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There is a need for treatments to reduce coronavirus disease 2019 (COVID-19) mortality. Alpha-2 adrenergic receptor (α2 AR) agonists can dampen immune cell and inflammatory responses as well as improve oxygenation through physiologic respiratory parameters. Therefore, α2 AR agonists may be effective in reducing mortality related to hyperinflammation and acute respiratory failure in COVID-19. Dexmedetomidine (DEX) is an α2 AR agonist used for sedation. We performed a retrospective analysis of adults at Rush University System for Health hospitals between March 1, 2020 and July 30, 2020 with COVID-19 requiring invasive mechanical ventilation and sedation (n = 214). We evaluated the association of DEX use and 28-day mortality from time of intubation. Overall, 28-day mortality in the cohort receiving DEX was 27.0% as compared to 64.5% in the cohort that did not receive DEX (relative risk reduction 58.2%; 95% CI 42.4–69.6). Use of DEX was associated with reduced 28-day mortality on multivariable Cox regression analysis (aHR 0.19; 95% CI 0.10–0.33; p < 0.001). Adjusting for time-varying exposure to DEX also demonstrated that DEX was associated with reduced 28-day mortality (aHR 0.51; 95% CI 0.28–0.95; p = 0.03). Earlier DEX use, initiated <3.4 days from intubation, was associated with reduced 28-day mortality (aHR 0.25; 95% CI 0.13–0.50; p < 0.001) while later DEX use was not (aHR 0.64; 95% CI 0.27–1.50; p = 0.30). These results suggest an α2 AR agonist might reduce mortality in patients with COVID-19. Randomized controlled trials are needed to confirm this observation.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has caused over 5.3 million deaths worldwide to date (1). Severe complications of COVID-19 include acute respiratory failure and multi-organ dysfunction. Causes of severe COVID-19 complications and death include a hyperimmune response precipitating cytokine storm and hypoxemia caused by pulmonary dysfunction (2). An initial trigger of this hyperimmune response and pulmonary dysfunction is infection of lung alveolar cells, vascular endothelial cells, as well as other cell types with SARS-CoV-2 with further viral replication within cells and subsequent cell death (3–5). Dead cell debris and viral components bind to pattern recognition receptors (PRRs) of innate immune cells, triggering immune cell recruitment and activity. These activated immune cells can subsequently cause damage to host tissue through mechanisms such as release of reactive oxygen species (ROS) or cytokine production and release, causing further immune cell activation as well as organ and vascular dysfunction. With absence of clearance of infection, a perpetual dysregulated immune response can occur resulting in cytokine storm (3, 4).

Severe COVID-19 complications are closely linked to a hyperinflammatory state. For this reason, treatments that suppress the immune system and inflammation such as but not limited to corticosteroids, interleukin-6 (IL-6) inhibitors, and Janus kinase (JAK) inhibitors have been studied as treatments to improve COVID-19 outcomes (6–8). The strongest current evidence demonstrate corticosteroids reduce COVID-19 mortality (9, 10). Corticosteroids have broad immunosuppressive effects on both the innate and adaptive immune response. While the immunosuppressive benefits of corticosteroids have proven a mortality benefit to patients with moderate to severe COVID-19 illness (9, 10), there are concerns that such a broad immunosuppressant could delay viral clearance. Corticosteroids have delayed viral clearance in patients with novel coronavirus infections such as severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome (MERS), leading to concerns of delayed viral clearance in COVID-19 (11–13); there have been heterogenous reports as to whether this is the case for COVID-19 (14, 15). A limitation of corticosteroids is that their use provides no benefit and potential harm to patients with less severe COVID-19 not requiring supplemental oxygen (9), which may be due to the broad immunosuppressive actions of corticosteroids as well as other associated side effects.

Overall, corticosteroids, while beneficial at the right time and dose, may be a double-edged sword in COVID-19, and alternative or adjunct immunomodulatory agents may be of value for treating patients with COVID-19. A relatively new development in the understanding of the immune response and inflammation is the role that catecholamines and catecholamine receptors, such as the alpha-1 adrenergic receptor (α1 AR) and alpha-2 adrenergic receptor (α2 AR), play in immune cell activity and inflammatory cytokine production. Staedtke et al. (16) demonstrated that either suppression of catecholamine (norepinephrine and epinephrine) synthesis or suppression of catecholamine signaling with an α1 AR antagonist reduced inflammatory cytokine production and inflammatory injury and improved survival in mouse models of cytokine storm. These findings were hypothesized to be applicable to COVID-19 treatment (17), and, indeed, retrospective cohort analysis demonstrated that use of an α1 AR antagonist was associated with up to a 74% relative risk reduction for death in patients hospitalized with COVID-19 (18). A clinical trial is underway to further investigate these findings: ClinicalTrials.gov Identifier: NCT04365257.

As opposed to catecholamine signaling at the α1 AR receptor, stimulation of the α2 AR receptor serves as a negative feedback regulator of catecholamine release, subsequently decreasing catecholamine mediated signaling (19–23). Therefore, an α2 AR agonist may function similarly to an α1 AR antagonist by suppressing catecholamine signaling. The potential of suppression of the sympathetic nervous system, catecholamine signaling, or specifically α2 AR agonism to reduce COVID-19 mortality has been discussed (24–26).

