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Les variables associées à la survenue d'une collection étaient un index de masse corporelle> 35 kg/m 2 (OR 8,09, IC à 95% (1,50,43,60) p = 0,015) et une hépatectomie majeure (OR 1,96, IC à 95% (1,05,3,64) p <0,034) alors que l'abord par laparoscopie était protecteur (OR 0,35, IC 95% (0,18,0,67) p = 0,001), dans l'analyse multivariée.

CONCLUSIONS

Les patients bénéficiant d'une hépatectomie majeure par laparotomie avec un IMC> 35 kg/m 2 ont un risque accru de développer une collection : cette population cible nécessite une imagerie post-opératoire systématique, même si l'indication de drainage doit être guidée par la symptomatologie clinique. Enfin, la présence d'une collection nécessitant un traitement a un impact négatif sur la survie chez le sous-groupe de malades traités pour cancer.

Postoperative collections after liver surgery: risk factors and impact on longterm outcomes.

ABSTRACT = 210 INTRODUCTION

Postoperative collection (PC) can occur after liver surgery, but little is known on their impact on short and long-term outcomes. The aim of this study was to analyse factors predicting the occurrence of PC, the need of drainage and their impact on oncologic outcomes.

METHODS

This single-center, cohort-study included adult patients undergoing liver surgery between 2008 and 2017. The primary objective was to determine variables associated with PC occurrence defined by fluid collection on postoperative day-7 CT scan. Secondary objectives were factors predicting drainage requirement, and predictors of overall survival.

RESULTS

During the study period 395 patients were included: 53.6% of them (n=210) developed a PC with 12% (n=49) requiring drainage.

Variables associated to the occurrence of PC were body mass index>35kg/m 2 (OR 8.09, 95%CI(1.50,43.60) p=0.015) and extension of liver surgery (major vs minor, OR 1.96, 95%CI

(1.05,3.64) p< 0.034) while laparoscopic approach was associated to a protective role (OR 0.35, 95%CI(0.18,0.67) p=0.001) in the multivariate analysis.

CONCLUSIONS

Patients undergoing to major open liver surgery with BMI>35kg/m 2 have an increased risk to develop a PC: this target population need a systematic imaging in the postoperative period, even if the indication for drainage should be guided by clinical symptoms. Last, the presence of PC requiring treatment has a negative impact on OS among patients treated for malignant disease.

INTRODUCTION

Liver surgery (LS) is still affected by high rates of postoperative morbidity (35%-46%) [START_REF] Matsuda | Does postoperative complication have a negative impact on long-term outcomes following hepatic resection for colorectal liver metastasis?: a meta-analysis[END_REF][START_REF] Margonis | Prognostic impact of complications after resection of early stage hepatocellular carcinoma[END_REF] .

Postoperative collections (PC), together with surgical site infection (SSI), belong to the category of common complications after LS, associated to a prolonged hospital stay, impaired overall survival (OS) and increase of hospital costs [START_REF] Ljungqvist | Enhanced Recovery After Surgery[END_REF] .

Studies focusing on morbidity after LS often merge SSI and PC, with a prevalence of PC ranging from 4% up to 21% [START_REF] Amini | Complication timing impacts 30-d mortality after hepatectomy[END_REF][START_REF] Cauchy | Incidence, risk factors and consequences of bile leakage following laparoscopic major hepatectomy[END_REF][START_REF] Lee | Does Intermittent Pringle Maneuver Increase Postoperative Complications After Hepatectomy for Hepatocellular Carcinoma? A Randomized Controlled Trial[END_REF] . This variability probably reflects the heterogeneity of PC definition ("organ space infection", "collection", "intra-abdominal collection of purulent fluid", "fluid collection associated with clinical deterioration or fever and high white blood cell count") and diagnosis ("existing drainage", "reintervention", "percutaneous exploration", "tomography or ultrasonography") [START_REF] Moreno Elola-Olaso | Predictors of surgical site infection after liver resection: a multicentre analysis using National Surgical Quality Improvement Program data[END_REF][START_REF] Sadamori | Risk factors for major morbidity after liver resection for hepatocellular carcinoma[END_REF] . Overweight, hypoalbuminaemia, dialysis, repeat hepatectomy, biliary reconstruction or long operative time are variably associated with increased risk of PC after LS [START_REF] Cauchy | Incidence, risk factors and consequences of bile leakage following laparoscopic major hepatectomy[END_REF][START_REF] Moreno Elola-Olaso | Predictors of surgical site infection after liver resection: a multicentre analysis using National Surgical Quality Improvement Program data[END_REF][START_REF] Sadamori | Risk factors for major morbidity after liver resection for hepatocellular carcinoma[END_REF][START_REF] Arikawa | Risk factors for surgical site infection after hepatectomy for hepatocellular carcinoma[END_REF] .

