
Vol.:(0123456789)1 3

Archives of Gynecology and Obstetrics (2021) 304:1323–1333 
https://doi.org/10.1007/s00404-021-06116-5

GYNECOLOGIC ONCOLOGY

ECOG and BMI as preoperative risk factors for severe postoperative 
complications in ovarian cancer patients: results of a prospective 
study (RISC‑GYN—trial)

Melisa Guelhan Inci1  · Julia Rasch1 · Hannah Woopen1 · Kristina Mueller1 · Rolf Richter1 · Jalid Sehouli1

Received: 11 January 2021 / Accepted: 2 June 2021 / Published online: 24 June 2021 
© The Author(s) 2021

Abstract
Background Accompanying co-morbidities in patients with ovarian cancer are of major relevance for scheduling debulking 
surgery, especially in the anesthesiological consultations. Aim of this study was to evaluate the impact of co-morbidities 
and patient characteristics on postoperative complications.
Methods Patients undergoing maximal cytoreductive surgery were prospectively enrolled from October 2015 to January 
2017. Various variables were recorded, such as the Charlson comorbidity index, Eastern cooperative oncology group scale 
of performance status (ECOG PS) and the American society of anesthesiologists physical status classification system (ASA 
PS). Surgical complications were graded using the Clavien–Dindo criteria. Logistic regression models were used to analyze 
risk factors for severe postoperative complications.
Results Of 106 enrolled patients, 19 (17.9%) developed severe postoperative complications grade ≥ IIIb according to Cla-
vien–Dindo criteria. In the multivariable regression analysis impaired (ECOG PS) > 1 (odds ratio OR) 13.34, 95% confidence 
interval (CI) 1.74–102.30, p = 0.01), body mass index (BMI) > 25 kg/m2 (OR 10.48, 95% CI 2.38–46.02, p = 0.002) along 
with the use of intraoperative norepinephrine > 0.11 µg/kg/min (OR 4.69, 95% CI 1.13–19.46, p = 0.03) and intraoperative 
fresh frozen plasma (FFP) > 17 units (OR 4.11, 95% CI 1.12–15.14, p = 0.03) appeared as significant predictors of severe 
postoperative complications.
Conclusion We demonstrated that neither the presence of a certain comorbidity nor the summation of the co-morbidities were 
associated with adverse outcome. Patient characteristics, such as ECOG PS > 1 and obesity (BMI > 25 kg/m2), are highly 
predictive factors for severe postoperative complications. The analysis of intraoperative data showed that the need for more 
than > 0.11 µg/kg/min of norepinephrine and transfusions of FFPs more than 17 units were strongly associated with severe 
postoperative complications.

Keywords Ovarian cancer · Performance status · Body mass index · Comorbidity · Gynecology · Surgery · Postoperative 
complications

Background

Complete cytoreduction is one of the main prognostic fac-
tors for patients with ovarian cancer [1–3]. To achieve com-
plete macroscopic tumor resection, extensive multi-visceral 
procedures are performed [4]. Severe complications can be 
the result of complex procedures. These complications can 
result in prolonged recovery periods and delays in the initia-
tion of adjuvant therapy with consequent worsened overall 
outcome [4, 5]. When alternate strategies such as neoadju-
vant chemotherapy are discussed, the individual evaluation 
of patients is crucial [6–8]. Accompanying co-morbidities in 
patients with ovarian cancer are of great importance in the 
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pre-surgical anesthesiological consultation for the debulk-
ing operation [9]. Also, elements, such as age, body mass 
index (BMI), American society of anesthesiologists physical 
status classification system (ASA PS), preoperative albumin, 
Fédération Internationale de Gynécologie et d’Obstétrique 
(FIGO) stage, and surgical complexity, were found to hold 
a significant level of predictive ability [10–14].

The aim of this study was to evaluate potential predictive 
markers for severe postoperative complications in ovarian 
cancer surgery, such as co-morbidities and further clinical 
characteristics.

Methods

Study design and patient population

This analysis is part of the prospective study named “RISC-
GYN—trial”. The study was designed to explore predictive 
markers for severe postoperative complications in gyneco-
logic cancer patients. Out of this cohort with gynecologi-
cal cancer patients, we selected 155 ovarian cancer patients 
as the largest entity within the RISC-GYN—trial. We later 
excluded patients with recurrent disease. See Fig. 1 for con-
sort diagram. Ethical approval was received from the local 
Ethics Committee (Charité–Universitätsmedizin Berlin) 
with the approval ID EA2/122/15. Data have been collected 
prospectively from October 2015 to January 2017. All sur-
geries were performed by specialized gynecologic oncol-
ogy surgeons. Inclusion criteria were age above 18 years, 
histologically confirmed malignancy or a high suspicion of 
a gynecologic malignancy arising from imaging and labora-
tory results, and surgery with an expected minimal duration 
of 60 min. Written consent was required from all patients. 
Assessment consisted of a thorough medical history of all 
patients including co-morbidities and medications, as well 
as height and weight. Single-item questions were asked con-
cerning sociodemographic, lifestyle and physical activity. 
Laboratory values were derived from preoperative routinely 
performed blood tests.

The Charlson comorbidity index was calculated for each 
patient as previously published by Charlson et al. [15]. By 
adding one further point per decade, starting at 50–59, the 
age-adjusted Charlson comorbidity index was calculated 
[16]. To define each patient’s performance status, ECOG 
PS and ASA PS were recorded by gynecologists and anes-
thesiologists prior to surgery [17–19].

Information on performed operative procedures, periop-
erative anesthesiologic parameters and tumor dissemination 
pattern was documented intraoperatively. The intraopera-
tive mapping of ovarian cancer (IMO) was applied for exact 
tumor documentation [20].

Each patient was visited systematically in a daily sched-
ule until the end of their hospital stay and was followed up 
via phone after 3 months post surgery. Our primary out-
come of interest was 30-day postoperative complications 
Clavien–Dindo classification grade IIIb, IV and V. Cla-
vien–Dindo classification grade IIIb complications require 
an intervention under general anesthesia [21]. See Supple-
mentary 1 for detailed explanation. According to the severity 
of their postoperative complications, patients were divided 
into two cohorts: non- and mild postoperative complications 
(grade 0–IIIa) and severe postoperative complications (grade 
IIIb–V).

