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Abstract
Background

The aim of this study was to investigate the safety and clinical usefulness of early oral feeding (EOF)
after rectosigmoid resection with anastomosis for the treatment of primary ovarian cancer.

Methods

We performed a retrospective review of all consecutive patients who had undergone rectosigmoid
resection with anastomosis for primary ovarian, tubal, or peritoneal cancer during a 7-year period. Patient-
related, disease-related, and surgery-related data including the incidence of anastomotic leakage and
postoperative hospital stay were collected. EOF was introduced as a postoperative oral feeding protocol
during the middle of the study period. Before the introduction of EOF, conventional oral feeding (COF) had
been used.

Results

Two hundred and one patients who underwent rectosigmoid resection with anastomosis, comprised of
95 patients in the COF group and 106 patients in the EOF group, were included in this study. The median
number of postoperative days until the start of diet intake was 5 (range: 2–8) in the COF group and 2
(range: 2–8) in the EOF group (P < 0.001). Postoperative morbidity was equivalent between the groups.
The incidence of anastomotic leakage was similar (1%) in both groups. The median length of the
postoperative hospital stay was reduced by 6 days for the EOF group: 17 (range: 9–67) days for the COF
group versus 11 (8–49) days for the EOF group (P < 0.001).

Conclusion

EOF provides a signi�cant reduction in the length of the postoperative hospital stay without an increased
complication risk after rectosigmoid resection with anastomosis as a part of cytoreductive surgery for
primary ovarian cancer.

Background
A maximal surgical effort to obtain a macroscopic complete resection has been con�rmed to improve
survival among patients with advanced ovarian cancer [1–3]. An en bloc resection of the rectosigmoid
together with the uterus, tubes/ovaries, and the pelvic tumors, also known as modi�ed posterior pelvic
exenteration or radical oophorectomy, is one of the most frequently performed types of surgical
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procedures during cytoreductive surgery for advanced ovarian cancer [4–7]. Anastomotic leakage
remains a life-threatening potential complication of rectosigmoid resections despite advances in surgical
techniques and medical instrumentation [8, 9]. As cytoreductive surgery aimed at complete resection
requires the removal of multiple organs and the resection of extensive amounts of the peritoneum, it is
usually complicated and invasive. Rectosigmoid resection with anastomosis is regarded as the most
complicated surgical procedure among the various procedures that might be required during
cytoreductive surgery for advanced ovarian cancer, including diaphragmatic resection, splenectomy and
hepatectomy as well as large and small bowel resections [10].

Enhanced Recovery After Surgery (ERAS) has been developed to accelerate recovery by attenuating the
stress response. Previous studies have demonstrated that ERAS perioperative care affects neural,
metabolic and other organ functions bene�cially [11, 12]. Consequently, this multimodal approach has
been shown to shorten the length of the hospital stay, reduce the surgical stress response, decrease
morbidity, and expedite recovery. As part of ERAS programs, there has recently been a move toward early
feeding regimens postoperatively. The bene�ts of early postoperative oral feeding (EOF) include a faster
recovery of bowel function and lower rates of infectious complications [13]. In the �eld of gynecologic
surgery, it has been demonstrated that implementation of as many ERAS elements as possible is
associated with a decrease in the length of the hospital stay without increasing the postoperative
complication rate or mortality [14, 15]. As high-complexity surgery is more frequently performed for
primary ovarian cancer surgery than for colorectal or ordinary gynecologic surgery, whether EOF is also
safe for ovarian cancer patients who undergo rectosigmoid resection with anastomosis as a part of
cytoreductive surgery remains unknown. We evaluated the impact of EOF on postoperative outcomes,
including postoperative hospital stay, following rectosigmoid resection.

