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Introduction

Vasodilatory shock is a common pathology among critically ill patients. The Surviving Sepsis Guidelines recommend the use of norepinephrine as the first-choice vasopressor. [START_REF] Rhodes | Surviving Sepsis Campaign: International Guidelines for Management of Sepsis and Septic Shock: 2016[END_REF] Despite their efficacy, high doses of norepinephrine are associated with increased mortality. [START_REF] Auchet | Outcome of patients with septic shock and high-dose vasopressor therapy[END_REF][START_REF] Martin | NOREPINEPHRINE: NOT TOO MUCH, TOO LONG[END_REF] This finding highlights the need for refining treatment strategies for patients with refractory shock.

The use of vasopressin as a supplementary vasopressor is an interesting option. Vasopressin is a potent vasopressor that acts on vasopressinergic receptors [START_REF] Delmas | Clinical review: Vasopressin and terlipressin in septic shock patients[END_REF] and functions as an endogenous hormone that is involved in neuroendocrine imbalance associated with septic shock. [START_REF] Russell | Vasopressin in vasodilatory and septic shock[END_REF] Experimental data indicate that treatment with a combination of vasopressin and norepinephrine exerts synergistic effects on the restoration of vascular tone in patients with vasodilatory septic shock. [START_REF] Leone | Decreased vasopressin responsiveness in vasodilatory septic shock-like conditions[END_REF] Although the role of vasopressin in managing septic shock is controversial, results of subgroup analyses of randomized trials and meta-analyses suggest that the use of vasopressin is associated with improved outcomes. [START_REF] Gordon | Effect of Early Vasopressin vs Norepinephrine on Kidney Failure in Patients With Septic Shock: The VANISH Randomized Clinical Trial[END_REF] The Surviving Sepsis Guidelines suggest the addition of vasopressin (up to 0.03 U/min) to norepinephrine to increase mean arterial pressure (MAP) to a minimal initial target level of 65 mmHg or to decrease norepinephrine dosage. [START_REF] Rhodes | Surviving Sepsis Campaign: International Guidelines for Management of Sepsis and Septic Shock: 2016[END_REF] However, limited information is available on vasopressor weaning. Moreover, the protocol for norepinephrine interruption has not been reported in guidelines. The use of dynamic elastance has made it possible to predict hypotension incidence during norepinephrine weaning. [START_REF] Higgins | The Cochrane Collaboration's tool for assessing risk of bias in randomised trials[END_REF]11 Treatment weaning is challenging in patients receiving both norepinephrine and vasopressin.

To our knowledge, no clear data are available on norepinephrine and vasopressin weaning in patients treated with a combination of these vasopressors.

We hypothesized that norepinephrine should be weaned only after weaning vasopressin because of the possible cardiac effect of norepinephrine. Therefore, we performed a meta-analysis to identify the discontinuation sequence of norepinephrine and vasopressin in patients with septic shock by using available data.

Methods

This meta-analysis was designed according to the recommendations of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement. [START_REF] Moher | Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement[END_REF] Study methods and analysis plan were pre-published in the international Prospective Register of Systematic Reviews (PROSPERO) database under the number CRD42018110903.

Information Sources and Search Strategy

Studies of interest were identified by searching electronic databases and reference lists of screened studies and review articles. Date restriction was not applied. The final search was updated in July 2018. In addition, previously published review articles on this topic were hand searched for identifying additional references. A Boolean search strategy was designed and applied to the National Library of Medicine's MEDLINE database (PubMed). The search strategy included the following medical subject headings or keywords: "(vasopressin) AND (sepsis OR severe sepsis OR septic shock) AND (hypotension OR vasodilatory OR shock)".

Eligibility Criteria for Studies

All comparative studies (randomized and non-randomized studies) evaluating the use of a vasopressin derivative as a vasopressor agent in adult patients with septic shock who received norepinephrine were considered eligible for inclusion in this meta-analysis. Septic shock was defined regarding surviving sepsis campaign definition. [START_REF] Rhodes | Surviving Sepsis Campaign: International Guidelines for Management of Sepsis and Septic Shock: 2016[END_REF][START_REF] Dellinger | Surviving Sepsis Campaign: international guidelines for management of severe sepsis and septic shock, 2012[END_REF] Original studies, studies involving the use of vasopressor analogs besides arginine vasopressin (e.g., terlipressin), and studies without a specified intervention and control group or those including patients aged <18 years were excluded from the meta-analysis. The eligible studies were retrieved and combined, and duplicate studies were removed by using an Endnote reference manager.