Statistical analysis

Where appropriate the Fisher’s exact test for dichoto-
mous variables, Kendall’s tau b for ordinal variables, the 
chi test for nominal variables and Kruskal–Wallis test or 
Mann–Whitney test for continuous variables were performed 
to evaluate comparisons between groups.

To assess the predictive accuracy of continuous vari-
ables for distinguishing patients with severe postoperative 
complications from those without severe postoperative 

Fig. 1  Consort diagram
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complications and to determine cut-offs, receiver-operator 
characteristics (ROC) curve analyses were used (see Fig. 2). 
Logistic regression analysis was performed to obtain crude 
and adjusted odds ratios (ORs) with corresponding 95% 
confidence interval (95% CI). Multivariable logistic regres-
sion analyses were executed stepwise with pin = 0.05 and 
pout = 0.10. Excluded from the multivariable analyses were 
cases with missing values. For statistical analysis,  IBM® 
 SPSS® Statistics 25 (SPSS Inc. an IBM Company, Chicago, 

IL, USA) was used and statistical significance was defined as 
p < 0.05 without alteration for multiple comparisons.

Results

A total of 106 women undergoing surgery for ovarian cancer 
were enrolled in the study. Baseline characteristics of the 
study cohort are presented in Table 1.

Fig. 2  ROC analysis to define 
cut-offs for A BMI, B ECOG 
PS, C number of transfused 
FFP and, D highest intraopera-
tive need for norepinephrine for 
predicting severe postoperative 
complications
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Overall, 19 patients (17.9%) experienced complications 
Clavien–Dindo Classification grade ≥ IIIb and one of them 
(0, 9%) died within 30 days of surgery. The most common 
complications were urinary tract infections (n = 14, 13%), 
postoperative pleural effusions (n = 31, 29%), anastomotic 
insufficiency (n = 9, 8%), wound dehiscence (n = 5, 4%), 
peritonitis (n = 5, 4%), and thromboembolic events (n = 5, 
4%). Table 2 shows the complications that occurred. The 
most common co-morbidities were arterial hypertension 
(n = 34, 32%), polyneuropathy (n = 23, 22%), chronic pul-
monary disease (n = 10, 9%) and diabetes mellitus type 
I and type II (n = 9, 8%). Cardiovascular disease (n = 35, 
37%) was defined as current or condition after myocardial 
infarction, heart failure, peripheral vascular disease, cer-
ebrovascular disease, cardiac arrhythmias and atrial fibril-
lation. See Table 3 for further details of the distribution of 
co-morbidities.

The patients with serious postoperative complications had 
significantly more co-morbidities (Charlson comorbidity 

Table 1  Baseline Characteristics

BMI body mass index, ASA PS American society of anesthesiologists physical status classification system, ECOG PS eastern cooperative oncol-
ogy group scale of performance status, FIGO fédération internationale de gynécologie et d’obstétrique, CA cancer antigen

Characteristics Total
n = 106

Clavien–Dindo classification 
grade 0–IIIa
n = 87

Clavien–Dindo classification 
grade ≥ IIIb
n = 19

p value

(range or %) n (range or %) n (range or %)

Median age in years 57 (18–87) 55 (18–86) 63 (31–87) 0.2
Age ≥ 65 years 42 (39.6) 32 (36.8) 10 (52.6) 0.2
Age ≥ 70 years 28 (26.4) 21 (24.1) 7 (36.8) 0.3
Underweight (BMI < 20 kg/m2) 15 (14.2) 15 (17.2) 0  < 0.001
Normal (BMI 20–25 kg/m2) 43 (40.6) 40 (46.0) 3 (15.8)
Overweight (BMI 25–30 kg/m2) 28 (26.4) 19 (21.8) 9 (47.4)
Obese (BMI > 30 kg/m2) 20 (18.9) 13 (14.9) 7 (36.8)
Preoperative albumin < 35.6 g/l 15 (15.6) 9 (11.5) 6 (33.3) 0.02
Preoperative potassium < 3.7 mmol/l 12 (11.4) 7 (8.1) 5 (26.3) 0.02
Charlson comorbidity index ≥ 1 32 (30.2) 20 (23.0) 12 (63.2) 0.001
Hypertension 34 (32.1) 27 (31.0) 7 (36.8) 0.6
Diabetes mellitus type I and type II 9 (8.5) 5 (5.7) 4 (21.1) 0.03
Polypharmacy (> 5 medications) 21 (19.8) 13 (14.9) 8 (42.1) 0.007
Smoking daily 24 (22.5) 21 (24.1) 3 (15.8) 0.4
Alcohol consumption daily 13 (12.3) 11 (12.6) 2 (10.5) 0.8
Performance status
 ASA PS > 2 29 (27.6) 21 (24.1) 8 (44.4) 0.08
 ECOG PS > 1 8 (7.5) 3 (3.4) 5 (26.3) 0.001

FIGO stage 0.6
 I–II 17 (16.2) 15 (17.4) 2 (10.6) 0.4
 III–IV 88 (83.8) 71 (82.5) 17 (89.6)
 High-grade 91 (92.9) 75 (92.6) 16 (94.1) 0.2
 Low-grade 7 (7.1) 6 (7.4) 1 (5.9)
 Neoadjuvant chemotherapy 11 9 2 1.0
 Presence of ascites 59 (59.0) 44 (54.3) 15 (78.9) 0.4

Table 2  Types and frequency of postoperative complications

Type n (%)

Wound dehiscence 5 (4.7)
Anastomotic insufficiency 9 (8.5)
Thromboembolic events 5 (4.7)
Ileus 3 (2.8)
Organ failure 1 (0.9)
Sepsis 4 (3.8)
Peritonitis 5 (4.7)
Fistula 1 (0.9)
Intestinal perforation 2 (1.9)
Delir 4 (3.8)
Neurological disorder 5 (4.7)
Postoperative pleural effusions 31 (29.3)
Pneumonia 5 (4.7)
Pneumothorax 3 (2.8)
Urinary tract infections 14 (13.2)
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index ≥ 1; 63 vs. 23%; p = 0.001), a higher rate of polyp-
harmacy (> 5 medications; 42 vs. 15%; p = 0.007), diabetes 
(21 vs. 6%; p = 0.03), compared to patients without or with 
less severe complications. They showed significantly more 
often hypokalemia (26 vs. 8%; p = 0.02), hypoalbuminemia 
(33 vs. 12%; p = 0.02) and a high level of CA 125 (> 500 U/
ml) (28 vs. 7%; p = 0.005). Their ECOG PS was more often 
impaired (26 vs. 3%; p = 0.001) age as a continuous variable 
(OR 1.91, 95% CI 0.70–5.19, p = 0.2) and age ≥ 70 years 
(OR 1.83, 95% CI 0.64–5.26, p = 0.3) showed no association 
with severe postoperative complications.