Methods
1. Patient selection

All consecutive patients who underwent rectosigmoid resection with anastomosis as part of
cytoreductive surgery for primary ovarian, tubal, or peritoneal cancer at the Cancer Institute Hospital,
Japan, between April 2012 and March 2019 were evaluated for inclusion in this study. In April 2012, well-
trained gynecologic oncologists started to perform cytoreductive surgery, including small and large bowel
resection with anastomoses, stoma creation, diaphragm stripping/resection with liver mobilization, and
splenectomy with distal pancreatectomy, at our institution. The patients’ medical records were reviewed,
and patient-related, disease-related, and surgery-related data were retrieved. These data included the
patient’s age, performance status, medical history, primary site of disease, clinical stage, timing of surgery
(up-front surgery or interval debulking surgery), preoperative laboratory values including the serum levels
of hemoglobin and albumin, surgical procedures, residual disease, operative time, estimated blood loss,
intraoperative blood transfusion, �nal histopathologic results, diet resumption, length of postoperative
hospital stay, duration from surgery until the start of postoperative chemotherapy, and morbidity within
60 days after surgery. The complexity of the surgical procedures performed was strati�ed in accordance
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with the previously advocated surgical complexity score (SCS) system into 3 groups (low, moderate, and
high) [10]. Perioperative complications were registered and classi�ed according to the Clavien–Dindo
classi�cation [16]. Preoperative bowel preparation was identical throughout the study period. Patients
were given 180 mL of magnesium citrate on the day before surgery. Oral antibiotic bowel preparation was
not used and prophylactic IV antibiotic therapy with cephalosporin was administered immediately before
and during surgery in the current series. Since the middle of this study period, we have routinely utilized a
transanal drainage tube (TDT) after rectosigmoid resection with anastomosis for patients with ovarian
cancer to prevent anastomotic leakage [17]. This study protocol was approved by the Institutional Review
Board of the Cancer Institute Hospital.

2. Timing of postoperative oral feeding and discharge

EOF after rectosigmoid resection with anastomosis was introduced at our hospital in September 2016.
Patients in the EOF group began to drink water and/or tea on postoperative day (POD) 1. If these liquids
were well tolerated, they advanced to a semisolid diet on POD 2 and to a regular diet within the next 2 to 3
days. Before the introduction of EOF, postoperative oral feeding had been managed using a conventional
methodology. Patients in the conventional oral feeding (COF) group were managed with nothing by
mouth until postoperative �atus was noted. Thereafter, they were allowed to drink water. If the water was
tolerated, a liquid diet was given. They then advanced to a regular diet within the next 5 to 7 days. The
durations of oral feeding prohibition in the patients who underwent a splenectomy combined with a distal
pancreatectomy to achieve complete cytoreduction depended on the grade of pancreatic �stula. We
placed a peripancreatic drain into the left subdiaphragmatic space in all the patients who underwent a
splenectomy with a distal pancreatectomy for the diagnosis and management of pancreatic �stula [18].
Diet intake was started after the pancreatic �stula was con�rmed to be resolved.

The criteria for discharge were as follows; whether the patient could eat a regular diet, walk for herself,
make a living by herself, and get ready for postoperative chemotherapy. Gynecologic oncologists in our
institution checked her conditions and talked the timing of discharge from hospital with her and her
family.

3. Statistical analyses

Statistical analyses were performed using the Mann-Whitney U test for continuous variables and the chi
square test or the Fisher exact test for categorical variables. A value of P < 0.05 was considered
statistically signi�cant.

Results
During this study period, 202 patients underwent rectosigmoid resection as part of cytoreductive surgery
for primary ovarian, tubal, or peritoneal cancer at the time of initial therapy. One patient who underwent a
Hartmann’s procedure without colorectal anastomosis was excluded from this study. Finally, 201 patients
who underwent rectosigmoid resection with anastomosis were evaluated in the current series. The
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baseline characteristics of both the COF (n = 95) and the EOF (n = 106) groups were similar (Table 1). No
differences were found between the two groups according to the surgical variables (Table 2). In addition
to rectosigmoid resection, 21 patients (22%) in the COF group and 26 patients (25%) in the EOF group
underwent one or more intestinal resection(s). Fifty-seven patients (60%) in the COF group and 60
patients (57%) in the EOF group underwent upper abdominal surgery including diaphragmatic
stripping/resection and splenectomy with distal pancreatectomy. A diverting ileostomy was created in 10
patients (11%) in the COF group and 6 patients (6%) in the EOF group (Fig. 1). The creation of the
diverting ileostomy during cytoreductive surgery was determined by the gynecologic oncologists
according to the perceived risk of anastomotic leakage in a case-by-case manner. The reasons for the
stoma creation were as follows: (1) the condition that a rescue stoma had been already created before
cytoreductive surgery as the management of colorectal obstruction in 3 patients ; (2) intestinal edema
because of serious loss of blood and a large quantity of transfused blood in 8 patients; (3) a very low
colorectal anastomosis at 1.5‒2 cm from the anal verge in 2 patients; (4) the occurrence of a �ssure on
the colonic wall during colorectal anastomosis using the circular stapling device in 1 patient; and (5) the
presence of poorly controlled diabetes mellitus in 2 patients.

