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Intraoperative Superficial Inferior Epigastric Vein Preservation for Venous Compromise Prevention in Breast Reconstruction by Deep Inferior Epigastric Perforator Flap. Préservation de la veine épigastrique inférieure superficielle pour la prévention des complications veineuses dans la reconstruction mammaire par lambeau de perforateur épigastrique inferieure profond.

INTRODUCTION:

Free flap transfer using the deep inferior epigastric perforator (DIEP) vessels is a widely applied method in breast reconstruction. Compared with other techniques, the DIEP flap entails less donor site morbidity. However, its main drawbacks are its failure rate (0.5% to 3.2% according to different studies), and a reoperation rate ranging from 14% to 16% [START_REF] Gill | A 10-Year Retrospective Review of 758 DIEP Flaps for Breast Reconstruction[END_REF][START_REF] Galanis | Microvascular Lifeboats[END_REF][START_REF] Enajat | A single center comparison of one versus two venous anastomoses in 564 consecutive DIEP flaps: Investigating the effect on venous congestion and flap survival[END_REF].

Flap ischemia or loss is mainly caused by venous congestion or thrombosis [START_REF] Galanis | Microvascular Lifeboats[END_REF]. The aim of our study was to analyze our technique of intraoperative venous compromise management by superficial inferior epigastric vein (SIEV) preservation, and to retrospectively review our series of breast reconstructions by DIEP flap.

We also reviewed the literature regarding other methods and techniques for intraoperative venous compromise management.

METHODS:

One hundred and ninety-eight breast reconstructions by free transfer of DIEP flap were reviewed, concerning 183 patients from January 2010 until September 2017. Ten different surgeons in our center implemented the same general technique.

After the patients selected for breast reconstruction by a DIEP flap had given their agreement, and angiography of the abdominal wall confirmed the existence and location of appropriate perforators.

Patients who smoked were advised to quit at least six weeks before the operation [START_REF] Reinbold | Urinary cotinine testing as pre-operative assessment of patients undergoing free flap surgery[END_REF].

Whenever available, the superficial inferior epigastric veins (SIEVs) were dissected, but without being systematically anastomosed. The flap was harvested and left in place for 15 minutes to screen in situ for venous congestion before sectioning the pedicle.

During this period of monitoring, we remodeled the flap by total excision of zone IV and partial excision of zone II and III by clinical estimation; we likewise remodeled the macroscopically poorly vascularized areas of the flap [START_REF] De Greef | Reconstruction mammaire par lambeau DIEP : à propos de 100 cas[END_REF].

After sectioning of the pedicle, the vessels were rinsed with a heparinized saline solution. Once the anastomoses had been carried out, they were left in a bath of vasodilating agents, either Xylocaine or Papaverine, as preferred by the surgeon.

Further flap remodeling was then carried out, and the flaps were continuously monitored throughout the operation. In the event of venous insufficiency with permeable venous anastomosis or an engorged SIEV for no apparent reason, the SIEV was anastomosed secondarily.

All postoperative complications including venous congestion, arterial thrombosis, hematoma, partial and total flap loss were duly recorded.

Our main concern in this review was flap venous congestion, which can be defined as compromised venous drainage resulting in bluish discoloration of the flap, with increased capillary refill time (more than 3 seconds) (Fig 1).

We also reviewed the literature for methods other than SIEV microanastomosis used to salvage flaps intraoperatively.

RESULTS:

Venous congestion and/or venous thrombosis occurred in 28 cases (14%) of the 198 breast reconstructions carried out.

In 13 cases (6.5%), it occurred postoperatively and necessitated reoperation. In 2 cases venous flow augmentation was necessary, whereas in the 11 other cases, simple anastomosis revision sufficed to alleviate the congestion. Nevertheless, four flaps (2%) were lost due to venous thrombosis.

In the 15 other (7.5%) cases, venous congestion occurred intraoperatively, and was rectified either by changing the anastomosis site or by venous flow augmentation with a secondary anastomosis (Table 1).

Causes of intraoperative or post-operative venous congestion include: venous thrombosis, inadequate venous drainage across different zones of the flap, and dominance of the superficial venous system rendering indispensable a secondary anastomosis of the SIEV (Video 1).

