
Abstract. Aim: The aim of this retrospective study was to
investigate the impact of anastomotic leakage on survival
rate and to define potential factors of risk and protection
from bowel anastomotic leakage in patients with bowel
segment resection treated for epithelial ovarian cancer in an
accredited high-volume center. Patients and Methods: Data
of 136 patients treated with bowel resection between 2010
and 2017 were collected. All operations were performed by
three accredited gynecological oncologists and by two
specialized colorectal surgeons. Survival and anastomotic
leakage rates were analyzed as per preoperative treatment,
number and localization of anastomoses, grading of ovarian
cancer, and protective loop ileostomy. Results: In total,
anastomotic leakage was observed in 23 out of 165
anastomoses (13.9%), representing 23 anastomotic leakages
in 136 patients (16.9%). The 30-day mortality rate was
0.73%. There was no statistically significant difference in
anastomotic leakage rate depending on localization and
number of anastomoses (p=0.634). Patients with a protective
loop ileostomy (n=22/136 patients) had no anastomotic
leakage (0.0%, p=0.021). The anastomotic leakage rate was
significantly different in patients without protective loop
ileostomy depending on bevacizumab administration [no
bevacizumab: 15/111 (13.5%) vs. bevacizumab
administration: 4/8 (50.0%), p=0.007]. Tumor-positive
resection margins in bowel segments were an independent
prognostic factor (relative risk=6.3; 95% confidence
intervaI=3.1-12.9). Conclusion: In this data set, protective
loop ileostomy likely reduced the anastomotic leakage rate

after bowel resection in selected cases of ovarian cancer
treated with debulking surgery. Especially in patients treated
with bevacizumab, protective loop ileostomy should be
considered. There was no significant impact of leakage rate
on overall survival.

Epithelial ovarian cancer (EOC) is often discovered at a late
stage of disease, typically spreading predominantly over the
peritoneal surface of the abdomen (1). Most likely due to the
physiological movement of peritoneal fluid, the majority of
women present at the time of first treatment with peritoneal
spread to the pouch of Douglas, the colonic gutters and the
right diaphragm (2).

Treatment of advanced ovarian cancer consists of a
combination of surgical resection of the tumor spread and
chemotherapy. Chemotherapy courses are administered after
initial surgery, although there are extensive data that a
neoadjuvant approach reduces morbidity and possibly
resection rates in patients with extensive disease unlikely to
achieve complete cytoreduction at the time of diagnosis 
(3-5). In the neoadjuvant setting, typically two to three
courses are administered before interval debulking surgery,
and chemotherapy is completed with six up to courses after
the patient has recovered from surgery (6).

Chemotherapy as first-line treatment is platinum- and
taxane-based, usually in combination with the vascular
endothelial growth factor inhibitor bevacizumab. Recently,
however, alternative treatment regimens based on the
relatively new class of poly (ADP-ribose) polymerase
inhibitors have emerged (7-9).

Bevacizumab is an inhibitor of the formation of new blood
vessels, principally by blocking tumor cells from signaling the
body to supply the new cancer tissue with vessels. The most
serious complication associated with bevacizumab treatment
is impairment of physiological vessel healing through the
same mechanism, potentially leading to proteinuria, high
blood pressure and, most dangerously, impaired secondary
wound healing and spontaneous gastrointestinal perforation in
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1-2% of patients with ovarian cancer (10). Elective surgery
should not be undertaken for at least 6 weeks after
discontinuation of bevacizumab treatment, especially for
colorectal surgery.

Macroscopically complete tumor resection (optimal
cytoreduction) is the decisive prognostic factor in ovarian
cancer treatment that can be directly influenced, while
suboptimal cytoreduction is currently defined as any visible
postoperative tumor independent of size (11). 

In patients with late recurrent ovarian cancer, a second
radical cytoreduction should be considered if optimal
cytoreduction is feasible, followed again by a combination
platinum-based chemotherapy. If complete cytoreduction is
unlikely to be achieved, surgery should be omitted (12, 13).
Some patients will receive bevacizumab in combination with
second-line chemotherapy if they have not been treated with
it before (14).

Hyperthermic intraperitoneal intraoperative chemotherapy
(HIPEC) may be performed in individual cases of EOC.
HIPEC is currently not a standard procedure in the treatment
of ovarian cancer but it has shown some very promising
results in peritoneal cancer of the colon and a first phase III
trial in ovarian cancer (15, 16). It may be administered after
debulking surgery before emergence from anesthesia as an
additional measure to standard treatment and is hypothesized
to overcome inherent resistance mechanisms in remaining
intra-abdominal cancer cells since hyperthermia, as well as a
possibly highly concentrated chemotherapy, in comparison to
intravenous doses (e.g. cisplatin 1:20), are known to be highly
cytotoxic (17). HIPEC has been shown to be a safe and
feasible therapy, but, depending on the cytotoxic agent used,
side-effects and complication rates may vary (16, 18, 19).