Aside from suppression of catecholamine release, α2 AR agonists have other potential direct immunomodulatory effects such as maintaining endothelial junction integrity and attenuating microcirculatory derangements, as well as reducing immune cell recruitment and activity at the site of an inflammatory stimulus (27–30); our own preliminary animal data support these findings and demonstrate a substantially diminished localization of immune cell activity to a local inflammatory stimulus in response to an α2 AR agonist (unpublished). Furthermore, α2 AR agonists have been reported to suppress inflammatory cytokine production and provide organ protection (blood vessels, heart, brain, kidney) through anti-inflammatory and sympatholytic activities (28, 29). An α2 AR agonist (clonidine) reduced lung edema and improved survival in a murine viral (influenza A) lethal infection model (31). Aside from immunomodulatory properties of α2 AR agonists, other reported benefits of α2 AR agonists include reduced agitation and improved ventilator compliance, improved respiratory mechanics, as well as enhanced hypoxic pulmonary vasoconstriction and improvement in ventilation / perfusion ratio (25, 26, 32–35). Others have reviewed the mechanisms of and hypothesized on the potential therapeutic benefit of using an α2 AR agonist, such as dexmedetomidine (DEX) or clonidine, to mitigate COVID-19 morbidity and mortality (24–26). Clinical trials are currently underway investigating α2 AR agonist use in COVID-19 outcomes and immunomodulation: ClinicalTrials.gov Identifiers: NCT04413864 and NCT04358627.

There are currently approved clinical indications for use of α2 AR agonists, such as clonidine (e.g., hypertension), tizanidine (spasticity), and DEX (e.g., sedation). At Rush University System for Health (RUSH) hospitals, DEX is often used as a sedative for patients in the ICU receiving invasive mechanical ventilation, including in critically ill patients with COVID-19. Due to this specific usage of the α2 AR agonist DEX, we investigated the association of DEX use and mortality outcomes in critically ill patients with COVID-19 on retrospective analysis. Because DEX is predominately employed as an ICU sedative, and has an FDA approved indication for use in intubated and mechanically ventilated patients (36), we further restricted our patient population to patients receiving sedation for invasive mechanical ventilation.



MATERIALS AND METHODS


Data Sources

Data was collected from electronic medical records (EMRs) of RUSH hospitals: Rush University Medical Center; Rush Copley Medical Center; and Rush Oak Park Hospital. Deidentified data was collected from the EMRs by the Rush Bioinformatics and Biostatistics Core. This study received expedited approval by the Institutional Review Board at Rush University Medical Center. All authors analyzed the data.



Study Population

We identified patients admitted at RUSH hospitals from March 1, 2020 to July 30, 2020. Patients were included if they were of adult age (≥18), had a diagnosis of COVID-19, had acute respiratory distress syndrome or related diagnosis, and received intubation and sedation. We excluded patients that had a diagnosis of autoimmune disease or if tocilizumab was administered during hospital admission; these patients were excluded because a number of patients with COVID-19 were trialed early in the pandemic with tocilizumab, and both autoimmune disease or associated prescribed medications or tocilizumab can alter the immune system and immune response. Corticosteroids were not excluded because within the majority of time of the study period, there were no standard practices or guidelines for using this medication in the study population at RUSH hospitals. Early in the COVID-19 pandemic, there was no clear indication to provide early corticosteroid treatment at the time of oxygen support or invasive mechanical ventilation to reduce mortality. Our analysis was conducted between March 1, 2020 and July 30, 2020. Based on emerging randomized controlled trials (RCTs) reporting a mortality benefit of corticosteroid use (9, 10), it was only from July 2020 onward that early corticosteroid treatment became standard practice at RUSH hospitals. Patients meeting criteria were separated based on use of α2 AR agonist dexmedetomidine (DEX group) or patients that did not receive dexmedetomidine (No DEX group).



Study End Points

We assessed 28-day mortality between the DEX and No DEX groups from the start time of intubation. Our primary tool to assess 28-day mortality was multivariable Cox proportional hazards regression. Within this Cox regression model, DEX and covariates chosen a priori based on greatest potential influence on mortality were included. Covariates besides DEX included the following: (i) age at hospital admission; (ii) body mass index (BMI) at hospital admission; (iii) modified Charlson Comorbidity Index (mCCI) at hospital admission; (iv) partial pressure of arterial oxygen to the fraction of inspired oxygen (Pao2/FIo2) at intubation; (v) modified sequential organ failure assessment (mSOFA) at intubation; vi) corticosteroid use; vii) prone positioning use. The mCCI was calculated as described by Quan et al. (37). The Pao2/FIo2 and mSOFA were calculated as the worst value over 24 h from time of intubation (38). In the mSOFA score calculation, the nervous system SOFA component score was removed, since patients in this study were assessed while under sedation. In addition, 28-day mortality between the DEX and No DEX groups using multivariable Cox proportional hazards regression accounting for time varying exposure to the drug under investigation (DEX) from time of intubation adjusting for immortal time bias was performed as previously described (12); covariates addressed above, chosen a priori for potential influence on mortality, were also included.



