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Reducing the seroma volume by quilting suture after breast reconstruction with a latissimus dorsi flap: single institutional experience.

INTRODUCTION

Breast reconstruction using the latissimus dorsi flap (LDF), described for the first time by Transini in 1896 [START_REF] Ismaïl | Sequelae after harvesting latissimus dorsi flap and derivates--review[END_REF], is currently widely used in France. This technique allows for a natural breast reconstruction that is associated to a high level of patient satisfaction and a low complication rate.

The main disadvantage of this technique lies in the formation of dorsal seroma, which occurs in over 60% of cases [START_REF] Gisquet | Prevention of seroma by quilting suture after harvesting latissimus dorsi flap. The "Chippendale" technic][END_REF]. Seromas are characterized by a fluctuant swelling in the dead space that forms in the compartment of latissimus dorsi muscle after its removal. Several patient-related factors can contribute to seroma formation such as advanced age, elevated body mass index (BMI) and intervention-related factors such as axillary surgery (sentinel lymph node or axillary node dissection), the presence of a positive lymph node, the extent of flap dissection and the type of adjuvant treatments [START_REF] Delay | Autologous latissimus breast reconstruction: a 3-year clinical experience with 100 patients[END_REF][START_REF] Tomita | Postoperative seroma formation in breast reconstruction with latissimus dorsi flaps: a retrospective study of 174 consecutive cases[END_REF][START_REF] Titley | Preventing seroma in the latissimus dorsi flap donor site[END_REF][START_REF] Yan | Natural History of Seroma Following the Immediate Latissimus Dorsi Flap Method of Breast Reconstruction[END_REF]. Seroma causes functional discomfort and back pain, and can lead to complications such as delayed dorsal healing or infection. Although it can be gradually reabsorbed, it often requires repeated punctures.

Several techniques to reduce the dorsal dead space and the subsequent seroma formation have been described, including muscle-sparing latissimus dorsi [START_REF] Saint-Cyr | The Pedicled Descending Branch Muscle-Sparing Latissimus Dorsi Flap for Breast Reconstruction[END_REF][START_REF] Kim | Comparison of morbidity of donor site following pedicled muscle-sparing latissimus dorsi flap versus extended latissimus dorsi flap breast reconstruction[END_REF].

The efficacy of quilting suture after breast reconstruction using LDF has been extensively reported in the literature [START_REF] Daltrey | Randomized clinical trial of the effect of quilting latissimus dorsi flap donor site on seroma formation[END_REF][START_REF] Sajid | Prevention of postoperative seroma-related morbidity by quilting of latissimus dorsi flap donor site: a systematic review[END_REF][START_REF] Lee | Effects of Quilting Suture Interval on Donor Site Seromas After Breast Reconstruction With Latissimus Dorsi Muscle Flap: A Randomized Trial[END_REF][START_REF] Hart | Borderline epithelial tumors of the ovary[END_REF]. In our surgery unit, this technique is used since 2016. However, since no recommendations exist regarding indications, the procedure is done according to surgeon's discretion and experience.

The aim of this study was to report the early experience of our surgical team in in the seroma prevention by quilting suture of LDF in BR.

MATERIALS AND METHODS

This retrospective monocenter study was conducted in a French Cancer centre. The study was conducted in compliance with the MR003 reference methodology from the National Commission on Informatics and Liberty (CNIL). All patients meeting the eligibility criteria were included consecutively in the study provided that they signed a non-opposition form allowing to use their data for research purposes.

Eligibility criteria

A patient was eligible if she had an autologous breast reconstruction (immediate or delayed) with LDF between 1st January 2016 and 31st December 2017. Patients were identified through the French Computerized Medical Information Systems Program (PMSI) (surgical procedure codes: QEFA013 or QEMA008). Demographic, clinical, surgical and follow-up data were collected retrospectively from computerized medical records.

Treatment and monitoring

Following general anesthesia, patients received a locoregional anesthesia by « PECS bloc » (infiltration of local anesthetic between the pectoralis major muscle and the pectoralis minor muscle under ultrasound guidance). No locoregional anesthesia was used in the LDF compartment. The procedure was carried out using either a classical LDF or muscle-sparing LDF [START_REF] Saint-Cyr | The Pedicled Descending Branch Muscle-Sparing Latissimus Dorsi Flap for Breast Reconstruction[END_REF][START_REF] Kim | Comparison of morbidity of donor site following pedicled muscle-sparing latissimus dorsi flap versus extended latissimus dorsi flap breast reconstruction[END_REF]. An implant could be used for reconstruction if necessary. Patients were placed in lateral decubitus position for the flap removal and placed back in supine position for breast reconstruction. During the intervention, a monopolar or bipolar cautery was used. Quilting suture was done with simple or overedge stitches, depending on the surgeon. Two drains were fitted, one in the latissimus dorsi compartment and one in the breast reconstruction compartment. After the intervention, drains were removed wen less than 100 mL/24 hours of fluid was drained. Discharge was allowed after drain removal.