Evidence in the literature precisely focusing on PC after LS is scarce and clear-cut preoperative risk factors and PC drainage criteria are lacking. Moreover, if postoperative complications are associated with an impaired survival after LS, the role of PC on survival is unclear.

The aim of this study was to analyse factors predicting the occurrence of PC, the need for PC drainage and the impact of PC on oncologic outcomes in a homogeneous, single centre cohort.

METHODS

Study design

We performed a single-center cohort study on patients undergoing to liver surgery from 2008, January 1 st to 2017, December 31 st in the Digestive and Hepato-Pancreatic-Biliary Surgical department of the Robert-Debré University Hospital, Reims, France.

All medical records of patients admitted for liver surgery (LS) from 2008, no matter the indication, were prospectively collected in a digital database focusing on preoperative, intraoperative and postoperative characteristics. Data on the presence of PC and its management were collected, including PC drainage and postoperative complications according to the Clavien-Dindo classification.

All patients gave written informed consent for the LS procedure, and were informed that their anonymized data could be used for subsequent clinical studies. This was reviewed and approved by a national ethical board (IRB:00010254-2018-155). More details on data management in Methods_supplementary_material. Reporting of this study was based on the STROBE Statement and guidelines [START_REF] Von Elm | The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting observational studies[END_REF] .

Eligible participants, clinical management and follow-up.

All adult patients (>18 y old) undergoing to LS during the study period were eligible to participate. Exclusion criteria were the absence of any data on the PC status (presence/absence), or withdrawal of consentment.

The definition for LS included any procedure requiring the resection or local destruction of any solid/cystic hepatic lesion, benign or malignant, by open or laparoscopic approach.

Patients were selected during the first outpatient surgical consultation or during the hospitalization for LS.

According to local guidelines, a surgical drain was left in place after LS for all patients except in case of minor liver resection (<2 segments) or local destruction. A systematic bilirubin dosage was realized on the drain fluid on postoperative day (POD) 3: if the bilirubin concentration in the drain fluid was not 3 times higher than the serum bilirubin concentration [START_REF] Koch | Bile leakage after hepatobiliary and pancreatic surgery: A definition and grading of severity by the International Study Group of Liver Surgery[END_REF] , the drain was removed from POD 4 -5.

An Enhanced Recovery after Surgery (ERAS) program was not yet implemented in the department, during the study period.

An imaging exam (abdominal ultrasound or computed tomography) to exclude any intraabdominal complication or postoperative collection (defined as the presence of fluid collection close to the liver cut surface) was realized since the very beginning of the cohort experience, and according to local guidelines the use of CT scan became systematic before the patient's discharge on POD 7. A PC was considered as infected in case of documented bacterial culture on a fluid sample after drainage.

In the absence of clinical or radiological postoperative complications, and according to surgeon's preferences, patients were discharged from POD 7, in the absence of complications. Anyhow, with the gain of experience over the years' patients were sometimes discharged before POD 7 or without any imaging.

The clinical (outpatient consultation), biological (platelets, blood count, PT) follow-up of patients included in the study was organized by the referral physician/hepathologist or surgeon of the center, on a 3 or 6 months pace, including ultrasound echography, CT-scan or MRI when required. All medical major health events including complications, rehospitalisation, primary disease recurrence or death were collected (see Variables Collected, Methods_supplementary_material). Complication other than PC were defined as medical and surgical complications in the postoperative course superior to Dindo-Clavien grade II.

