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

Results: A total of 339 patients were included, and 17 (5%) died secondary to anaphylaxis.

The main triggers were drugs (77%), contrast media (11%), and food (7%). Epinephrine was administered prior to ICU admission in 88% of patients with grade III anaphylaxis and 100% of patients with grade IV anaphylaxis. Most patients with grades III and IV anaphylaxis did not receive the recommended dose of intravenous fluid of 30 ml kg -1 within the first 4 h of ICU admission. The time to epinephrine administration was not statistically different between survivors and non-survivors, but non-survivors received a higher dose of epinephrine (median 5 [3-10] vs. 3 [2-7] mg, p<0.0001), which suggests that some forms of anaphylactic shock may be resistant to epinephrine. In multivariate analysis, only lactate level at ICU admission was a predictor of death (odds ratio 1.47 [1.15-1.88], p=0.002).

Conclusion:

Lactate levels at ICU admission appeared to be the most reliable criterion for assessing prognosis. Epinephrine is widely used during anaphylaxis, but the volume of fluid resuscitation was consistently lower than recommended.

Editor's key points

A multicentre retrospective study was carried out in 23 French ICUs to describe the epidemiology and management of patients with anaphylaxis who were transferred to an ICU.

Of 339 patients included, 17 (5%) died secondary to anaphylaxis.

The main triggers were drugs (77%), neuromuscular blocking agents in particular, contrast media (11%), and food (7%).

Epinephrine was administered to 88% of grade III anaphylaxis and 100% of grade IV anaphylaxis. Over half of grades III and IV did not receive the recommended dose of intravenous fluid.

In a multivariate analysis, only lactate level at ICU admission was a predictor of death.

Given the high mortality rate despite appropriate treatment, further studies are needed to identify new therapeutic targets for anaphylactic shock.

Anaphylaxis is a severe life-threatening reaction following exposure to an antigen. Its incidence is increasing in the general population, accompanied by increasing hospitalizations. [START_REF] Jeppesen | Hospitalization rates and prognosis of patients with anaphylactic shock in Denmark from 1995 through 2012[END_REF][START_REF] Turner | Epidemiology of severe anaphylaxis: can we use populationbased data to understand anaphylaxis?[END_REF][START_REF] Yao | Increasing trends of anaphylaxis-related events: an analysis of anaphylaxis using nationwide data in Taiwan, 2001-2013[END_REF] Although rare, anaphylaxis is often associated with significant morbidity and mortality. The mortality rate has been estimated at 0.84 (95% CI, 0.79 to 0.88) per million per year in the French adult population. [START_REF] Pouessel | Fatal anaphylaxis in France: Analysis of national anaphylaxis data, 1979-2011[END_REF] Age, obesity, cardiac and pulmonary morbidities have been associated with an increased rate of severe reaction and a higher mortality after anaphylaxis. [START_REF] Motosue | Risk factors for severe anaphylaxis in the United States[END_REF][START_REF] Reitter | Fatal anaphylaxis with neuromuscular blocking agents: a risk factor and management analysis[END_REF] However, the risk factors for death after Intensive Care Unit (ICU) admission have not yet been elucidated.

