakage in 2, vesico-vaginal-
rectal fistula in 1, pancreatic fistula in 1. Grade IV of postoperative bleeding and small
bowel syndrome occurred in one patient. Grade V of postoperative bleeding and multiple
organ failure occurred in one patient.

3.3. Rate and Techniques of Colorectal Anastomosis after Left Hemicolectomy with Low Anterior
Rectal Resection

Of the 40 patients who underwent left hemicolectomy with low anterior rectal re-
section, 39 (97%) underwent tension-free colorectal anastomosis as follows: 8 underwent
right colonic transposition, 6 underwent retro-ileal anastomosis through an ileal mesenteric
defect, 6 underwent only additional colic artery division, and 19 underwent no extra
techniques. The colic artery was divided over multiple segments along its course. The
median length that was continuously resected from the rectum to the transverse or as-
cending colon was 79 (43–100) cm, 47 (31–65) cm, and 27 (23–55) cm in patients who
underwent right colonic transposition, retro-ileal anastomosis, and additional colic artery
division, respectively.

Among the 40 patients who underwent left hemicolectomy with low anterior rectal
resection, in one patient, the remaining transverse colon did not reach the distal rectal
stump after right and left hemicolectomy with low anterior rectal resection even after
the aforementioned additional techniques were attempted; this patient did not undergo
anastomosis and a permanent transverse colostomy was performed.

No patient underwent protective ileostomy, among the 39 patients who underwent
left hemicolectomy with primary colorectal anastomosis.

3.4. Clinical Factors for Rectal Anastomotic Leakage

Patients with and without rectal anastomotic leakage did not differ in the age, stage,
serum albumin level before treatment, peritoneal cancer index, surgical complexity score,
residual tumor, type of large bowel resection, length that was continuously resected from
the rectum to the colon, or number of intestinal anastomoses (Table 3). The performance
status before the treatment was poorer in patients who developed rectal anastomotic
leakage than in those who did not (p = 0.02). Anastomotic leakage occurred more frequently
in patients who underwent interval debulking surgery after neoadjuvant chemotherapy
than in those who underwent primary debulking surgery (p = 0.03).

3.5. Survival

The median follow-up period was 40 months. In patients with and without anas-
tomotic leakage, the median durations to initiation of adjuvant chemotherapy were 51
and 27 days, respectively, and lengths of hospital stay were 52 and 28 days, respectively.
However, their prognoses did not differ. Median progression-free survivals of patients
with and without anastomotic leakage were 33 and 34 months, respectively (p = 0.93,
log-rank). Median overall survivals of patients with and without anastomotic leakage were
not reached and 101 months, respectively (p = 0.76, log-rank) (Figure 3).
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Table 3. Clinical factors for rectal anastomotic leakage.

Variables
Rectal Anastomotic Leakage (+) Rectal Anastomotic Leakage (−) p Value

n = 19 n = 276

Age, median (IQR) 62 (51–70) 63 (51–71) 0.86

Performance status 0.02
0–1 8 (42.1%) 196 (71.0%)
2–3 11 (57.9%) 80 (29.0%)

FIGO 2014 stage 0.92
III 11 (57.9%) 163 (57.9%)
IV 8 (42.1%) 113 (42.1%)

Serum albumin before cytoreductive surgery
(g/dL), median (IQR) 3.9 (3.7–4.1) 3.9 (3.5–4.2) 0.98

Timing of cytoreductive surgery 0.03
Primary 3 (15.8%) 114 (41.3%)
Interval 16 (84.2%) 162 (58.7%)

Peritoneal cancer index, median (IQR) 16 (8–21) 18 (16–25) 0.06

Surgical complexity score, median (IQR) 13 (13–15) 13 (10–15) 0.16

Residual tumor 0.60
Microscopic 18 (94.7%) 252 (91.3%)
Macroscopic 1 (5.3%) 24 (8.7%)

Type of large bowel resection 0.61
Left hemicolectomy with low anterior rectal

resection 3 (15.8%) 37 (13.4%)

Right-sided colectomy with low anterior
rectal resection 9 (47.4%) 96 (34.8%)