The follow-up duration was of 5 years for any malignant disease and up-to 2 years for benign disease.

Collection management

In case of PC, the initial management was based on clinical observation. In case of clinical symptoms (pain, fever) or elevated biological markers (WBC, CRP count: the highest value during the 7 days after LS) a therapeutic treatment was proposed, with antibiotic regimen, drainage or both.

Drainage was considered as any radiological procedure (ultrasound-guided or CT-guided)

providing the insertion of one or more drains into the collection, during the period of hospitalisation, independently from the presence or absence of the previous surgical drain. A surgical procedure realized for the same purpose was considered as a drainage procedure. In case of PC drainage, this latter was left in place until an improvement of clinical symptoms (pain, fever) and biological analysis (decrease in WBC and CRP count). The timing of removal was decided by the senior surgeon in charge of the patient, depending on the clinical evolution, the quality of the drain output (purulent, serum, blood or bile) and flow amount, either during the hospital stay or during outpatient consultation.

Primary objective

 To define pre and per-operative variables of exposure associated to the occurrence of postoperative collections after liver surgery.

Secondary objectives

 To define postoperative factors predicting drainage requirement, in the nested cohort of patients experiencing a collection after LS.

 To define the impact of postoperative complications (stratified in postoperative collections alone, requiring any treatment or complications other than collections) on overall (OS) survival, in the nested cohort of patients treated for malignant disease: liver metastasis (LM), hepatocellular carcinoma (HCC) or cholangiocarcinoma (CCK). Death was considered no matter the cause, at any time, during all the follow-up period.

Statistical methods

The analyses were two-tailed.

Baseline characteristics: Patients experiencing PC were compared to those without PC regarding the aforesaid parameters (Pre-, per-and postoperative data). Categorical (qualitative) variables are reported as percentages, while quantitative continuous variables are summarized as means and standard deviation (SD) or median (range) for discrete variables, as appropriate. Categorical variables were compared using the χ² test or Fisher's exact test as appropriate. Continuous variables were compared using the Mann-Whitney U test.

Primary objective

Preoperative and per-operative variables of exposure associated to the occurrence of PC after LS. Unadjusted odds ratios (ORs) and 95% confidence intervals (95% CI) were calculated for variables associated with the PC occurrence, by a logistic regression univariate model.

Variables with a p value > than 0.05 were entered in a multivariate logistic regression model to identify factors independently associated with PC occurrence. An influence plot to determine the Cook distance and HAT valued will be realized in order to optimize the model, if needed. The final model will express the adjusted ORs and 95%CI.

Secondary objectives

Postoperative factors predicting drainage requirement (Subgroup with collection).

Unadjusted odds ratios (ORs) and 95% confidence intervals (95% CI) were calculated for postoperative variables associated with PC drainage requirement, by a logistic regression univariate model. Variables with a p value > than 0.05 were entered in a multivariate logistic regression model to identify factors independently associated with PC drainage. A Receiver Operating Characteristic (ROC) curve analysis will be used in case of continuous variables associated to the categorical, binomial outcome variable (PC drainage requirement=Y/N).

Assess the impact of postoperative complications on OS (Subgroup treated for malignant disease). Unadjusted hazard ratios (HRs) and 95% confidence intervals (95% CI) were calculated for the postoperative complications associated with death, by a Cox analysis.

Kaplan-Meier survival estimation method and log-rank tests were realized. Death was considered no matter the cause, at any time, during all the follow-up period.

All the efforts were done to minimize missing data. Multiple imputation method will not be used. All variables with p<0.05 were considered statistically significant.

Analyses were performed with R software (3.5.1; www.cran.r-project.org, Vienna, Austria).

RESULTS

Participants

During the study period, n=590 patients undergoing to LS were screened for eligibility.

Among them, n=195 (32.8%) were excluded because of incomplete records, absence of CTscan on POD 7 or both (figure 1).

From During the 90 days after the initial discharge, n=20 (5.1%) patients with a non-drained PC were readmitted for secondary drainage: n=17 (4.3%) during the first 30 days, and n=3 (0.7%) during the following 60 days.