Several scientific societies have issued international guidelines to ensure early recognition and prompt management of anaphylaxis. [START_REF] Garvey | Management of suspected immediate perioperative allergic reactions: an international overview and consensus recommendations[END_REF][START_REF] Muraro | Anaphylaxis: guidelines from the European Academy of Allergy and Clinical Immunology[END_REF][START_REF] Gloaguen | Prise en charge de l'anaphylaxie en médecine d'urgence. Recommandations de la Société française de médecine d'urgence (SFMU) en partenariat avec la Société française d'allergologie (SFA) et le Groupe francophone de réanimation et d'urgences pédiatriques (GFRUP), et le soutien de la Société pédiatrique de pneumologie et d'allergologie (SP2A)[END_REF][START_REF] Mertes | Reducing the risk of anaphylaxis during anesthesia: 2011 updated guidelines for clinical practice[END_REF] Epidemiology reports and national audits have helped substantially improve our knowledge regarding anaphylaxis. Several studies approached the risk factors for ICU admission. [START_REF] Jeppesen | Hospitalization rates and prognosis of patients with anaphylactic shock in Denmark from 1995 through 2012[END_REF][START_REF] Pouessel | Anaphylaxis admissions to pediatric intensive care units in France[END_REF][START_REF] Ramsey | Epidemiology of Anaphylaxis in Critically Ill Children in the United States and Canada[END_REF] However, data are scarce regarding the management of ICU patients with anaphylaxis. Vascular filling and epinephrine administration are cornerstones of the initial management and may also play an important role after ICU admission, especially for severe anaphylaxis. The use of exceptional therapies, such as extracorporeal life support, has been reported only through case reports. We conducted a large nationwide retrospective study with the main objective being to describe the characteristics, investigate the modalities of management, and analyse the outcomes of patients admitted to the ICU for anaphylaxis graded according to the Ring & Mesmer classification. [START_REF] Mertes | Reducing the risk of anaphylaxis during anesthesia: 2011 updated guidelines for clinical practice[END_REF] 

Methods

Data management and ethics approval

Data were collected and managed using Research Electronic Data Capture (REDCap) software. The database was approved by the local ethics committee (saisine n°147, CHRU Nancy), which waived the need for signed informed consent of participants in accordance with French legislation on non-interventional studies. [START_REF] Toulouse | French legal approach to clinical research[END_REF] This manuscript was written in accordance with the STROBE statement for the reporting of observational studies in epidemiology (STROBE, http://www.strobe-statement.org/). The study was registered on clinicaltrials.gov (NCT04290507).

Patient population

Eligibility criteria

We included all patients admitted to the ICU with a diagnosis of anaphylaxis or anaphylactic shock regardless of the origin of the shock. Patients were excluded if they were < 18 yr old, presented with severe acute asthma, or died before ICU admission. Patients presenting anaphylaxis during their ICU stay were excluded.

Data source and method of selection

Patients' files were extracted through a French hospital discharge database containing individual records of all ICU stays using the International Classification of Disease (ICD-10) for the terms "anaphylactic shock" and "anaphylaxis". In addition, ICU medical charts were cross-checked with final medical reports to ensure exhaustivity.

Conduct of the study

A retrospective, multicentre, observational study was carried out between 1 st January 2012 and 31 st December 2017. The medical records of patients who experienced anaphylaxis requiring ICU admission were collected from 23 French ICUs. Participating centres and casemixes are listed in the supplementary material (supplementary file). Collected data concerned both ICU and hospital stays.

Measurements and data handling

Data collected

Demographic data, including age, sex, weight, height, American Society of Anesthesiologists (ASA) physical status classification, past medical history (cardiac, pulmonary, allergy history), location, and origin and grade of anaphylaxis according to the Ring & Mesmer grading system 10 (I to IV, see supplementary material Table S1) were collected. The sequential organ failure assessment (SOFA) score was determined at ICU admission.

Laboratory data such as markers of organ failure (troponin, lactate, arterial blood gases) were also recorded. Tryptase, and specific immunoglobulin E (sIgE) were used to confirm the positive diagnosis when available. Management of anaphylaxis, volume of crystalloid and colloid infused, duration and maximum dose of vasopressors infused in 24 h, and various therapeutic products used were collected. Finally, organ failure and outcomes of patients with grade IV anaphylaxis were documented.

Study endpoints

The primary endpoint was in-hospital mortality during ICU stay. Secondary endpoints included volume of fluid infused during the resuscitation process prior to ICU admission and during ICU stay, total dose of epinephrine administered, number of patients requiring alternative/rescue therapies to manage severe anaphylaxis and type of organ failures in grade IV anaphylaxis.

Sample size calculation

Considering that grade IV anaphylaxis occurs in 8 -17% of patients presenting with perioperative anaphylaxis [START_REF] Mertes | Anaphylaxis during anesthesia in France: an 8-year national survey[END_REF][START_REF] Gibbs | Survival from perioperative anaphylaxis in Western Australia 2000-2009[END_REF] , and the need of at least 40 grade IV anaphylaxis, a convenience sample size of 300 patients was selected.