Patients were seen in consultation 5 days after discharge and a nurse punctured the seroma if considered symptomatic with pain or discomfort. Punctures were repeated if necessary.

Endpoints

The primary endpoint was the total seroma volume, which corresponded to the sum of the volume drained during hospitalization and the volume punctured during consultation, in patients with quilting suture and those without.

The secondary endpoints were the postoperative drainage volume, the formation of a seroma (defined by the occurrence of a symptomatic collection of fluid in the LDF compartment requiring a puncture after discharge), the volume punctured after discharge, duration of postoperative drainage, total drainage time (defined as the time from the date of surgery to the date of the last puncture), the occurrence and type of post-operative complications, graded according to the Clavien-Dindo classification, [START_REF] Dindo | Classification of surgical complications: a new proposal with evaluation in a cohort of 6336 patients and results of a survey[END_REF] the occurrence of functional sequelae (evaluated at 4 weeks and at 3 months) and post-operative pain. As the seroma was punctured if the patient was symptomatic, we didn't studied the number of puncture considered highly variable and preferred to study the volume of fluid drained.

Pain during hospitalization was evaluated using the mean scores of the numerical scale (NS) collected daily. Long-lasting pain was assessed by the surgeon in consultation at 4 weeks and then at 3 months.

Statistical analysis

Data were analyzed using descriptive statistics. Quantitative variables were expressed as mean and standard deviation (SD), and qualitative variables as numbers and percentages. In order to identify a potential indication bias and account for it in the analyzes, we first assessed the association between placing quilting sutures in the latissimus dorsi compartment and the characteristics of patients or those of the surgical procedure.

Univariate analyses were performed using the Chi 2 or the Fisher exact tests for categorical data, and the Student or the Welch test for continuous variables. A multivariate logistic regression was used to estimate odds ratios (OR) and their 95% confidence intervals (CI). Details are provided in Appendix 1.

The variables of interest (drainage volumes, puncture volume, total drainage time, durations, complications) were described according to quilting suture (yes/no) and the between-group (with vs without quilting suture) differences were analyzed using the Chi2 or Fisher exact test for categorical variables and by Student or Welch tests for quantitative variables.

The total volume of drainage according to whether quilting suturing was done or not was analyzed by a multivariate linear regression adjusted for the variables potentially associated with quilting suture and those associated with seroma risk. The adjustment variables considered were: age, BMI, surgeon's level of experience (confirmed or not: defined by more than 10 LDF with quilting performed over the study period), the timing of breast reconstruction (immediate vs delayed), axillary surgery during the intervention (axillary node or sentinel lymph node dissection), and the surgical technique (classical LDF vs muscle-sparing LDF).

Continuous variables were included in the analysis without transformation, after verifying the absence of deviation from the linearity assumption using a spline function (detail in Appendix 2 for BMI).

In order to evaluate the effect of quilting suture according to BMI, an interaction term between the quilting suture variable and the BMI, categorized in three classes (BMI "normal" <25, overweight 25-30, obese ≥30), was included in the multivariate model.

A secondary analysis was performed considering the type of quilting suture as an explanatory variable. For this analysis, three groups were considered: no quilting suture, quilting suture with stitches, quilting suture with overedge stitches.

The comparison between groups -with vs without quilting suture -for each of the other endpoints was carried out using a multivariate model (linear regression with continuous variables, logistic regression with qualitative binary variables) considering the same co-variables as those listed for the analysis of the primary endpoint.

The analysis of risk factors (drainage volumes, durations, complications) was carried out by flap given that a patient could have a bilateral reconstruction.

All statistical analyzes were performed using STATA version 15.0 (StataCorp. 2017.

Stata Statistical Software: Release 15. College Station, TX: StataCorp LLC).

Significance level was set at a p value of 0.05 for all analyses.