Transverse colectomy with low anterior
rectal resection or total colectomy 0 (0%) 5 (1.8%)

Low anterior rectal resection only 7 (36.8%) 138 (50.0%)

Length that was continuously resected from
the rectum to the colon (cm), median (IQR) 21 (16–30) 22 (17–29) 0.79

Number of intestinal anastomosis 0.19
0 or 1 7 159
2 or 3 11 117

Abbreviations: FIGO: The International Federation of Gynecology and Obstetrics, IQR: interquartile range.
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4. Discussion

Our study showed low rates of stoma creation and rectal anastomotic leakage in
patients with advanced ovarian cancer who underwent low anterior rectal resection with
or without extended colon resection when trying to restore intestinal continuity and avoid
stoma creation. Anastomotic leakage is expected to occur more frequently in complicated
colorectal surgery than in simple colorectal surgery. However, low anastomotic leakage and
stoma rates were achieved with careful attention to colonic mobilization and tension-free
anastomosis in this study. Although anastomosis between the remaining transverse or
ascending colon and the rectal stump is considerably more difficult after left hemicolectomy
with low anterior rectal resection than after other types of colon resection, tension-free
anastomosis can be performed using one of the following procedures: right colonic trans-
position, retro-ileal anastomosis via an ileal mesenteric defect, and an additional colic
artery division.

The choice of the anastomotic technique was determined based on the site, length, and
blood supply of the remaining colon. Right colonic transposition was feasible in patients
without disseminated cancer in the ileocecal area and with a long length of the colon that
was continuously resected from the rectum to the transverse or ascending colon. Middle
colic artery division was necessary in such cases for mobilization of the residual right colon.
Retro-ileal anastomosis through an ileal mesenteric defect was feasible in patients who had
disseminated cancer in the ileocecal area. The division of the left branch of the middle colic
and/or inferior mesenteric artery was used to achieve tension-free anastomosis in patients
with a relatively long residual transverse colonic segment.

The remaining transverse or ascending colon is less likely to reach the distal rectal
stump after left hemicolectomy with low anterior rectal resection than after low anterior
rectal resection with or without right hemicolectomy because the transverse mesocolon
and the middle colic artery are short. Saunders et al. reported that, among those who
underwent laparotomy, the mid-transverse colon did not reach the symphysis pubis or
lower in 71% (84/118) of patients [26]. Therefore, middle colic artery division provides
additional length of residual transverse colon and facilitates its mobilization. Following
the division of the left branch of the middle colic artery, the remaining colonic stump
can usually reach the rectal stump with or without retro-ileal anastomosis. Right colonic
transposition can be performed following the division of the right branch of the middle
colic artery for better mobilization of the mesentery of the right colon. Careful preservation
of the marginal arcade and its collaterals ensures the maintenance of blood supply even
after the division of the middle colic artery.

Left hemicolectomy with low anterior rectal resection was not associated with any
severe complications in this study. The rate of anastomotic leakage after left hemicolec-
tomy with low anterior rectal resection was not higher than that after low anterior rectal
resection with or without right-sided colectomy. The aforementioned surgical techniques
for anastomosis contributed to the low incidence of anastomotic leakage. Right colonic
transposition has a risk of torsion of the residual colon, while retro-ileal anastomosis has a
risk of internal hernia. However, these complications did not occur in our study. Extensive
intraperitoneal surgery may result in postoperative adhesions, which prevent torsion or
internal hernia.

Protective ileostomy was not performed in any patient who underwent left hemicolec-
tomy with low anterior rectal resection in our study. Anastomotic leakage occurred in three
patients (7.5%) Left hemicolectomy with low anterior rectal resection; however, all patients
were successfully treated with percutaneous drainage. Silver et al. reported that protective
ileostomy was performed in 18 of 19 patients with ovarian cancer who underwent extended
left hemicolectomy for adjuvant intraperitoneal chemotherapy [27]. Although it is difficult
to directly compare the rates of anastomotic leakage and protective ileostomy between our
study and previous studies, our results suggest that protective ileostomy is not always
necessary after left hemicolectomy with low anterior rectal resection.



