Samir Saheb 
  
Antonio Gallo 
  
Urgent Therapeutic Plasma Exchange

ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Introduction

Therapeutic plasma exchange (TPE) is a well-established therapeutic procedure commonly used in many disorders of autoimmune etiology. The beneficial effects of plasma exchange are thought to occur through the removal of pathognomonic inflammatory mediators, including autoantibodies, complement components, and cytokines.

Recommendations for their indication and use in clinical practice are issued by various societies [START_REF] Padmanabhan | Guidelines on the Use of Therapeutic Apheresis in Clinical Practice -Evidence-Based Approach from the Writing Committee of the American Society for Apheresis: The Eighth Special Issue[END_REF][START_REF] Howell | Guideline on the clinical use of apheresis procedures for the treatment of patients and collection of cellular therapy products[END_REF]. The recommendations of the American Society For Apheresis (ASFA) are presented in the form of a pathology sheet and an evidence-based approach, proposing four categories of indications (I -first line of treatment, II-second line of treatment, III-indication not established, IV-ineffective or deleterious) [START_REF] Padmanabhan | Guidelines on the Use of Therapeutic Apheresis in Clinical Practice -Evidence-Based Approach from the Writing Committee of the American Society for Apheresis: The Eighth Special Issue[END_REF]. These recommendations are regularly updated.

The use of TPE in the emergency setting is limited to a few indications, listed in Table I. They include conditions in which changes in the clinical picture may be life threatening. The use of TPE as rescue therapy has made it possible to optimize patient management and clinical outcomes. In urgent conditions, TPE does not necessarily represent a rescue therapy, as in most indications of chronic conditions, but are part of the acute care setting and are performed as quickly as possible to optimize overall management. The level of evidence for these indications is low, as no randomized placebo-controlled trial have been performed. Therefore, they are mainly based on empirical findings. Indications for TTP and vasculitis are detailed in the previous chapter. In this section, we will describe certain indications or clinical situations that are increasingly recurrent and where apheresis specialist is called upon in an emergency setting.

Neurological indications

Plasma exchange is a well-established therapeutic procedure commonly used in many neurological disorders of autoimmune etiology (4). In emergency situations and despite the alternative of intravenous Immunoglobulins (IVIG) (greater availability and ease of use), the use of TPEs was generally reserved for peripheral nervous system disorders and more particularly for GBS (5-7) and MG [START_REF] Dau | Plasmapheresis and immunosuppressive drug therapy in myasthenia gravis[END_REF][START_REF] Gajdos | Clinical trial of plasma exchange and highdose intravenous immunoglobulin in myasthenia gravis. Myasthenia Gravis Clinical Study Group[END_REF], two of the most common neurological TPEs indications up to date.

In recent years, central nervous system disorders have emerged where TPE is proving beneficial results [START_REF] Bonnan | Short delay to initiate plasma exchange is the strongest predictor of outcome in severe attacks of NMO spectrum disorders[END_REF][START_REF] Abboud | Treatment of acute relapses in neuromyelitis optica: Steroids alone versus steroids plus plasma exchange[END_REF][START_REF] Keegan | Relation between humoral pathological changes in multiple sclerosis and response to therapeutic plasma exchange[END_REF]. Here we will focus on disorders of the neuromyelitis optica spectrum disorders (NMO-SD). It is a heterogeneous autoimmune disease further stratified by serological tests (NMO-SD with or without AQP4-IgG) and characterized by inflammation and demyelination of the optic nerve and spinal cord (SC), with recurrent relapses leading to devastating results. The benefits of TPEs relate to the ability to eliminate these pathogenic inflammatory mediators (autoantibodies, complement and cytokines). Acute exacerbation of NMO-SD is a medical urgency. The standard treatment is high doses of steroids administered intravenously, at a rate of 1 g per day for 3-5 or even up to 10 days in the most severe cases, followed by oral treatment. TPEs represent a secondline "rescue therapy" in cases of lack of response to steroid treatment [START_REF] Huda | Neuromyelitis optica spectrum disorders[END_REF]. Studies have shown the benefit of combining TPEs with steroids compared to steroids alone [START_REF] Merle | Treatment of optic neuritis by plasma exchange (add-on) in neuromyelitis optica[END_REF].

