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Percutaneous Cryoablation of Symptomatic Intramuscular Venous Malformation
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Introduction:

Venous malformations are benign vascular lesions that affects skin and subcutaneous tissue without sex preference. Less than 1% of all venous malformations are intramuscular [START_REF] Cui | Cavernous hemangiomas of the temporalis muscle with prominent formation of phleboliths: Case report and review of the literature[END_REF], and affect the limbs and the trunk. The clinical presentation is variable, most frequently manifested by pain, swelling and functional discomfort. Because of an important variability of location and subtypes, the International Society for the Study of Vascular Anomalies (ISSVA) divided the vascular anomalies into vascular tumors and vascular malformations [START_REF]Study of Vascular Anomalies ©2018 International Society for the Study of Vascular Anomalies Available at "issva.org/classification[END_REF]. The malformation group is divided into simple, combined, of major named vessels, and other anomalies [START_REF] Johnson | Clinical and sonographic features of pediatric soft-tissue vascular anomalies part 1: classification, sonographic approach and vascular tumors[END_REF]. Venous malformation belongs to simple-type, slow-flow malformation.

Because of its availability and its lower cost ultrasound imaging is useful to assess intramuscular vascular anomalies. The most common ultrasound (US) radiologic semiology of venous malformation is a hypoechoic mass with low flow on Doppler US [START_REF] Paltiel | Soft-tissue vascular anomalies: utility of US for diagnosis[END_REF][START_REF] Gorincour | Imaging characteristics of two subtypes of congenital hemangiomas: rapidly involuting congenital hemangiomas and non-involuting congenital hemangiomas[END_REF] and the presence of phlebolith is almost pathognomonic, but it is inconstant [START_REF] Mulligan | Vascular anomalies: classification, imaging characteristics and implications for interventional radiology treatment approaches[END_REF] (Fig E1). Magnetic resonance imaging (MRI) scan, is helpful for determining deep lesions, to evaluate the lesion's extent to the adjacent tissues and nerves and for the follow up after treatment [START_REF] Flors | MR imaging of soft-tissue vascular malformations: diagnosis, classification, and therapy follow-up[END_REF]. No standard management algorithm has been clearly defined. The treatment options include imaged guided sclerotherapy and surgery and symptomatic treatments as aspirin, compressing garments and limb elevation. The treatment modality depends on the location, the symptoms, the size and neural involvement [START_REF] Behr | Vascular anomalies: hemangiomas and beyond -part 2, slow-flow lesions[END_REF]. However, these treatments are not without side effects and are often incompletely achieved, resulting in recurrences.

A case report suggested that cryoablation can be an effective alternative technique as firstline treatment for symptomatic venous malformations [START_REF] Cornelis | Percutaneous Cryotherapy of Vascular Malformation: Initial Experience[END_REF], with less risk of complications and morbidity compared to other techniques, particularly with surgery. The aim of this study was to evaluate the efficacy of cryoablation as first line treatment for symptomatic venous malformation.

Materials and methods:

Study design:

A retrospective review of case series was performed between February 2015 and December 2018, including 12 patients with symptomatic intramuscular venous malformation. This retrospective review of case series was approved by the ethics committee of our institution.

All patients who have been treated for venous malformation by cryoablation as first-line were included. These patients were symptomatic and had no previous treatment with surgery or sclerotherapy. The symptoms were pain, functional impairment and swelling. Pain was assessed using visual analog scale before the treatment,3 months after treatment and at the end of the follow up. Each patient underwent an US and an MRI scan (sequences T2 weighted and T1weighted before and after injection of gadolinium) which confirmed the presence of the lesion (Fig 1). An MRI scan was performed 3 months after treatment whenever it was possible. To evaluate the efficacy of cryoablation, the decrease of pain was assessed at 3 months and at the end of follow up. The safety of cryoablation was assessed by monitoring post-operative complications immediately and 3 months after treatment. To evaluate the efficacy of cryoablation, the decrease of symptoms and the reduction of lesion size were assessed on the MRI scan. concurrent symptoms like pain, swelling and functionnal impairement. Needle core biopsy was performed for each patient. The diagnosis of venous malformation was established when the pathology showed a fibrous tissue containing variable-caliber vascular structures with an endothelial coating without atypia and when the radiological findings showed a vascular lesion with ectasic vessels, peripheral fat rim, low or undetectable vascular flow on Doppler with or without phleboliths. All cases were discussed during multidisciplinary treatment meeting which included surgeons, interventional radiologists, and pathologists.