The SIEV was used in 11 out of the 17 cases in which venous congestion necessitated rectification, whereas the deep inferior epigastric vein (DIEV) was used in the six other cases (Table 2).

The most frequently used recipient vein was the cephalic vein, followed by the internal mammary vein, the lateral mammary vein, the circumflex scapular vein, and the thoracodorsal vein respectively (Table 3).

All in all, revision surgery was necessary in 15.1% of cases (6.5% involved venous congestion).

A 2.5% flap failure rate was observed. All failed flaps were repeatedly returned to the operating room for revision and/or hematoma evacuation prior to complete removal (Table 4).

Flap loss due to venous thrombosis was occasioned by the small caliber of the SIEV, which rendered it impossible to dissect, and by the presence of a single draining vein in the DIEV pedicle.

Hematoma rate requiring re-intervention was 5%, while partial necrosis rate was 5.5%. Neither of these complications occurred in flaps salvaged intraoperatively by a SIEV microvascular anastomosis.

Mean operative time was 5 hours and 56 minutes, with a mean increase of 1 hour and 45 minutes in cases of secondary venous anastomosis.

Mean hospital stay was 7 days, compared to 9 days for the group having undergone an intraoperative or postoperative secondary anastomosis.

As regards the two secondary venous anastomosis groups, mean hospital stay was 7.8 days for the intraoperative group compared to 13.5 days for the postoperatively salvaged flap group (Table 4).

For purposes of comparison, all breast reconstructions were divided into two groups, one group having been operated before January 2014 (n=106), and the group after January 2014 (n= 98) (Table 5).

The second breast reconstruction group presented a 1% rate of venous anastomosis revision compared to 9.4% for the first group (before January 2014), and also presented a higher rate of intraoperative salvage of DIEP (10.8%), compared to 1.8% for the first group.

DISCUSSION:

In our series, 15.1% of cases presented postoperative complications, compared to 14 to 16% in the literature [START_REF] Enajat | A single center comparison of one versus two venous anastomoses in 564 consecutive DIEP flaps: Investigating the effect on venous congestion and flap survival[END_REF], out of which 7% involved microsurgical anastomosis, 6.5% venous congestion and 0.5% arterial thrombosis.

We observed a 2.5 % flap failure rate (2%: venous thrombosis; 0.5%: arterial thrombosis.

Since January 2014, 85 DIEP flaps have been carried out for breast reconstruction with no flap failure, a result indicating improved salvage techniques (Table 5).

More comprehensively, we observed an elimination of flap failure (0%), pronouncedly reduced reoperation (3.2% vs. 15.1%), improved intraoperative salvage and a resultant increase in operative time. Intraoperative salvage is nonetheless ultimately time-saving; while it indeed entails one or two additional hours of surgery (dissection of a secondary vein, anastomosis [START_REF] Silhol | Déroutage de la veine céphalique dans la reconstruction mammaire par lambeaux libres : note technique[END_REF]), it generally avoids any need for 4 to 6 hours of reoperation. That is one reason why we strongly recommend, if deemed necessary, increased intraoperative venous drainage rather then watchful waiting and postoperative monitoring of the flap. Moreover, patients in whom the SIEV was conserved and anastomosed presented with no partial flap necrosis, whereas the general rate is 5.5% (Table 1). This encouraging finding shows that prompt intraoperative management of venous congestion could also avoid other re-interventions for partial necrosis or late scar revision [START_REF] Ochoa | Salvage of Intraoperative Deep Inferior Epigastric Perforator Flap Venous Congestion with Augmentation of Venous Outflow[END_REF].

There exist a number of techniques for salvaging a free flap; while they are mainly intraoperative, some can also be applied postoperatively; the following have been reported in the literature:

Venous flow augmentation:

Several methods can be applied for venous drainage augmentation, mainly by SIEV [START_REF] Ochoa | Salvage of Intraoperative Deep Inferior Epigastric Perforator Flap Venous Congestion with Augmentation of Venous Outflow[END_REF] or vena comitans anastomosis [START_REF] Lee | Benefits of superdrainage using SIEV in DIEP flap breast reconstruction: A systematic review and meta-analysis[END_REF] to a secondary IMV, to the caudal end of the primary IMV in a retrograde fashion, or to any other available vein.