Optimal cytoreduction frequently requires radical surgery
of the upper gastrointestinal tract and resection of bowel
segments in advanced first-line and recurrent disease, with
rectosigmoidal resection being the most frequently
performed (20, 21). In some patients, optimal cytoreduction
can only be achieved by multiple segment resections of the
small and large intestines (20, 22).

Although bowel segment resection has been shown to be
feasible and safe in debulking surgery for advanced ovarian
cancer, anastomotic leakage is a common severe
complication after bowel resection (23). In the literature, data
on rates of anastomotic leakage in EOC surgery vary
considerably due to inhomogeneous treatment strategies and
different patient collectives (24).

Only a small number of studies and no randomized trials
have addressed the prevention of anastomotic leakage after
bowel resection in EOC debulking surgery (23, 25, 26). Data
deriving from colorectal surgery suggest that protective loop
ileostomy reduces anastomotic leakage in rectosigmoid
resection and low rectal resection, while ileostomy-related
complications need to be considered (27-29). Previous

publications associate protective loop ileostomy in radical
debulking surgery for ovarian cancer with acceptable
morbidity and high reversal rates, without compromising
long-term survival of patients (30, 31).

In this study, we analyzed anastomotic leakage (per
patient and per anastomosis) and survival rates depending on
defined risk factors after bowel segment resections in
debulking surgery for epithelial ovarian cancer at a certified
center, and investigated the role of protective loop ileostomy
at a single high-volume center.

Patients and Methods
This was an observational study based on a prospectively managed
registry. This study obtained local Ethics Committee approval
(University of Bonn Medical School, Ethics Committee, no. 004/10)
and patients gave appropriate informed consent to use of their data.

All patients who underwent any type of bowel resection and
primary anastomosis during debulking surgery of confirmed ovarian
cancer treated at our tertiary referral center between 2010 and 2017
were included in this study. Patients with debulking surgery without
full circumferential bowel resection, Hartmann’s procedure or other
discontinuity resection without anastomosis; later diagnosis of
histology other than ovarian cancer; diffuse and deep infiltration of the
small bowel mesentery root; diffuse carcinomatosis of the small bowel
involving such large parts that resection would lead to short-bowel
syndrome (remaining bowel <1.5 m); diffuse involvement/deep
infiltration of stomach/duodenum without the possibility of limited
resection, or of the head or middle part of the pancreas; tumor
involvement of truncus coeliacus, hepatic arteries, or left gastric artery;
or with central or multiple liver and pulmonary metastases were
excluded.

Data of 136 patients with EOC and colorectal with/without
further bowel resections during debulking surgery were collected
and analyzed. Retrospectively analyzed data were acquired by a
prospectively collected Department-owned database. Therefore,
the presented data are based on a single-center registry. The
STROBE guidelines were fully adhered to in the reporting of our
study results (32). 

All patient cases were preoperatively discussed by an
interdisciplinary Tumor Board according to national and
international guidelines. The patients’ surgical morbidity and
mortality was assessed and recorded. The median follow-up was
51.7 months (range=2-105 months). All patients were followed up
every 3 months at our outpatient clinic or at the gynecologists
assigning to our Gynecological Department after primary surgery.
If patients had discontinued follow-up examinations, the treating
family doctor was contacted to obtain the necessary data.

The surgeries were performed by three Board-certified
gynecological oncologists, and the bowel resections and
anastomoses by two specialized colorectal surgeons.

A protective loop ileostomy was performed at the surgeon’s
discretion in patients undergoing more than one simultaneous bowel
resection, with low performance status, estimated high blood loss
(>1,000 ml), low anastomosis <8 cm from the anal verge, and long
operative time (>8 hours). The descendorectostomies were usually
located between 6 to 10 cm from the anal verge. There was no
obligatory algorithm used during the study period for loop
ileostomy. 
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Anastomotic leakage was defined as feculent secretion from
drains, wound or vagina, extravasation from an anastomotic site
verified by computed tomography, air exiting from drains during
diagnostic rectoscopy or leakage confirmed at revision surgery.