Percutaneous cryoablation was proposed if the venous malformation was strictly intramuscular, visible on CT scans and/or US, distant from a nerve and/or the skin for at least one centimeter and had not a high vascular flow on Doppler.

Patients characteristics:

Mean patient age was 42 years (range 19-58). Seven (58%) of these patients were male and five were female (42%). (Table 1). The most frequent location was on the upper leg (75%).

Pain was reported in 11 patients (92%) and swelling or mass in 1 patient (8 %). Pre-operative US and MRI scan were achieved in 100% of cases. The median initial VAS was 7 (range 0-8) and the median initial size of lesion (major axis) was 28,5 mm (range 10-150). The median lesion size of the ten patients with complete follow-up was 32,5 mm (range 11-150).

Cryoablation:

Cryoablation (GALIL Medical © ) was performed by two interventional radiologists (with 5 years and 7 years of experience) under neuroleptanalgesia in the supine position with US guidance, computed tomography (CT) scan guidance or both. The number and the size of the cryoprobes, the number of cycles and the freeze times were adjusted according to the size and location of the lesion. The average number of cryoprobes was 2 (range 1-5). Two freezing cycles were performed with a ten-minute thawing cycle between them, as per literature and manufacturer recommendation [START_REF] Klossner | Cryosurgical technique: assessment of the fundamental variables using human prostate cancer model systems[END_REF]. The mean duration of freezing cycle was 6,3 minutes (range 3-10) and the mean duration of thawing cycle was 9,1 minutes (range 8-10). The duration of the freezing cycles was adapted to the volume of the lesion in order to preserved soft adjacent tissues especially the skin and nerves. (Fig 2). When the ice ball encompassed the entire lesion on the imaging control, the freezing phase was stopped and the probes were removed. The average duration of hospitalization was 2 days (range 1-3).

Pain evaluation:

The VAS was recorded before the treatment and after the treatment for each patient.

The end of the follow-up was carried out in February 2019 and the VAS at the end of follow up assesed. The mean follow-up was 14,8 months (range 3-28) (Table 2).

Lesion imaging analysis:

The median size and the localization of venous malformation were also measured on MRI scan at baseline and at 3 months follow-up. MRI readers were two radiologists.

Post-operative complications were collected. Data were retrospectively collected in the electronic medical file of patients. Qualitative data are given as frequency and percent.

Quantitative data are given as number, mean, minimum, maximum. A thin contrast enhancement without residual venous malformation was considered as treatment scar (Fig E2). This enhancement can be explained as a transient residual post-cryotherapy inflammation on the early MRI scan control.

Results:

After percutaneous cryoablation, six patients had complete relief (55%), four patients had partial improvement (36%) and one patient had no pain change (9%). The patient without improvement of his symptoms had a voluminous lesion of almost 15 centimeters. The median VAS at 3 months was 0 (range 0-6) and the median VAS at the end of follow up was 0 (range 0-6). The median size of lesion at 3 months was 0 mm (range 0-142). Ten patients (91%) reported a decrease of pain after the procedure and they returned to their daily activities two weeks after the procedure. No recurrence was observed at the end of follow up. No major complications were reported according to the Society of Interventional Radiology classification [START_REF] Sacks | Society of Interventional Radiology clinical practice guidelines[END_REF]. Small edema or haematomas in postoperative phase has been considered as minor complication. One minor haematoma (Grade A) and one small myositis (Grade B) were noted as defined by Society of Interventional Radiology criteria, these complications were treated medically without impairment. All patients underwent a single session of cryoablation.