Early initiation of TPE (≤ 5 days after symptom onset) is recommended as TPE's have shown even more beneficial effect on progressive impairment if used as soon as steroids are introduced [START_REF] Bonnan | Short delay to initiate plasma exchange is the strongest predictor of outcome in severe attacks of NMO spectrum disorders[END_REF]. Steroids should preferably be infused at the end of each TPE session.

Early initiation of TPE is an important indicator of a favorable outcome for severe NMO-SD attacks; for every day of delay in therapy initiation, the chances of achieving complete remission are reduced [START_REF] Kleiter | Apheresis therapies for NMOSD attacks: A retrospective study of 207 therapeutic interventions[END_REF]. Interestingly, the benefit of using TPE is observed in both seropositive and seronegative NMO-SD patients. These results suggest a potential role of as yet unknown antibodies in seronegative patients and a major role of complement factors in the pathophysiology of NMO-SD [START_REF] Ong | Therapeutic Plasma Exchange in Neuromyelitis Optica Spectrum Disorders and Related Disorders in Resource-Limited Settings: Outcomes in a Multiethnic Single-Center Population[END_REF][START_REF] Wu | Neuromyelitis optica spectrum disorder: Pathogenesis, treatment, and experimental models[END_REF][START_REF] Bruscolini | Diagnosis and management of neuromyelitis optica spectrum disorders -An update[END_REF].

The typical pattern consists of exchanges of 1.5 volumes of plasma for five treatments over 10 days. The substitute solution is 5% albumin. Depending on the kinetics of the fibrinogen, it is possible to inject plasma (10 to 15ml/kg) at the end of the session to cover the risk of hemorrhage.

ASFA recommendation: Grade 1B II

Indications in transplantation

In solid organ transplantation, the deleterious effect of antibodies specifically directed against the donor's HLA and ABO antigens is well established. These antibodies have been associated not only with the risk of humoral rejection, but also with delayed graft dysfunction and exposure to a higher risk of graft rejection [START_REF] Wang | Incompatible live-donor kidney transplantation in the United States: results of a national survey[END_REF]. They are also responsible for longer waiting times and complicate the search for a compatible graft.

To allow transplantation across this immunological barrier, therapeutic strategies to try to reduce the level of circulating cytotoxic allo-antibodies have been developed. These protocols use immunosuppressants associated with IVIG and rituximab [START_REF] Lefaucheur | Comparison of combination Plasmapheresis/IVIg/anti-CD20 versus high-dose IVIg in the treatment of antibody-mediated rejection[END_REF]. TPEs have been associated with these protocols because of their rapid effect in eliminating antibodies, either prior to transplantation, referred to as desensitization, or in case of rejection. These protocols are best validated for incompatible ABO kidney transplantation from a living donor [START_REF] Yabu | ABO-incompatible living donor kidney transplantation without posttransplant therapeutic plasma exchange[END_REF] and treatment of acute humoral kidney transplant rejection in combination with immunosuppressive therapy, prolonging graft survival [START_REF] Salvadori | Therapeutic apheresis in kidney transplantation: An updated review[END_REF] Emergency situations are observed in lung and heart transplantation with a lower level of evidence [START_REF] Chih | A survey of current practice for antibody-mediated rejection in heart transplantation[END_REF][START_REF] Otani | Evolving experience of treating antibody-mediated rejection following lung transplantation[END_REF]. In cardiac transplantation, the duration of ischemia, less than 6 hours, does not allow waiting for HLA compatibility results. Some centers, when transplanting immune patients with donor-specific anti-HLA antibodies, use TPE preoperatively to reduce the risk of hyperacute rejection.

