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Introduction: Surgery is the cornerstone of the treatment for advanced ovarian cancer. Reaching com-
plete cytoreduction resulting in no gross residual disease often requires complex surgery. The aim of this
study was to assess the impact of increased surgical radicality on the risk of complications in the
treatment of advanced ovarian cancer.
Materials and methods: All consecutive patients with advanced ovarian cancer (FIGO Stage IIIB-IVB) who
had undergone primary or interval debulking surgery during a six-year study period were identified. In
the midst of the study period, a surgical practice change towards maximal surgical effort occurred. Two
groups were formed for the analysis: cohort A, that consisted of patients operated before the surgical
paradigm shift and cohort B, that consisted of patients operated under the period of increased surgical
radicality.
Results: 252 patients were included in the analysis. Complete resection (R0) was achieved in 21.3% of
surgeries in cohort A and in 51.2% in cohort B. The total postoperative complication rate was 76.2%. Most
of the complications (86.5%) were minor (Clavien-Dindo I-IIIA). The patients in cohort B were at
increased risk for complications, OR 2.94 (95%CI 1.58e5.47; p ¼ 0.001). As for the approach to cytor-
eduction (primary vs. interval debulking), there was no statistically significant association with the
occurrence of postoperative complications (p ¼ 0.659).
Conclusion: In the present study more extensive surgeries led to better surgical results but increased
postoperative morbidity. Postoperative complication rates were similar in both primary and interval
debulking surgeries.
© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Over 310, 000 women were diagnosed with ovarian cancer in
2020, making it the eighth most common cancer among women
worldwide [1]. Ovarian cancer is diagnosed in advanced stage in
75% of cases [2]. Advanced disease presents a poor prognosis as the
five-year relative survival rate in Europe is on average 38% [3].
Surgery is the cornerstone of the treatment, and the aim is to
achieve maximal cytoreduction as the amount of residual disease is
one of the main prognostic factors [4e6].

Recently, the need for more aggressive cytoreduction has
resulted in the concept of maximal effort surgery that, in addition
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to the traditional ovarian cancer surgery, may comprise multiple
bowel resections, extensive peritonectomy, diaphragm resection
and multiple organ resections including splenectomy, cholecys-
tectomy, pancreatectomy and liver resection. This is often referred
to as ultra-radical surgery. There is some evidence that more
extensive procedures and thus a better surgical outcomemay result
in a better progression-free and overall survival [7e13]. However,
according to a recent study, ultra-radical surgery does not improve
overall survival in surgically treated patients [14]. Thus, results
from the previous studies are contradictory.

The extent of surgery and large bowel resections have been
associated with postoperative complications, for example in-
fections and hemorrhage. Hence, ultra-radical surgery poses a
greater risk of complications and may be unsuitable for some pa-
tients [15,16]. As adjuvant chemotherapy is of paramount impor-
tance in the treatment of ovarian cancer, the increased
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Table 1
Patient and tumor characteristics.

Total
(n ¼ 252)

Cohort A
(n ¼ 127)

Cohort B
(n ¼ 125)

Age (y)
Median (Range) 67.5 (24e89) 67.0 (24e87) 68.0 (31e89)
BMI* (kg/m2)
Median (Range) 25.1 (15.1

e51.2)
25.1 (15.1
e38.7)

25.0 (17.2
e51.2)

FIGO** stage n % n % n %
IIIB 21 8.3 6 4.7 15 12.0
IIIC 146 57.9 85 66.9 61 48.8
IVA 22 8.7 13 10.2 9 7.2
IVB 63 25.0 23 18.1 40 32.0
Histology n % n % n %
High grade serous 216 85.7 104 81.9 112 91.2
Low grade serous 13 5.2 4 3.1 9 7.2
Mucinous 5 2.0 4 3.1 1 0.8
Endometrioid 6 2.4 5 3.9 1 0.8
Clear cell 3 1.2 3 2.4 0 0
Other*** 9 3.6 7 5.5 2 1.6

* Body mass index.
** International Federation of Gynecology and Obstetrics.

*** Carcinosarcoma, malignant germ cell tumor, small cell carcinoma, neuroendo-
crine carcinoma, squamous cell carcinoma of ovary.