Statistical analyses

Statistical analyses were performed using SPSS statistics version 25.0 (IBM, Boigny-sur-Bionne, France). Categorical data were expressed as percentages. Normally distributed quantitative data (Kolmogorov-Smirnov test) were expressed as mean (SD), and nonnormally distributed quantitative data were expressed as median (interquartile range [IQR]).

Comparisons between groups were made using the Chi-squared test for categorical variables and the Wilcoxon rank-sum test for quantitative variables. Prognostic factors associated with time to in-hospital death were studied using multivariate logistic regression analysis. Inhospital death was determined from the diagnosis date of anaphylaxis to death or discharge from the hospital or ICU, whichever occurred first. A patient discharged from the hospital was considered alive. Baseline and time-dependent variables associated with outcome in the univariate analysis (p<0.05) and that were present during diagnosis were considered for the multivariate model, and the final model was selected using backward stepwise regression (p<0.05). Odds ratios (OR) were calculated accordingly, with 95% confidence intervals (CI).

Significance was defined as p <0.05.

Results

Population characteristics

We identified 339 patients from 23 French ICUs (13 surgical ICUs, 10 medical or mixed ICUs) in the SFAR research network were included. The characteristics of patients admitted to the ICU for anaphylaxis are presented in Table 1. Most of the anaphylactic reactions were severe, with 81% grades III-IV. In-hospital anaphylaxis occurred in 275 patients (81.1%).

Drugs were the main suspected trigger for anaphylaxis (77.2%), followed by contrast media (11.5%) and food (6.8%).

Subgroup analysis by patient origin

Patients admitted to the ICU for anaphylaxis were primarily from the operating room (n=190, 56%), pre-hospital setting (n=64, 18.6%), or radiology (n=40, 11.9%). In the operating room, neuromuscular blocking agents were the first suspected triggering agent (n=130, 68%) with a high representation of succinylcholine (n=70, 37%) or rocuronium (n=37, 19%). Beta-lactams were suspected in 43 cases (23%). Drugs, mainly beta-lactams (n=13, 20%) or nonsteroidal anti-inflammatory drugs (NSAIDs; n=8, 13%), were also the first suspected agent in the prehospital setting (n=30, 47%). Food was the second suspected triggering agent (n= 19, 30%) followed by Hymenoptera (n=9, 14%). In radiology, the main suspected triggering agent was contrast media (n=34, 85%). Table 2 details the management of these patients prior to ICU admission.

Management modalities of anaphylaxis according to the grade of severity

Management of anaphylaxis according to the grade of severity is presented in Table 3. Half of patients with grade II anaphylaxis received epinephrine. In grade III and grade IV anaphylaxis, over half of patients did not receive the recommended dose of intravenous fluids of 30 ml kg -1 within the first 4 h after ICU admission. The volume of fluids was higher in patients with haemodynamic monitoring (3500 [500-1500] vs. 3000 [250-750] ml, p=0.04), regardless of the monitoring used. At ICU admission, epinephrine was continuously infused in 78% of patients with grade IV. Norepinephrine was chosen as an alternative to, or together with, epinephrine in 19 and 55%, respectively, of patients with grades III and IV.

Fatal cases

Of the 17 patients (5%) who died during their ICU stay, 2 presented with grade III and 15 with grade IV anaphylaxis. There was a majority of men (73%) and there was no significant difference between survivors and non-survivors regarding medical history or medication except for corticosteroids as regular medication (3.2% in survivors vs. 17.6% in nonsurvivors, p=0.017). The SOFA score at admission and the SAPSII at 24 h were higher in non-survivors than in survivors (10 [9-13] vs. 4 [1-8], p<0.0001 and 87 [73-94] vs. 30 [20-43], p<0.0001 respectively). Non-survivors required significantly more renal replacement therapy than did survivors (33.3% vs. 5.6%, p=0.014). Most patients died from multiorgan failure (n=10, 59%) or brain death (n=3, 18%). The median delay between admission and death was 3 [1-8] days. Table 4 shows a comparison between survivors (n=36) and nonsurvivors (n=15) in patients with grade IV anaphylaxis. Organ failure during ICU stay in survivors is presented in Table S2.