Statistical Analysis

For continuous variables, independent samples t-tests were performed. For each continuous variable, a Levene's test for equality of variances was performed. With significance on Levene's test for heterogeneity of variances, a Mann-Whitney U test was performed. Continuous variable data are displayed as mean ± 95% confidence interval (CI). Categorical variables were assessed with a Pearson's chi-squared test. If any expected count in a 2 x 2 table was <5, a Fisher's exact test was performed. Categorical variables are displayed as counts and calculated as percentage within the group. We used p < 0.05 as the threshold for significance.

Mortality outcomes for DEX use and other covariates were evaluated with adjusted hazard ratios (aHR) with respective 95% CI and p < 0.05 for significance. Simple imputation using the mean of the immediate preceding and succeeding most severe value over 24 h was used for missing values for Pao2/FIo2 and mSOFA scores within the 24 h time period of interest (intubation) (38–40). A complete case analysis was performed (41). All analyses were performed using SPSS version 27.




RESULTS


Baseline Characteristics

From March 1, 2020 to July 30, 2020, a total of 214 patients met criteria for the analysis. A total of 152 patients were in the DEX group. The remaining patients (n = 62) were in the No DEX group. Patient demographic characteristics and comorbidities at hospital admission were evaluated between groups (Table 1). Age was similar between the DEX and No DEX group (60.1 vs. 59.1 years; p = 0.83). Gender, race, and ethnicity were similar between groups. Within the DEX group, there was a higher proportion of patients with hypertension (78.9 vs. 61.3%; p = 0.008) and coronary artery disease (23.0 vs. 11.3%; p = 0.05). Active cancer and types of chronic respiratory disease, immunosuppression, kidney disease, liver disease, and metabolic disease were similar between groups. BMI was similar in the DEX group and No DEX group (33.5 vs. 34.7 kg/m2; p = 0.36). The mCCI trended higher (worse) but was not statistically significant in the DEX group vs. No DEX group (2.5 vs. 1.8; p = 0.07) (Table 1).


Table 1. Patient baseline characteristics at hospital admission.
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ICU Variables

The Pao2/FIo2 ratios and mSOFA scores were evaluated at the start time of intubation (Table 2). Pao2/FIo2 values were similar between the DEX Group and No DEX Group at time of intubation (132.7 vs. 122.8 mmHg; p = 0.40). The mSOFA scores were similar between the DEX Group and No DEX Group at time of intubation (8.0 vs. 8.3; p = 0.55). The DEX group had a higher proportion use of sedative midazolam (77.0 vs. 50.0%; p < 0.001), lorazepam (65.1 vs. 21.0%; p < 0.001), and ketamine (30.9 vs. 9.7%; p = 0.001) (Table 2). However, the DEX group had a similar proportion of sedative propofol use (96.1 vs. 88.7%; p = 0.06) and similar proportion use of any gamma-aminobutyric acid (GABA) receptor ligand sedative (98.7 vs. 100%; p > 0.999) as compared to the No DEX group. Analgesic opioid use was similar between the DEX and No DEX group (94.1 vs. 91.9%; p = 0.55) (Table 2). Patients in the DEX group received DEX infusion on average for a duration of 7.5 days (95% CI 6.5–8.5).


Table 2. ICU variables.

[image: Table 2]

The proportion of any corticosteroid use was similar between the DEX and No DEX Group (55.9 vs. 46.8%; p = 0.22) (Table 2). With regard to specific corticosteroids, dexamethasone use was higher in the DEX group (19.1 vs. 6.5%; p = 0.02). However, the DEX group as compared to the No DEX Group had a similar proportion use of methylprednisolone (20.4 vs. 19.4%; p = 0.86), hydrocortisone (27.6 vs. 22.6%; p = 0.45), and prednisone (11.2 vs. 8.1%; p = 0.50) (Table 2).

The DEX group had a higher proportion of patients receiving remdesivir (19.1 vs. 6.5%; p = 0.02), any antibiotic (91.4 vs. 80.6%; p = 0.03), any vasopressor (93.4 vs. 72.6%; p < 0.001), and prone positioning (65.1 vs. 38.7%; p < 0.001) (Table 2). The use of antibiotic azithromycin, which has been tested as a COVID-19 therapeutic, was similar between groups (30.3% DEX vs. 37.1% No DEX; p = 0.33). Between DEX vs. No DEX groups, there was similar use of hydroxychloroquine (34.2 vs. 33.9%; p = 0.96), any anticoagulant (94.1 vs. 88.7%; p = 0.25), inhaled nitric oxide (3.9 vs. 3.2%; p > 0.999), paralytic medication (69.7 vs. 67.7%; p = 0.77), renal replacement therapy (2.0 vs. 1.6%; p > 0.999), and extracorporeal membrane oxygenation (3.3 vs. 0%; p = 0.32) (Table 2). Standard protocols at RUSH hospitals included the ABCDEF bundle for optimizing patient recovery and outcomes (42, 43) and use of sequential compression device boots for deep vein thrombosis prophylaxis.