RESULTS

Description of the population and surgical procedures

Between 1st January 2016 and 31st December 2017, 110 patients who underwent breast reconstruction (immediate or delayed) using LDF were eligible to participate in the study. Of these, 108 were included; one patient declined and one was lost to follow-up. A total of 110 reconstructions were carried out: two patients underwent a bilateral mastectomy with immediate breast reconstruction. The primary endpoint analysis included 105 patients and 107 flaps (data were missing for 3 patients) (Figure 1).

During the study period, nine surgeons performed breast reconstructions using LDF, the number of interventions ranging from 3 to 30 per surgeon. were done with overedge stitches and 37 (59%) with simple stitches.

Evaluation of the association between quilting suture and total drained volume

The mean total volume drained was 1238 mL (1111), with a median of 910 mL (range 30-7545). As shown in Figure 2, interventions with quilting suture led to a smaller total volume of drained lymph, but the difference was not significant in univariate analysis (1100 mL vs 1461 mL, corresponding to a difference of -361 mL, p=0.15). However, 3 patients had a total volume > 4000 mL, all three after LDF without quilting suture.

In order to account for potential confounding factors, the difference between groups was estimated by a multivariate analysis adjusted for age, patient BMI, number of acts performed by the surgeon, timing of reconstruction (immediate vs delayed), axillary surgery during the intervention and the surgical technique. Further details are provided in Appendix 3. After adjusting for these covariates, the analysis revealed a significant difference of -502 mL between groups (SD = 231, p=0.03).

Compared with the group without quilting suture, a significantly smaller total volume of drained fluid was collected in patients in which quilting suture was used (-372 mL) and, in particular, with overedge stitches (-795 mL) (p=0.02) in multivariate analysis).

The difference in total drainage volume between the groups with and without quilting suture varies significantly according to the patient's BMI (interaction test, p=0.01): while the difference associated with quilting suture is negligible for nonobese patients (-161 mL for women with BMI<25 and -42 mL for overweight women with BMI 25-30), it was -1819 mL for obese women (BMI ≥30).

Assessment of the association between quilting suture and other variables of interest

As summarized in Table 2, quilting suture was significantly associated with punctured volume after discharge (p=0.03) and with a lower incidence of pain 4 weeks after the operation (p=0.04). However, we did not observe any association with drainage volume or drainage duration during hospitalization, the occurrence of punctured seroma, the total duration of drainage, the complications or sequelae after the intervention.

DISCUSSION

Results on our series of 108 patients undergoing breast reconstruction with LDF shows a benefit of quilting suture which significantly decrease the total volume of fluid drained. In addition, the benefit of quilting suture for reducing drained fluid volume was significantly greater in obese women (BMI> 30) compared with nonobese women.

Performance of a quilting suture of the LD flap compartment in breast reconstruction was associated with a significant reduction in total fluid volume (with vs without quilting suture, -502 mL, p = 0.03).

Our results are consistent with data from retrospective studies that also show a decrease in volume of post-operative seroma, seroma formation and duration of drainage, the latters not being significant in our study [START_REF] Titley | Preventing seroma in the latissimus dorsi flap donor site[END_REF][START_REF] Yan | Natural History of Seroma Following the Immediate Latissimus Dorsi Flap Method of Breast Reconstruction[END_REF][START_REF] Saint-Cyr | The Pedicled Descending Branch Muscle-Sparing Latissimus Dorsi Flap for Breast Reconstruction[END_REF][START_REF] Kim | Comparison of morbidity of donor site following pedicled muscle-sparing latissimus dorsi flap versus extended latissimus dorsi flap breast reconstruction[END_REF][START_REF] Daltrey | Randomized clinical trial of the effect of quilting latissimus dorsi flap donor site on seroma formation[END_REF][START_REF] Sajid | Prevention of postoperative seroma-related morbidity by quilting of latissimus dorsi flap donor site: a systematic review[END_REF][START_REF] Lee | Effects of Quilting Suture Interval on Donor Site Seromas After Breast Reconstruction With Latissimus Dorsi Muscle Flap: A Randomized Trial[END_REF][START_REF] Hart | Borderline epithelial tumors of the ovary[END_REF][START_REF] Dindo | Classification of surgical complications: a new proposal with evaluation in a cohort of 6336 patients and results of a survey[END_REF].

The surgical technique used to perform quilting suture can have a great impact on its efficacy. In our study, overedge stitching was superior to simple stitches in reducing the volume of the postoperative seroma leading to a significant decrease in the drained and punctured volume. In a retrospective study including 70 patients, the occurrence of seroma decreased in the overedge stitching group (0/47 in the quilting suture group vs 7/23 (30%) in the non quilting suture group) [START_REF] Rios | Progressive tension sutures to prevent seroma formation after latissimus dorsi harvest[END_REF].