Study Selection and Data Extraction

Three authors (LZ, ML, and GD) performed the literature search. In the first step, studies were screened according to their titles and abstracts, and studies that did not meet the eligibility criteria were excluded. Next, full texts of the selected studies were evaluated in detail. One author (GD) extracted the following data from all the selected studies: first author name, publication year, study design, inclusion criteria, trial arms, patient number, and primary outcome parameters.

Primary End point

The primary end point of the quantitative meta-analysis was the rate of rebound hypotension after vasopressor (vasopressin or norepinephrine) withdrawal during the first 24 hours of discontinuation. In all the analyses, hypotension was defined as the decrease in MAP to below a predefined target level or as the need for fluid resuscitation, reintroduction of a previously discontinued vasopressor, or an increase in adjuvant vasopressor dose to maintain the MAP level above the target level.

Assessment of the Risk of Bias

The risk of bias in the included studies was evaluated using the 2016 revised Cochrane risk of bias tool for randomized trials and Newcastle-Ottawa Scale for observational studies [START_REF] Higgins | The Cochrane Collaboration's tool for assessing risk of bias in randomised trials[END_REF]11 and by performing visual and statistical analyses of contoured funnel plots generated for the primary end point. The following domains were assessed for randomized trials: random sequence generation, allocation concealment, sequence generation blinding, participant and personnel blinding, outcome assessment blinding, incomplete outcome data, selective reporting, and other bias. The following domains were assessed for observational studies using the Newcastle-Ottawa Scale Score: case and control selection, case and control comparability, and outcome assessment. Each section is granted with 1 or 2 stars it reaches quality criterion (corresponding to a low risk of bias) 11 . The risk of bias was considered to be high if the criterion was unclear. The overall risk of bias for each study was classified as high if the Newcastle-Ottawa scale score of the study was under five stars over nine.

Statistical Analysis

The primary end point (occurrence of rebound hypotension) was analyzed using relative risk, which was defined as the ratio of the probability of an event occurring between two groups.

Fixed-and random-effects models, which account for between-study heterogeneity by weighing the studies similarly, were used. Heterogeneity was assessed using I 2 statistic, which represents the percentage of variance due to between-study factors rather than due to sampling error. 12-14 I 2 values of >50% were considered to indicate high heterogeneity. Funnel plots (i.e., plots of effect estimates against a sample size) were used to estimate the risk of bias; an asymmetry in these plots suggested the presence of publication bias in the metaanalysis. [START_REF] Borenstein | A basic introduction to fixedeffect and random-effects models for meta-analysis[END_REF] The robustness of the findings was investigated by performing a sensitivity analysis by considering the risk of bias (high and low) in the studies. All analyses were performed using RevMan software version 5.3 (Copenhagen: the Nordic Cochrane Centre, The Cochrane Collaboration, 2014).