Radiological assessment

After 3 months, 9/12 patients underwent an MRI scan follow-up. For the 3 others, one patient was pregnant and two patients refused to undergo another MRI scan. MRI scan controls showed treatment scars but no residual lesion in 5 patients (Fig E3 ), and decrease of size in 4 patients. Among those 4 patients: one patient had an area of necrosis of 6 centimeters at upper portion of the lesion, one patient had a decrease of size with inflammatory and necrotic remodeling at the lower part of the lesion, and one patient had a simple decreased size.

Discussion:

In this study, percutaneous cryoablation as first line treatment has been effective to reduce the pain of intra muscular venous malformations. Intra muscular venous malformation remain a challenging clinical entity to diagnose and treat. There are no clear guidelines regarding the care of intra muscular venous malformation, due to the wide variety of clinical aspects and the unpredictable evolution of the intra muscular venous malformation. The management of intra muscular venous malformation include surgery, sclerotherapy [START_REF] Uslu | Two different treatment options for intramuscular plantar hemangioma: surgery versus percutaneous sclerotherapy[END_REF][START_REF] Wieck | Management of pediatric intramuscular venous malformations[END_REF][START_REF] Behravesh | Venous malformations: clinical diagnosis and treatment[END_REF] and symptomatic treatments as aspirin, compressing garments and limb elevation. Cryoablation is being increasingly used in the treatment of solid benign or malignant tumors (prostate, kidney, breast, …) [START_REF] Aboumarzouk | Laparoscopic versus Percutaneous Cryotherapy for renal tumours: A systematic review and meta-analysis[END_REF]. Few case reports and studies have been published on patients who have undergone successful cryoablation treatment in addition to surgery or sclerotherapy for vascular anomalies [START_REF] Araujo | Sclerotherapy and cryotherapy in the management of oral vascular lesions: a series of 10 cases[END_REF][START_REF] Shaikh | Kerr Cryoablation in fibro-adipose vascular anomaly (FAVA): a minimally invasive treatment option[END_REF][START_REF] Cornelis | Pinsolle V Percutaneous Image-Guided Cryoablation as Second-Line Therapy of Soft-Tissue Venous Vascular Malformations of Extremities: A Prospective Study of Safety and 6-Month Efficacy[END_REF]. A case report described using cryoablation as first line for treatment of intramuscular venous malformation [START_REF] Cornelis | Percutaneous Cryotherapy of Vascular Malformation: Initial Experience[END_REF]. The patient had a complete resolution of symptoms.

One of the main advantage of cryoablation is the visualization of the ice ball during the procedure with no interference with US or CT machines. It is considered as minimally invasive treatment ( 19) that avoids surgical scars, reduces morbidity with a shorter hospital stay. Furthermore, cryoablation has local anesthetic effect of cold and preserve the fibroblasts and collagenous architecture of the ablation area [START_REF] Littrup | Prostatic cryotherapy: ultrasonographic and pathologic correlation in the canine model[END_REF]. The disadvantage of cryoablation is the relatively high cost and its ineffectiveness on large lesions. However large size is also a factor of poor prognosis for other technique. The mains risks of cryoablation are nerve injury or skin burn and necrosis. Simple precautions to protect the nerves such as monitoring of the ice ball during ablation or displacement of critical structures by carbodissection can be performed [START_REF] Kurup | Motor Evoked Potential Monitoring during Cryoablation of Musculoskeletal Tumors[END_REF][START_REF] Tsoumakidou | Percutaneous thermal ablation: how to protect the surrounding organs[END_REF] during the procedure if the nerve structures are too close of the targeted lesion. Furthermore, benign lesions do not need wide margins and the operator can minimize the size of the iceballl when treating a venous malformation.