The mean overall survival for the entire cohort was of 58,8±3,2 months (95%CI:52,7-65,1) (sup_fig_1).

More details with differences between the two groups with and without PC on Table I.

Primary objective: predictors of PC after LS.

Patient's sex (M vs F, OR Even after the removal of outliers with a Cook distance > 2 the model was significant.

The results of the multivariate analysis are summarized in table II.

Secondary objectives

Subgroup with PC collection: postoperative factors predicting PC drainage requirement.

From the n=395 patients of the study cohort were selected those affected by PC (53.6%, n=210): a drainage was required in n=49 (23%) of n=210 patients. 2).

To focus on the interest of systematic postoperative imaging, we explored again the entire cohort dataset (n=395). After removing patients with clinical symptoms and CRP > 152 mg/L, n=269 (68.1%) patients were left. Among them, n=113 (28.6%) patients developed a PC detected through systematic postoperative imaging, with n=9 (2.3%) requiring drainage: n=4 for a PC requiring antibiotic treatment, n=2 for a bile collection and n=3 for an uncomplicated fluid collection.

DISCUSSION

The analysis of this single center retrospective cohort of patients undergoing LS revealed a prevalence of PC as high as 53.6% (Table I). According to the primary objective, BMI>35 kg/m 2 and major hepatectomy were independently associated to the occurrence of PC (Table II). Overweight and major hepatectomy are well-known risk factors for postoperative complications, and previous studies assessed how these two factors were major predictors of bile leakage, PC or major complications among patients undergoing to LS [START_REF] Amini | Complication timing impacts 30-d mortality after hepatectomy[END_REF][START_REF] Cauchy | Incidence, risk factors and consequences of bile leakage following laparoscopic major hepatectomy[END_REF][START_REF] Moreno Elola-Olaso | Predictors of surgical site infection after liver resection: a multicentre analysis using National Surgical Quality Improvement Program data[END_REF] . Two possible reasons to explain the association of obesity with PC could be either the technical difficulty to realise LS in a limited space and "deep" abdominal cavity, either the higher rate of hepatic steatosis. Indeed, the laparoscopic approach was found to be a protective factor against the occurrence of PC (Table II). Already described in the literature, a recent meta-analysis comparing laparoscopic versus open major hepatectomy, on 917 individual patient's data from 8 selected studies, was recently published [START_REF] Kasai | Laparoscopic versus open major hepatectomy: a systematic review and meta-analysis of individual patient data[END_REF] . The Authors report lower incidence of minor postoperative complications, in the laparoscopic group. This study is affected by the classical limits and bias of any retrospective single center cohort. In particular, the selection bias introduced by the exclusion of around one third of cases (due to the absence of CT scan or incomplete file records) may be responsible of the inflation of PC incidence: in this cohort we observed a higher rate of PC (53.6%) than what is reported in the literature (6.7% -21.5%) [START_REF] Amini | Complication timing impacts 30-d mortality after hepatectomy[END_REF][START_REF] Cauchy | Incidence, risk factors and consequences of bile leakage following laparoscopic major hepatectomy[END_REF][START_REF] Lee | Does Intermittent Pringle Maneuver Increase Postoperative Complications After Hepatectomy for Hepatocellular Carcinoma? A Randomized Controlled Trial[END_REF][START_REF] Kamiyama | Perioperative management of hepatic resection toward zero mortality and morbidity: analysis of 793 consecutive cases in a single institution[END_REF] probably because patients with uneventful stay were discharged earlier or without imaging.

Despite, the proportion of patients affected by PC requiring drainage was of 12.4% of the entire cohort (n=49 of 395 patients), which is much lower than the rates reported in the literature (60% -75%) [START_REF] Amini | Complication timing impacts 30-d mortality after hepatectomy[END_REF][START_REF] Cauchy | Incidence, risk factors and consequences of bile leakage following laparoscopic major hepatectomy[END_REF][START_REF] Lee | Does Intermittent Pringle Maneuver Increase Postoperative Complications After Hepatectomy for Hepatocellular Carcinoma? A Randomized Controlled Trial[END_REF][START_REF] Kamiyama | Perioperative management of hepatic resection toward zero mortality and morbidity: analysis of 793 consecutive cases in a single institution[END_REF] . This is probably a consequence of the heterogeneity of PC definition, diagnosis and measure.