Other techniques to reduce the dead space in the latissimus dorsal compartment exist, and can also be associated with the quilting suturing [START_REF] Bailey | Latissimus dorsi donor-site morbidity: the combination of quilting and fibrin sealant reduce length of drain placement and seroma rate[END_REF][START_REF] Cheng | Is it necessary to perform routine appendectomy for mucinous ovarian neoplasms? A retrospective study and metaanalysis[END_REF][START_REF] Hart | A Prospective Randomized Trial of the Efficacy of Fibrin Glue, Triamcinolone Acetonide, and Quilting Sutures in Seroma Prevention after Latissimus Dorsi Breast Reconstruction[END_REF]. In 2017, Hart et al. compared quilting suture vs other techniques (biological glue, triamcinolone acetonide or placebo) in a randomized monocenter study involving 96 patients [START_REF] Hart | A Prospective Randomized Trial of the Efficacy of Fibrin Glue, Triamcinolone Acetonide, and Quilting Sutures in Seroma Prevention after Latissimus Dorsi Breast Reconstruction[END_REF].

Quilting suture was superior to other techniques in reducing the incidence of lymphocele and allowing earlier removal of the drains. A meta-analysis by Lee et al.

in 2015, including 14 studies, showed a reduction in post-operative seroma formation, which was a result of the combined efficacy of quilting suture and fibrin adjunction [START_REF] Lee | Fibrin Sealants and Quilting Suture for Prevention of Seroma Formation Following Latissimus Dorsi Muscle Harvest: A Systematic Review and Meta-analysis[END_REF].

Muscle-sparing LDF should also be favored because it decreases in our experience as reported the literature post-operative seroma. Indeed the limited dorsal dissection reduce the dead space, regardless of the use of quilting suture [START_REF] Saint-Cyr | The Pedicled Descending Branch Muscle-Sparing Latissimus Dorsi Flap for Breast Reconstruction[END_REF][START_REF] Kim | Comparison of morbidity of donor site following pedicled muscle-sparing latissimus dorsi flap versus extended latissimus dorsi flap breast reconstruction[END_REF].

Our study differs from most in that it involved a high proportion of obese women (22%) [START_REF] Daltrey | Randomized clinical trial of the effect of quilting latissimus dorsi flap donor site on seroma formation[END_REF][START_REF] Yan | Natural History of Seroma Following the Immediate Latissimus Dorsi Flap Method of Breast Reconstruction[END_REF][START_REF] Cheng | Is it necessary to perform routine appendectomy for mucinous ovarian neoplasms? A retrospective study and metaanalysis[END_REF]. In obese patients, fluid production is greater than in patients with normal BMI due to a larger dorsal dead space (see Appendices 2 and 3) [START_REF] Delay | Autologous latissimus breast reconstruction: a 3-year clinical experience with 100 patients[END_REF][START_REF] Tomita | Postoperative seroma formation in breast reconstruction with latissimus dorsi flaps: a retrospective study of 174 consecutive cases[END_REF][START_REF] Randolph | Prediction of postoperative seroma after latissimus dorsi breast reconstruction[END_REF].

In our study, the mean BMI was 26.9 kg/m² and the mean seroma volume was 1238mL (1111). In the study by Yan et al. carried out in 24 patients with a lower mean BMI of 21.3 kg/m 2 , had lower seroma volume: 524 mL [START_REF] Yan | Natural History of Seroma Following the Immediate Latissimus Dorsi Flap Method of Breast Reconstruction[END_REF]. It is also for obese women that quilting suture is the most difficult to carry out, due to the lack of exposure and the difficulty to reach the limits of the cavity. We show that, obese patients benefited more from quilting suture than patients with a "normal" BMI in terms of reduced lymph volume.

In our series, quilting suturing did not increase the complication rate, which was low and comparable to that reported in the literature (9% of Grade 3 complications according to the Clavien Dindo classification) [START_REF] Daltrey | Randomized clinical trial of the effect of quilting latissimus dorsi flap donor site on seroma formation[END_REF][START_REF] Sajid | Prevention of postoperative seroma-related morbidity by quilting of latissimus dorsi flap donor site: a systematic review[END_REF][START_REF] Lee | Effects of Quilting Suture Interval on Donor Site Seromas After Breast Reconstruction With Latissimus Dorsi Muscle Flap: A Randomized Trial[END_REF][START_REF] Yan | Natural History of Seroma Following the Immediate Latissimus Dorsi Flap Method of Breast Reconstruction[END_REF].