Mortality Outcomes

From start time of intubation, 28-day mortality in the cohort receiving DEX was 27.0% as compared to 64.5% in the cohort that did not receive DEX (relative risk reduction 58.2%; 95% CI 42.4–69.6). The use of DEX was associated with reduced 28-day mortality on multivariable Cox regression analysis from time of intubation (aHR 0.19; 95% CI, 0.10–0.33; p < 0.001). The use of DEX was also associated with reduced 28-day mortality on unadjusted univariate Cox regression analysis from time of intubation (HR 0.25; 95% CI 0.16-0.39; p < 0.001).

DEX was often started days post intubation (mean 4.0 days, median 3.4 days) (Figure 1A). Multivariable Cox regression assessing for 28-day mortality from time of intubation adjusting for time varying exposure to DEX revealed that DEX use was associated with reduced mortality (aHR 0.51; 95% CI 0.28–0.95; p = 0.03). Given the median start time of DEX at 3.4 days, we assessed DEX use prior to and after 3.4 days with DEX as a time varying covariate. There was a significant reduction in mortality in patients who received DEX prior to 3.4 days (aHR 0.25, 95% CI 0.13–0.50, p < 0.001). However, there was no significant associated reduction in mortality in patients that received DEX after 3.4 days from intubation (aHR 0.64, 95% CI 0.27–1.50, p = 0.30) (Figure 1B). As comparison, univariable Cox regression assessing for 28-day mortality from time of intubation adjusting for time varying exposure to DEX also demonstrated that DEX use was associated with reduced mortality (aHR 0.56; 95% CI 0.35–0.91; p = 0.02). In all primary adjusted and unadjusted analyses performed, DEX use was associated with reduced 28-day mortality from time of intubation (Table 3).
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FIGURE 1. Dexmedetomidine start day from time of intubation and multivariable Cox regression assessing 28-day mortality from time of intubation accounting for time-varying exposure to dexmedetomidine. (A) Time to dexmedetomidine use from time of intubation. Day 0 includes patients already on dexmedetomidine prior to intubation. (B) Multivariable Cox regression assessing 28-day mortality from time of intubation accounting for dexmedetomidine as a time-varying covariate. Cut-off for dexmedetomidine start time from intubation included early start time (<3.4 days), later start time (>3.4 days), and all patients in the dexmedetomidine group (any time initiation of dexmedetomidine from intubation).



Table 3. 28-day mortality from time of intubation.
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Within multivariable Cox regression analyses, age and mSOFA score at time of intubation were associated with increased risk of mortality (Supplementary Tables 1–8). Any corticosteroid use was also associated with increased risk of mortality (Supplementary Tables 1, 2); however, in a separate analysis, dexamethasone use was associated with reduced mortality (Supplementary Tables 5, 6). Replacement of any corticosteroid use with dexamethasone in multivariable Cox regression demonstrated that DEX use was associated with reduced mortality when DEX was treated as a categorical variable (aHR 0.18; 95% CI 0.10–0.34; p < 0.001) or as a time-varying covariate when DEX was initiated at <3.4 days from intubation (aHR 0.26; 95% CI 0.13–0.52; p < 0.001) but not associated with reduced mortality when DEX was initiated > 3.4 days from intubation (aHR 0.69; 95% CI 0.29–1.64; p = 0.40) or when assessed at all time points when DEX was treated as a time varying covariate (aHR 0.57; 95% CI 0.31−1.06; p = 0.07) (Supplementary Tables 5–8).




DISCUSSION

We performed a retrospective analysis to assess mortality associated with α2 AR agonist use in patients with COVID-19. To achieve this objective, we evaluated use of DEX (an ICU sedative) in critically ill patients with COVID-19 requiring sedation and invasive mechanical ventilation. DEX use was associated with reduced 28-day mortality from time of intubation on all primary multivariable and univariable Cox regression analyses. Furthermore, initiation of DEX use <3.4 days from time of intubation was associated with reduced mortality, while later initiation of DEX was not associated with reduced mortality.

In multivariable Cox regression analyses, we adjusted for covariates that could have influenced mortality outcomes (age, BMI, mCCI, Pao2/FIo2, mSOFA, prone positioning, and corticosteroid use). Furthermore, we adjusted for time varying exposure to DEX and accounted for immortal time bias. Adjusting for confounding immortal time bias can significantly influence the association of the drug of interest with mortality as compared to unadjusted analyses (12).

Since initiation of our analysis, there have been recent reports on the use of α2 AR agonist use in COVID-19 outcomes. In one case series, early administration of α2 AR agonist clonidine appeared to mitigate progression of moderate to severe COVID-19, when provided before or at the time of requirement of oxygenation or hospitalization (44). Intriguingly, the authors chose clonidine for the dual purpose of its anti-hypertensive effects and immunomodulatory effects. A potential benefit of clonidine or even lower dose DEX use would be that these drugs at lower doses only mildly sedate patient (minimal effect on patient awareness) and could potentially be given to patients with COVID-19 not requiring oxygenation or hospitalization. Given that there is no benefit and potential harm in providing patients with immunosuppressive corticosteroids prior to oxygenation requirements in COVID-19 (9), an α2 AR agonist could potentially be used as an immunomodulator in the earlier stages of COVID-19—prior to requirement of oxygenation—where corticosteroids have been ineffective (9).