As was the case in our series, the cephalic vein is another option [START_REF] Sbitany | Strategies for Recognizing and Managing Intraoperative Venous Congestion in Abdominally Based Autologous Breast Reconstruction[END_REF][START_REF] Silhol | Déroutage de la veine céphalique dans la reconstruction mammaire par lambeaux libres : note technique[END_REF][START_REF] Landin | Safety of Salvaging Impending Flap Congestion in Breast Reconstruction by Venous Supercharging of the Cephalic Vein[END_REF]. In 47 % of cases where venous drainage augmentation occurred, it was anastomosed with the SIEV.

Other veins that may be used include the lateral mammary, the circumflex scapular, the thoracodorsal, the external jugular, the basilic and perforators of the internal mammary veins.

Other salvage techniques when only one vein is available:

Other techniques include the superficial outside-flap shunt (SOS) [START_REF] Davies | The superficial outside-flap shunt (SOS) technique for free deep inferior epigastric perforator flap salvage[END_REF]. Two to four centimeters of the DIEV are conserved cranially at the edge of the perforator and anastomosed with the SIEV, which shall have been dissected over 6 to 7 cm. The two veins must be dissected and preserved over a length sufficient to ensure tension-free anastomosis. The author reported a 5.8% reoperation rate, with successful salvaging of 7 flaps out of 16 (43.75%), while the other flaps were salvaged by the classical techniques discussed in this paper.

Another team reported 8.65% of intraoperative venous congestion, 7.1% of the flaps were salvaged using the DIEV as a graft to anastomose the SIEV with a receiving vein large enough to ensure tension-free anastomosis. The rate of postoperative venous congestion was 4.32%; 71.4% were salvaged using the same method [START_REF] Ali | Surgical Strategies to Salvage the Venous Compromised Deep Inferior Epigastric Perforator Flap[END_REF].

Other techniques include venesection for drainage, using a cannula. It replaces drainage by leeches [START_REF] Herlin | Leech therapy in flap salvage: Systematic review and practical recommendations[END_REF]. The cannula is kept in the lumen of the SIEV for several days, and intermittent drainage is carried out until complete thrombosis of the vein has been achieved. The author reported successful application of this method in three DIEP flaps suffering venous congestion [START_REF] Stasch | DIEP Flap Rescue by Venesection of the Superficial Epigastric Vein[END_REF].

We are persuaded systematic dissection of the SIEV is of vital importance when it is necessary to counteract venous congestion and or to salvage a flap with venous thrombosis [START_REF] Sbitany | Strategies for Recognizing and Managing Intraoperative Venous Congestion in Abdominally Based Autologous Breast Reconstruction[END_REF].

While prompt venous drainage augmentation using the SIEV or applying another method intraoperatively may increase operative time, it generally avoids further surgical procedures for other complications and thereby reduces overall length of hospitalization [START_REF] Landin | Safety of Salvaging Impending Flap Congestion in Breast Reconstruction by Venous Supercharging of the Cephalic Vein[END_REF].

CONCLUSION:

In the event of intraoperative venous congestion, even though immediate performance of a second venous anastomosis may increase the duration of the initial intervention by an average of 1 hour and 45 minutes, it is likely to pronouncedly decrease reduce need for surgical revision, cases of failure, rate of partial necrosis and overall hospital stay. Comparison between all breast reconstructions, breast reconstructions before and after January 2014.
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	Mean age

loss in the 2-vein group 0% Partial flap loss Total The 2-vein group

  

		5,5%
		0%
	Mean hospital stay (days)	
	Total	7
	Two vein group	9
	Intraoperative	7,8
	Postoperative	13,5
	Demographics and complications.	

Table 5 Breast
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	Reconstruction by DIEP	All	Before January 2014	After January 2014
	Mean age (years)	51,3	51.2	51,5
	No. of flaps	198	106	92
	Mean operative time	5h	6h 25m	5h 58m
		47m		
	Venous anastomosis revision	6,5%	9,4%	1%
	Venous outflow augmentation			
	Intraoperatively	6,25%	1,8%	10,8%
	Postoperatively	1%	1,8%	1%
	Total flap loss:	2,5%	3,7%	0%
	-due to arterial thrombosis	0,5%	0,9%	0%
	-due to venous thrombosis	2%	2,8%	0%
	Flap loss in the 2-vein group	0%	0%	0%
	Partial flap loss	5,56%	6,6%	4,3%
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