Analysis of association of preoperative 
patient‑related characteristics and severe 
postoperative complications (≥ grade IIIb) 
by Clavien–Dindo classification

An ASA PS > 2 and ECOG PS > 1 were associated with 
severe complications (OR 2.51; 95% CI 0.88–7.20; p < 0.09) 
and (OR 10.0; 95% CI 2.15–46.61; p = 0.003), respectively.

Univariate logistic regression showed further that an 
increased number of co-morbidities (Charlson comorbidity 

index ≥ 1) was significantly associated with severe post-
operative complications (OR 5.74, 95% CI 2.00–16.54, 
p = 0.001). The age-adjusted Charlson comorbidity index 
showed significance at a cut-off point of > 2 (OR 5.08, 95% 
CI 1.74–14.83, p = 0.003).

Cardiovascular disease (OR 3.79, 95% CI 1.29–11.12, 
p = 0.02) and diabetes (OR 4.37, 95% CI 1.05–18.19, 
p = 0.04), bowel obstruction symptoms (OR 8.00, 95% 
CI 1.23–51.56, p = 0.03) and the simultaneous intake of 
more than five medications (OR 4.14, 95% CI 1.40–12.25, 
p = 0.01) were significantly related in univariate logistic 
regression, whereas hypertension was not. Liver disease, 
chronic pulmonary disease and renal disease did not show 
correlation to severe postoperative complications. Hypoka-
lemia (< 3.7  mmol/l) (OR 4.03, 95% CI 1.12–14.50, 
p = 0.03), a decreased INR (≤ 0.9) (OR 9.84, 95% CI 
1.71–56.68, p = 0.01) and hyperbilirubinemia (> 0.46 mg/
dl) (OR 3.62, 95% CI 0.98–13.42, p = 0.05) were associated 
with severe postoperative complications.

Overweight patients with a BMI > 25–30 kg/m2 were 8 
times more likely to develop complications (OR 8.68, 95% 
CI 2.13–35.46, p = 0.003) and obese patients with a BMI 

Table 3  Distribution of co-morbidities according to the Charlson comorbidity index and co-morbidities not included in the Charlson comorbid-
ity index

Charlson comorbidity index n (%)

Diabetes mellitus without end-organ damage 9 (8.5)
Cerebrovascular disease 2 (1.9)
Myocardial infarction 4 (3.8)
Congestive heart failure 5 (4.7)
Peripheral vascular disease 2 (1.9)
Dementia 0
Chronic pulmonary disease 10 (9.4)
Connective tissue disease 4 (3.8)
Peptic ulcer disease 3 (2.8)
Mild liver disease 1 (0.9)
Diabetes mellitus with end-organ damage 0
Moderate/severe renal disease 2 (1.9)
Hemiplegia 0
Solid tumor without metastasis 0
Leukemia 0
Lymphoma 0
Moderate/severe liver disease 1 (0.9)
Metastatic solid tumor 0
Acquired immune deficiency syndrome 0

Comorbidities not included in Charlson comorbidity index n (%)

Hypertension 34 (32.1)
Polyneuropathy 23 (14.8)
Lymphedema 3 (2.8)
Cardiac arrhythmias 14 (13.2)
Atrial fibrillation 8 (7.5)
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above 30 kg/m2 were up to 9 times more likely to develop 
severe postoperative complications (OR 9.87, 95% CI 
2.24–43.43, p = 0.002).

All the preoperative variables were included in the 
stepwise logistic regression. ECOG PS > 1 (OR 8.87, 95% 
CI 1.34–58.75, p = 0.02) showed the greatest correlation 
with severe postoperative complications. Overweight and 

obesity (BMI > 25 kg/m2, OR 8.54, 95% CI 1.82–31.37, 
p < 0.005) were highly predictive as well. Furthermore, the 
Charlson comorbidity index (OR 3.33, 95% CI 1.03–10.81, 
p = 0.05) was an independent predictive parameter. The 
age-adjusted Charlson comorbidity index and all the 
assessed co-morbidities lost significance in multivariate 
analysis. See Table 4 for detailed information of multivari-
ate analysis for preoperative variables.

Table 4  Univariate analysis 
and multivariate analysis of 
preoperative factors related 
to severe postoperative 
complications

ASA PS American society of anesthesiologists physical status classification system, ECOG PS eastern 
cooperative oncology group scale of performance status, BMI body mass index, INR international normal-
ized ratio, GFR glomerular filtration rate, ALT alanine transaminase, AST aspartate transaminase

Patient demographics Univariate analysis
unadjusted OR (95% CI)

p value Multivariate analysis
adjusted OR (95% CI)

p value

Age (continuous variable) 1.91 (0.70–5.19) 0.2
Age ≥ 70 years 1.83 (0.64–5.26) 0.3
Alcohol consumption daily 0.81 (0.17–4.01) 0.8
Smoking daily 0.59 (0.16–2.22) 0.4
Performance status
 ASA PS > 2 2.51 (0.8–7.20) 0.09
 ECOG PS > 1 10.0 (2.15–46.61) 0.003 8.87 (1.34–58.75) 0.02

Comorbidities
 Charlson comorbidity index ≥ 1 5.74 (2.00–16.54) 0.001 3.33 (1.03–10.81) 0.05
 Age-adjusted Charlson comor-

bidity index > 2
5.08 (1.74–14.83) 0.003

 Polypharmacy (> 5 medications) 4.14 (1.40–12.25) 0.01
 Bowel obstruction symptoms 8.00 (1.23–51.56) 0.03
 Diabetes mellitus type I and II 4.37 (1.05–18.19) 0.04
 Cardiovascular disease 3.79 (1.29–11.12) 0.02
 Renal disease 1.09 (0.12–10.13) 1.0
 Chronic pulmonary disease 2.14 (0.50–9.18) 0.3
 Liver disease 4.78 (0.29–80.0) 0.3
 Hypertension 1.30 (0.46–3.66) 0.6
 Thromboembolic event 0.86 (0.18–4.15) 1.0
 Polyneuropathy 0.75 (0.90–6.62) 0.8