Table 1

Patient and tumor characteristics
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  COF group (n=95) EOF group (n=106)

Age, median (range), (years) 62 (30–82) 60 (33–80)

BMI, median (range), (kg/m2)

Presence of comorbidities, n (%)

Diabetes mellitus

Hypertension

ASA score, n (%)

1

2

3

4

Preoperative Hb, median (range), (g/dL)

Preoperative Alb, median (range), (g/dL)

Diagnosis, n (%)

20.9 (13.8–33.0)

 

7 (7)

22 (23)

 

33 (35)

31 (33)

30 (32)

1 (1)

11.1 (8.2–15.0)

4.0 (1.9–5.0)

20.4 (14.0–32.6)

 

8 (7)

22 (20)

 

30 (28)

37 (35)

37 (35)

2 (2)

11.6 (8.6–15.0)

4.0 (2.0–4.7)

Ovarian cancer 86 (91) 94 (89)

Tubal cancer 4 (4) 5 (5)

Peritoneal cancer 5 (5) 7 (7)

Clinical stage, n (%)    

I

IIB

IIIA

IIIB

IIIC

IVA

IVB

Histology, n (%)

   Serous

Clear cell

Endometrioid

Mucinous

4 (4)

12 (13)

5 (5)

7 (7)

44(46)

1 (1)

22 (23)

 

65 (68)

12 (13)

11 (12)

3 (3)

6 (6)

11 (10)

4 (4)

7 (7)

48 (45)

4 (4)

26 (25)

 

71 (67)

19 (18)

12 (11)

1 (1)
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Others 4 (4) 3 (3)

COF, conventional oral feeding; EOF, early oral feeding; BMI, body mass index;

ASA, American Society of Anesthesiologists; Hb, hemoglobin; Alb, albumin.

 

Table 2

Surgical variables and postoperative complications
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  COF group
(n=95)

EOF group
(n=106)

P
value

Timing of cytoreductive surgery

Up-front, n (%)

Interval, n (%)

 

48 (51)

47 (49)

 

53 (50)

53 (50)

 

0.941

Surgical complexity score

Intermediate, n (%)

High, n (%)

Surgical procedures performed in addition to MPPE

Splenectomy + distal pancreatectomy

Small and/or large bowel resection(s)

Residual tumor after surgery, n (%)

0

0<, <1 cm

≥1 cm

Operative time, median (range), (min)

EBL, median (range), (mL)

Intraoperative transfusion of packed RBC, n (%)

0

1–2 units

>2 units

 

41 (43)

54 (57)

 

3 (3)b

21 (22)b

 

82 (86)

8 (8)

5 (5)

411 (222–
689)

840 (100–
5,600)

 

61 (64)

9 (9)

25 (26)

 

40 (38)

66 (62)

 

6 (6)c

26 (25)c

 

99 (93)

4 (4)

3 (3)

389 (196–
719)

780 (130–
6,100)

 

75 (70)

11 (10)

20 (19)

 

0.434

 

 

0.608

 

 

0.242

 

 

0.125

0.519

 

0.449

Postoperative complications, n (%)a      

Grade 1–3a

Grade 3b–4

Postoperative hospital stay, median (range), (days)

Duration from surgery to start of postoperative
chemotherapy, median (range), (days)

20 (21)

4 (4)

17 (9–67)

35 (15–
90)d

18 (17)

5 (5)

11 (8–49)

33 (12–77)e

0.759

 

<0.001

0.080

MPPE, modi�ed posterior pelvic exenteration; EBL, Estimated blood loss; RBC, red blood cells.
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aAccording to the Clavien–Dindo classi�cation [15].

bThe 1 patient underwent both bowel resections and splenectomy with distal pancreatectomy.

cThe 2 patients underwent both bowel resections and splenectomy with distal pancreatectomy.

dThe 3 patients who did not receive postoperative chemotherapy are excluded.

eThe 5 patients who did not receive postoperative chemotherapy are excluded.