Cancers 2021, 13, 4248 11 of 13

Compared with right-sided colectomy, left-sided colectomy is less commonly per-
formed for ovarian cancer. Except for the findings reported by Silver et al. (21%), the left
hemicolectomy rates were <6% in patients who underwent cytoreductive surgery [1,27–32].
We could not directly compare the rates of left hemicolectomy observed in our study (14%)
with those of previous studies because of the varied patient characteristics between the
study groups. Most studies have included only patients who underwent primary debulking
surgery and consequently achieved residual disease <1 cm. Patients who need to undergo
left hemicolectomy during primary debulking surgery show widespread dissemination of
the intra-abdominal tumor in addition to omental cake invasion of the splenic flexure. In
such cases, left hemicolectomy may not be useful for residual tumors other than splenic
flexure lesions, and widespread dissemination is likely to result in residual disease, even in
those who undergo left hemicolectomy. In contrast, 70% of the patients who underwent
left hemicolectomy in this study underwent interval debulking surgery. For patients in
whom the tumor volume in the abdomen was reduced by neoadjuvant chemotherapy,
left hemicolectomy was a useful surgery to achieve no residual disease. Several studies
have shown that an increasing number of patients undergo neoadjuvant chemotherapy fol-
lowed by interval debulking surgery, and phase III trials have proved that this therapeutic
strategy is not inferior to primary debulking surgery with regard to survival rates [33–36].
Therefore, it is reasonable to conclude that indications for left hemicolectomy as a treatment
for advanced ovarian cancer are likely to increase in the future.

The following are the limitations of our study: (a) We did not compare the prog-
nosis between patients who underwent colostomy and those who underwent colorectal
anastomosis. It is unclear whether patients who undergo colorectal anastomosis show a
better prognosis than those who undergo protective ileostomy or permanent colostomy.
(b) We did not investigate the long-term quality of life. (c) The retrospective design of
this small-scale study is a drawback; however, this study is among the largest studies
performed in patients who underwent left hemicolectomy for advanced ovarian cancer.

5. Conclusions

Colorectal anastomosis is eminently feasible in patients with extended colonic resec-
tion. Low anastomotic leakage and stoma rates can be achieved with careful attention
to colonic mobilization and tension-free anastomosis. Colorectal anastomosis after left
hemicolectomy with low anterior rectal resection were feasible using right colonic transpo-
sition, retro-ileal anastomosis through an ileal mesenteric defect, or additional colic artery
division. Further prospective studies are warranted to investigate the long-term quality of
life in patients with advanced ovarian cancer who undergo low anterior rectal resection
with extended colon resection.

Supplementary Materials: The following are available online. Video S1: Surgical technique em-
ployed for right colonic transposition (https://ufile.io/eedf8610), Video S2: Surgical technique
employed for additional colic artery division (https://ufile.io/fw8xsyhm).

Author Contributions: Conceptualization, K.N.; methodology, K.N. and S.T.; formal analysis, K.N.;
investigation, K.N., S.T., A.M., and S.O.; data curation, S.T.; writing—original draft preparation,
K.N.; writing—review and editing, S.T., A.M., S.O., and M.S.; visualization, K.N.; supervision, M.S.;
project administration, S.T. and M.S. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Institutional Review Board at Chiba University
(protocol code #3715).

Informed Consent Statement: Patient consent was waived due to the retrospective design of this
study. An opt-out system was used instead.

https://ufile.io/eedf8610
https://ufile.io/fw8xsyhm


Cancers 2021, 13, 4248 12 of 13

Data Availability Statement: All datasets analyzed during the current study are available from the
corresponding author upon reasonable request.