Protective or risk factors for anastomotic leakage were analyzed,
including age, operative time, perioperative serum cancer antigen-
125 level, perioperative Hb value, perioperative catecholamine
administration, Féderation International de Gynécologie et
d’Obstétrique (FIGO) stage, histological grading, tumor-free
resection margins, recurrent ovarian cancer localization and number
of anastomoses, neoadjuvant chemotherapy and bevacizumab
administration, HIPEC, splenectomy, and protective loop ileostomy. 

The impact of these factors on the development of intestinal
anastomotic leaks was analyzed by cross tables, chi-squared test and
by tests for solid effects type III using the IBM SPSS 24 statistical
programme (IBM, Armonk, NY, USA). Survival rates were
calculated by Kaplan–Meier analysis. The survival rates depending
on risk factors were compared univariately by log-rank test and
multivariately by the Cox model. Differences were considered
significant p-values less than 0.05.

Results 
A total of 165 anastomoses were performed in 136 patients,
of whom 104 (76.5%) presented with primary ovarian cancer
and 32 (23.5%) with recurrent disease. The average age was
61.86±11.73 years. The average operative time was
450.77±119.49 minutes. 

Anastomotic leakage was observed in 23 out of the 165
anastomoses (13.9%), i.e. 23 anastomotic leakages in 136
patients (16.9%). 

The 30-day mortality was 0.73%. One patient died on the
23rd postoperative day due to pulmonary embolism, having
already been discharged from hospital.

Of the 165 anastomoses, 27 (16.4%) were
jejunojejunostomies or ileoileostomies, 31 (18.8%) ileocolonic
anastomoses, 25 (15.2%) colocolostomies, and 82 (49.7%)
descendorectostomies. The anastomotic leakage rate was 2/27
in jejunojejunostomies or ileoileostomies (7.4% of intestinal
anastomoses and 1.2% of all anastomoses, respectively), 5/31
in ileocolonic anastomoses (16.1% of ileocolonic anastomoses
and 3.0% of all anastomoses, respectively), 4/25 in
colocolonic anastomoses (16.0% of colocolonic anastomoses
and 2.4% of all anastomoses, respectively), and 12/82 in
descendorectostomies (14.6% of descendorectostomies and
7.3% of all anastomoses, respectively).

Univariate analysis of the anastomotic leakage rate showed
no statistically significant difference in the localization of
anastomosis (p=0.634). Twelve out of 23 anastomotic
leakages (52.2%) were found in descendorectostomies. There
was no statistically significant difference in anastomotic
leakage rate for jejunojejunostomies and ileoileostomies
(p=0.289), for ileocolonic anastomoses (p=0.715),
colocolostomies (p=0.632), and for descendorectostomies
(p=0.614) according to tumor-free resection margins and
histological grading (Table I). 

Repeat laparotomies due to recurrent EOC (n=60, 44.1%,
p=0.621), splenectomies (n=21, 15.4%, p=0.349),
intraoperative HIPEC (n=15, 11.0%, p=0.275), neoadjuvant
chemotherapy (p=0.175), FIGO stage (p=0.342), and
histological tumor grading (p=0.211) also had no statistically
significant impact on anastomotic leakage rate. 

Four out of 19 patients (21.1%) with bevacizumab
administration 4-8 weeks prior to surgery developed
anastomotic leakage, whereas 15 patients (13.1%) without
bevacizumab administration prior to surgery had a
postoperative anastomotic leakage. This difference was not
statistically significant (p=0.119). 

Anastomotic leakage occurred in 19/104 patients with
primary ovarian cancer, (18.3%), and 4/32 patients with
recurrent ovarian cancer (12.5%). This difference was not
statistically significant (p=0.446). Table I displays all results
analyzed for 165 anastomoses in 136 patients.

Analysis of the subgroup of patients with advanced
ovarian cancer at initial diagnosis (FIGO stages IIc, IIIb,
IIIc, and IVa; Table II) revealed that in 117 patients (145
anastomoses), neoadjuvant chemotherapy and bevacizumab
administration did not have an impact on the anastomotic
leakage rate, while protective loop ileostomy was
significantly protective against anastomotic leakage. For this
group, none of the patients with anastomoses with protective
loop ileostomy (n=22/136 patients or 30/165 anastomoses)
showed any anastomotic leakage (0.0%). However, in those
without protective loop ileostomy (114/136 patients or
135/165 anastomoses), the anastomotic leakage rate was
17.0%. This difference was statistically significant
(p=0.021). Twenty out of 22 patients (90.9%) did undergo
ileostomy reversal within 6 months after debulking surgery.

Separating patients into subgroups according to protective
loop ileostomy revealed a statistically significant difference
in the anastomotic leakage rate depending on preoperative
(at the latest 4 weeks before surgery) bevacizumab
administration in the non-loop ileostomy subgroup [15/111
(13.5%) vs. 4/8 (50.0%), p=0.007] (Table II).