Factors associated with death in grade IV anaphylaxis

Lactate level at ICU admission, duration of no-flow (defined as the reported time from cardiac arrest to start of bystander cardiopulmonary resuscitation) and low-flow (defined as time with active cardiopulmonary resuscitation by a bystander and/or a medical provider to return of spontaneous circulation or full extracorporeal membrane oxygenation support if needed), epinephrine dose prior to ICU admission, and SOFA score at ICU admission were significantly higher among non-survivors with grade IV anaphylaxis. After multivariate logistic regression analysis, lactate level at ICU admission was the only variable identified as an independent risk factor for in-ICU mortality following grade IV anaphylaxis (OR 1.47 per unit, 95% CI [1.15-1.88], p=0.002). Figure 1 shows the ROC curves of the same factors for prdicting death of patients admitted for grade IV anaphylaxis in ICU. The largest AUROCs were 0.83, 95% CI [0.70-0.97] for lactate levels at ICU admission and 0.72, 95% CI [0.48-0.96] for duration of low-flow. Lactate > 6.9 mM at ICU admission predicted death with a sensitivity of 70%, specificity of 87.5%, and positive predictive value of 80%.

Allergic workup

Plasma tryptase level was assessed for 163 (48%) patients. The median tryptase was 31 [10-82] µM. Baseline tryptase (at least 24 h after the reaction) was assessed for only 93 patients (27%). Consultation in an outpatient allergy clinic was scheduled for 248 patients (73%).

Discussion

This study is one of the largest nationwide reports focused on the epidemiology and more specifically on management of anaphylactic reactions in patients admitted to ICU. Drugs were the main trigger for anaphylaxis. In accordance with international guidelines, epinephrine was used as the first-line treatment for anaphylaxis. However, management was suboptimal, with insufficient fluid resuscitation in the early phase and underuse of epinephrine in grade III anaphylaxis. Mortality was significant (5%) despite rapid recognition of anaphylaxis and administration of epinephrine within minutes of onset of anaphylaxis. This suggests that some forms of anaphylactic shock may be resistant to epinephrine. Lactate level at ICU admission appears to be a good predictor of ICU mortality. Blood sampling for tryptase and referral to the allergy clinic for an allergic check-up after anaphylactic shock could be further improved.

Literature on the epidemiology of anaphylactic shock for patients admitted to intensive care is scarce, especially in France. Most of the studies on severe anaphylaxis focus on risk factors for ICU admission or fatal anaphylaxis. [START_REF] Jeppesen | Hospitalization rates and prognosis of patients with anaphylactic shock in Denmark from 1995 through 2012[END_REF][START_REF] Motosue | Risk factors for severe anaphylaxis in the United States[END_REF][START_REF] Gibbison | Anaphylaxis admissions to UK critical care units between 2005 and 2009[END_REF] In our study, operating rooms were the main source of patients admitted for anaphylaxis, followed by the pre-hospital and radiology settings. The major triggers of perioperative anaphylaxis for patients admitted to ICU were neuromuscular blocking agents (NMBAs) and antibiotics. This is consistent with other studies evaluating the epidemiology of perioperative anaphylaxis, including the latest GERAP study (Groupe d'étude des réactions anaphylactiques périopératoires) in France in 2011-2012, in which 60.6% of perioperative allergic reactions were due to NMBAs, followed by antibiotics (18.2% of reactions). [START_REF] Tacquard | Anaesthetic hypersensitivity reactions in France between 2011 and 2012: the 10th GERAP epidemiologic survey[END_REF] Consistent with previous studies, succinylcholine and rocuronium were the most common triggers of NMBA-related anaphylaxis. [START_REF] Reddy | Anaphylaxis is more common with rocuronium and succinylcholine than with atracurium[END_REF][START_REF] Petitpain | Neuromuscular Blocking Agents induced anaphylaxis: Results and trends of a French Pharmacovigilance survey from 2000 to 2012[END_REF] Among antibiotics, ßlactams were common triggers. [START_REF] Tacquard | Anaesthetic hypersensitivity reactions in France between 2011 and 2012: the 10th GERAP epidemiologic survey[END_REF][START_REF] Francuzik | Refractory Anaphylaxis: Data From the European Anaphylaxis Registry[END_REF] In pre-hospital settings, antibiotics were also the most common trigger of anaphylactic shock in patients admitted to the ICU, followed by food and bite by Hymenoptera. This differs slightly from the epidemiology of patients admitted for anaphylaxis in the emergency department, where food allergens are the usual triggers. [START_REF] Panesar | The epidemiology of anaphylaxis in Europe: a systematic review[END_REF] This could be explained by a particular severity of reactions triggered by drugs and Hymenoptera.