 
Immediately after surgery, none of the patients required the insertion of a nasogastric tube. Postoperative
total parenteral nutrition was not used for any of them. The incidence of anastomotic leakage was
similar (1%) in both groups, and these patients received an emergency ileostomy (Fig. 1). Postoperatively,
one patient developed ileus because of a small intestinal stenosis at the site of the ileostomy. The
mortality rate was zero in both groups. The median time until the start of diet intake was POD 5 (range:
2–8) in the COF group and POD 2 (range: 2–8) in the EOF group (P < 0.001). In the COF group, diet intake
was started by POD 3 in 37 patients (39%), on POD 4–6 in 33 patients (35%), and on POD ≥ 7 in 25
patients (26%). All ten patients with a diverting ileostomy started diet intake on POD 2 or 3. Two patients
undergoing a splenectomy with a distal pancreatectomy started diet intake on POD 4 and 6, respectively.
On the other hand, in the EOF group, diet intake was started on POD 2 in 92 patients (87%), on POD 3–6
in 10 patients (9%), and on POD ≥ 7 in 4 patients (4%). Two of the four patients undergoing a
splenectomy with a distal pancreatectomy started diet intake on POD 4, and the others started on POD 8.
After oral feeding was started, the diet build-up sequence was acceptable for the patients in both COF and
EOF groups except for those with anastomotic leakage or ileus at the site of the ileostomy. The median
length of the postoperative hospital stay was 6 days shorter for the EOF group than for the COF group
(Table 2). However, the duration from surgery until the start of postoperative chemotherapy was not
signi�cantly different in the two groups. Eight patients did not receive postoperative chemotherapy. The
reasons for this were as follows: (1) 4 patients had stage IA (ovarian tumor was adherent to the rectum
with endometriosis or in�ammation) disease; (2) 2 patients had low-grade carcinoma; and (3) 2 patients
refused postoperative therapy. Stoma closure was performed in 16 of the 18 patients with a diverting or
emergency ileostomy at 1–3 months after the completion of the postoperative chemotherapy (Fig. 1).
The remaining two patients were unable to undergo stoma closure because of disease regrowth while
receiving postoperative chemotherapy consisting of a combination of paclitaxel and carboplatin.

Discussion
A period of starvation after gastrointestinal surgery during which an intestinal anastomosis has been
formed has been a common practice. The rationale for starvation was to prevent postoperative nausea
and vomiting and to protect the anastomosis, allowing it time to heal before being stressed by food [11].
ERAS programs incorporate evidence-based practices to minimize perioperative stress, intestinal
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dysfunction, iatrogenic infections, and postoperative pain and to promote early mobilization and
recovery. Most data supporting ERAS programs have come from colorectal surgery. The key components
for ERAS in colorectal surgery are as follows: a thorough preoperative patient history, thoracic epidural
anesthesia during open (but not laparoscopic) colonic surgery, the avoidance of �uid overload and
hypovolemia, no use of a nasogastric tube, and EOF and mobilization [12]. In the �eld of gynecologic
surgery, some studies have demonstrated that increased ERAS guideline compliance is associated with a
decrease in the length of the hospital stay across all patients and a lower risk of complications [14, 15]. In
a prospective controlled trial of a COF group (n = 72) versus an EOF group (n = 71) following major
abdominal gynecologic surgery, the average length of stay for the COF group was 5.8 days, while that for
the EOF group was 4.7 days (P = 0.006) [19]. In this study, 83 patients (58%) had ovarian cancer and 19
patients (13%) received upper abdominal surgery. The proportion of women who underwent rectosigmoid
resection was not mentioned. In another prospective controlled trial comparing COF (n = 22) and EOF (n = 
18) groups of gynecologic oncology patients undergoing intestinal resection, the average length of stay
for the COF group was 9.1 days, while that for the EOF group was 6.9 days (P = 0.022) [14]. In this study,
30 patients (75%) underwent rectosigmoid resection and 15 patients (38%) received upper abdominal
surgery. In these two prospective controlled trials, patients in the EOF group were initially given a clear
liquid diet on POD 1. If well tolerated, they were then given a regular diet. In reviews of ERAS programs for
major abdominal gynecologic surgery, EOF appeared to be safe without increased gastrointestinal
morbidities or other postoperative complications. The bene�ts of this approach include a faster recovery
of bowel function, lower rates of infectious complications, a shorter hospital stay, and higher patient
satisfaction [20–23].