We have to add moreover that due to the long time span (10 years) and the heterogeneity of the patient's files (paper, digital) the rate of missing data for some variables (including ASA score, blood loss or length of stay) was too important to be analysed.

Altogether, the impact of these biases should be taken into account when before taking any clinical decision based on these findings.

The use of a routine abdominal drainage in LS is still widely applied in the current practice:

previous studies reported how their systematic placement might allow early detection of bile leakage, and should be considered in case of long operative time [START_REF] Bekki | Predictors of the Effectiveness of Prophylactic Drains After Hepatic Resection[END_REF] . It should be said that the presence of a "too efficient" surgical drain could hide the presence of an existing PC, representing a potential bias in our study population.

Hence, a recent meta-analysis [START_REF] Gavriilidis | Re-appraisal of prophylactic drainage in uncomplicated liver resections: a systematic review and meta-analysis[END_REF] of 6 randomized clinical trials on 334 patients undergoing to LS reported how no improvement on mortality, intra-abdominal collections, bile fistula or length of stay were observed by the use of routine drainage. Based on these findings the Authors did not recommend routine abdominal drainage in elective uncomplicated hepatectomy: its use "seems to be more experienced-based rather than evidencebased" [START_REF] Gavriilidis | Re-appraisal of prophylactic drainage in uncomplicated liver resections: a systematic review and meta-analysis[END_REF] Among the subgroup of patients affected by PC after LS in our cohort, less than 25% required drainage (Table I), with clinical symptoms, bile leak, hydro aerial level on CT scan and a CRP>152mg/L (Table III) as risk factors for PC drainage. This is, probably, the most interesting point of our study: more than 71% of patients with PC after LS (n=35 of n=49 patients) suffering from pain or fever, required drainage, which is consistent with the previously published literature [START_REF] Cauchy | Incidence, risk factors and consequences of bile leakage following laparoscopic major hepatectomy[END_REF] . If ever we observed how the presence of hydro-aerial level on the CT scan and a CRP count > 152 mg/L were equally associated to an increased risk of PC drainage requirement, the competitive risk was clearly in favour of clinical symptoms.

Of note, less than one third (28.6%) of patients without clinical or biological symptoms developed a PC detected by systematic imaging: only n=9 (2.3%) required drainage, with 3 of them being probably over treated (uncomplicated fluid collection). In other terms, the impact of systematic postoperative imaging in the absence of clinical or biological symptoms, is probably limited.

Last point, we supposed that the occurrence of a PC after LS for malignant disease could negatively impact long term survival, as is the case for anastomotic leakage after colorectal resection [START_REF] Hüttner | Prognostic impact of anastomotic leakage after elective colon resection for cancer -A propensity score matched analysis of 628 patients[END_REF][START_REF] Kulu | Anastomotic Leakage Is Associated with Impaired Overall and Disease-Free Survival after Curative Rectal Cancer Resection: A Propensity Score Analysis[END_REF][START_REF] Wang | Adverse Effects of Anastomotic Leakage on Local Recurrence and Survival After Curative Anterior Resection for Rectal Cancer: A Systematic Review and Meta-analysis[END_REF] . In liver surgery, major complications (> Clavien-Dindo III) are far from zero [START_REF] Dokmak | Liver resections in the 21st century: we are far from zero mortality[END_REF] and seem to be associated to longer hospital stay [START_REF] Sadamori | Risk factors for major morbidity after liver resection for hepatocellular carcinoma[END_REF] and reduced survival in patients treated for LM [START_REF] Dorcaratto | Impact of Postoperative Complications on Survival and Recurrence After Resection of Colorectal Liver Metastases[END_REF] or HCC [START_REF] Margonis | Prognostic impact of complications after resection of early stage hepatocellular carcinoma[END_REF] . Similarly, in our cohort we observed a negative impact of PC requiring treatment (drainage or antibiotic regimen) on survival, but not of "simple" asymptomatic PC:

these results support the idea that the presence of a PC in itself has a little clinical and prognostic significance. These results should however be confirmed on a larger external validation cohort.