The overall survival rate of the whole patient cohort was
82.9% at 1 year, 54.7% at 3 years, and 38.05% at 5 years.
There was no statistically significant difference in the 5-year
overall survival rates between patients with (n=23, 34.8%)
and without (n=113, 38.6%, p=0.737) anastomotic leakage.
Recurrent ovarian cancer, histological grading, protective
loop ileostomy, and splenectomy had no significant impact
on the survival rate in the univariate analysis. However, the
number of anastomoses performed during one operation,
tumor-free resection margins in resected bowel segments,
localization of anastomoses, and bevacizumab administration
showed significant effects on the survival rate in the
univariate analysis (Table III). The survival rate for patients
with more than one anastomosis per operation was
significantly lower (56.5% vs. 88.0% at 1 year, 25.4% vs.
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39.9% at 5 years, p=0.028). As there were only three patients
with three anastomoses, interpretation of results for this small
group is limited. Patients with tumor-free resection margins
in the bowel segments survived significantly longer compared
to patients with tumor-positive resection margins (49.6±3.5
vs. 18.4±3.8 months; p<0.001). Bevacizumab administration
was associated with a significantly shorter survival of patients
(22.7±4.1 vs. 52.4±4.1 months, p=0.021) after debulking
surgery. If the anastomosis involved the small bowel, the
survival rate was significantly reduced (0.0% and 8.9%,
respectively, at 5 years) compared to patients without small
bowel anastomosis (64.4% and 43.1%, respectively, at 5
years; p<0.001) in the univariate analysis (Table III).

In the multivariate analysis according to the Cox model
including the risk factors anastomotic leakage, number of

anastomoses, tumor-free resection margin, bevacizumab
administration, neoadjuvant chemotherapy, protective loop
ileostomy, localization of anastomosis, HIPEC and recurrent
ovarian cancer, only the tumor-positive margins of the
resected bowel segments was an independent prognostic
factor with a 6.3-fold (95% confidence interval=3.1-12.9)
higher relative mortality risk in patients with tumor-positive
resection margins compared to those with tumor-free margins
(Table IV).

Discussion

Ovarian cancer is typically diagnosed at a late stage with
bowel resection being a necessity in a majority of patients.
This makes anastomotic leakage a typical and one of the
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Table I. Protective and risk factors for anastomotic leakage in all 165 anastomoses (cross tables and test for solid effects type III). 

                                                                                                                                                           Anastomotic leakage

Risk factor                                                                                                                            Without                                        With                          p-Value

                                                                                                                                   N                         %                      N                     %                        

Ovarian cancer                                Primary (n=123)                                             104                     84.6                    19                  15.4                  0.321
                                                         Recurrent (n=42)                                              38                     90.5                      4                    9.5                       
Localization of anastomosis           Jejunojejunostomy (n=27)                                25                     92.6                      2                    7.4                  0.634
                                                         Ileocolonic anastomosis (n=31)                       26                     83.9                      5                  16.1                       
                                                         Colocolostomy (n=25)                                      21                     84.0                      4                  16.0                       
                                                         Descendorectostomy (n=82)                            70                     85.4                    12                  14.6                       
Number of anastomosis                   1 (n=110)                                                          93                     84.5                    17                  15.4                  0.286
                                                         >1 (n=26)                                                          20                     76.9                      6                  23.0                       
Jejunojejunostomy                           Tumor-free margins (n=22)                              21                     95.5                      1                    4.5                  0.158
                                                         Tumor-positive margins (n=4)                           3                     75.0                      1                  25.0                       
                                                         FIGO G1/2 (n=15)                                            15                    100.0                     0                    0.0                  0.068
                                                         FIGO G3/4 (n=4)                                                3                     75.0                      1                  25.0                       
Ileocolonic anastomosis                 Tumor-free margins (n=22)                              18                     81.8                      4                  18.2                  0.932
                                                         Tumor-positive margins (n=6)                           4                     80.0                      1                  20.0                       
                                                         FIGO G1/2 (n=18)                                            16                     88.9                      2                  11.1                  0.365
                                                         FIGO G3/4 (n=8)                                                6                     75.0                      2                  25.0                       
Colocolostomy                                Tumor-free margins (n=16)                              14                     87.5                      2                  12.5                  0.456
                                                         Tumor-positive margins (n=4)                           4                    100.0                     0                    0.0                       
                                                         FIGO G1/2 (n=16)                                            14                     87.5                      2                  12.5                  0.259
                                                         FIGO G3/4 (n=6)                                                4                     66.7                      2                  33.3                       
Descendorectostomy                       Tumor-free margins (n=67)                              57                     85.1                    10                  14.9                  0.760
                                                         Tumor-positive margins (n=9)                           8                     88.9                      1                  11.1                       
                                                         FIGO G1/2 (n=55)                                            47                     85.5                      8                  14.5                  0.567
                                                         FIGO G3/4 (n=12)                                            11                     91.7                      1                    8.3                       
Neoadjuvant chemotherapy            No (n=82)                                                          67                     81.7                    15                  18.3                  0.257
                                                         Yes (n=81)                                                         73                     90.1                      8                    9.9                       
Bevacizumab administration           No (n=135)                                                     127                     87.0                    19                  13.0                  0.229
                                                         Yes (n=30)                                                         15                     78.9                      4                  21.1                       
Protective loop ileostomy              No (n=135)                                                      112                     83.0                    23                  17.0                  0.021
                                                         Yes (n=30)                                                         30                    100.0                     0                    0.0                       
HIPEC                                              No (n=146)                                                     127                     87.0                    19                  13.0                  0.275
                                                         Yes (n=19)                                                         15                     78.9                      4                  21.1                       