A recent retrospective study analyzed patients over 12 h following initiation of DEX administration; patients receiving DEX had improvement in oxygenation (Pao2/FIo2 ratio) over the 12 h assessment time period (45). Similarly, in a case report, a patient was found to have gradually worsening hypoxemia on non-invasive ventilation, and intubation was strongly considered; however the patient was trialed on DEX and subsequent of improvement oxygenation followed without need for intubation; the authors hypothesized this may be due to behavior changes (agitation to calm) or physiologic changes induced by the drug (46); outside of the potential immunomodulator benefits of DEX, it is relevant to consider DEX may be helping to improve oxygenation through other modalities such as reduced agitation and increased ventilator compliance as well as improvement in respiratory mechanics, enhanced hypoxic pulmonary vasoconstriction and improvement in ventilation / perfusion ratio (25, 26, 32–35).

Other recent studies in combination with ours suggest that α2 AR agonist use when administered around the time of or prior to hospitalization and oxygen requirement or around the time of invasive mechanical ventilation may provide outcome benefits for patients with COVID-19. We found patients receiving DEX closer to the time of intubation had improved associated mortality outcomes as compared to later DEX use. Once SARS-CoV-2 virus gains entry into host cells, it begins eliciting local inflammation. This can contribute to local organ damage and dysfunction. Local infection and inflammation can propagate, and a systemic hyperinflammatory response can result, causing further organ damage and dysfunction (4). After organ damage from sustained inflammation and immune cell response, injury can be irreversible. Optimal initiation of an α2 AR agonist may be before or at the time of invasive mechanical ventilation, in an attempt to prevent immune mediated organ dysfunction and irreversible organ damage.

Steroids such as dexamethasone, methylprednisolone, and hydrocortisone have been investigated in RCTs, and these trials overall have demonstrated improved mortality outcomes when steroids are used as an immunosuppressant for COVID-19 treatment (9, 10). However, within the majority of time of our analysis, a standard protocol for corticosteroid use in COVID-19 was not in place. During the majority of the study period (March 1, 2020 to July 30, 2020), corticosteroid use initiated at the time of oxygenation or invasive mechanical ventilation was controversial due to concerns of suppressed viral clearance, and use of corticosteroids was variable for COVID-19 patients. Corticosteroids are also employed for the management of hypotension and vasopressor dependent shock in the critical care setting (47), which would be associated with increased risk of mortality. The associated increased risk of mortality with any corticosteroid use in our study could be reflective of management of more severe course of COVID-19. However, starting in July 2020, strong evidence demonstrated corticosteroid use (dexamethasone) initiated at the time of requirement of oxygen support or invasive mechanical ventilation improved mortality outcomes (9), and patients at RUSH hospitals began being treated based on these guidelines. In this study, 19.1% of patients in the DEX group received dexamethasone as compared to 6.5% of patients in the No DEX group (p = 0.02). Dexamethasone use was associated with reduced mortality and did influence the association of mortality benefit of DEX in some of our multivariable analyses. Our results demonstrated DEX use within 3.4 days from time of intubation is associated with reduced mortality when dexamethasone use was specifically incorporated in the multivariable Cox regression model. However, studies performed after July 2020 would be able to assess a greater number of patients receiving continuous corticosteroids initiated between the time of initiation of oxygen support and invasive mechanical ventilation for COVID-19.

While no results have been posted to date, current clinical trials (ClinicalTrials.Gov) may provide further insight into use of DEX initiation from the start of non-invasive ventilation (NCT04358627) or in patients that have been intubated (NCT04413864) on COVID-19 outcomes and inflammation. These results and additional studies should be of high importance to evaluate α2 AR agonists and their potential to limit COVID-19 disease severity and potentially mortality. Furthermore, as discussed in the introduction, since α2 AR agonists may share overlap in function as an immunomodulator as compared to α1 AR antagonists, insights from the clinical trial investigating an α1 AR antagonist in the potential to reduce COVID-19 mortality (NCT04365257) may be applicable.

Our current study is limited in being retrospective, which prevents standardization of treatment between groups. Our assessment was restricted to a single hospital system with a limited number of patients (n = 214). Use of DEX varies between hospital systems, and our current analysis was restricted to RUSH hospitals. Further retrospective studies expanded to other hospital systems as well as results from RCTs are needed to evaluate DEX and potential to reduce COVID-19 mortality. A strength of this analysis includes adjustment for confounders not only with multivariable Cox regression but also with evaluation of the drug of interest (DEX) as a time-varying covariate (12); this has been described as an important assessment in COVID-19 mortality outcomes that is often not implemented (48). Regardless, more study results are urgently needed to evaluate the potential impact of α2 AR agonists on COVID-19 mortality as currently addressed.