Table 2
Surgery characteristics.

Total
(n ¼ 252)

Cohort A
(n ¼ 127)

Cohort B
(n ¼ 125)

P-value

Approach to cytoreduction n % n % n % 0.081*

Primary 162 64.3 75 59.1 87 69.6
Interval 90 35.7 52 40.9 38 30.4
Type of surgery <0,001*

Conventional debulking 196 77.8 127 100.0 69 55.2
Ultra-radical 56 22.2 0 0 56 44.8
Estimated blood loss (ml) <0.001**

Median (Range) 600 (20
e4350)

350 (50
e3000)

975 (20
e4350)

Duration of surgery (min) <0.001**

Median (Range) 222 (59
e734)

162 (59
e393)

340 (83
e734)

Surgical outcome*** n % n % n % <0.001*

R0 91 36.1 27 21.3 64 51.2
R1 70 27.8 29 22.8 41 32.8
R2 91 36.1 71 55.9 20 16.0
Complications n % n % N %
Total 192 76.2 85 66.9 107 85.6 0.001*

Clavien-Dindo grade
I 41 21.4 23 27.1 18 16.8
II 84 43.8 47 55.3 37 34.6
IIIA 41 21.4 7 8.2 34 31.8
IIIB 16 8.3 7 8.2 9 8.4
IVA 7 3.6 0 0 7 6.5
V 3 1.6 1 1.2 2 1.9
Severity 0.136*

Minor (I-IIIA) 166 86.5 77 90.6 89 83.2
Major (IIIBeV) 26 13.5 8 9.4 18 16.8

* Chi-Square test.
** Mann-Whitney U Test.

*** R0; complete resection, R1; residual disease 1 cm or less, R2; residual disease
over 1 cm.
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complication rate may interfere with successful treatment.
In Tampere University Hospital, the surgical standard in the

treatment of advanced ovarian cancer changed in March 2016, as
maximal effort surgery was implemented into routine practice. The
aim of this study was to assess the impact of the introduction of
ultra-radical surgery in the risk of complications in the surgical
treatment for advanced ovarian cancer.

2. Materials and Methods

We collected the data for this retrospective cohort study from
the patient record system of Tampere University Hospital over the
period from 2013 to 2019. Inclusion criteria were as follows: all
consecutive patients with advanced ovarian cancer (FIGO 2014
Stage IIIB-IVB) who had undergone primary or interval debulking
surgery were included [17]. The patients with a localized cancer
(FIGO 2014 Stage IA-IIIA) and/or treated with a laparoscopic oper-
ationwere excluded from the study. In addition, surgical operations
for cancer recurrence were ruled out. All operations were per-
formed by surgeons specialized in gynecologic oncologic surgery.

Two groups were formed for the analysis: cohort A, that con-
sisted of patients operated before the surgical paradigm shift
(2013e2016) and cohort B, that consisted of patients operated
under the period of ultra-radical surgery (2016e2019). Differences
between outcomes of primary surgery and interval surgery were
analyzed. We also compared patients operated with maximal sur-
gical effort to patients that were operated with conventional sur-
gery (including laparotomies that remained as explorative).

Collected data consisted of patient, tumor, and surgery charac-
teristics. The surgical outcome was classified based on the size of
the residual disease (R0¼ complete cytoreduction, no visible tumor
left, R1 ¼1 cm or less of residual disease and R2 ¼ more than 1 cm
of residual disease). The postoperative period was assessed by
collecting data on complications and chemotherapy. Complications
that occurred under a period of 30 days after the surgery were
noted and graded according to the Clavien-Dindo Classification
[18]. If a patient had more than one postoperative complication,
only the most severe one was considered. In 10 cases, complete
postoperative follow-up data (30 days) was unavailable.

Categorical variables were observed by calculating frequencies
and compared by forming fourfold tables and using either the chi-
square test or the Fisher's exact test. The Kolmogorov e Smirnov
test was used to evaluate normal distribution of continuous vari-
ables. Comparison of the groups was performed using Kruskal-
Wallis test and Mann e Whitney U- test. In addition, bivariate
and multivariate analyses were performed by using logistic
regression. P-value less than 0.05 was considered significant. The
data was analyzed using statistical software SPSS Statistics 26 (IBM,
Armonk, NY). Approval for the study was acquired from the hos-
pital administration. Approval of the committee on research ethics
was not required for a registry-based study.