HIPEC: Hyperthermic intraperitoneal intraoperative chemotherapy.



most severe complications after cytoreductive surgery.
Anastomotic leakage after bowel resection in debulking
surgery for ovarian epithelial cancer is described affecting
overall survival and the start of adjuvant chemotherapy (23,
24). We recorded an overall anastomotic leakage rate of
13.9% [15.4% (19/123) in primary ovarian cancer and 9.5%
(4/42) in recurrent ovarian cancer] related to the number of
anastomoses performed. Published rates are 4-14.0%, with
most authors calculating the leakage rates considering all
patients operated on for ovarian cancer regardless of bowel
resection or all patients and not according to anastomosis
(20, 23, 25, 31, 33-36). We found no statistically significant
differences in leakage rates among the different localizations
of anastomosis, although small bowel anastomosis was less
often associated with anastomotic leakage. Leakage was also
less likely, but not significantly reduced in patients with
tumor-free resection margins, or grade 1/2 tumors. There was
also no significant difference in anastomotic leakage rate
between patients after neoadjuvant chemotherapy,
preoperative bevacizumab administration and patients
without preoperative therapy.

Anastomotic leakage has been shown to be an independent
prognostic factor (hazard ratio=2.13) for reduction of overall
survival of patients after debulking surgery for ovarian
cancer (23). As delayed start of adjuvant chemotherapy and
the impact of anastomotic leakage sequelae on the
performance status of patients are responsible for this,

anastomotic leakage should be avoided at all cost (23, 31).
In our recent study, and consistent with our previous
publications, we showed that bowel resections are associated
with higher complication rates compared to patients without
bowel resection (31% vs. 9.8%, p=0.013) and that multiple
bowel resections (≥2) correlated significantly with increased
anastomotic leakage (16.7% vs. 2.6%, p=0.02) and mortality
(16.7% vs. 0%, p=0.04) (37).

In this analysis, we showed that protective loop ileostomy
significantly reduced the anastomotic leakage rate to 0%
(0/30) compared to a leakage rate of 17.0% (23/135) in
patients without loop ileostomy. This difference was
statistically significant (p=0.021). The same finding was
described in a prospective observational study by Kalogera et
al. as they established temporary diversion in patients with
preoperative albumin ≤3 g/dl, prior pelvic radiation,
rectosigmoidal resection plus additional large bowel
resection, anastomosis ≤6 cm from the anal verge, failed leak
test or contamination of the pelvis with stool. In their study,
short-term outcomes were not different between diverted and
non-diverted patients and stoma-related complications were
observed in 25.9%, principally related to dehydration. The
ileostomy takedown rate in our analysis was 90.9% and
compares well to the observed reversal rate of 88.9% in
literature (30). In contrast to our findings, Tseng et al. could
not find significantly different leakage rates in patients with
and without diversion (5% vs. 7%, p=0.60), with comparable
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Table II. Protective and risk factors for anastomotic leakage in 145 anastomoses for combined Féderation Internationale de Gynécologie et
d’Obstétrique stages IIc, IIIb, IIIc, IVa (test for solid effects type III).

