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Introduction

Large incisional or other hernias with loss of domain are defined as hernia with permanent, irreducible exteriorization of the hernia sac residing outside the abdominal cavity [START_REF] Korenkov | Classification and surgical treatment of incisional hernia. Results of an experts' meeting[END_REF]. Management entails a vital risk for the patient because the sudden reintegration of abdominal contents residing in the sac into the abdominal cavity can give rise of acute respiratory complications (acute restrictive syndrome) and/or an abdominal compartment syndrome [START_REF] Trivellini | Surgical treatment of large eventrations. Study of a technic adapted to disorders of respiratory compliance[END_REF][START_REF] Paajanen | Operative treatment of massive ventral hernia using polypropylene mesh: a challenge for surgeon and anesthesiologist[END_REF].

In order to prevent post-operative complications, pre-operative progressive pneumoperitoneum (known as the Goni Moreno technique) [START_REF] Moreno | Pneumoperitoneum applied to the surgical preparation of large chronic eventrations[END_REF] has been described to prepare patients with large abdominal hernias with loss of domain where the sac volume is greater than 20% of the volume of the abdominal cavity [START_REF] Dumont | Progressive pneumoperitoneum increases the length of abdominal muscles[END_REF]. This technique leads to increased muscle width, abdominal volume and better respiratory tolerance when the hernia contents are reintegrated into the abdominal cavity [START_REF] Sabbagh | Progressive preoperative pneumoperitoneum preparation (the Goni Moreno protocol) prior to large incisional hernia surgery: volumetric, respiratory and clinical impacts. A prospective study[END_REF].

The traditional technique was the creation of pneumoperitoneum by iterative abdominal cavity insufflations via successive needle punctures, while the patient was hospitalized. To avoid iterative punctures, and in the interests of improving patient comfort, radiological or surgically guided introduction of an indwelling intra-peritoneal catheter has been proposed [START_REF] Alyami | Feasibility of Catheter Placement Under Ultrasound Guidance for Progressive Preoperative Pneumoperitoneum for Large Incisional Hernia with Loss of Domain[END_REF].

The goal of this article is to describe the surgical technique for intra-peritoneal placement of the catheter used for progressive pneumoperitoneum. 

Figure 2: Pneumoperitoneum creation

The pneumoperitoneum is created by abdominal puncture via a retractable bluntnosed Veress needle, after identification of the optimal area for puncture by preoperative CT scan. The puncture should be performed according to strict aseptic protocol. Of importance, the area should be free of intestinal loops. The left upper quadrant is most often the best area (2 finger-breadths below the costal margin on the anterior axillary line). In the CT scan, the red arrow depicts the area as well as the direction of needle introduction, which should be determined beforehand). A quick sonographic examination should check that the underlying abdomen is free of intestinal loops before puncture. Xylocaine local anesthesia is routinely injected. A small skin incision is made with a #11 scalpel at the pre-determined site of puncture.

The Veress needle is inserted at a 90° angle to the skin. The operator should be able to clearly distinguish three successive, palpable clicks as the needle traverses the anterior fascia, the posterior fascia and the peritoneum. After the third click, the resistance is clearly less. This step is the most risky for gastro-intestinal injury. It can be performed under sonographic guidance for more safety. Sonography allows to select the point of puncture that seems most safe, without underlying intestinal structures. Sonography also allows real-time monitoring of the progression of the needle through the various layers of the abdominal wall.

It is best to perform a safety test to ensure that the needle tip is in the peritoneal cavity (negative pressure). This test is performed under fluoroscopic guidance: aspiration followed by injection of contrast material that should diffuse between the intestinal loops rather than into the lumen). When fluoroscopic monitoring is not available, a three-step test is performed: aspiration, insufflation and then aspiration.

When the needle tip is in the correct intraperitoneal position, the two aspiration maneuvers should not yield any air, and the insufflation should be easy, without any resistance. For safe introduction, it is recommended to insufflate between 1.5 and 2 l of pneumoperitoneum at the first session. An antibacterial filter can be used to optimize the conditions of asepsis. The establishment of pneumoperitoneum is checked clinically and by sonography.

Figure 3: Pneumoperitoneum creation

Since the Veress needle does not allow passage of a catheter guidewire, another needle must then be inserted through which the guidewire is introduced. Measuring the depth of penetration of the Veress needle upon retraction provides an idea of how deep the puncture needle can be introduced. The free air of the pneumoperitoneum is located sonographically. The second needle should be introduced into the largest portion of the pneumoperitoneum, which might require changing the site of puncture. The puncture is performed under sonography guidance. The needle is introduced progressively, with suction applied to the syringe plunger until reaching the peritoneal cavity, which will be indicated when the tension on the plunger suddenly disappears. When the plunger is removed from the barrel of the syringe, air escapes, once again attesting to the correct position. 

Figure 5: Fixation of the catheter

Once in place, the catheter is connected to the adaptor furnished with the kit and fixed to the skin with nonabsorbable sutures. A three-way stopcock is attached to the catheter through which subsequent insufflations are made without having to manipulate the stopcock, and the assembly is protected by an Opsite to ensure the air-tightness of the system.

Conclusion: Post-operative measures

Post-operatively, an abdominal-pelvic CT is performed to check the catheter position and rule out any complications before it is used. One to two liters of air can be insufflated per day, directly at the bedside, depending on how well the patient tolerates the pneumoperitoneum, until reaching approximately 14 liters. Once this optimal volume is obtained, the patient's respiratory function can be assessed and a low-dose contrast-enhanced CT scan performed to assess abdominal capacity (fig 6). During the period of progressive pneumoperitoneum, the patient should receive prophylactic anticoagulants; antibiotic prophylaxis (Augmentin® 1g 3/day) is optional.

Respiratory rehabilitation should be performed daily with a respiratory physiotherapist and Optiflow® nasal oxygen. An abdominal binder should be worn to limit the passage of air into the hernia sac.
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 1 Figure 1: Patient position and material Intra-peritoneal catheter placement of the catheter can be performed under local anesthesia alone or with intravenous sedation. The patient is positioned supine, both arms alongside or with the right arm accessible to the anesthesiologist. The material used consists of a Veress-type blunt-nosed retractable needle (A), a needle for puncture (B), a flexible blunt-tipped guidewire (C), a Desilet type introducer in a peelaway sheath (D), a 6 Fr radio-opaque silicon catheter (E), an ultrasound machine with an abdominal transducer, and mobile C-arm fluoroscopy.
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 4 Figure 4: Catheter placement
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