The impact of quilting suture on back pain and the occurrence of functional sequelae is debatable. Firstly in our experience it didn't increase the pain either immediately after surgery or at 3 months. However, it seems to have decreased the numerical scale reported 4 weeks after surgery (p=0.04). Only one study by Daltrey et al. reports similar results, with a decrease in the amount of level 1 analgesic on the first post-operative week in the group of patients with quilting suture [START_REF] Daltrey | Randomized clinical trial of the effect of quilting latissimus dorsi flap donor site on seroma formation[END_REF].

On the other hand this result differs from previous reports in a prospective study, comparing from a functional point of view, a population having benefited or not from quilting suture [START_REF] Button | Shoulder function following autologous latissimus dorsi breast reconstruction. A prospective three year observational study comparing quilting and non-quilting donor site techniques[END_REF]. Button et al showed a significant increase in the DASH score (clinical score based on a self-questionnaire on the ability of patients to perform daily life activities) translating a functional degradation immediately after intervention, at 3 and 6 weeks for patients with quilting suture but this difference was no longer significant on the long term.

The limitations of our study are related to its retrospective nature. Some patient data are missing, such as the quilting technique used (simple stitches or overedge stitches) or the pain and functional sequelae evaluation. Quilting suturing was carried out by 9 surgeons without a standardized approach. Surgical procedures such as quilting suture, as well as the choice of simple stitches or overedge stitches, depend on the surgeon. The dissection of the LDF can also be more or less extensive depending on the practice of the surgeon. The heterogeneity in practice limits the interpretation and comparison of the differences observed.

The main strength of our study is the large number of patients included (108) and their representativeness of the population having LDF breast reconstruction. This allowed to carry out statistical analyses with a rigorous methodology of 69 flaps in the quilting group and 41 in the group without quilting.

CONCLUSION

According to our experience, LDF compartment quilting reduces significantly the total volume of drained lymph. The study also shows that this intervention is essential in obese women, who benefit more from quilting suture than BMI patients <25.

Conflit d'intérêt : aucun. 
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Table 1

 1 details the general characteristics of the patients and the surgical technique, overall and based on whether a quilting suturing was carried out or not.

	performed in patients with a BMI<25, 45 (41%) in overweight patients and 24 (22%)
	in obese patients.
	Quilting suture was performed in 69 cases (63%), and was significantly more
	frequent in immediate breast reconstruction than in delayed reconstruction (48/62
	[77%] versus 21/48 [44%], p<0.001). Muscle-sparing LDF was used in 8 cases,
	including 3 with quilting suture, while a conventional latissimus dorsi flap was used in
	102 cases, including 66 with quilting suture (38% versus 65%, p=0.15). Performing
	quilting suturing was surgeon-dependent (p<0.001) and was not related to the level
	of experience. In addition, there was no difference between cases with or without
	quilting suture in terms of characteristics of patient or disease. In multivariate
	analysis, quilting suture was significantly more frequent in immediate breast
	reconstruction (p<0.001) and classical latissimus dorsi flap compared to muscle-

The characteristics of the patients are usual for this population. Patients had a mean age of 49.7 years (9.3), 19% were smokers and 30% presented with ductal carcinomas in situ. The mean BMI was 26.9 kg/m² (4.1), 41 interventions (37%) were sparing (p=0.02) (detail of logistic regression in Appendix 1).

Out of the 63 reconstruction cases with informative quilting suture, 26 (41%)

Table 1 :

 1 General description of the population and the surgical technique, overall and according to the realization or not of a quilting suture (description per flaps, N = 110)

	Characteristics	Total N=110		Without quilting N=41	With quilting N=69	P
	Age in years, mean (standard deviation, SD)	49.7	(9.3)	49.	(8.9)	49.8	(9.6)	0.82

Comorbidities

The sum of percentages in column may differ from 100% due to rounding.

(2) Welch test for mean comparison, performed due to rejection of the variance equality hypothesis.

(3) The evaluation includes all acts, with a volume equal to 0 in case there was no puncture after hospital discharge.

(4) Fisher's exact test performed due to limited numbers in some categories. [START_REF] Titley | Preventing seroma in the latissimus dorsi flap donor site[END_REF] Comparison of the distribution between the absence of a complication and the occurrence of a complication. [START_REF] Yan | Natural History of Seroma Following the Immediate Latissimus Dorsi Flap Method of Breast Reconstruction[END_REF] Complication graded according to the Clavien -Dindo classification.