                                                                                                                                                                         Anastomotic leakage

                                                                                                                                                                 Without                          With                   p-Value

Risk factor                                                                                                                                        N                  %                N              %                   

Therapy                                     Neoadjuvant chemotherapy         No (n=65)                                 54               83.1             11             16.9            0.175
                                                                                                        Yes (n=78)                                70               89.7               8             10.3                
                                                  Bevacizumab                                No (n=128)                             113               88.3             15             11.7            0.119
                                                                                                        Yes (n=17)                                13               76.5               4             23.5                
Protective loop ileostomy        No (n=119)                                                                                   100               84.0             19             16.0            0.033
                                                  Bevacizumab                             No (n=111)                               96               86.5             15             13.5            0.007
                                                                                                        Yes (n= 8)                                   4               50.0               4             50.0                
                                                  Neoadjuvant chemotherapy      No (n=51)                                 40               78.4             11             21.6            0.117
                                                                                                        Yes (n=68)                                60               88.2               8             11.7                
                                                  With bevacizumab                     With chemotherapy                    2                 1.4               2               1.4                
                                                                                                        Without chemotherapy               2                 1.4               2               1.4                
                                                  Without bevacizumab                With chemotherapy                  58               26.6               9               4.2                
                                                                                                        Without chemotherapy            38                                                     6.3                
                                                  Yes (n=26)                                                                                      26             100.0               0              0                    
                                                  With bevacizumab                     With chemotherapy                    4                 2.8                                                     
                                                                                                        Without chemotherapy               5                 3.5                                                     
                                                  Without bevacizumab                With chemotherapy                    8                 5.6                                                     
                                                                                                        Without chemotherapy               9                 6.3



postoperative complication and re-admission rates (31). Data
on avoiding anastomotic leakage by loop ileostomy in
debulking surgery with bowel resection are inconsistent, most
likely due to the fact that patient numbers in these analyses
are small and criteria for establishing ileostomy are
inhomogeneous. A systematic Cochrane review and meta-
analysis of colorectal literature showed a 67% relative risk
reduction of clinically significant anastomotic leakage by
protective loop ileostomy (38). Overall, while risk reduction
of detectable anastomotic leakage with diverting stoma is still
widely debated, there is consensus on protective stoma
preventing the severe consequence of leakage, while reducing
morbidity, emergency reoperation rates, intensive care unit
admission, and mortality (25). Most authors recommend a
diverting stoma during debulking surgery in patients with
more than one bowel resection, serum albumin <3 g/dl,
previous pelvic radiation, low rectal resection with
anastomosis ≤6 cm from the anal verge, poor nutritional
status, and high-dosage steroid use (25, 31). Lago et al. found
higher age at surgery [odds ratio (OR)=1.046], lower serum
albumin level (OR=0.621), one or more additional small
bowel resections (OR=3.544), manual anastomosis
(OR=8.356) and greater distance of anastomosis from the
anal verge (OR=0.839) to be independent risk factors and

recommend avoidance of hand-sewn anastomosis and a
restrictive stoma policy based on presence of risk factors (36).

Bevacizumab is a common drug used in the therapy of
patients with ovarian cancer with good results in prolonging
progression-free survival but failure to demonstrate
significant impact on overall survival. The drug is known to
cause spontaneous perforations of the gastrointestinal tract
in up to 3% of treated patients (39). The general consensus
is to apply it either onwards from the second course of
chemotherapy after first surgery or in the recurrent setting in
naïve patients with the same precaution so as not to impair
wound healing via VEGF-antibody treatment. We are a
tertiary referral center and individual patients might be
transferred after starting chemotherapy outside our care. In
this analysis, 19 patients received bevacizumab before
surgery. We generally adhere to a 6-week weaning period
from last bevacizumab application to surgery.

In patients without loop ileostomy, we showed that
preoperative administration of bevacizumab was associated
with a significantly higher anastomotic leakage rate [50.0%
(4/8) vs. 13.5% (15/111), p=0.007], whereas neoadjuvant
chemotherapy and HIPEC did not significantly influence the
anastomotic leakage rate in that subgroup. Komiyama et al.
did not observe any anastomotic leakage in 23 patients
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Table III. Survival rates of 136 analyzed patients according to risk factors (applicable data).