In summary, use of α2 AR agonist DEX was associated with lower mortality in critically ill patients with COVID-19 requiring invasive mechanical ventilation at RUSH hospitals on retrospective analysis. The associated mortality benefit of DEX appeared to be related to earlier use closer to the time of intubation as opposed to later use. The use of an α2 AR agonist might be an important pharmacologic agent in patients with COVID-19 to reduce mortality. While limited studies, including ours, report benefits using α2 AR agonists, such as DEX and clonidine, in COVID-19 outcomes, larger retrospective analyses expanded to other hospital systems and RCTs are needed to further explore these findings.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding authors.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Institutional Review Board at Rush University Medical Center. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



AUTHOR CONTRIBUTIONS

JH, MV, LF, MW, and RB developed the study design. JH, MV, EK, LF, MW, and RB conducted statistical analysis. JH, MW, and RB wrote the manuscript with input from all authors. The final manuscript was reviewed by all authors.



FUNDING

NIH grant 1T32AR073157-01A1 (to JH and MW); Grainger Chair of the Rush Arthritis and Orthopedics Institute (to MW); Rush Bioinformatics and Biostatistics Core with support from NIH grant 5UL1TR002389-04 (Julian Solway).



ACKNOWLEDGMENTS

Data acquisition performed by the Rush Bioinformatics and Biostatistics Core.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2021.797647/full#supplementary-material



REFERENCES

 1. WHO. COVID-19 Dashboard. Geneva: World Health Organization (2020). 

 2. Ragab D, Salah Eldin H, Taeimah M, Khattab R, Salem R. The COVID-19 cytokine storm; what we know so far. Front Immunol. (2020) 11:1446. doi: 10.3389/fimmu.2020.01446

 3. Tay MZ, Poh CM, Renia L, MacAry PA, Ng LFP. The trinity of COVID-19: immunity, inflammation and intervention. Nat Rev Immunol. (2020) 20:363–74. doi: 10.1038/s41577-020-0311-8

 4. Iwasaki M, Saito J, Zhao H, Sakamoto A, Hirota K, Ma D. Inflammation triggered by SARS-CoV-2 and ACE2 augment drives multiple organ failure of severe COVID-19: molecular mechanisms and implications. Inflammation. (2021) 44:13–34. doi: 10.1007/s10753-020-01337-3

 5. Mason RJ. Pathogenesis of COVID-19 from a cell biology perspective. Eur Respir J. (2020) 55:2000607. doi: 10.1183/13993003.00607-2020

 6. Chen PL, Lee NY, Cia CT, Ko WC, Hsueh PR. A review of treatment of coronavirus disease 2019 (COVID-19): therapeutic repurposing and unmet clinical needs. Front Pharmacol. (2020) 11:584956. doi: 10.3389/fphar.2020.584956

 7. Chen CX, Wang JJ, Li H, Yuan LT, Gale RP, Liang Y. JAK-inhibitors for coronavirus disease-2019 (COVID-19): a meta-analysis. Leukemia. (2021) 35:2616–20. doi: 10.1038/s41375-021-01266-6

 8. Guimaraes PO, Quirk D, Furtado RH, Maia LN, Saraiva JF, Antunes MO, et al. Tofacitinib in patients hospitalized with Covid-19 pneumonia. N Engl J Med. (2021) 385:406–15. doi: 10.1056/NEJMoa2101643

 9. Group RC, Horby P, Lim WS, Emberson JR, Mafham M, Bell JL, et al. Dexamethasone in hospitalized patients with Covid-19. N Engl J Med. (2021) 384:693–704. doi: 10.1056/NEJMoa2021436

 10. WHO Rapid Evidence Appraisal for COVID-19 Therapies (REACT) Working Group, Sterne JAC, Murthy S, Diaz JV, Slutsky AS, Villar J, et al. Association between administration of systemic corticosteroids and mortality among critically Ill patients with COVID-19: a meta-analysis. JAMA. (2020) 324:1330–41. doi: 10.1001/jama.2020.17023

 11. Russell CD, Millar JE, Baillie JK. Clinical evidence does not support corticosteroid treatment for 2019-nCoV lung injury. Lancet. (2020) 395:473–5. doi: 10.1016/S0140-6736(20)30317-2

 12. Arabi YM, Mandourah Y, Al-Hameed F, Sindi AA, Almekhlafi GA, Hussein MA, et al. Corticosteroid therapy for critically Ill patients with middle east respiratory syndrome. Am J Respir Crit Care Med. (2018) 197:757–67. doi: 10.1164/rccm.201706-1172OC

 13. Stockman LJ, Bellamy R, Garner P. SARS: systematic review of treatment effects. PLoS Med. (2006) 3:e343. doi: 10.1371/journal.pmed.0030343

 14. Spagnuolo V, Guffanti M, Galli L, Poli A, Querini PR, Ripa M, et al. Viral clearance after early corticosteroid treatment in patients with moderate or severe covid-19. Sci Rep. (2020) 10:21291. doi: 10.21203/rs.3.rs-41021/v1

 15. Li S, Hu Z, Song X. High-dose but not low-dose corticosteroids potentially delay viral shedding of patients with COVID-19. Clin Infect Dis. (2021) 72:1297–8. doi: 10.1093/cid/ciaa829

 16. Staedtke V, Bai RY, Kim K, Darvas M, Davila ML, Riggins GJ. et al. Disruption of a self-amplifying catecholamine loop reduces cytokine release syndrome. Nature. (2018) 564:273–7. doi: 10.1038/s41586-018-0774-y