3. Results

Total of 252 patients were included in the analysis, 127 patients
in cohort A and 125 patients in cohort B (Table 1). The median age
of the patients in cohort A and B was 67.0 and 68.0 years, respec-
tively (p ¼ 0.632). The median BMI in cohort A and B was 25.1 kg/
m2 and 25.0 kg/m2 (p ¼ 0.234) respectively. In 9 cases, BMI was
missing. The most common FIGO stage was IIIC in both groups
(66.9% and 48.8% in cohort A and B, respectively). Most of the tu-
mors were high grade serous carcinomas (85.7%).

Surgery characteristics are presented in Table 2. The majority of
the operations were primary debulking surgeries (n ¼ 162, 64.3%).
In all patients, the median estimated blood loss was 600 ml. The
2

median estimated blood loss was less in cohort A than in cohort B
(350 vs. 975 ml, respectively, p < 0.001). In 17 cases, the record of
blood loss was unavailable. In addition, the median operative time
was shorter in cohort A (162 vs. 340 min, p < 0.001). A standard
thromboembolism prophylaxis (low-molecular-weight heparin
started before surgery and continued for four weeks) and antimi-
crobial prophylaxis (cefuroxime and metronidazole administered
before skin incision) protocols were routinely followed during the
observed study period. More emphasis was placed on preoperative
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optimization (nutrition, alcohol consumption and smoking cessa-
tion, carbohydrate loading) after the surgical paradigm shift.
However, a routinely followed protocol was not yet established.

R0 was achieved in 21.3% of surgeries in cohort A and in 51.2% in
cohort B. Logistic regressionwas performed to compare the optimal
outcomes (R0) between the two groups. The chance of R0 was
greater in the cohort B, OR 3.89 (95% CI 2.24e6.74; p < 0.001). In
addition, the possible association between the approach to cytor-
eduction (primary vs. interval debulking) and the achievement of
complete cytoreduction was examined, but no statistically signifi-
cant correlation was observed (p ¼ 0.494). As a result of more
aggressive surgery, R0 was achieved more often in operations
defined as ultraradical (p < 0.001).

The total postoperative complication rate was 76.2%. The ma-
jority of the complications (86.5%) were minor (Clavien-Dindo I-
IIIA), such as mild infections, that needed antimicrobial treatment
and did not have a clinically significant effect on patients' recovery.
Although Clavien-Dindo IIIA is commonly classified as a major
complication, it was considered a minor complication in this study.
A large proportion of IIIA complications consisted of drainage of
pleural effusion, that rarely has any effect on patient's recovery. One
pleural drainage was performed in cohort A and 22 in cohort B. In
cohort A, a reoperation was necessitated for seven patients,
including three with a wound dehiscence, two with postoperative
bleeding, one with an anastomotic leakage and one with a bowel
volvulus. In cohort B, a reoperationwas required for 13 patients, out
of which six had an anastomotic leakage, four had postoperative
bleeding, three had a wound dehiscence and one had a pericardial
effusion that required a sternotomy. It should be noted that due to
the classification system, only the highest complication class was
recorded.

In cohort A, 90.6% of complications were minor, and they were
also dominant in cohort B (83.2%). The complication rate was
higher in cohort B compared to cohort A (85.6% vs. 66.9%, respec-
tively, p ¼ 0.001) following that the patients in cohort B were at
increased risk for complications, OR 2.94 (95%CI 1.58e5.47;
p ¼ 0.001). On the other hand, we found no statistically significant
association between the cohort groups and the severity of post-
operative complications (p ¼ 0.136). The lack of statistical signifi-
cance is probably due to a small number of patients in the major
complication groups.

Differences regarding postoperative complications between
solely ultra-radical and conventional radical surgeries were also
studied. The patients who underwent surgery with maximal sur-
gical effort (ultra-radical) were at higher risk of developing post-
operative complications than patients treated with conventional
surgery, OR 23.69 (95%CI 3.20e175.21; p ¼ 0.002). However, the
rate of major complications did not significantly differ between
these two subgroups, 18.2% vs. 11.7%, respectively (p ¼ 0.234).