TPEs are then initiated and performed intraoperatively, then daily for 4 consecutive days (total of 5 sessions).

The standard TEP procedure consists of the replacement of 1.5 plasma volumes during each session. The replacement fluid is albumin (5% solution). The patient's coagulation status determines whether fresh frozen plasma (FFP) is required as part of the replacement fluid.

IVIG is used at a low dose (0.1g / Kg) immediately after each TEP and at high dose (0.5g / Kg) for 4 days after the fifth TEP. The rationale for a low dose (0.1 g / Kg) is to prevent possible post-TEP rebound of antibodies and to prevent infectious complications.

ASFA recommendation: Grade 1C II

Metabolic indications

Major Hypertriglyceridemia evolving to acute pancreatitis (AP) is the only emergency in lipidology. No strict threshold exist to define the risk of AP, as a linear relationship has been observed between triglyceride levels and AP incidence [START_REF] Pedersen | Nonfasting Mild-to-Moderate Hypertriglyceridemia and Risk of Acute Pancreatitis[END_REF]. Severe HTG is usually defined as an increase in plasma triglyceride levels above 10 mmol/l.

Severe HTG is rare and often occurs in pre-existing dyslipidemia [START_REF] Gallo | Familial Chylomicronemia Syndrome (FCS): Recent Data on Diagnosis and Treatment[END_REF]. The increase in plasma triglycerides is maximal in the third trimester of pregnancy and remains a medical emergency because it affects the maternal and fetal vital prognosis by increasing the incidence of pregnancy complications such as pre-eclampsia [START_REF] Simmons | Hypertriglyceridemia in pregnancy[END_REF] or fetal macrosomia (independent of other factors) and increasing the risk of acute pancreatitis (4-6% of gestational AP are related to HTG). Overall maternal and fetal mortality of AP ranges from 15-20% with 60% at risk of preterm delivery [START_REF] Yang | Predicting fetal loss in severe acute pancreatitis during pregnancy: a 5-year single-tertiary-center retrospective analysis[END_REF].

The immediate implementation of dietary regimen, with a drastic reduction in lipid intake, is the first therapeutic intervention in severe HTG, provided it has not a genetic origin. Termination of pregnancy, if the term allows, often leads to rapid improvement . TPE may be a valid therapeutic option to reduce blood triglyceride levels. It also allows a rapid clinical and laboratory improvement, but evidence on morbidity and mortality reduction is lacking [START_REF] Berberich | Conservative management in hypertriglyceridemiaassociated pancreatitis[END_REF]. This treatment is capable of reducing triglyceride levels by 70% through the exchange of 1.5 plasma volumes. It is useful to administer a bolus of heparin at the beginning of the procedure, given the ability of this drug to release lipoprotein lipases from the endothelium.

The standard TEP procedure consists of the replacement of 1.5 plasma volumes during each session. The replacement fluid is albumin (5% solution). The patient's coagulation status determines whether fresh frozen plasma (FFP) is required as part of the replacement fluid.

ASFA recommendation: Grade 1C III Hyperthyroidism: in most cases, treatment of hyperthyroidism consists of synthetic antithyroid drugs, radioactive iodine and surgery [START_REF] Leo | Hyperthyroidism[END_REF].

The thyrotoxic crisis resulting from refractory hyperthyroidism is a life-threatening emergency, requiring a rapid decrease in thyroid hormone levels [START_REF] Simsir | Therapeutic plasmapheresis in thyrotoxic patients[END_REF]. The use of TPE allows the rapid restoration and maintenance of euthyroidism. In clinical practice, this occurs in cases of amiodarone-induced thyrotoxicosis with heart failure or severe heart rhythm disorder as an alternative to medical treatment, which may have a delayed onset [START_REF] Bartalena | European Thyroid Association (ETA) Guidelines for the Management of Amiodarone-Associated Thyroid Dysfunction[END_REF]. For patients with severe hyperthyroidism who have a contraindication to antithyroid drugs due to major adverse events such as agranulocytosis TPE are an option to prepare them for surgery in case of emergency or radioactive iodine treatment [START_REF] Saïe | Therapeutic Plasma Exchange in Refractory Hyperthyroidism[END_REF] .