BMI (kg/m2) categorical
  < 20 0.00 (0.00–0.00) 1.00
 26–30 overweight 8.68 (2.13–35.46) 0.003
  > 30 obese 9.87 (2.24–43.43) 0.002 8.54 (1.82–31.37) 0.005

Laboratory variables
 Potassium < 3.7 mmol/l 4.03 (1.12–14.50) 0.03
 INR ≤ 0.9 9.84 (1.71–56.68) 0.01
 Creatinine > 0.75 mg/dl 2.01 (0.74–5.47) 0.17
 Albumin < 35.6 g/l 3.83 (1.15–12.74) 0.03
 GFR < 81.5 ml/min 0.43 (0.16–1.17) 0.1
 Hemoglobin < 12.25 g/dl 0.37 (0.99–1.37) 0.1
 Sodium < 137 mmol/l 1.43 (0.35–5.77) 0.6
 ALT > 35 U/l 1.65 (0.39–6.97) 0.5
 AST > 35 U/l 1.34 (0.38–4.74) 0.7
 Bilirubin > 0.46 mg/dl 3.62 (0.98–13.42) 0.05
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Association of intraoperative data, tumor‑related 
data and severe postoperative complications 
(≥ grade IIIb) by Clavien–Dindo classification

The surgical procedures of special interest included bowel 
resection with resection of the large intestine (n = 56, 53%), 
the small intestine (n = 17, 16%), upper abdominal surgery 
(n = 36, 34%) and pelvic and/or paraaortical lymphonodec-
tomy (n = 77, 72%). In univariate analysis, most of the surgi-
cal procedures, prolonged duration of surgery, intraopera-
tive hypothermia (< 36 °C) and most of the tumor-related 
characteristics did not show significant correlation with 
complications.

Only the use of more than 0.11 µg/kg/min norepinephrine 
(OR 3.00, 95% CI 0.99–9.05, p = 0.05), the use of fresh fro-
zen plasma (OR 4.26, 95% CI 1.51–12.04, p = 0.006) and a 
level of CA 125 > 500 U/ml (OR 2.98, 95% CI 1.04–8.51, 
p = 0.04) showed significant association.

The intraoperative and tumor-related parameters were 
also analyzed in a stepwise logistic regression. Only the use 

of more than 17 intraoperative fresh frozen plasma units (OR 
5.93, 95% CI 1.70–20.61, p = 0.005) and the pelvic and/or 
para-aortic lymphadenectomy (OR 3.43, 95% CI 1.04–11.30, 
p = 0.04) remained significantly associated with severe post-
operative complications.

See Table 5 for further details. See Fig. 2 for the ROC-
analysis that was used to define cut-offs for prolonged sur-
gery duration and highest intraoperative need for norepi-
nephrine for predicting severe postoperative complications.

Multivariate analysis of preoperative, intraoperative 
and tumor‑related parameters and severe 
postoperative complications (≥ grade IIIb) 
by Clavien–Dindo classification

Ultimately, to all significant factors from the preoperative 
analysis, the intraoperative and tumor-related parameters 
were added into stepwise logistic regression. Table 6 shows 
BMI > 25 kg/m2 (OR 10.48, 95% CI 2.38–46.02, p = 0.002), 
ECOG PS > 1 (OR 13.34, 95% CI 1.74–102.30, p = 0.01), 

Table 5  Univariate analysis and multivariate analysis of intraoperative data and tumor-related characteristics

FFP fresh frozen plasma, FIGO Fédération Internationale de Gynécologie et d’Obstétrique, CA cancer antigen

30 day-severe complications (Clavien–Dindo IIIb–V) n = 29
p value

Characteristics n % Univariate analysis p value Multivariate analysis

Unadjusted
OR (95% CI)

Adjusted
OR (95% CI)

Anaestesiological data
 Surgery duration > 255 min 76 71.7 1.60 (0.48–5.28) 0.4
 Norepinephrine > 0.11 µg/kg/min 56 52.8 3.00 (0.99–9.05) 0.05
 Intraoperative FFP > 17 23 21.7 4.26 (1.51–12.04) 0.006 5.93 (1.70–20.61) 0.005
 Blood transfusion > 1 48 45.3 2.43 (0.87–6.77) 0.09
 Hypothermia (intraoperative temperature < 36 °C) 32 30.2 0.31 (0.06–1.73) 0.2

Operative data
 Pelvic and/or para-aortic lymphadenectomy 77 72.6 2.29 (0.81–6.43) 0.1 3.43 (1.04–11.30) 0.04
 Upper abdominal surgery 36 34.0 1.53 (0.56–4.32) 0.4
 Large bowel resection 56 52.8 1.83 (0.60–5.55) 0.3
 Small bowel resection 17 16.0 0.98 (0.25–3.81) 1.0
 Peritoneal carcinomatosis 83 78.3 2.71 (0.58–12.68) 0.2
 Neoadjuvant chemotherapy 11 10.4 1.02 (0.20–5.15) 1.0

Tumor-related characteristics
 No residual disease 67 63.2
 Residual disease 37 34.9 1.40 (0.51–3.88) 0.5

FIGO stage
 I 11 10.4
 II 6 5.7 2.00 (1.00–39.08) 0.7
 III 65 61.3 2.26 (0.26–19.42) 0.5
 IV 23 21.7 2.78 (0.28–27.21) 0.4
 Low-grade 7 6.6
 High-grade 91 85.8 1.35 (0.28–6.47) 0.7
 Presence of ascites 70 66.0 3.15 (0.96–10.33) 0.06
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the use of more than > 0.11 µg/kg/min norepinephrine (OR 
4.69, 95% CI 1.13–19.46, p = 0.03) and the use of more than 
17 intraoperative FFP units (OR 4.11, 95% CI 1.12–15.14, 
p = 0.03) predictive for severe postoperative complications.