As for the timing of cytoreduction, there was no statistically
significant association with the occurrence of postoperative com-
plications (p¼ 0.659). The complication ratewas 75.3% and 77.8% in
primary and interval surgery groups, respectively. The rate of major
complications was also comparable in these subgroups (p ¼ 0.188).

The median blood loss of patients with postoperative compli-
cations and patients without complications was 700 ml (range
20e4350) and 350 ml (range 100e2300), respectively (p < 0.001).
The median operative time was also greater for patients with
complications (249 min (range 59e734) vs. 164 min (range
65e500), p < 0.001). The median age of patients with complica-
tions and patients without complications was 68.0 (range 24e89)
and 66.0 (range 42e81) (p ¼ 0.051). The median BMI was the same
in both groups: 25.1 kg/m2 (range 15.1e51.2) of patients with
complications and 25.1 kg/m (range 16.9e42.8) of patients without
complications (p ¼ 0.971).
3

The association between surgical procedures (Fig. 1) and post-
operative complications was also analyzed. Large bowel resection
(colon resection, isolated rectosigmoid resection or pelvic en-bloc
resection), bowel anastomosis, total peritonectomy and laparo-
scopic port scar resection seemed to increase the risk of post-
operative complications. 85 patients (91.4%), who underwent large
bowel resection, developed complications after surgery. In fact,
large bowel resection was associated with an approximately five-
fold increased risk of complications in general, OR 5.16 (95%CI
2.33e11.46; p < 0.001). Yet, there was no statistically significant
association between large bowel resection and the severity of the
complications (p ¼ 0,057). In connection to large bowel resection,
bowel anastomosis seemed to increase the risk of postoperative
complications, as the complication rate was 92.8% (n¼ 64), OR 5.50
(95%CI 2.10e14.41; p ¼ 0.001) in patients with a bowel anasto-
mosis. The risk of major complications was also increased, OR 2.71
(95%CI 1.17e6.27; p ¼ 0.020). In cohort A, 5.9% of bowel anasto-
moses resulted in anastomotic leakage whereas in cohort B the rate
of this potentially fatal complication was higher, 11.5%.

In addition, nearly all patients (98.2%, n ¼ 56) who had a total
peritonectomy performed, developed some postoperative compli-
cation. The procedure was found to increase the risk of complica-
tions, OR 24.29 (95%CI 3.29e179.66; p ¼ 0.002) but did not have
association with the severity of complications (p ¼ 0.262).
Furthermore, there seems to be an association between laparo-
scopic port scar resection and postoperative complications, OR 6.47
(95%CI 1.51e27.74; p ¼ 0.012). As for the severity of complications,
no statistically significant finding occurred (p ¼ 0.792).

A multivariate analysis was performed to assess the surgical
procedures associated with the occurrence of postoperative com-
plications. The model included bowel resection, bowel anasto-
mosis, total peritonectomy and port-site metastasis resection.
Three subgroups were formed for bowel resection: no resection
(reference group), one resection and two or more resections. Using
the backward conditional method, it was discovered that total
peritonectomy still increased the risk of postoperative complica-
tions, OR 13.86 (95% CI 1.80e106.83; p ¼ 0.012). In addition, the
patients who underwent one bowel resection were at increased
risk for complications, OR 3.59 (95% CI 1.51e8.56; p ¼ 0.004). If
more resections were made, the increase in risk was not anymore
statistically significant, OR 4.29 (95% CI 0.51e35.85; p ¼ 0.179).