From a pathophysiological point of view, the therapeutic benefit of TPE results from the elimination of plasma containing pathological substances potentially responsible for thyroid storm. Its replacement with albumin solutions provides new binding sites for free thyroid hormones, resulting in decreased levels of fT3 and fT4 [START_REF] Schlienger | Quantitative evaluation of hormonal extraction performed by continuous plasma exchange in euthyroid patients. Application to the treatment of severe hyperthyroidism[END_REF]. In the case of Grave's Disease, a reduction in TSH receptorstimulating antibodies may also play a role [START_REF] Simsir | Therapeutic plasmapheresis in thyrotoxic patients[END_REF].

Medical treatment for thyrotoxicosis is continued between TPE sessions if not contraindicated in order to increase the chances of rapid recovery from euthyroidism. Glucocorticoids, antithyroid therapy, and cholestyramine are often prescribed at the same time as TPE [START_REF] Ozbey | Therapeutic plasmapheresis in patients with severe hyperthyroidism in whom antithyroid drugs are contraindicated[END_REF].

On average, TPE leads to a rapid decrease of approximately 50% in FT3 and FT4 levels [START_REF] Simsir | Therapeutic plasmapheresis in thyrotoxic patients[END_REF][START_REF] Saïe | Therapeutic Plasma Exchange in Refractory Hyperthyroidism[END_REF] and is a good preparation for surgery, even in patients with a history of heart disease. In one study, the reported surgical morbidity rate was 29% in patients operated on for amiodarone-induced thyrotoxicosis without preparation for TPE [START_REF] Houghton | Surgical management of amiodarone-associated thyrotoxicosis: Mayo Clinic experience[END_REF].

The number of TPE should be decided on a case-by-case basis and reassessed after each session by clinicians, no predictive factors for determining the number of TPEs needed have been yet identified.

TPE is a safe treatment with few or no observed side effects. There are no absolute contraindications described in the literature and, in our experience, none of the clinical situations contraindicates this procedure.

The standard TEP procedure consists of the replacement of 1.5 plasma volumes during each session. The replacement fluid is albumin (5% solution). The patient's coagulation status determines whether fresh frozen plasma (FFP) is required as part of the replacement fluid.

ASFA recommendation: Grade 2C II

Conclusion

TPE represent a rescue and preventive therapeutic option in hemodynamically stable patients in an emergency setting. Urgency should not obscure the clinical and hemodynamic condition of the patient. It is therefore fundamental that the apheresis expert personally assesses the patient and the clinical documentation. The decision whether to undertake emergency treatment should be the subject of a multidisciplinary discussion. TPE are undeniably effective when their use is part of a well-defined therapeutic strategy. Nevertheless, this therapeutic option currently suffers from a lack of diffusion mainly due to the expertise required and to the small number of explicitly validated indications. Randomized, controlled trials are lacking for most of these conditions, making current recommendations based on a poor level of evidence.

Table I -

 I Indications for Urgent Plasma Exchange

	Pathology	Category Grade of Recommendation
	Thrombotic thrombocytopenic purpura (TTP)	I	1A
	Catastrophic Antiphospholipid Syndrome	II	2C
	Acute pancreatitis due to hypertriglyceridemia (HTG)	III	1B
	Drug intoxication or poisoning	II/III	2C
	Hyperviscosity syndromes	I	1B
	Acute fulminant hepatitis	III	2B
	Acute inflammatory demyelinating polyradiculoneuropathy ( Guillain-Barré Syndrome, GBS)	I	1A
	Myasthenia gravis (MG)	I	1A
	Neuromyelitis Optica-Spectrum Disease ( NMO-SD)	II	1B
	Thyroid storm	III	2C
	Adapted from Russi et al (3).