Radio contrast media are, by far, the leading cause of anaphylaxis in radiology. Our study clearly shows that these reactions represent an important cause of ICU admission. There may be room for improvement in their management especially in fluid resuscitation.

Sub-group analysis of anaphylaxis management prior to ICU admission shows that when anaphylaxis occurs in the operating room, where patients are fully monitored and treated by trained anaesthetists, recognition of anaphylaxis is prompt and epinephrine is administered within minutes after onset of anaphylaxis. However, time to ICU admission is delayed by ~ 2 h, probably due to the time required to complete the surgical procedure for resuscitation in the operating room. By contrast, in radiology, where patients are supervised by physicians who are trained to recognize anaphylaxis but who have no particular experience in resuscitation, the time to first injection of epinephrine is short and patients are quickly transferred to the ICU for resuscitation. In pre-hospital settings, the time to first injection of epinephrine is longer: 23 min for grade IV anaphylaxis and 40 min for grade III anaphylaxis. This delay represents the time that the medical team requires to reach the patient, and illustrates the need to prescribe an epinephrine auto-injector to reduce the time to first injection in patients with a history of severe anaphylaxis. Unlike patients in the operating room, intravenous fluid resuscitation was rare in radiology and pre-hospital settings due to a lack of emphasis in guidelines from the emergency medicine society. [START_REF] Gloaguen | Prise en charge de l'anaphylaxie en médecine d'urgence. Recommandations de la Société française de médecine d'urgence (SFMU) en partenariat avec la Société française d'allergologie (SFA) et le Groupe francophone de réanimation et d'urgences pédiatriques (GFRUP), et le soutien de la Société pédiatrique de pneumologie et d'allergologie (SP2A)[END_REF] This gap should be addressed in future guidelines.

Anaphylaxis management is based on epinephrine administration and fluid resuscitation (supplementary Table S3). [START_REF] Garvey | Management of suspected immediate perioperative allergic reactions: an international overview and consensus recommendations[END_REF][START_REF] Mertes | Reducing the risk of anaphylaxis during anesthesia: 2011 updated guidelines for clinical practice[END_REF][START_REF] Simons | International consensus on (ICON) anaphylaxis[END_REF] Epinephrine has been consistently used in grade IV anaphylaxis, but 12% of grade III anaphylaxis cases did not receive epinephrine, although it is recommended. Two patients with Grade I reactions were treated with epinephrine. This may be the result of physician overreaction . Although we focused on the most severe patients (admitted to ICU), the median dose of epinephrine was high in patients with Grade II reactions. High doses of epinephrine, especially intravenously, are associated with severe complications such as arrhythmia, myocardial infarction and stress cardiomyopathy. [START_REF] Kawano | Epinephrine use in older patients with anaphylaxis: Clinical outcomes and cardiovascular complications[END_REF] Use of intravenous epinephrine must therefore be in strict compliance with current guidelines with dose adjustments based on severity of the reaction.

As proposed in the most recent guidelines, [START_REF] Garvey | Management of suspected immediate perioperative allergic reactions: an international overview and consensus recommendations[END_REF] continuous infusion of epinephrine was used in 45% and 78% of grade III and grade IV anaphylaxis, respectively. Norepinephrine was used in 55% of grade IV anaphylaxis. Use of norepinephrine is recommended as a second-line agent in several guidelines but has never been scientifically evaluated. It could represent an interesting alternative strategy when vasoplegia is predominant or when tachycardia or arrhythmia are deleterious. Further studies are needed to assess whether norepinephrine is a suitable alternative to epinephrine in anaphylaxis.