                                                               n                                                                     Mean±SD survival        1 Year      3 Years     5 Years      p-Value
                                                                                                                                      (95% CI), months        survival     survival     survival

Total group                                            (n=136)                                                        50.4±3.9 (42.7-58.1)         82.9%        54.7%        38.0%             
Anastomotic leakage                             Yes (n=23)                                                   43.4±8.3 (27.1-59.6)         73.9%        55.7%        34.8%        0.737
                                                               No (n=113)                                                  51.0±4.3 (42.6-59.4)         84.7%        54.3%        38.6%             
Recurrent ovarian cancer                      Yes (n=32)                                                   34.3±5.1 (24.2-44.3)         71.1%        59.9%        28.8%        0.134
                                                               No (n=104                                                   52.7±4.3 (44.3-61.1)         86.4%        56.8%        40.4%
Number of anastomoses performed     1, (n=110)                                                    53.6±4.4 (44.9-62.2)         88.0%        58.1%        39.9%        0.028
during one operation                            2, (n=23)                                                      32.3±6.7 (19.0-45.5)         56.5%        38.0%        25.4%
                                                               3, (n=3)                                                        37.0±16.3 (5.1-68.9)       100.0%        50.0%        50.0%
Tumor-free resection margins              Yes (n=106)                                                 49.6±3.5 (42.8-56.5)         84.6%        63.1%        42.9%       <0.001
in bowel segments                                No (n=15                                                     18.4±3.8 (10.9-25.8)         60.0%        15.0%          0.0%

Splenectomy                                          Yes (n=21)                                                   52.2±5.7 (41.1-63.2)         90.5%        72.6%        45.4%        0.239
                                                               No (n=115)                                                  49.0±4.3 (40.7-57.4)         81.4%        51.6%        36.9%
Protective loop ileostomy                     Yes (n=22)                                                   47.4±11.4 (25.0-69.8)       68.2%        44.8%        33.6%        0.271
                                                               No (n=114)                                                  49.5±3.7 (42.3-56.7)         85.7%        56.5%        39.3%
Histological grading                              G1/2 (n=90)                                                 49.8±4.6 (40.8-58.8)         84.1%        55.8%        38.7%        0.441
                                                               G3/4 (n=24)                                                 57.0±8.1 (41.2-73.0)         91.7%        57.4%        43.0%
Neoadjuvant chemotherapy                  Yes (n=66)                                                   42.4±4.4 (33.7-51.0)         84.5%        46.8%        32.2%        0.163
                                                               No (n=70)                                                    54.1±5.4 (43.5-64.8)         85.7%        61.9%        43.2%
Bevacizumab administration                Yes (n=15)                                                   22.7±4.1 (14.7-30.6)         60.0%        46.7%        23.3%        0.021
                                                               No (n=121)                                                  52.4±4.1 (44.3-60.4)         85.7%        56.2%        40.0%
Localization of anastomoses                 Jejunojejunostomy/Ileoileostomy (n=16)     30.0±6.3 (17.7-42.4)         55.6%        29.8%          0.0%       <0.001
                                                               Ileocolonic (n=23)                                       24.2±6.1 (12.2-36.1)         54.7%        17.9%          8.9%
                                                               Colocolostomy (n=22)                                74.1±8.7 (65.1-91.2)       100.0%        90.0%        64.4%
                                                               Descendorectostomy (n=75)                       50.6±4.5 (41.8-59.5)         91.9%        60.5%        43.1%

CI: Confidence intervaI; SD: standard deviation. 



enrolled for a feasibility study of neoadjuvant chemotherapy
combined with bevacizumab before interval debulking
surgery (40). Yoshioka et al. found that colorectal
anastomosis was the only independent predictive risk factor
(hazard ratio=8.285, p=0.013) for major complications, such
as anastomotic leakage, in patients with advanced colorectal
cancer after preoperative bevacizumab administration (41).
Nakamura et al. reported a significantly negative impact on
intestinal anastomotic healing after bevacizumab
administration in rabbits regarding the bursting pressure of
small bowel anastomoses, microvessel counts in the
anastomotic tissue, expression of α-smooth muscle actin and
the degree of collagen deposition in the anastomotic tissue
(42). However, all reports on the effects of preoperative
bevacizumab administration on anastomotic healing include
only restricted numbers of cases. The same limitation applies
to this analysis, thus general conclusions cannot be drawn. 

Neoadjuvant chemotherapy has been proven to be safe and
feasible concerning rates of anastomotic leakage. Phase III
trials did not show an increased rate of complications in
comparison to adjuvant settings (3, 4). 

HIPEC has been analyzed in many different settings in
ovarian cancer, but only very limited high quality data have
been published to date. However, a published phase I trial of
recurrent EOC at our Institution showed no increase of

anastomotic leakage rate and one phase III trial in the first-
line setting also concurred with our findings that HIPEC has
no negative impact on bowel resection complications (16,
19). Yet conclusions have to be drawn with caution, since
any change of intraoperative chemotherapy agent or HIPEC
technique might possibly produce different feasibility or
safety results (43).

In this analysis, overall survival was influenced by the
number of anastomoses performed during debulking surgery
(1 vs. >1), the localization of anastomoses (small bowel vs.
large bowel), bevacizumab administration and tumor-negative
vs. tumor-positive resection margins in bowel segments.