Despite the absence of an ERAS program in our unit, the role and the timing of postoperative imaging could be reconsidered, given the modern shift of patient's management towards a rationalization of resources and a shorter length of stay. Abdominal US may be the first-line, bedside imaging examination, to precise the size and location of the collection. However, when US accuracy is limited -such as in obese patients or complex collections -a CT-scan should be performed 21,[START_REF] Van Randen | A comparison of the accuracy of ultrasound and computed tomography in common diagnoses causing acute abdominal pain[END_REF] .

In conclusion, HPB surgeons should be aware that obese patients undergoing to major LS are more prone to develop PC, even if the simple presence of a PC in itself has no impact on their clinical course. In order to allow a rationalization of medical and economic resources, we can propose the following clinical attitude: any patient with clinical symptoms (pain, fever) or CRP>152 after LS may undergo to abdominal US to detect any PC requiring drainage. In case of obese patients or complex collections, a CT scan may complete the workup. 

Data sources/ measurement

Outpatient or inpatient file reports, radiology reports, operative reports, and laboratory or pathology reports, on digital or paper support.
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  des collections postopératoires après hépatectomie sur le plan clinique et oncologique est mal connu. Le but de cette étude était d'analyser les facteurs prédictifs de développer une collection, de la nécessité d'un drainage et de leur impact sur les résultats oncologiques. METHODES Il s'agit d'une étude de cohorte française monocentrique sur 10 ans (2008-2017) sur des patients adultes ayant bénéficié d'une hépatectomie. L'objectif principal était de déterminer les variables associées à la présence d'une collection après hépatectomie définie par une collection liquidienne sur le scanner au 7 ème jour post-opératoire. Les objectifs secondaires étaient les facteurs prédictifs de drainage et les prédicteurs de la survie globale. RÉSULTATS Au cours de la période d'étude, 395 patients ont été inclus : 53,6% d'entre eux (n = 210) ont développé une collection, dont 12% (n = 49) nécessitant un drainage.
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  2008, January 1 st to 2017 December 31 st n=395 patients were included and

	represented the study cohort: 43,3% (n=224) were female with BMI 26,3±4,2 kg/m 2 and
	mean age of 61,05±14,2 years. The main indications for LS were liver metastasis (LM n=220,
	55,7%) followed by benign lesions (n=72, 18,2%), hepatocellular carcinoma (HCC n=69,
	17,5%) and cholangiocarcinoma (CCK n=34, 8,6%). Major hepatectomy was required in
	29,1% (n=115) of patients, and a laparoscopic approach was proposed in 24,1% (n=95) of
	cases. The rate of routine abdominal drainage after LS was of 67.5% (n=137) versus 97.4%
	(n=187) during the periods 2008-2012 and 2013-2017, respectively (p=0.015).
	The rate of PC was lower in the period 2008-2012 when compared to 2013-2017 (43.3%
	versus 63.5%, respectively; p=0.026).

A PC was observed in 53,6% of patients (n=210): drainage was required in 12% of cases (n=49) for PC with a mean diameter of 86,3±33,7 mm, and not required in 40,7% of patients (n=161) for PC with a mean diameter of 63,1±30,8 mm.

  .This conclusion fits well to what observed in this cohort: if we noticed an increased use of routine abdominal drainage over the time (2008-2012 67.5% vs 2013-2017 97.4%, p=0.015) probably due to an increased case-volume of complex procedures, it did not prevent the occurrence of PC (2008-2012 43.3% vs 2013-2017 63.5%, p=0.026). The rate of PC requiring drainage follows this trend: 2008-2012 8% vs 2013-2017 17% (p=0.013).

TABLE I Demographic caracteristics of the cohort.