Results

Search Results and Study Characteristics

Study flow diagram is presented in figure 1. This meta-analysis included nine original articles out of 650 screened publications that were retrieved by performing the literature search. [START_REF] Bauer | Discontinuation of vasopressin before norepinephrine increases the incidence of hypotension in patients recovering from septic shock: a retrospective cohort study[END_REF][START_REF] Curtis | DISCONTINUATION OF VASOPRESSORS IN SEPTIC SHOCK PATIENTS WEANING FROM NOREPINEPHRINE AND VASOPRESSIN[END_REF][START_REF] Bredhold | IMPACT OF THE SEQUENCE OF NOREPINEPHRINE AND VASOPRESSIN DISCONTINUATION POST-SEPTIC SHOCK[END_REF][START_REF] Payne | CHARACTERIZATION OF VASOPRESSIN USE FOR SHOCK STATES[END_REF][START_REF] Bissell | Hemodynamic Instability Secondary to Vasopressin Withdrawal in Septic Shock[END_REF][START_REF] Hammond | Discontinuation of Vasopressin Before Norepinephrine in the Recovery Phase of Septic Shock[END_REF][START_REF] Sacha | Hypotension Risk Based on Vasoactive Agent Discontinuation Order in Patients in the Recovery Phase of Septic Shock[END_REF][START_REF] Musallam | Evaluating Vasopressor Discontinuation Strategies in Patients With Septic Shock on Concomitant Norepinephrine and Vasopressin Infusions[END_REF][START_REF] Jeon | Incidence of hypotension according to the discontinuation order of vasopressors in the management of septic shock: a prospective randomized trial (DOVSS)[END_REF] Of the nine included studies, three were abstracts that reported the results of retrospective analyses and six were full-text articles, including five retrospective studies and one randomized clinical trial. One study reported a protocol for vasopressor weaning. In each study, the patients received vasopressin and norepinephrine continuously. The meta-analysis included 1245 patients, of which 460 patients underwent initial vasopressin weaning and 785 patients underwent initial norepinephrine weaning. The characteristics of each included study are presented in Table 1. The only prospective trial included in this meta-analysis was a randomized but unblinded trial.

Quality of the Studies

Table 2 summarizes the risk of bias among the included studies according to the Newcastle-Ottawa scale. In all, four studies showed a high risk of performance bias and four studies showed a low risk of performance bias. However, all the included studies showed a risk of bias.

Primary End point

The results of the meta-analysis of the nine studies showed that the risk of rebound hypotension or the need for interventions to maintain MAP above a predefined target level increased (odds ratio [OR], 3.4; 95% confidence interval [CI], 1.3-8.7; p = 0.01; I 2 = 90%) (Figure 2) when vasopressin was tapered before norepinephrine. The associated funnel plot was reasonably symmetrical. However, the limited number of studies included in this metaanalysis did not allow for the exclusion of publication bias (Figure 3).

Results of the sensitivity analysis by considering the quality of the studies (according to the 2016 revised Cochrane risk of bias tool) showed that risk was still significant (OR, 3.4; 95% CI, 1.3-8.6; p = 0.01). However, this effect was only observed when the four poor-quality studies were analyzed (OR, 5.4; 95% CI, 1.3-23.5; p = 0.02) [START_REF] Curtis | DISCONTINUATION OF VASOPRESSORS IN SEPTIC SHOCK PATIENTS WEANING FROM NOREPINEPHRINE AND VASOPRESSIN[END_REF][START_REF] Bredhold | IMPACT OF THE SEQUENCE OF NOREPINEPHRINE AND VASOPRESSIN DISCONTINUATION POST-SEPTIC SHOCK[END_REF][START_REF] Payne | CHARACTERIZATION OF VASOPRESSIN USE FOR SHOCK STATES[END_REF][START_REF] Bissell | Hemodynamic Instability Secondary to Vasopressin Withdrawal in Septic Shock[END_REF] and was not observed when the five high-quality studies were analyzed (OR, 2.4; 95% CI, 0.6-8.4; p = 0.18). [START_REF] Bauer | Discontinuation of vasopressin before norepinephrine increases the incidence of hypotension in patients recovering from septic shock: a retrospective cohort study[END_REF][START_REF] Hammond | Discontinuation of Vasopressin Before Norepinephrine in the Recovery Phase of Septic Shock[END_REF][START_REF] Sacha | Hypotension Risk Based on Vasoactive Agent Discontinuation Order in Patients in the Recovery Phase of Septic Shock[END_REF][START_REF] Musallam | Evaluating Vasopressor Discontinuation Strategies in Patients With Septic Shock on Concomitant Norepinephrine and Vasopressin Infusions[END_REF][START_REF] Jeon | Incidence of hypotension according to the discontinuation order of vasopressors in the management of septic shock: a prospective randomized trial (DOVSS)[END_REF] 

Discussion

The results of our meta-analysis suggest that the risk of rebound hypotension increases in patients with septic shock in whom vasopressin is weaned before norepinephrine. This finding suggests that a weaning strategy involving the discontinuation of norepinephrine before that of vasopressin could provide an optimum outcome among patients with septic shock receiving the combination of these vasopressors. The strength of our study lies in is its large sample size. In addition, a consistent result was observed among all the retrospective studies.