Rectosigmoidal resection is the most common form of
bowel resection in debulking surgery due to the early
peritoneal metastasis in the pouch of Douglas. It usually
achieves good results (20). The necessity of small bowel
resections in ovarian cancer in terms of anastomosis
localization and number is due to the spread of carcinosis
outside of the pelvis and outside of the physiological flow of
the peritoneal fluid from the pouch of Douglas through the
colonic gutters to the diaphragm. This represents generalized
tumor spread, often with significant ascites, and with
significantly worse survival rates (23, 36, 44). 

Additionally, bevacizumab administration was also
associated with significantly reduced overall survival in our
patients (23.3% vs. 40.0%, p=0.021). At our Institution,
during the analyzed interval, in accordance with the three
large phase III trials GOG 0218, ICON 7 and OCEANS (7,
8, 14), bevacizumab was administered to the following
groups of patients: bevacizumab-naïve with platinum-
sensitive recurrent disease, and patients with suboptimal
cytoreduction. These patients represent the largest group of
patients on bevacizumab in this analysis and therefore are a
surrogate for those with a poor prognosis. 

In conclusion, all significant findings in the univariate
analysis mainly reflect the severity and generalization of
ovarian cancer.

In our multivariate analysis, only tumor-positive margins
in bowel segments had a significant impact on the overall
survival of our patients (RR=6.315; 95% CI=3.095-12.886).
Tumor-free margins are certainly intended during debulking
surgery but tumor involvement of the bowel wall is not
always detectable during surgery, even by on-site frozen
section. In addition, the extent of bowel resection is limited
by the risk of short-bowel syndrome and often by the
patient’s agreement to ostomy creation. There was no
significant difference in anastomotic leakage rates between
those with tumor-negative and those with tumor-positive
anastomotic margins. However, this might have been due to
the small number of cases. To our knowledge, there are no
recent studies addressing the correlation of tumor-free
resection margins, anastomotic leakage and overall survival
in patients with ovarian cancer. 
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Table IV. Multivariate analysis of risk factors for survival in association
with anastomotic leakage (Cox analysis), significance of model <0.001.

Factor                                                      HR (95.0% CI)             p-Value

Anastomotic leakage
   No                                                    0.898 (0.422-1.913)            0.780
Number of anastomoses
   1                                                       1                                           0.226
   2                                                       1.444 (0.189-11.055)          0.723
   3                                                       2.431 (0.302-19.551)          0.404
Tumor-free resection margins
   No                                                    6.315 (3.095-12.886)       <0.001
Bevacizumab administration
   Yes                                                   1.119 (0.425-2.945)            0.819
Protective loop ileostomy
   No                                                    1.581 (0.739-3.379)            0.238
Localization of anastomoses                                                       <0.001
   Small bowel                                    0.001 (0.000-15,560)          0.896
   Ileoascendostomy                         11.704 (0.000-12.000)          0.850
   Large bowel                                  16.419 (0.00-17.000)            0.829
Descendorectostomy
   Yes                                                   1.427 (0.000-15.600)          0.978
HIPEC
   Yes                                                   0.147 (0.010-1.239)            0.083
Recurrent cancer
   No                                                    0.998 (0.417-2.389)            0.99

CI: Confidence interval; HR: hazard ratio; HIPEC: hyperthermic
intraperitoneal chemotherapy.



This study was based on data from a prospectively
collected Department-owned database and the typical limits
of small numbers, single-center data and retrospective
analysis apply. Confounders, such as different tumor biology,
comorbidities, and different surgical techniques were
addressed and minimized whenever possible.

Although this was not a prospectively randomized trial
and the decision for establishing a protective loop ileostomy
was left at the surgeon’s discretion, the strength of this
analysis is its very homogenous treatment strategy within a
single center with only five surgeons in an interdisciplinary
team treating all patients.

In order to define recommendations for protective loop
ileostomy in debulking surgery for ovarian cancer and
especially for patients undergoing bevacizumab therapy,
prospective trials are needed.

Conclusion

Within the limits of retrospective analyses of prospectively
acquired registry data of a single tertiary referral center,
protective loop ileostomy was found to reduce the
anastomotic leakage rate after bowel resection in selected
cases of debulking surgery for ovarian cancer. Patients with
preoperative bevacizumab treatment may be at high risk of
anastomotic leakage and protective loop ileostomy should be
considered for this group. Tumor-positive resection margins
of resected bowel segments was the only independent
prognostic factor for poorer overall survival. Further multi-
center studies with standardized indications for loop
ileostomy and perioperative settings are needed.
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