Chemotherapy was given for 235 patients (93.3%). 17 patients
did not receive chemotherapy. The complication rate was 74.9%
(n ¼ 176) and 94.1% (n ¼ 16) in the chemotherapy group and non-
chemotherapy group, respectively. The difference in complication
rates was not statistically significant (p¼ 0.082). Of the patients not
receiving chemotherapy, two were chosen to receive hormonal
therapy instead, two had other medical conditions that prevented
further treatment, three had repeated relaparotomies and intra-
abdominal abscesses and ten did not recover adequately to
receive chemotherapy. The median length of time from surgery
until the initiation of chemotherapy in cohort A and B was 35.0
(range 18e57) and 36.0 days (range 15e71) (p ¼ 0.005), respec-
tively. The median interval from surgery to chemotherapy for pa-
tients with postoperative complications was 35.0 days (range
20e71) and for patients without complications 35.0 days (range
15e64), p ¼ 0.423. The median interval for patients with mild
complications and patients with severe complications was 35.0
(range 20e64) and 42.5 (range 27e71), respectively. When the last
three above-mentioned groups were compared (Kruskal-Wallis-
test), statistically significant differences occurred both between no
complication and severe complication (p ¼ 0.001) and mild
complication and severe complication groups (p < 0.001). Initiation
of chemotherapy occurred within four weeks in 26 patients (cu-
mulative percent 17.1), within five weeks in 122 patients



Fig. 1. Surgical interventions. Hysterectomy, bilateral salpingo-oophorectomy, omentectomy and appendicectomy are not included in the figure.
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(cumulative percent 55.2) and within six weeks in 195 patients
(cumulative percent 84.1). The cumulative percentages of patients
were similar in both primary and interval surgery groups (17.3% vs.
16.7%, 54.3% vs. 56.7% and 84.6% vs. 83.3%, respectively, p ¼ 0.161).
4. Discussion

This retrospective cohort study demonstrates the consequences
of increased radicality in advanced ovarian cancer surgeries. We
focused our research on surgical outcomes, postoperative compli-
cations, and the differences between primary and interval debulk-
ing surgeries. As regards to surgery characteristics, the estimated
blood loss and operative time were both greater in operations with
a maximal surgical effort. In fact, the median estimated blood loss
was nearly three times greater and the median operative time over
twice as long in cohort B as in cohort A. Hence, clearly the increased
radicality comes with some negative surgery related effects.

As regards the tumor stages, they differed between the cohort
groups (p¼0.004). Especially stage IVBwasmore common in cohort
B than in cohort A (32.0% vs 18.1%). Due to the increase in surgical
radicality in cohort B, parenchymal resections and diaphragm re-
sections were performed more often. As a result, there are more
stage IVBpatients. Likewise, there is a decrease in stage IVApatients.
In other words, as the surgical complexity increased, the patients
who would have previously been stage IVA became stage IVB.
4

As expected, surgical outcome was better in more extensive
surgeries. The rate of complete cytoreduction (R0) was 21.3% and
51.2% in cohort A and B, respectively. This finding favors ultra-
radical procedures, as previous studies have demonstrated that
residual disease is one of the main prognostic factors of disease
survival [4e6,19e22]. The need for maximal surgical effort to
achieve satisfying results has been previously evaluated. Turnbull
et al. report that approximately half of the patients with metastatic
ovarian, fallopian tube or primary peritoneal cancer needed upper
abdominal procedures when optimal (less than 1 cm) or complete
cytoreduction (nomacroscopic disease) was attempted [23]. On the
other hand, the attempt to achieve maximal cytoreduction might
not always be beneficial. Winter et al. conducted a retrospective
study that focused on the prognostic factors of stage IV epithelial
ovarian cancer patients. They reported that progression-free and
overall survival were same among patients with 0.1e1 cm or
1.1e5 cm of residual disease. Prognosis was best for the patients
without macroscopic residual disease and worst for the patients
with residual disease over 5 cm. They concluded that primary
cytoreduction might not be beneficial if preoperatively the gross
amount of disease is less than 5 cm, and it is probable that complete
cytoreduction will not be achieved [24].

During the study period, the indication to perform a routine
pelvic and para-aortic lymphadenectomy changed in 2017 due to
the results of LION study that demonstrated that
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lymphadenectomy did not have an effect on survival in the surgery
of advanced ovarian cancer. This has an effect on the number of
lymphadecnetomies performed [25].