Fluid resuscitation of 10 to 30 ml kg -1 is currently recommended for the initial management of anaphylaxis. [START_REF] Mertes | Reducing the risk of anaphylaxis during anesthesia: 2011 updated guidelines for clinical practice[END_REF][START_REF] Simons | World Allergy Organization anaphylaxis guidelines: summary[END_REF] However, in our study the median volume of fluid was < 30 ml kg -1 at 4 h after ICU admission in grades III and IV anaphylaxis (Table 3). Experimental studies suggest that infusion of intravenous fluids should be rapid, within 1 h of onset of anaphylaxis. [START_REF] Tajima | Time to achieve target mean arterial pressure during resuscitation from experimental anaphylactic shock in an animal model. A comparison of adrenaline alone or in combination with different volume expanders[END_REF][START_REF] Tacquard | Treatment with a Platelet Activating Factor receptor antagonist improves hemodynamics and reduces epinephrine requirements, in a lethal rodent model of anaphylactic shock[END_REF] Hypovolaemia occurs within minutes after onset of anaphylaxis and is often profound, with severe reduction in tissue perfusion. [START_REF] Tacquard | Treatment with a Platelet Activating Factor receptor antagonist improves hemodynamics and reduces epinephrine requirements, in a lethal rodent model of anaphylactic shock[END_REF]27 Volume loading with crystalloids is recommended but may not be effective in restoring cardiac preload due to persistent high vascular leakage and vascular hyporesponsiveness. [START_REF] Tacquard | Treatment with a Platelet Activating Factor receptor antagonist improves hemodynamics and reduces epinephrine requirements, in a lethal rodent model of anaphylactic shock[END_REF] Colloids, if not suspected of being a trigger for anaphylaxis, could be used as second line therapy in cases of persistent hypovolaemia. Clinical data are lacking on which type of colloid should be used. [START_REF] Tajima | Time to achieve target mean arterial pressure during resuscitation from experimental anaphylactic shock in an animal model. A comparison of adrenaline alone or in combination with different volume expanders[END_REF] In the event of persistent haemodynamic instability at ICU admission, haemodynamic monitoring should be considered to assess preload dependency and to adjust the fluid resuscitation. Infused volume was higher when cardiac output was monitored in our study, suggesting that patients were hypovolaemic.

The 17 patients (5%) who died during their ICU stay is consistent with the mortality rate reported in the literature, and shows that anaphylaxis remains a serious disease. [START_REF] Reitter | Fatal anaphylaxis with neuromuscular blocking agents: a risk factor and management analysis[END_REF][START_REF] Francuzik | Refractory Anaphylaxis: Data From the European Anaphylaxis Registry[END_REF][START_REF] Harper | Anaesthesia, surgery, and life-threatening allergic reactions: epidemiology and clinical features of perioperative anaphylaxis in the 6th National Audit Project (NAP6)[END_REF] Nonsurvivors were more critically ill at ICU admission (higher SOFA score and lactate levels) and presented with longer low-flow duration. In multivariate logistic regression analysis, only the lactate level at ICU admission was identified as an independent risk factor for in-ICU mortality. This situation differs slightly from that described for the perioperative period in which age, high ASA physical status, obesity and use of beta blockers and angiotensin converting enzyme inhibitors were identified as prognostic indicators. [START_REF] Harper | Anaesthesia, surgery, and life-threatening allergic reactions: management and outcomes in the 6th National Audit Project (NAP6)[END_REF] Although our cohort had a significant proportion of perioperative anaphylaxis, we also identified a significant proportion of patients who experienced anaphylaxis in a pre-hospital setting or during injection of radiocontrast media. Triggers for these were different, with a higher proportion of protein allergens (in the pre-hospital setting) and different routes of administration which could lead to differences in prognostic factors and thus mask those specifically related to perioperative anaphylaxis. Only non-moribund patients admitted to ICU were considered in our cohort. Prognostic indicators previously identified could be related to early mortality with failure of initial resuscitation manoeuvres and less to late mortality.