Acknowledgments: We would like to acknowledge Yuri Ishimura for drawing figures.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Hoffman, M.S.; Griffin, D.; Tebes, S.; Cardosi, R.J.; Martino, M.A.; Fiorica, J.V.; Lockhart, J.L.; Grendys, E.C. Sites of bowel resected

to achieve optimal ovarian cancer cytoreduction: Implications regarding surgical management. Am. J. Obstet. Gynecol. 2005, 193,
582–586, discussion 586–588. [CrossRef]

2. Hoffman, M.S.; Zervose, E. Colon resection for ovarian cancer: Intraoperative decisions. Gynecol. Oncol. 2008, 111, S56–S65.
[CrossRef]

3. Kalogera, E.; Dowdy, S.C.; Mariani, A.; Weaver, A.L.; Aletti, G.; Bakkum-Gamez, J.N.; Cliby, W.A. Multiple large bowel resections:
Potential risk factor for anastomotic leak. Gynecol. Oncol. 2013, 130, 213–218. [CrossRef]

4. Grimm, C.; Harter, P.; Alesina, P.F.; Prader, S.; Schneider, S.; Ataseven, B.; Meier, B.; Brunkhorst, V.; Hinrichs, J.; Kurzeder, C.; et al.
The impact of type and number of bowel resections on anastomotic leakage risk in advanced ovarian cancer surgery. Gynecol.
Oncol. 2017, 146, 498–503. [CrossRef] [PubMed]

5. Tseng, J.H.; Suidan, R.S.; Zivanovic, O.; Gardner, G.J.; Sonoda, Y.; Levine, D.A.; Abu-Rustum, N.R.; Tew, W.P.; Chi, D.S.;
Roche, K.L. Diverting ileostomy during primary debulking surgery for ovarian cancer: Associated factors and postoperative
outcomes. Gynecol. Oncol. 2016, 142, 217–224. [CrossRef] [PubMed]

6. O’Leary, D.P.; Fide, C.J.; Foy, C.; Lucarotti, E.M. Quality of life after low anterior resection with total mesorectal excision and
temporary loop ileostomy for rectal carcinoma. BJS 2002, 88, 1216–1220. [CrossRef] [PubMed]

7. Kim, H.S.; Kim, E.N.; Jeong, S.Y.; Chung, H.H.; Kim, Y.B.; Kim, J.W.; Park, K.J.; Park, N.H.; Song, Y.S.; Park, J.-G.; et al. Comparison
of the efficacy of low anterior resection with primary anastomosis and Hartmann’s procedure in advanced primary or recurrent
epithelial ovarian cancer. Eur. J. Obstet. Gynecol. Reprod. Biol. 2011, 156, 194–198. [CrossRef] [PubMed]

8. Shariff, U.S.; Kullar, N.; Dorudi, S. Right Colonic Transposition Technique: When the Left Colon Is Unavailable for Achieving a
Pelvic Anastomosis. Dis. Colon Rectum 2011, 54, 360–362. [CrossRef]

9. Manceau, G.; Karoui, M.; Breton, S.; Blanchet, A.-S.; Rousseau, G.; Savier, E.; Siksik, J.-M.; Vaillant, J.-C.; Hannoun, L. Right Colon
to Rectal Anastomosis (Deloyers Procedure) as a Salvage Technique for Low Colorectal or Coloanal Anastomosis: Postoperative
and Long-Term Outcomes. Dis. Colon Rectum. 2012, 55, 363–368. [CrossRef]

10. Deloyers, L. Suspension of the right colon permits without exception preservation of the anal sphincter after extensive colectomy
of the transverse and left colon (including rectum). Technic-indications-immediate and late results. Lyon Chir. 1964, 60, 404–413.
[PubMed]

11. Rombeau, J.L.; Collins, J.P.; Turnbull, R.B., Jr. Left-sided colectomy with retroileal colorectal anastomosis. Arch Surg. 1978, 113,
1004–1005. [CrossRef] [PubMed]

12. Le, T.H.; Gathright, J.B. Reconstitution of Intestinal Continuity after Extended Left Colectomy. Dis Colon Rectum. 1993, 36, 197–198.
[CrossRef]

13. Sakamoto, Y.; Tokunaga, R.; Miyamoto, Y.; Ohuchi, M.; Nakamura, K.; Kosumi, K.; Harada, K.; Shigaki, H.; Kurashige, J.; Iwatsuki,
M.; et al. Retroileal colorectal anastomosis after extended left colectomy: Application for laparoscopic surgery. Surg. Today 2016,
46, 1476–1478. [CrossRef] [PubMed]