 I 

		Study cohort	No Postoperative Collection	Postoperative Collection	
		n	% or ±SD	n	% or ±SD	n	% or ±SD	p
	Patients	395	100	185	46.4%	210	53.6%	
	PREOPERATIVE							
	Sex (M vs F)	225	56.9%	93	50.3%	129	61.4%	0.04
	Age (y)	61.05	±14.2	60.82	±13.54	61.26	±12.09	0.73
	<30	9	2%	6	1.5%	3	0.8%	
	30-39	16	4%	8	2.0%	8	2.0%	
	40-49	38	10%	16	4.1%	22	5.6%	
	50-59	97	25%	48	12.2%	49	12.5%	
	60-69	128	33%	54	13.8%	74	18.9%	
	>70	104	27%	50	12.8%	54	13.8%	
	BMI			25.81	±4.21	26.76	±4.27	0.027
	<18	3	1%	1	0.3%	2	0.5%	
	18-25	175	46%	94	24.0%	81	20.7%	
	25-30	151	39%	62	15.8%	89	22.7%	
	30-35	43	11%	21	5.4%	22	5.6%	
	>35	12	3%	2	0.5%	10	2.6%	
	Hyperlipidemia	68	17%	29	7.5%	39	10.0%	0.5
	History of cardiac disease	34	9%	16	4.1%	18	4.6%	0.97
	COPD	23	6%	10	2.6%	13	3.3%	0.743
	Smoke history	60	15%	27	6.9%	33	8.5%	0.763
	Diabetes mellitus	69	17%	31	8.0%	38	9.8%	0.733
	Arterial Hypertension	146	37%	63	16.2%	83	21.3%	0.265
	Anti-aggregation treatment	41	10%	22	6.5%	19	5.6%	0.735
	History of LS	82	21%	34	10.1%	48	14.2%	0.57
	Cirrhosis	51	13%	26	6.7%	25	6.4%	0.549
	PVE	27	7%	8	2.0%	19	4.8%	0.070
	Pre-operative Chemotherapy	196	50%	94	24.3%	102	26.4%	0.710
	Indication							0.048

TABLE II Results of univariable and multivariable logistic regression predicting PC after LS.

 II F=female, y=years, BMI=body mass index, LS=liver surgery, Y=yes, N=no, LM=liver metastasis, HCC=hepatocellular carcinoma, CC=cholangiocarcinoma, M=major, m=minor, OR=odds ratio, CI=confidence interval

	Routine abdominal drainage (Y vs N)	2.18	(1.33,3.59)	0.002	1.54	(0.91,2.65)	0.11
	PC= postoperative collection M=men,						
	Patients	Univariable Logistic Regression	Adjusted Logistic Regression	
	N=395	OR	95% CI	p	OR	95% CI	p
	Sex (M vs F)	1.52	(1.02,2.28)	0.04	1.09	(0.64,1.85)	0.74
	Age (y)						
	<30	reference			reference		
	30-39	2	(0.37,10.92)	0.423			
	40-49	2.75	(0.6,12.68)	0.194			
	50-59	2.04	(0.48,8.63)	0.332			
	60-69	2.74	(0.66,11.45)	0.167			
	>70	2.16	(0.51,9.1)	0.294			
	BMI						
	<18	2.32	(0.21,26.07)	0.495	1.02	(0.64,1.84)	0.99
	18-25	reference			reference		
	25-30	1.67	(1.07,2.59)	0.023	1.53	(1.53,0.91)	0.114
	30-35	1.22	(0.62,2.37)	0.566	1.28	(0.57,2.86)	0.54
	>35	5.8	(1.24,27.26)	0.026	8.09	(1.50,43.60)	0.015
	History of LS (Y vs N)	1.63	(0.98,2.69)	0.059	1.48	(0.83,2.64)	0.179
	Cirrhosis (Y vs N)	0.82	(0.46,1.49)	0.52			
	PVE (Y vs N)	2.16	(0.92,5.07)	0.076	1.25	(0.41,3.80)	0.68
	Indication						
	Benign lesion	reference			reference		
	LM	1.44	(0.84,2.46)	0.186	1.09	(0.54,2.21)	0.798
	HCC	2.22	(1.13,4.39)	0.021	1.27	(0.51,3.15)	0.606
	CCK	2.77	(1.17,6.51)	0.02	1.68	(0.58,4.86)	0.333
	LS quality						
	Anatomical	reference			reference		
	Non anatomical	0.43	(0.28,0.67)	< 0.001	0.61	( 0.33,1.10)	0.099
	Combined	1.35	(0.67,2.7)	0.4	1.54	(0.71,3.35)	0.277
	Laparoscopy (Y vs N)	0.36	(0.22,0.58)	< 0.001	0.35	(0.18,0.67)	0.001
	LS extent (M vs m)	3.38	(2.09,5.45)	< 0.001	2.07	(1.19,3.56)	0.009