 17. Konig MF, Powell M, Staedtke V, Bai RY, Thomas DL, Fischer N, et al. Preventing cytokine storm syndrome in COVID-19 using alpha-1 adrenergic receptor antagonists. J Clin Invest. (2020) 130:3345–7. doi: 10.1172/JCI139642

 18. Rose L, Graham L, Koenecke A, Powell M, Xiong R, Shen Z, et al. The association between alpha-1 adrenergic receptor antagonists and in-hospital mortality from COVID-19. Front Med. (2021) 8:637647. doi: 10.3389/fmed.2021.637647

 19. Raasch W, Dominiak P, Ziegler A, Dendorfer A. Reduction of vascular noradrenaline sensitivity by AT1 antagonists depends on functional sympathetic innervation. Hypertension. (2004) 44:346–51. doi: 10.1161/01.HYP.0000138406.13413.0e

 20. Giovannitti JA, Thoms SM, Crawford JJ. Alpha-2 adrenergic receptor agonists: a review of current clinical applications. Anesth Prog. (2015) 62:31–9. doi: 10.2344/0003-3006-62.1.31

 21. Moura E, Afonso J, Hein L, Vieira-Coelho MA. Alpha2-adrenoceptor subtypes involved in the regulation of catecholamine release from the adrenal medulla of mice. Br J Pharmacol. (2006) 149:1049–58. doi: 10.1038/sj.bjp.0706950

 22. Brede M, Nagy G, Philipp M, Sorensen JB, Lohse MJ, Hein L. Differential control of adrenal and sympathetic catecholamine release by alpha 2-adrenoceptor subtypes. Mol Endocrinol. (2003) 17:1640–6. doi: 10.1210/me.2003-0035

 23. Ebert TJ, Hall JE, Barney JA, Uhrich TD, Colinco MD. The effects of increasing plasma concentrations of dexmedetomidine in humans. Anesthesiology. (2000) 93:382–94. doi: 10.1097/00000542-200008000-00016

 24. Hyoju SK, Zaborina O, van Goor H. SARS-CoV-2 and the sympathetic immune response: dampening inflammation with antihypertensive drugs (clonidine and propranolol). Med Hypotheses. (2020) 144:110039. doi: 10.1016/j.mehy.2020.110039

 25. Zhao H, Davies R, Ma D. Potential therapeutic value of dexmedetomidine in COVID-19 patients admitted to ICU. Br J Anaesth. (2021) 126:e33–5. doi: 10.1016/j.bja.2020.09.031

 26. Jain A, Lamperti M, Doyle DJ. Dexmedetomidine: another arrow in the quiver to fight COVID-19 in intensive care units. Br J Anaesth. (2021) 126:e35–8. doi: 10.1016/j.bja.2020.10.010

 27. Herrera-Garcia AM, Dominguez-Luis MJ, Arce-Franco M, Armas-Gonzalez E, Alvarez de La Rosa D, Machado JD, et al. Prevention of neutrophil extravasation by alpha2-adrenoceptor-mediated endothelial stabilization. J Immunol. (2014) 193:3023–35. doi: 10.4049/jimmunol.1400255

 28. Flanders CA, Rocke AS, Edwardson SA, Baillie JK, Walsh TS. The effect of dexmedetomidine and clonidine on the inflammatory response in critical illness: a systematic review of animal and human studies. Crit Care. (2019) 23:402. doi: 10.1186/s13054-019-2690-4

 29. Lankadeva YR, Shehabi Y, Deane AM, Plummer MP, Bellomo R, May CN. Emerging benefits and drawbacks of alpha2 -adrenoceptor agonists in the management of sepsis and critical illness. Br J Pharmacol. (2021) 178:1407–25. doi: 10.1111/bph.15363

 30. Miranda ML, Balarini MM, Bouskela E. Dexmedetomidine attenuates the microcirculatory derangements evoked by experimental sepsis. Anesthesiology. (2015) 122:619–30. doi: 10.1097/ALN.0000000000000491

 31. Matsui K, Ozawa M, Kiso M, Yamashita M, Maekawa T, Kubota M, et al. Stimulation of alpha2-adrenergic receptors impairs influenza virus infection. Sci Rep. (2018) 8:4631. doi: 10.1038/s41598-018-22927-0

 32. Hasanin A, Taha K, Abdelhamid B, Abougabal A, Elsayad M, Refaie A, et al. Evaluation of the effects of dexmedetomidine infusion on oxygenation and lung mechanics in morbidly obese patients with restrictive lung disease. BMC Anesthesiol. (2018) 18:104. doi: 10.1186/s12871-018-0572-y

 33. Lee SH, Kim N, Lee CY, Ban MG, Oh YJ. Effects of dexmedetomidine on oxygenation and lung mechanics in patients with moderate chronic obstructive pulmonary disease undergoing lung cancer surgery: a randomised double-blinded trial. Eur J Anaesthesiol. (2016) 33:275–82. doi: 10.1097/EJA.0000000000000405