14. Mike, M.; Kano, M. Reappraisal of the vascular anatomy of the colon and consequences for the definition of surgical resection.
Dig Surg. 2013, 30, 383–392. [CrossRef]

15. Tate, S.; Kato, K.; Nishikimi, K.; Matsuoka, A.; Shozu, M. Survival and safety associated with aggressive surgery for stage III/IV
epithelial ovarian cancer: A single institution observation study. Gynecol. Oncol. 2017, 147, 73–80. [CrossRef]

16. Nishikimi, K.; Tate, S.; Kato, K.; Matsuoka, A.; Shozu, M. Well-trained gynecologic oncologists can perform bowel resection and
upper abdominal surgery safely. J. Gynecol. Oncol. 2020, 31, e3. [CrossRef]

17. Tate, S.; Nishikimi, K.; Kato, K.; Matsuoka, A.; Kambe, M.; Kiyokawa, T.; Shozu, M. Microscopic diseases remain in initial
disseminated sites after neoadjuvant chemotherapy for stage III/IV ovarian, tubal, and primary peritoneal cancer. J. Gynecol.
Oncol. 2020, 31, e34. [CrossRef] [PubMed]

18. Bristow, R.E.; Montz, F.J.; Lagasse, L.D.; Leuchter, R.S.; Karlan, B.Y. Survival Impact of Surgical Cytoreduction in Stage IV
Epithelial Ovarian Cancer. Gynecol. Oncol. 1999, 72, 278–287. [CrossRef]

19. Akahira, J.I.; Yoshikawa, H.; Shimizu, Y.; Tsunematsu, R.; Hirakawa, T.; Kuramoto, H.; Shiromizu, K.; Kuzuya, K.; Kamura, T.;
Kikuchi, Y.; et al. Prognostic factors of stage IV epithelial ovarian cancer: A multicenter retrospective study. Gynecol. Oncol. 2001,
81, 398–403. [CrossRef]

20. Winter, W.E., 3rd; Maxwell, G.L.; Tian, C.; Sundborg, M.J.; Rose, G.S.; Rose, P.G.; Rubin, S.C.; Muggia, F.; McGuire, W.P.;
Gynecologic Oncology Group. Tumor residual after surgical cytoreduction in prediction of clinical outcome in stage IV epithelial
ovarian cancer: A Gynecologic Oncology Group Study. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2008, 26, 83–89. [CrossRef]

21. Ataseven, B.; Grimm, C.; Harter, P.; Heitz, F.; Traut, A.; Prader, S.; du Bois, A. Prognostic impact of debulking surgery and residual
tumor in patients with epithelial ovarian cancer FIGO stage IV. Gynecol. Oncol. 2016, 140, 215–220. [CrossRef]

http://doi.org/10.1016/j.ajog.2005.03.046
http://doi.org/10.1016/j.ygyno.2008.07.055
http://doi.org/10.1016/j.ygyno.2013.04.002
http://doi.org/10.1016/j.ygyno.2017.06.007
http://www.ncbi.nlm.nih.gov/pubmed/28610745
http://doi.org/10.1016/j.ygyno.2016.05.035
http://www.ncbi.nlm.nih.gov/pubmed/27261325
http://doi.org/10.1046/j.0007-1323.2001.01862.x
http://www.ncbi.nlm.nih.gov/pubmed/11531870
http://doi.org/10.1016/j.ejogrb.2011.01.003
http://www.ncbi.nlm.nih.gov/pubmed/21288627
http://doi.org/10.1007/DCR.0b013e3182031e6e
http://doi.org/10.1097/DCR.0b013e3182423f83
http://www.ncbi.nlm.nih.gov/pubmed/14167748
http://doi.org/10.1001/archsurg.1978.01370200098020
http://www.ncbi.nlm.nih.gov/pubmed/687079
http://doi.org/10.1007/BF02051181
http://doi.org/10.1007/s00595-016-1313-9
http://www.ncbi.nlm.nih.gov/pubmed/26892331
http://doi.org/10.1159/000343156
http://doi.org/10.1016/j.ygyno.2017.07.136
http://doi.org/10.3802/jgo.2020.31.e3
http://doi.org/10.3802/jgo.2020.31.e34
http://www.ncbi.nlm.nih.gov/pubmed/31912684
http://doi.org/10.1006/gyno.1998.5145
http://doi.org/10.1006/gyno.2001.6172
http://doi.org/10.1200/JCO.2007.13.1953
http://doi.org/10.1016/j.ygyno.2015.12.007