Discussion

Several studies report an association between co-morbidities 
and clinical outcome but most of them are performed retro-
spectively and heterogeneous patient populations limit their 
interpretation [14, 22]. Therefore, we conducted this pro-
spective study in patients with ovarian cancer.

We screened systematically all co-morbidities and sev-
eral preoperatively assessed patient-related characteristics, 
as well as intraoperative anaesthesiological, surgical and 
tumor-related parameters in this prospective study to assess 
their impact on 30 days’ postoperative complications in 
ovarian cancer patients. In the first part of the data analysis, 
we demonstrated that preoperative patient-related charac-
teristics, such as ECOG PS > 1, obesity and the Charlson 
comorbidity index, are predictive factors for postoperative 
complications. In the second part, the analysis of intraop-
erative data showed the performance of lymphadenectomy 
and the high need for fresh frozen plasma transfusions to be 
strongly associated with severe postoperative complications.

The combined evaluation of preoperative and intra-
operative factors showed ECOG PS > 1, overweight and 
obesity/a BMI > 25 kg/m2, high need of intraoperative FFP 
and norepinephrine are associated with severe postoperative 
complications.

The age of the patients showed no association with com-
plications, not even for patients above the age of 70 year. 
Other studies showed that older patients are at increased risk 
of surgical morbidity, but if they are able to tolerate aggres-
sive surgical management, the benefit was equivalent to that 
of younger women [23]. In contrast to our results, age and 
stage were associated with increased risk for 30-day mor-
bidity and mortality in other studies. However, these studies 
included only advanced-stage ovarian cancer patients and 
focused on the elderly [24, 25].

Previous studies have identified the ASA PS and ECOG 
PS as good tools for outcome prediction in cancer patients 
[3, 10, 23, 26]. Our results suggest that the ECOG PS is 

more relevant in oncologic surgery than the ASA PS, evalu-
ating how independently a patient can manage everyday life 
rather than focusing on systemic diseases. Looking further 
to evaluate co-morbidities and organ dysfunction affecting 
the surgical outcome, none of the co-morbidities remained 
an independent predictor for postoperative complications in 
multivariate analysis. Our findings suggest that even multi-
morbid patients do not require less aggressive surgical treat-
ment plans.

Several publications focusing on ovarian cancer showed 
obesity as a highly predictive factor for postoperative com-
plications [10, 26–32]. Extreme BMIs—both high and low, 
have been found to be associated with severe postoperative 
complications [10]. In our study, underweight was not pre-
dictive for postoperative complications, whereas obesity 
remained an independent predictor. This adds to an earlier 
prospective publication, which found frail patients to be 
obese rather than underweight and which stated that weight 
itself might not be a marker for physiologic reserve [13]. 
These patients often suffer from impaired wound healing and 
surgeons face more complex conditions in obese patients, 
as longer surgery duration is required to obtain equivalent 
surgical results [29, 31]. These findings are particularly 
important as obesity is becoming increasingly prevalent in 
our society.

In our analysis of intraoperative data, we intentionally 
did not group the surgical interventions as other studies did 
[12]. To examine the effect of each intervention on postop-
erative complications, we performed the stepwise logistic 
regression analysis with all surgical interventions of interest 
and only the lymphadenectomy showed significant correla-
tion. This is in line with prior studies which discussed that 
patients with macroscopically complete resection did not 
benefit from systemic lymphadenectomy [33].

In our study, the use of high levels of norepinephrine and 
FFP correlated significantly with postoperative complica-
tions. The effect of vasoactive medication on gastrointestinal 
oxygen supply and microcirculatory blood flow is controver-
sially discussed in several studies [34–37]. The exact inter-
action between catecholamines and simultaneously given 
anesthetics remains uncertain, as there are disparities of 
drug effect in different species and different gastrointestinal 
segments and experimental results cannot be extended into 
the clinical setting yet. However, if the microcirculation in 

Table 6  Multivariable analysis 
of patient-related, tumor-
related and intraoperative 
factors for severe postoperative 
complications

ECOG PS Eastern cooperative oncology group scale of performance status

Adjusted OR (95% CI) p value

Overweight and obesity (BMI > 25 kg/m2) 10.48 (2.38–46.02) 0.002
ECOG performance status > 1 13.34 (1.74–102.30) 0.01
Intraoperative fresh frozen plasma > 17 4.11 (1.12–15.14) 0.03
Norepinephrine > 0.11 µg/kg/min 4.69 (1.13–19.46) 0.03
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the gastrointestinal in the gastrointestinal tract is reduced, 
this may cause impaired wound healing, especially in the 
anastomosis region. Similar to the report of other studies, 
the rate of anastomotic insufficiency in our cohort was 8.5% 
[38, 39]. Currently, the debate about the efficacy of FFP and 
its possible impact in cancer surgery is ongoing [40–43]. We 
assume that both, the need for norepinephrine and for FFP to 
stabilize hemodynamics during surgery are multi-factorially 
related and are indicators for poor general condition of the 
patient.

In this study, we screened all accompanying co-morbid-
ities in patients with ovarian cancer systematically. Nei-
ther the summation of the co-morbidities assessed by the 
Charlson comorbidity index nor the presence of a certain 
comorbidity was associated with postoperative complica-
tions in the multivariate analysis of pre- and intraoperative 
parameters.

Our findings imply that the patient characteristics, such 
as ECOG performance status and BMI, could have greater 
effect on complications than the co-morbidities and the com-
plex surgical interventions themselves.

There is a limitation noted for this study, as we included 
patients with different tumor stages and analyzed a heter-
ogenous set of data. As our results are based on regression 
analysis, we cannot simply state causation, especially as the 
individual variables are influenced by each other. However, 
our findings contribute to a clearer picture of patients who 
will benefit from surgery.

The main strength of our study is, that it is a prospec-
tive study which examined predictive factors for postop-
erative complications as the primary endpoint. Using the 
Clavien–Dindo classification to grade postoperative compli-
cations made our results more objective as well as compara-
ble and reproducible for future research. The homogeneous 
and very high quality of surgical treatment as well as daily 
visits of each patient lead to further improvement of reli-
ability and validity of the acquired data.