The total complication rate in this study was 76.2%, which is
rather high compared with the results by Rafii et al. [15]. They
performed a multi-center study on postoperative morbidity and
mortality after optimal cytoreductive surgery for advanced ovarian
cancer. The study included 180 women, of which 61 presented with
complications (33%). This difference in complication rates is most
likely due to the Clavien-Dindo classification system that was
strictly followed in the present study, especially as regards to
classes I and II. Chi et al. examined morbidity after extensive upper
abdominal procedures and reported a major complication (grade
3e5) rate of 22% andmortality of 1.4% [26]. In the present study, the
rate of major complications in surgically more complex cohort B
was 16.8% and 30-day mortality 1.9%. Rafii et al. report an even
lower rate of major complications (grade 3e5), 11% (n ¼ 21) [15]. It
should be noted that the classification of complications may vary
slightly between studies. In the present study the Clavien-Dindo
grade IIIA was considered as a minor complication as it rarely has
any effect on postoperative recovery.

In this study, more extensive surgeries led to higher post-
operative complication rates. Complications interfered with the
following treatment as major complications delayed the start of the
chemotherapy. As in the study by Raspagliesi et al. [10], we found
no statistically significant association between ultra-radical pro-
cedures and major (IIIBeV) postoperative morbidity. This is in
contrast with some previously published studies, in which major
morbidity did increase as surgical complexity increased [15,16].

In a retrospective review by Phillips et al. especially multiple
bowel resections are emphasized as risk factors for postoperative
morbidity [27]. Similarly, large bowel resection and bowel anasto-
mosis were associated with increased risk of complications in our
study as well. Total peritonectomy, performed only in ultra-radical
surgeries, was also a risk factor for postoperative morbidity. In
addition, laparoscopic port scar resection was associated with
increased risk of complications. That is probably due to multiple
other procedures that were performed simultaneously. Hysterec-
tomy, salpingo-oophorectomy, omentectomy, appendicectomy,
small bowel resection, pelvic lymphadenectomy, para-aortic lym-
phadenectomy, cardiophrenic lymphadenectomy, liver resection,
partial gastric resection, cholecystectomy or local peritonectomy
were not associated with postoperative complications in this study.
Hence, not all procedures performed in these ultra-radical sur-
geries increase postoperative morbidity. As Phillips et al. mention,
it is probably the growing number of procedures that increase the
risk of major complications more than one specific high-risk pro-
cedure [27]. In addition, operative time and blood loss seem to
increase the risk of complications, even though both are related to
surgical complexity. Smoking is a generally known factor that af-
fects postoperative recovery but in the present study patient's
smoking status could not be reliably recovered from the patient
record system and thus was not assessed.

We examined differences between primary surgery followed by
chemotherapy and neoadjuvant chemotherapy followed by interval
debulking surgery. The median interval from surgery to chemo-
therapy (35.0 and 36.0 days in cohort A and B, respectively) was
longer in our study than is generally recommended (within 4
weeks after surgery). This is due to former institutional protocol,
and it has been given more attention since then. Traditionally,
primary debulking surgery has had a major role in the treatment
protocol of ovarian cancer. However, it has been reported that
regarding treatment efficacy, neo-adjuvant chemotherapy is not
inferior to primary surgery [28,29]. Fewer postoperative compli-
cations have been seen as one of the benefits of interval debulking
5

surgery [30]. Interestingly, in our study cohort, primary and interval
surgeries did not differ in postoperative complication rates. This
can be a result of our strict assessment of carcinomatosis in the
interval debulking surgeries. According to our protocol any peri-
toneal scarring or sign of carcinomatosis that has responded to
chemotherapy is considered as active disease and needs to be
resected. Our approach is based on a previous study showing that
visualisation of active carcinomatosis is very difficult in interval
debulking surgery [31]. Therefore, the extent of our interval sur-
geries is often similar to the extent of our primary debulking sur-
geries. Our results suggest that perhaps the benefits of primary and
interval surgeries do not differ as much as it has been considered
before. More prospective studies are needed in the future to assess
this issue.

Limitations of this study are the relatively small population size
and the retrospective single-center study design, which may cause
selection bias. The strengths of this study are the thorough exam-
ination of all postoperative complications and setting in a tertiary
care hospital.

The present study demonstrates that more complex surgeries
tend to increase postoperative morbidity. However, a clear benefit
of more extensive surgeries are better surgical results.
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