However, the only randomized clinical trial included in this meta-analysis showed that the rate of rebound hypotension increased when norepinephrine was tapered before vasopressin (hazard ratio, 2.2; 95% CI 1.1-4.4; p = 0.02). [START_REF] Jeon | Incidence of hypotension according to the discontinuation order of vasopressors in the management of septic shock: a prospective randomized trial (DOVSS)[END_REF] The maximum dose of vasopressin was 0.03 UI/min in the clinical trial and the mean dose of vasopressin was 0.04 or 0.05 UI/min in the other studies, [START_REF] Bauer | Discontinuation of vasopressin before norepinephrine increases the incidence of hypotension in patients recovering from septic shock: a retrospective cohort study[END_REF][START_REF] Payne | CHARACTERIZATION OF VASOPRESSIN USE FOR SHOCK STATES[END_REF][START_REF] Hammond | Discontinuation of Vasopressin Before Norepinephrine in the Recovery Phase of Septic Shock[END_REF][START_REF] Musallam | Evaluating Vasopressor Discontinuation Strategies in Patients With Septic Shock on Concomitant Norepinephrine and Vasopressin Infusions[END_REF] suggesting that a dose effect interfered with the choice of drugs used.

Our results showed that hypotension developed in 55% patients in whom vasopressin was tapered before norepinephrine and in 36% patients in whom norepinephrine was tapered before vasopressin. To our knowledge, no data are available on the effect of rebound hypotension during recovery from septic shock. Jeon at al. did not observe any difference between patients who developed hypotension and those who did not develop hypotension. [START_REF] Jeon | Incidence of hypotension according to the discontinuation order of vasopressors in the management of septic shock: a prospective randomized trial (DOVSS)[END_REF] .

Hypotension is associated with a poor outcome if it occurs early during the course of septic shock. [START_REF] Jones | Emergency department hypotension predicts sudden unexpected in-hospital mortality: a prospective cohort study[END_REF] Notably, this is not consistently observed in intensive care unit (ICU) patients. [START_REF] Patel | Impact of duration of hypotension prior to norepinephrine initiation in medical intensive care unit patients with septic shock: A prospective observational study[END_REF] However, it has been suggested that the occurrence of hypotension should be prevented in ICU patients because its effect on the outcomes of these patients are unclear. Some physiological theories may explain the results of our study. Vasopressin level is specifically decreased during septic shock with a relative vasopressin deficiency as shock last longer than few hours. The lack of physiological response secondary to vasoplegia remains unexplained but makes vasopressin a potential therapeutic key. [START_REF] Sharshar | Circulating vasopressin levels in septic shock[END_REF][START_REF] Annane | A 3-level prognostic classification in septic shock based on cortisol levels and cortisol response to corticotropin[END_REF] Furthermore, the half-life of vasopressin (16-24 min) is longer than that of norepinephrine (2-3 min), which may partly explain these results. [START_REF] Russell | Vasopressin in vasodilatory and septic shock[END_REF][START_REF] Martin | Effects of norepinephrine plus dobutamine or norepinephrine alone on left ventricular performance of septic shock patients[END_REF][START_REF] Albanèse | Terlipressin or norepinephrine in hyperdynamic septic shock: a prospective, randomized study[END_REF] This suggests that vasopressin discontinuation has a lingering effect compared with norepinephrine discontinuation, which has an immediate effect. Moreover, this effect can be aggravated in patients requiring ICU in whom the clearance of drugs may be delayed because of renal or liver dysfunction.