Conclusion

Surgeons should consider performance status rather than 
the sum of co-morbidities in future risk prediction. In this 
study, we identified potential parameters that can be preop-
eratively easily assessed and are feasible to collect in clinical 
routine. ECOG PS and BMI should be given more attention 
in clinical decision-making, treatment planning and patient 
counseling. A high intraoperative use of norepinephrine and 
FFP during cytoreductive surgery should lead to interdisci-
plinary communication between surgeons and anesthesiolo-
gists to give more awareness of the vulnerability of patients 
for complications.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00404- 021- 06116-5.

Ack nowledgements  Th i s  s t udy  was  funded  by  t he 
ALLIMOGI-Foundation.

Authors’ contributions MGI and JS conceived of the presented idea 
and designed the study. JR, KM and HW contributed majorly to the 
final design of the study and acquired the data. RR performed the statis-
tical analysis and helped to write the methods section of the article. JR 
wrote the manuscript and all authors revised and edited it. All authors 
contributed to the interpretation of the data. All authors approved of 
the final version. All authors agreed to be accountable for all aspects of 
the work in ensuring that questions related to the accuracy or integrity 
of any part of the work are appropriately investigated and resolved.

Funding Open Access funding enabled and organized by 
Projekt DEAL. Financial support was obtained from the 
ALLIMOGLI-foundation.

Data availability Raw data were generated at Charité Universitätsmedi-
zin Berlin. Data are available upon reasonable request. All data relevant 
to the study are included in the article.

Declarations 

Conflict of interest The study was funded by the ALLIMOGI-foun-
dation. HWs travel expenses were sponsored by medac. The other au-
thors declare no conflict of interest.

Ethical approval This study was approved by the Charité’s Ethics Com-
mittee (approval ID EA2/122/15). It was performed in accordance with 
the Declaration of Helsinki.

Consent to participate All patients have given their consent.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Chang S-J, Hodeib M, Chang J, Bristow RE (2013) Survival 
impact of complete cytoreduction to no gross residual disease for 
advanced-stage ovarian cancer: a meta-analysis. Gynecol Oncol 
130(3):493–498. https:// doi. org/ 10. 1016/j. ygyno. 2013. 05. 040

 2. Pomel C, Jeyarajah A, Oram D et al (2007) Cytoreductive surgery 
in ovarian cancer. Cancer Imaging 7(1):210–215. https:// doi. org/ 
10. 1102/ 1470- 7330. 2007. 0030

 3. Hall M, Savvatis K, Nixon K et  al (2019) Maximal-effort 
cytoreductive surgery for ovarian cancer patients with a high 

https://doi.org/10.1007/s00404-021-06116-5
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.ygyno.2013.05.040
https://doi.org/10.1102/1470-7330.2007.0030
https://doi.org/10.1102/1470-7330.2007.0030


1332 Archives of Gynecology and Obstetrics (2021) 304:1323–1333

1 3

tumor burden: variations in practice and impact on outcome. 
Ann Surg Oncol 26(9):2943–2951. https:// doi. org/ 10. 1245/ 
s10434- 019- 07516-3

 4. Romeo A, Gonzalez MI, Jaunarena J, Zubieta ME, Favre G, Tejer-
izo JC (2018) Pelvic exenteration for gynecologic malignancies: 
postoperative complications and oncologic outcomes. Actas Urol 
Esp 42(2):121–125. https:// doi. org/ 10. 1016/j. acuro. 2017. 05. 004

 5. Joseph N, Clark RM, Dizon DS et al (2015) Delay in chemo-
therapy administration impacts survival in elderly patients with 
epithelial ovarian cancer. Gynecol Oncol 137(3):401–405. https:// 
doi. org/ 10. 1016/j. ygyno. 2015. 03. 052

 6. Chi DS, Musa F, Dao F et al (2012) An analysis of patients with 
bulky advanced stage ovarian, tubal, and peritoneal carcinoma 
treated with primary debulking surgery (PDS) during an identical 
time period as the randomized EORTC-NCIC trial of PDS vs neo-
adjuvant chemotherapy (NACT). Gynecol Oncol 124(1):10–14. 
https:// doi. org/ 10. 1016/j. ygyno. 2011. 08. 014

 7. Kehoe S, Hook J, Nankivell M et al (2013) Chemotherapy or 
upfront surgery for newly diagnosed advanced ovarian cancer: 
results from the MRC CHORUS trial. J Clin Oncol. https:// doi. 
org/ 10. 1200/ jco. 2013. 31. 15_ suppl. 5500

 8. Vergote I, Tropé CG, Amant F et al (2010) Neoadjuvant chemo-
therapy or primary surgery in stage IIIC or IV ovarian cancer. 
N Engl J Med 363(10):943–953. https:// doi. org/ 10. 1056/ NEJMo 
a0908 806

 9. Zambouri A (2007) Preoperative evaluation and preparation for 
anesthesia and surgery. Hippokratia 11(1):13–21

 10. Kumar A, Janco JM, Mariani A et al (2016) Risk-prediction model 
of severe postoperative complications after primary debulking sur-
gery for advanced ovarian cancer. Gynecol Oncol 140(1):15–21. 
https:// doi. org/ 10. 1016/j. ygyno. 2015. 10. 025

 11. Kumar A, Bakkum-Gamez JN, Weaver AL, McGree ME, Cliby 
WA (2014) Impact of obesity on surgical and oncologic outcomes 
in ovarian cancer. Gynecol Oncol 135(1):19–24. https:// doi. org/ 
10. 1016/j. ygyno. 2014. 07. 103

 12. Aletti GD, Dowdy SC, Podratz KC, Cliby WA (2007) Relation-
ship among surgical complexity, short-term morbidity, and overall 
survival in primary surgery for advanced ovarian cancer. Am J 
Obstet Gynecol 197(6):676.e1–7. https:// doi. org/ 10. 1016/j. ajog. 
2007. 10. 495

 13. Courtney-Brooks M, Tellawi AR, Scalici J et al (2012) Frailty: 
an outcome predictor for elderly gynecologic oncology patients. 
Gynecol Oncol 126(1):20–24. https:// doi. org/ 10. 1016/j. ygyno. 
2012. 04. 019

 14. Kahl A, du Bois A, Harter P et al (2017) Prognostic value of the 
age-adjusted Charlson comorbidity index (ACCI) on short- and 
long-term outcome in patients with advanced primary epithelial 
ovarian cancer. Ann Surg Oncol 24(12):3692–3699. https:// doi. 
org/ 10. 1245/ s10434- 017- 6079-9