The current study also demonstrated that EOF was feasible and safe for ovarian cancer patients
undergoing rectosigmoid resection with anastomosis as a part of cytoreductive surgery. A long period of
postoperative starvation seems to be unnecessary, even after high-complexity surgery. Consequently, EOF
was associated with a shorter postoperative hospital stay. The lengths of the hospital stay were longer
for both groups in the current series than those reported in previous studies. In our study, forty-seven
patients (23%) underwent multiple bowel resections and 117 patients (58%) underwent upper abdominal
surgery. Therefore, our operating time was much longer than the operating times in previously reported
prospective controlled trials, which averaged about 3 hours. The shortness of operative times might partly
explain the intestinal function recovery immediately after cytoreductive surgery. Patients in the EOF group
were given only liquids on POD 1 and a semisolid diet on POD 2. Our impression from the current study is
that a diet of either clear liquids or semisolid food is not tolerable for most ovarian cancer patients
undergoing high-complexity surgery, including both rectosigmoid resection and upper abdominal
procedures, on POD 1. A proportion of advanced ovarian cancer patients can tolerate a diet on POD 1. We
are planning a trial to investigate the safety and clinical usefulness of providing a postoperative diet on
POD 1 for patients undergoing cytoreductive surgery with intermediate SCS. The medical insurance
system in Japan fully covered the costs of their hospital stay regardless of the length. This system may
in�uence the relatively longer hospital stays that are typical for patients in Japan. However, a comparison
of the length of the hospital stay for patients undergoing rectosigmoid resection with anastomosis
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between the COF and EOF groups still showed a signi�cant difference even after accounting for potential
biases.

Some studies have shown that diverting stomas have the potential to decrease the frequency of
anastomotic leakage in ovarian cancer patients undergoing rectosigmoid resection. Houvenaeghel et al.
reported that 59 (20%) of 305 patients who underwent rectosigmoid resection with anastomosis during
up-front surgery, interval debulking surgery, or secondary debulking surgery received a diverting stoma,
and the overall anastomotic leakage rate was 8% in 9 French cancer centers [24]. Another study analyzed
retrospective data from 331 patients with stage II–IV ovarian cancer who underwent colon resection
during up-front surgery. Forty-four patients (13%) received a diverting ileostomy, and the overall
anastomotic leakage rate was 6% [25]. In the current series, the incidence of anastomotic leakage was
relatively low (1%) in both COF and EOF groups. However, it should be noted that the patient selection
was limited. A diverting stoma was created for 8% of the patients who underwent rectosigmoid resection
with anastomosis. The proportion of the patients who had a diverting stoma in the COF group was higher
than that in the EOF group. Since the middle of this study period, we have routinely utilized a TDT after
rectosigmoid resection with anastomosis for patients with ovarian cancer [17]. TDT placement can
decrease the need for a diverting stoma after rectosigmoid resection with anastomosis. In both the COF
and EDF groups, all patients with a diverting ileostomy started diet intake on POD 2 or 3.

Some limitations must be considered when interpreting the data from this study. This was a retrospective,
not a randomized, study. However, as the safety and bene�ts of EOF are apparent, planning a prospective
randomized study to evaluate the impact of EOF on the postoperative outcomes, including postoperative
hospital stay, following rectosigmoid resection in comparison with that of COF is ethically impossible.
Despite this limitation, the use of the same surgical techniques by the same gynecologic oncologists at a
single institution, the consecutiveness of the patients, and the consistency of the surgical decisions
should reduce the possibility of major biases.

Conclusion
EOF provides a signi�cant reduction in the length of the postoperative hospital stay without an increased
risk of complications after rectosigmoid resection with anastomosis for the treatment of primary ovarian
cancer.
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Figure 1

The distribution of the patients who underwent modi�ed posterior pelvic exenteration for the treatment of
primary ovarian cancer. A diverting ileostomy was created in 10 patients (11%) in the conventional oral
feeding (COF) group (n = 95) and 6 patients (6%) in the early oral feeding (EOF) group (n = 106). Two
patients developed anastomotic leakage and required an emergency ileostomy. Stoma closure was
performed in 16 of the 18 patients at 1–3 months after the completion of the postoperative
chemotherapy.