Cancers 2021, 13, 4248 13 of 13

22. Aletti, G.; Santillan, A.; Eisenhauer, E.L.; Hu, J.; Podratz, K.C.; Bristow, R.E.; Chi, D.S.; Cliby, W.A. A new frontier for quality
of care in gynecologic oncology surgery: Multi-institutional assessment of short-term outcomes for ovarian cancer using a
risk-adjusted model. Gynecol. Oncol. 2007, 107, 99–106. [CrossRef]

23. Dindo, D.; Demartines, N.; Clavien, P.A. Classification of surgical complications: A new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann. Surg. 2004, 240, 205–213. [CrossRef] [PubMed]

24. Sugarbaker, P.H.; Jablonski, K.A. Prognostic Features of 51 Colorectal and 130 Appendiceal Cancer Patients with Peritoneal
Carcinomatosis Treated by Cytoreductive Surgery and Intraperitoneal Chemotherapy. Ann. Surg. 1995, 221, 124–132. [CrossRef]
[PubMed]

25. Jacquet, P.; Sugarbaker, P.H. Clinical research methodologies in diagnosis and staging of patients with peritoneal carcinomatosis.
In Peritoneal Carcinomatosis: Principles of Management; Sugarbaker, P.H., Ed.; Springer US: Boston, MA, USA, 1996; pp. 359–374.

26. Saunders, B.P.; Phillips, R.K.S.; Williams, C.B. Intraoperative measurement of colonic anatomy and attachments with relevance to
colonoscopy. BJS 2005, 82, 1491–1493. [CrossRef] [PubMed]

27. Gillette-Cloven, N.; Burger, A.R.; Monk, B.J.; McMeekin, D.; Vasilev, S.; DiSaia, P.J.; Kohler, M.F. Bowel resection at the time of
primary cytoreduction for epithelial ovarian cancer. J. Am. Coll. Surg. 2001, 193, 626–632. [CrossRef]

28. Tamussino, K.F.; Lim, P.C.; Webb, M.J.; Lee, R.A.; Lesnick, T.G. Gastrointestinal Surgery in Patients with Ovarian Cancer. Gynecol.
Oncol. 2001, 80, 79–84. [CrossRef] [PubMed]

29. Mourton, S.; Temple, L.; Aburustum, N.; Gemignani, M.; Sonoda, Y.; Bochner, B.; Barakat, R.; Chi, D. Morbidity of rectosigmoid
resection and primary anastomosis in patients undergoing primary cytoreductive surgery for advanced epithelial ovarian cancer.
Gynecol. Oncol. 2005, 99, 608–614. [CrossRef]

30. Estes, J.M.; Leath, C.A.; Williams, S.; Modiano, M.R.; Sawyer, M.; Cohn, D.; Straughn, J.M.; Barnes, M.N.; Alvarez, R.D. Efficacy
and toxicity of the novel chemotherapeutic agent KW-2170 in recurrent epithelial ovarian cancer. Gynecol. Oncol. 2006, 102,
338–342. [CrossRef] [PubMed]

31. Silver, D.F.; Zgheib, N.B. Extended left colon resections as part of complete cytoreduction for ovarian cancer: Tips and considera-
tions. Gynecol. Oncol. 2009, 114, 427–430. [CrossRef]

32. Fournier, M.; Huchon, C.; Ngo, C.; Bensaid, C.; Bats, A.; Combe, P.; Belda, M.L.F.; Fournier, L.; Berger, A.; Lecuru, F.; et al.
Morbidity of rectosigmoid resection in cytoreductive surgery for ovarian cancer. Risk factor analysis. Eur. J. Surg. Oncol. (EJSO)
2018, 44, 750–753. [CrossRef] [PubMed]