The patients included in this study died despite rapid administration of high-dose epinephrine.

Fluid resuscitation could have been insufficient with a median volume of 17 ml kg -1 at 1 h after ICU admission, however, there was no difference between survivors and non-survivors.

Rescue therapies with methylene blue or extracorporeal life support were used unsuccessfully in three cases each. As previously observed specifically in the perioperative period and in the general population, these data suggest that some cases of anaphylactic shock are resistant to epinephrine. This suggests that new therapeutic targets should be considered to reduce the mortality of anaphylaxis. [START_REF] Reitter | Fatal anaphylaxis with neuromuscular blocking agents: a risk factor and management analysis[END_REF][START_REF] Francuzik | Refractory Anaphylaxis: Data From the European Anaphylaxis Registry[END_REF] Anaphylaxis is also associated with significant morbidity among survivors (supplementary Table S2) including coagulopathy, hepatitis, and acute coronary syndromes. These complications cannot be directly attributed to anaphylaxis but might result from the severe haemodynamic impairment in patients with pre-existing comorbidities. Nevertheless, these complications were observed only in grades III and IV anaphylaxis, which confirms that severe anaphylactic shock should be monitored in the ICU for at least 24 h after the reaction.

Our study suffers from several limitations. Over-representation of perioperative anaphylaxis was due to our method of recruitment through the SFAR network, which resulted in overrepresentation of surgical ICUs as compared to medical ICUs. However, 10 ICUs were mixed or medical, which allowed us to include a significant number of non-perioperative anaphylaxis cases. Moreover, perioperative anaphylaxis is particularly severe and is associated with a high mortality rate, which may contribute to the high prevalence of perioperative anaphylaxis in the ICU. [START_REF] Reitter | Fatal anaphylaxis with neuromuscular blocking agents: a risk factor and management analysis[END_REF][START_REF] Harper | Anaesthesia, surgery, and life-threatening allergic reactions: epidemiology and clinical features of perioperative anaphylaxis in the 6th National Audit Project (NAP6)[END_REF] We identified anaphylaxis cases using ICD-10 codes, which have been found to be imprecise, 30 so each case was then reviewed manually. The diagnosis was considered as probable when clinical signs of anaphylaxis occurred in a concordant time frame following exposure to an antigen and when other suspected diagnoses where ruled out by attending physicians. Tryptase levels were considered when available. Due to the lack of allergy investigation in some cases, uncertainties about the diagnosis might remain.

We studied only anaphylactic shock cases admitted to ICU. Thus, patients who died before admission to the ICU were not included. This could lead to an underestimation of the mortality rate for anaphylaxis. Patients were insufficiently referred to an allergy outpatient clinic for investigation. An allergy workup is the only way to confirm the mechanism of the reaction and to identify the culprit agent. This is also critical in assessing cross-reactivity in order to avoid a new reaction with a similar agent. [START_REF] Tacquard | Diagnostic procedure after an immediate hypersensitivity reaction in the operating room[END_REF] In conclusion, this is one of the largest studies available evaluating the epidemiology and management of anaphylactic shock in patients admitted to ICU. Drugs, in particular, NMBAs, were the leading triggers of these reactions. Epinephrine was widely used during anaphylaxis, but the volume and rate of fluid resuscitation was insufficient. Mortality rate remains high at 5% despite appropriate treatment. Further studies, both experimental and clinical, are needed to identify new therapeutic targets. Each patient who has suffered anaphylactic shock should be referred to an allergy clinic for proper study. 

Figure 1 .

 1 Figure 1. Area under receiver operating characteristic (ROC) curves for main factors

Table 3 . Initial management of anaphylaxis according to anapylaxis grade prior to admission and within the first 24 h of ICU stay

 3 Data are presented as median [25 th -75 th percentiles] or number (percentage). ICU: intensive care unit. * Details on fluid resucitation volumes are available in supplementary data (TableS4) ** Corticosteroids include methylprednisolone (most commonly used), hydrocortisone, prednisolone and dexamethasone.
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