Through the impact of vasopressin or analogs use remains unclear, guidelines support their use in daily practice in case of refractory shock. [START_REF] Rhodes | Surviving Sepsis Campaign: International Guidelines for Management of Sepsis and Septic Shock: 2016[END_REF] Vail and colleagues analyzed the use of vasopressin in septic shock is united states. 31 Among 584,421 patients with septic shock in 532 hospitals, 100,923 (17.2%) received vasopressin between July 2008 and June 2013. 31 A total of 6.1% of patients received vasopressin alone, and 93.9% received vasopressin in combination with other vasopressors with a trend of increasing use during the study period (14 to 19%). 31 Recent data support that a combined early use of vasopressor may improve outcome during septic shock. We explored the use of an early perfusion of terlipressin in association with norepinephrine regarding a SOFA outcome after 72 hours of treatment. [START_REF] Duclos | Preliminary results of synergy between norepinephrine and terlipressin during septic shock[END_REF] Hammond and colleagues found equivalent results using an early perfusion of vasopressin in association of norepinephrine. [START_REF] Hammond | Efficacy and Safety of the Early Addition of Vasopressin to Norepinephrine in Septic Shock[END_REF] This trend of early association between vasopressors is supported by physio pathological hypothesis and editorials but needs to be confirmed by randomized clinical trials. 34 To confirm these findings, we initiated a RCT (NCT03336814) to evaluate the effect of terlipressin infusion versus placebo in the early stage of septic shock in patients with no heart failure.

Early synergy use of vasopressors in patients with septic shock may increase in the future. This highlight the need data regarding their weaning order to prevent adverse effect. [START_REF] Bissell | Hemodynamic Instability Secondary to Vasopressin Withdrawal in Septic Shock[END_REF] Literature, at this moment, cannot afford a reliable answer.

Our meta-analysis has several limitations. First, eight out of the nine studies included in this meta-analysis were retrospective studies with discrepancy in the amount of patients included in each studies. [START_REF] Bauer | Discontinuation of vasopressin before norepinephrine increases the incidence of hypotension in patients recovering from septic shock: a retrospective cohort study[END_REF][START_REF] Curtis | DISCONTINUATION OF VASOPRESSORS IN SEPTIC SHOCK PATIENTS WEANING FROM NOREPINEPHRINE AND VASOPRESSIN[END_REF][START_REF] Bredhold | IMPACT OF THE SEQUENCE OF NOREPINEPHRINE AND VASOPRESSIN DISCONTINUATION POST-SEPTIC SHOCK[END_REF][START_REF] Payne | CHARACTERIZATION OF VASOPRESSIN USE FOR SHOCK STATES[END_REF][START_REF] Bissell | Hemodynamic Instability Secondary to Vasopressin Withdrawal in Septic Shock[END_REF][START_REF] Hammond | Discontinuation of Vasopressin Before Norepinephrine in the Recovery Phase of Septic Shock[END_REF][START_REF] Sacha | Hypotension Risk Based on Vasoactive Agent Discontinuation Order in Patients in the Recovery Phase of Septic Shock[END_REF][START_REF] Musallam | Evaluating Vasopressor Discontinuation Strategies in Patients With Septic Shock on Concomitant Norepinephrine and Vasopressin Infusions[END_REF] Indeed, Sacha et al. study represents more than 50% of the patients included in the norepinephrine group, with no difference between groups. We attempted to reduce this risk of bias with the sensitivity analysis. Second, three studies were published only in the form of abstracts, with few variables, and can lead to omission bias by full data lacking . [START_REF] Curtis | DISCONTINUATION OF VASOPRESSORS IN SEPTIC SHOCK PATIENTS WEANING FROM NOREPINEPHRINE AND VASOPRESSIN[END_REF][START_REF] Bredhold | IMPACT OF THE SEQUENCE OF NOREPINEPHRINE AND VASOPRESSIN DISCONTINUATION POST-SEPTIC SHOCK[END_REF][START_REF] Payne | CHARACTERIZATION OF VASOPRESSIN USE FOR SHOCK STATES[END_REF] Third, we observed a discrepancy between the retrospective studies and the randomized clinical trial, suggesting that our major finding was obtained from poor-quality studies. Finally, the definition of rebound hypotension differed among the included studies, with a variation in cut-off level (from 60 to 65 mmHg), interventions used (fluid bolus, increased vasopressor rate, etc.), and study duration. These variations may be responsible for the difference in the results of the randomized clinical trial and the retrospective studies.

Conclusions

The results of our meta-analysis suggest that the risk of rebound hypotension increases in patients with septic shock or severe sepsis in whom vasopressin is tapered before norepinephrine. However, additional studies should be performed to determine the impact of these observations on the recovery of organ dysfunction in and survival of these patients. 
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