Nerve damage can recover if the nerve sheath is preserved [START_REF] Hsu | Wallerian degeneration and recovery of motor nerves after multiple focused cold therapies[END_REF][START_REF] Moorjani | Effects of cryoanalgesia on post-thoracotomy pain and on the structure of intercostal nerves: a human prospective randomized trial and a histological study[END_REF]. Moreover, complications rate is low [START_REF] Shaikh | Kerr Cryoablation in fibro-adipose vascular anomaly (FAVA): a minimally invasive treatment option[END_REF][START_REF] Cornelis | Pinsolle V Percutaneous Image-Guided Cryoablation as Second-Line Therapy of Soft-Tissue Venous Vascular Malformations of Extremities: A Prospective Study of Safety and 6-Month Efficacy[END_REF][START_REF] Garnon | Safety of percutaneous renal cryoablation: an international multicenter experience from the EuRECA retrospective percutaneous database[END_REF]. In this study neuroleptanalgesy was used but an achievement only under local anesthesia appears to be possible and effective.

Compared to surgery, cryoablation has the advantage of limiting bleeding [START_REF] Lee | Consensus Document of the International Union of Angiology (IUA)-2013. Current concept on the management of arterio-venous management[END_REF] and cause fewer nerve damage. In addition, the recovery time is faster with fewer functional impairments [START_REF] Garnon | Safety of percutaneous renal cryoablation: an international multicenter experience from the EuRECA retrospective percutaneous database[END_REF]. Surgery was considered preferable if the lesion could be completely removed (small and localized). Nevertheless, complete surgical resection is often impossible due to deep localization and the proximity to neurovascular structures. After incomplete surgical resection the recurrence rate reaches between 18% to 61% [START_REF] Uslu | Two different treatment options for intramuscular plantar hemangioma: surgery versus percutaneous sclerotherapy[END_REF][START_REF] Bella | Intramuscular hemangioma: recurrence risk related to surgical margins[END_REF]. It was difficult to judge other risk factors for recurrence given the small number of patients in this study.

The only patient in this study who had no pain improvement was the one with the most extensive lesion. The recurrence factors may be the same as for other cryoablation: a large initial size and the incomplete surgical margins. Image guidance during a cryoablation is also a good advantage to control the margin in real time during a percutaneous therapy.

Compared to cryoablation, sclerotherapy has possible systemic effect depending on the sclerosing agent (central nervous system depression, hypoglycaemia, haemolysis, hypertension, pulmonary vasospasm and pulmonary hypotension) [START_REF] Rimon | Ethanol sclerotherapy of peripheral venous malformations[END_REF], risk of thromboembolism [START_REF] Rivas | Venous malformations. Diagnosis and treatment during the childhood[END_REF] requires more than one session [START_REF] Wieck | Management of pediatric intramuscular venous malformations[END_REF], does not preserve the muscularis layer of vessels [START_REF] Klossner | Cryosurgical technique: assessment of the fundamental variables using human prostate cancer model systems[END_REF] and does not remove completely the lesion [START_REF] Scorletti | Sclerotherapy for intramuscular vascular malformations: A single-center experience?[END_REF].

This study has several limitations such as the small number of subjects and a short time of follow-up for a chronic pathology. In addition, it is a monocentric retrospective study and no comparison between sclerotherapy and cryoablation was done. A prospective randomization between sclerotherapy and cryotherapy could be done to improve the assessment of the differences between those two percutaneous techniques. A long term follow up is not available and most patients had a single MRI scan 3 months after the cryoablation. It is likely that patients who were asymptomatic did not return for further MRI scan follow-up and that the observers did not require any MRI scan follow up when the patients had completely recovered from pain. The small sample size is probably related to the fact that intra-muscular venous malformation are rare and data about cryoablation are currently scarce.

In conclusion, this study shows that percutaneous cryoablation in the treatment of intra muscular of venous malformations is efficient and safe with good tolerance and low complication rate. However, larger and comparative studies to other techniques are required to affirm the effectiveness of this technique. 
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