 15. Charlson ME, Pompei P, Ales KL, MacKenzie CR (1987) A new 
method of classifying prognostic comorbidity in longitudinal stud-
ies: development and validation. J Chronic Dis 40(5):373–383. 
https:// doi. org/ 10. 1016/ 0021- 9681(87) 90171-8

 16. Charlson M, Szatrowski TP, Peterson J, Gold J (1994) Validation 
of a combined comorbidity index. J Clin Epidemiol 47(11):1245–
1251. https:// doi. org/ 10. 1016/ 0895- 4356(94) 90129-5

 17. Oken MM, Creech RH, Tormey DC et al (1982) Toxicity and 
response criteria of the Eastern cooperative oncology group. Am 
J Clin Oncol 5(6):649–655

 18. Saklad M (1941) Grading of patients for surgical procedures. 
Anesthesiology 2(3):281–284

 19. ASA physical status classification system. https:// www. asahq. org/ 
stand ards- and- guide lines/ asa- physi cal- status- class ifica tion- sys-
tem. Accessed 17 Nov 2019

 20. Sehouli J, Könsgen D, Mustea A et al (2003) “IMO”—intra-
operatives mapping des ovarialkarzinoms. Zentralbl Gynakol 
125(3/4):129–135. https:// doi. org/ 10. 1055/s- 2003- 41864

 21. Dindo D, Demartines N, Clavien P-A (2004) Classification of 
surgical complications. Ann Surg 240(2):205–213. https:// doi. org/ 
10. 1097/ 01. sla. 00001 33083. 54934. ae

 22. Suidan RS, Leitao MM, Zivanovic O et al (2015) Predictive value 
of the age-adjusted Charlson comorbidity index on periopera-
tive complications and survival in patients undergoing primary 
debulking surgery for advanced epithelial ovarian cancer. Gynecol 
Oncol 138(2):246–251. https:// doi. org/ 10. 1016/j. ygyno. 2015. 05. 
034

 23. Janda M, Youlden DR, Baade PD, Jackson D, Obermair A (2008) 
Elderly patients with stage III or IV ovarian cancer: should they 
receive standard care? Int J Gynecol Cancer 18(5):896–907. 
https:// doi. org/ 10. 1111/j. 1525- 1438. 2007. 01122.x

 24. Thrall MM, Goff BA, Symons RG, Flum DR, Gray HJ (2011) 
Thirty-day mortality after primary cytoreductive surgery 
for advanced ovarian cancer in the elderly. Obstet Gynecol 
118(3):537–547. https:// doi. org/ 10. 1097/ AOG. 0b013 e3182 
2a6d56

 25. Aletti GD, Eisenhauer EL, Santillan A et al (2011) Identification 
of patient groups at highest risk from traditional approach to 
ovarian cancer treatment. Gynecol Oncol 120(1):23–28. https:// 
doi. org/ 10. 1016/j. ygyno. 2010. 09. 010

 26. Inci MG, Anders L, Heise K, Richter R, Woopen H, Sehouli J 
(2020) Can Fried frailty score predict postoperative morbidity 
and mortality in gynecologic cancer surgery? Results of a pro-
spective study. J Geriatr Oncol. https:// doi. org/ 10. 1016/j. jgo. 
2020. 09. 029

 27. Sehouli J, Heise K, Richter R, Woopen H, Anders L, Inci MG 
(2020) Preoperative quality of life as prediction for severe post-
operative complications in gynecological cancer surgery: results 
of a prospective study. Arch Gynecol Obstet. https:// doi. org/ 10. 
1007/ s00404- 020- 05847-1

 28. Kondalsamy-Chennakesavan S, Bouman C, De Jong S et al (2009) 
Clinical audit in gynecological cancer surgery: development of 
a risk scoring system to predict adverse events. Gynecol Oncol 
115(3):329–333. https:// doi. org/ 10. 1016/j. ygyno. 2009. 08. 004

 29. Fotopoulou C, Richter R, Braicu E et al (2011) Impact of obesity 
on operative morbidity and clinical outcome in primary epithelial 
ovarian cancer after optimal primary tumor debulking. Ann Surg 
Oncol 18:2629–2637. https:// doi. org/ 10. 1245/ s10434- 011- 1637-z

 30. Smits A, Lopes A, Das N et al (2016) Surgical morbidity and 
clinical outcomes in ovarian cancer—the role of obesity. BJOG 
123(2):300–308. https:// doi. org/ 10. 1111/ 1471- 0528. 13585

 31. Nugent EK, Hoff JT, Gao F et al (2011) Wound complications 
after gynecologic cancer surgery. Gynecol Oncol 121(2):347–352. 
https:// doi. org/ 10. 1016/j. ygyno. 2011. 01. 026

 32. Scholtz K, Spies CD, Mörgeli R et al (2018) Risk factors for 
30-day complications after cancer surgery in geriatric patients: 
a secondary analysis. Acta Anaesthesiol Scand 62(4):451–463. 
https:// doi. org/ 10. 1111/ aas. 13067

 33. Harter P, Sehouli J, Lorusso D et al (2019) A randomized trial of 
lymphadenectomy in patients with advanced ovarian neoplasms. 
N Engl J Med 380(9):822–832. https:// doi. org/ 10. 1056/ NEJMo 
a1808 424

 34. Bossy M, Nyman M, Madhuri TK et al (2020) The need for 
post-operative vasopressor infusions after major gynae-onco-
logic surgery within an ERAS (enhanced recovery after sur-
gery) pathway. Perioper Med 9(1):26. https:// doi. org/ 10. 1186/ 
s13741- 020- 00158-0