33. Kang, S.; Jong, Y.H.; Hwang, J.H.; Lim, M.C.; Seo, S.-S.; Yoo, C.-W.; Park, S.-Y. Is Neo-adjuvant Chemotherapy a “Waiver” of
Extensive Upper Abdominal Surgery in Advanced Epithelial Ovarian Cancer? Ann. Surg. Oncol. 2011, 18, 3824–3827. [CrossRef]
[PubMed]

34. Mueller, J.; Zhou, Q.C.; Iasonos, A.; O’Cearbhaill, R.E.; Alvi, F.A.; El Haraki, A.; Eriksson, A.G.Z.; Gardner, G.J.; Sonoda, Y.;
Levine, D.A.; et al. Neoadjuvant chemotherapy and primary debulking surgery utilization for advanced-stage ovarian cancer at a
comprehensive cancer center. Gynecol. Oncol. 2016, 140, 436–442. [CrossRef] [PubMed]

35. Vergote, I.; Tropé, C.G.; Amant, F.; Kristensen, G.B.; Ehlen, T.; Johnson, N.; Verheijen, R.H.; Van Der Burg, M.E.; Lacave, A.J.;
Panici, P.B.; et al. Neoadjuvant Chemotherapy or Primary Surgery in Stage IIIC or IV Ovarian Cancer. N. Engl. J. Med. 2010, 363,
943–953. [CrossRef]

36. Kehoe, S.; Hook, J.; Nankivell, M.; Jayson, G.; Kitchener, H.; Lopes, A.D.B.; Luesley, D.; Perren, T.; Bannoo, S.; Mascarenhas, M.;
et al. Primary chemotherapy versus primary surgery for newly diagnosed advanced ovarian cancer (CHORUS): An open-label,
randomised, controlled, non-inferiority trial. Lancet 2015, 386, 249–257. [CrossRef]

http://doi.org/10.1016/j.ygyno.2007.05.032
http://doi.org/10.1097/01.sla.0000133083.54934.ae
http://www.ncbi.nlm.nih.gov/pubmed/15273542
http://doi.org/10.1097/00000658-199502000-00002
http://www.ncbi.nlm.nih.gov/pubmed/7857141
http://doi.org/10.1002/bjs.1800821113
http://www.ncbi.nlm.nih.gov/pubmed/8535800
http://doi.org/10.1016/S1072-7515(01)01090-0
http://doi.org/10.1006/gyno.2000.6037
http://www.ncbi.nlm.nih.gov/pubmed/11136574
http://doi.org/10.1016/j.ygyno.2005.07.112
http://doi.org/10.1016/j.ygyno.2005.12.031
http://www.ncbi.nlm.nih.gov/pubmed/16487997
http://doi.org/10.1016/j.ygyno.2009.05.037
http://doi.org/10.1016/j.ejso.2018.01.005
http://www.ncbi.nlm.nih.gov/pubmed/29580734
http://doi.org/10.1245/s10434-011-1830-0
http://www.ncbi.nlm.nih.gov/pubmed/21691879
http://doi.org/10.1016/j.ygyno.2016.01.008
http://www.ncbi.nlm.nih.gov/pubmed/26777991
http://doi.org/10.1056/NEJMoa0908806
http://doi.org/10.1016/S0140-6736(14)62223-6

	Introduction 
	Materials and Methods 
	Patients 
	Surgery and Chemotherapy 
	Surgical Techniques for Colorectal Anastomosis after Low Anterior Rectal Resection and Right-Sided Colectomy 
	Surgical Techniques for Tension-Free Colorectal Anastomosis after Left Hemicolectomy with Low Anterior Rectal Resection 
	Right Colonic Transposition 
	Retro-Ileal Anastomosis through an Ileal Mesenteric Defect 
	Additional Division of the Colic Artery 

	Definition and Management of Anastomotic Leakage 
	Surgical Outcomes 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Surgical Outcomes 
	Rate and Techniques of Colorectal Anastomosis after Left Hemicolectomy with Low Anterior Rectal Resection 
	Clinical Factors for Rectal Anastomotic Leakage 
	Survival 

	Discussion 
	Conclusions 
	References