TABLE III Results of univariable and multivariable logistic regression predicting PC Drainage in the subgroup of patients affected by PC.

 III PC= postoperative collection POD=posto operative day, PT=prothrombine time, mm=millimeter, WBC=white blood cell, CRP=c reactive protein, OR=odds ratio, CI=confidence interval

	Patients	Univariable Logistic Regression		Adjusted Logistic Regression	
	N=210	OR	95% CI	p	OR	95% CI	p
	CLINICAL PRESENTATION						
	Bile leak	10.35	(4.58,23.4)	<0.001	5.27	(1.34,20.82)	0.018
	Ascites > 500ml/24h	2.61	(1.15,5.91)	0.0021	4.93	(0.97,25.04)	0.054
	Clinical criteria	38.25	(12.36,118.36)	<0.001	50.26	(10.02,252.16)	<0.001
	Plasmatic bilirubine POD3	1.01	(1.01,1.02)	0.179			
	Drain bilirubine POD3	1.01	(1,1.03)	0.128			
	Plasmatic bilirubine POD5	1.01	(0.99,1.02)	0.469			
	Plasmatic PT POD5	0.99	(0.97,1.01)	0.394			
	RADIOLOGY						
	Collection diameter (mm)	1.02	(1.01,1.03)	<0.001	1.01	(0.98,1.02)	0.901
	Hydro-aerial level	2.64	(1.27,5.47)	0.008	4.82	(1.11,20.83)	0.026
	Presence of air bubbles	2.17	(0.86,5.51)	0.015	0.37	(0.08,1.84)	0.225
	BIOLOGY						
	WBC count (10 9 /L)	1.08	(1,1.17)	0.061	1.04	(0.91,1.2)	0.535
	C-RP count(mg/L)	1.01	(1.01,1.02)	<0.001	1.01	(1.00,1.02)	0.004

TABLE IV Results of univariable and multivariable Cox analysis for postoperative complications predicting Hazard Ratio in the subgroup of patients treated for Malignant Disease.

 IV PC= postoperative collection, ICU=intensive care unit, OR=odds ratio, CI=confidence interval

	Patients	Univariable			Adjusted		
	N=322	HR	95% CI	p	HR	95% CI	p
	PC	0.93	(0.63,1.37)	0.72			
	Complications						
	No complications	reference			reference		
	PC requiring treatment	1.92	(1.22,3.03)	0.004	1.85	(1.15,2.97)	0.01
	Complications other than PC	3.58	(2.18,5.88)	<0.001	3.39	(2.03,5.7)	<0.001
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Subgroup with malignant disease: role of postoperative collections and complications on overall and disease free survival.

From the n=395 patients of the study cohort were selected n=322 (81%) who underwent LS for malignancy (LM, HCC or CC). Among them, 32.7% (n=106) patients died and 53.1% (n=171) experienced recurrence within the follow-up period of 50,9±3,2 months (95%CI:44,6-57,2). One, three and five years OS were of 79. 

Data management

Each patient was de-identified and assigned to an anonymised alphanumeric code. Data were regularly entered in a digital worksheet-database, hosted on a secured computer (limited access, personalized username and password). The quality of data management was compliant to a reference methodology on personal data processing and protection (MR004), as stated by French data protection authority (Commission Nationale de l'Informatique et des Libertés, CNIL n°2208386 v 0). In this case, a dedicated patient consensus was not required.

Variables Collected

PREOPERATIVE DATA

Clinical data (including age, sex, height, weight). Indication for LS (benign, LM, HCC, CCK).