 35. Hasibeder W (2010) Gastrointestinal microcirculation: still a mys-
tery? Br J Anaesth 105(4):393–396. https:// doi. org/ 10. 1093/ bja/ 
aeq236

https://doi.org/10.1245/s10434-019-07516-3
https://doi.org/10.1245/s10434-019-07516-3
https://doi.org/10.1016/j.acuro.2017.05.004
https://doi.org/10.1016/j.ygyno.2015.03.052
https://doi.org/10.1016/j.ygyno.2015.03.052
https://doi.org/10.1016/j.ygyno.2011.08.014
https://doi.org/10.1200/jco.2013.31.15_suppl.5500
https://doi.org/10.1200/jco.2013.31.15_suppl.5500
https://doi.org/10.1056/NEJMoa0908806
https://doi.org/10.1056/NEJMoa0908806
https://doi.org/10.1016/j.ygyno.2015.10.025
https://doi.org/10.1016/j.ygyno.2014.07.103
https://doi.org/10.1016/j.ygyno.2014.07.103
https://doi.org/10.1016/j.ajog.2007.10.495
https://doi.org/10.1016/j.ajog.2007.10.495
https://doi.org/10.1016/j.ygyno.2012.04.019
https://doi.org/10.1016/j.ygyno.2012.04.019
https://doi.org/10.1245/s10434-017-6079-9
https://doi.org/10.1245/s10434-017-6079-9
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/0895-4356(94)90129-5
https://www.asahq.org/standards-and-guidelines/asa-physical-status-classification-system
https://www.asahq.org/standards-and-guidelines/asa-physical-status-classification-system
https://www.asahq.org/standards-and-guidelines/asa-physical-status-classification-system
https://doi.org/10.1055/s-2003-41864
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1016/j.ygyno.2015.05.034
https://doi.org/10.1016/j.ygyno.2015.05.034
https://doi.org/10.1111/j.1525-1438.2007.01122.x
https://doi.org/10.1097/AOG.0b013e31822a6d56
https://doi.org/10.1097/AOG.0b013e31822a6d56
https://doi.org/10.1016/j.ygyno.2010.09.010
https://doi.org/10.1016/j.ygyno.2010.09.010
https://doi.org/10.1016/j.jgo.2020.09.029
https://doi.org/10.1016/j.jgo.2020.09.029
https://doi.org/10.1007/s00404-020-05847-1
https://doi.org/10.1007/s00404-020-05847-1
https://doi.org/10.1016/j.ygyno.2009.08.004
https://doi.org/10.1245/s10434-011-1637-z
https://doi.org/10.1111/1471-0528.13585
https://doi.org/10.1016/j.ygyno.2011.01.026
https://doi.org/10.1111/aas.13067
https://doi.org/10.1056/NEJMoa1808424
https://doi.org/10.1056/NEJMoa1808424
https://doi.org/10.1186/s13741-020-00158-0
https://doi.org/10.1186/s13741-020-00158-0
https://doi.org/10.1093/bja/aeq236
https://doi.org/10.1093/bja/aeq236


1333Archives of Gynecology and Obstetrics (2021) 304:1323–1333 

1 3

 36. Schwarte LA, Schwartges I, Schober P, Scheeren TWL, Fournell 
A, Picker O (2010) Sevoflurane and propofol anaesthesia differ-
entially modulate the effects of epinephrine and norepinephrine 
on microcirculatory gastric mucosal oxygenation. Br J Anaesth 
105(4):421–428. https:// doi. org/ 10. 1093/ bja/ aeq215

 37. Gelman S, Mushlin PS, Weiskopf RB (2004) Catecholamine-
induced changes in the splanchnic circulation affecting systemic 
hemodynamics. Anesthesiology 100(2):434–439. https:// doi. org/ 
10. 1097/ 00000 542- 20040 2000- 00036

 38. Bartl T, Schwameis R, Stift A et al (2018) Predictive and prognos-
tic implication of bowel resections during primary cytoreductive 
surgery in advanced epithelial ovarian cancer. Int J Gynecol Can-
cer 28(9):1664. https:// doi. org/ 10. 1097/ IGC. 00000 00000 001369

 39. Grimm C, Harter P, Alesina PF et al (2017) The impact of type 
and number of bowel resections on anastomotic leakage risk in 
advanced ovarian cancer surgery. Gynecol Oncol 146(3):498–503. 
https:// doi. org/ 10. 1016/j. ygyno. 2017. 06. 007

 40. Hunsicker O, Fotopoulou C, Pietzner K et al (2015) Hemody-
namic consequences of malignant ascites in epithelial ovarian 
cancer surgery. Medicine (Baltimore). https:// doi. org/ 10. 1097/ 
MD. 00000 00000 002108

 41. Yang L, Stanworth S, Hopewell S, Doree C, Murphy M (2012) Is 
fresh-frozen plasma clinically effective? An update of a systematic 
review of randomized controlled trials. Transfusion 52(8):1673–
1686. https:// doi. org/ 10. 1111/j. 1537- 2995. 2011. 03515.x (quiz 
1673)

 42. Shiba H, Ishida Y, Haruki K et al (2013) Negative impact of 
fresh-frozen plasma transfusion on prognosis after hepatic resec-
tion for liver metastases from colorectal cancer. Anticancer Res 
33(6):2723–2728

 43. Cata JP, Wang H, Gottumukkala V, Reuben J, Sessler DI (2013) 
Inflammatory response, immunosuppression, and cancer recur-
rence after perioperative blood transfusions. Br J Anaesth 
110(5):690–701. https:// doi. org/ 10. 1093/ bja/ aet068

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1093/bja/aeq215
https://doi.org/10.1097/00000542-200402000-00036
https://doi.org/10.1097/00000542-200402000-00036
https://doi.org/10.1097/IGC.0000000000001369
https://doi.org/10.1016/j.ygyno.2017.06.007
https://doi.org/10.1097/MD.0000000000002108
https://doi.org/10.1097/MD.0000000000002108
https://doi.org/10.1111/j.1537-2995.2011.03515.x
https://doi.org/10.1093/bja/aet068

	ECOG and BMI as preoperative risk factors for severe postoperative complications in ovarian cancer patients: results of a prospective study (RISC-GYN—trial)
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Study design and patient population
	Statistical analysis

	Results
	Analysis of association of preoperative patient-related characteristics and severe postoperative complications (≥ grade IIIb) by Clavien–Dindo classification
	Association of intraoperative data, tumor-related data and severe postoperative complications (≥ grade IIIb) by Clavien–Dindo classification
	Multivariate analysis of preoperative, intraoperative and tumor-related parameters and severe postoperative complications (≥ grade IIIb) by Clavien–Dindo classification

	Discussion
	Conclusion
	Acknowledgements 
	References