 34. Castillo RL, Ibacache M, Cortinez I, Carrasco-Pozo C, Farias JG, Carrasco RA, et al. Dexmedetomidine improves cardiovascular and ventilatory outcomes in critically ill patients: basic and clinical approaches. Front Pharmacol. (2019) 10:1641. doi: 10.3389/fphar.2019.01641

 35. Wang K, Wu M, Xu J, Wu C, Zhang B, Wang G, et al. Effects of dexmedetomidine on perioperative stress, inflammation, and immune function: systematic review and meta-analysis. Br J Anaesth. (2019) 123:777–94. doi: 10.1016/j.bja.2019.07.027

 36. Reel, B, Maani, CV,. Dexmedetomidine. In: StatPearls [Internet]. Florida, FL: StatPearls Publishing. Retreived from: https://www.ncbi.nlm.nih.gov/books/NBK513303/ (accessed May 15, 2021). 

 37. Quan H, Li B, Couris CM, Fushimi K, Graham P, Hider P, et al. Updating and validating the Charlson comorbidity index and score for risk adjustment in hospital discharge abstracts using data from 6 countries. Am J Epidemiol. (2011) 173:676–82. doi: 10.1093/aje/kwq433

 38. Lambden S, Laterre PF, Levy MM, Francois B. The SOFA score-development, utility and challenges of accurate assessment in clinical trials. Crit Care. (2019) 23:374. doi: 10.1186/s13054-019-2663-7

 39. Vincent JL, Mendonca Ade, Cantraine F, Moreno R, Takala J, Suter PM, et al. Use of the SOFA score to assess the incidence of organ dysfunction/failure in intensive care units: results of a multicenter, prospective study Working group on “sepsis-related problems” of the European society of intensive care medicine. Crit Care Med. (1998) 26:1793–800. doi: 10.1097/00003246-199811000-00016

 40. Moreno R, Vincent JL, Matos R, Mendonca A, Cantraine F, Thijs L, et al. The use of maximum SOFA score to quantify organ dysfunction/failure in intensive care Results of a prospective, multicentre study. Intensive Care Med. (1999) 25:686–96. doi: 10.1007/s001340050931

 41. Groenwold RH, Donders AR, Roes KC, Harrell FE, Moons KG. Dealing with missing outcome data in randomized trials and observational studies. Am J Epidemiol. (2012) 175:210–7. doi: 10.1093/aje/kwr302

 42. Marra A, Ely EW, Pandharipande PP, Patel MB. The ABCDEF bundle in critical care. Crit Care Clin. (2017) 33:225–43. doi: 10.1016/j.ccc.2016.12.005

 43. Ely EW. The ABCDEF bundle: science and philosophy of how ICU liberation serves patients and families. Crit Care Med. (2017) 45:321–30. doi: 10.1097/CCM.0000000000002175

 44. Hyoju SK, Baral B, Jha PK. Central catecholaminergic blockade with clonidine prevent SARS-CoV-2 complication: a case series. IDCases. (2021) 25:e01219. doi: 10.1016/j.idcr.2021.e01219

 45. Uusalo P, Valtonen M, Jarvisalo MJ. Hemodynamic and respiratory effects of dexmedetomidine sedation in critically ill Covid-19 patients: a retrospective cohort study. Acta Anaesthesiol Scand. (2021) 65:1447–56. doi: 10.1111/aas.13970

 46. Stockton J, Kyle-Sidell C. Dexmedetomidine and worsening hypoxemia in the setting of COVID-19: a case report. Am J Emerg Med. (2020) 38:2247. doi: 10.1016/j.ajem.2020.05.066

 47. Annane D, Bellissant E, Bollaert PE, Briegel J, Confalonieri M, Gaudio RD, et al. Corticosteroids in the treatment of severe sepsis and septic shock in adults: a systematic review. JAMA. (2009) 301:2362–75. doi: 10.1001/jama.2009.815

 48. Wolkewitz M, Lambert J, von Cube M, Bugiera L, Grodd M, Hazard D, et al. Statistical analysis of clinical COVID-19 data: a concise overview of lessons learned, common errors and how to avoid them. Clin Epidemiol. (2020) 12:925–8. doi: 10.2147/CLEP.S256735

Conflict of Interest: JH and MW have filed a non-provisional patent application pertaining to work associated with this study.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Hamilton, Vashi, Kishen, Fogg, Wimmer and Balk. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-08-797647-t002.jpg
Variables

Attime of intubation
Paoy/Fio;
At time of intubation mSOFA
Sedative use
GABA receptor ligand
(any) use
Propofol
Midazolam
Lorazepam
Ketamine
Opioid use
Corticosteroid (any) use
Methylprednisolone
Dexamethasone
Hydrocortisone
Prednisone
Remdesivir use
Hydroxychloroguine use
Antibiotic (any) use
Agithromycin
Anticoagulant (any) use
Enoxaparin
Bivalirudin
Heparin
Apixaban
Argatroban
Rivaroxaban
Warfarin
Fondaparinux
Inhaled nitric oxide use
Vasopressor use
Paralytic / neuromuscular
blockade use
Prone positioning use
Renal replacement therapy
use

Extracorporeal membrane
oxygenation use

Dexmedetomidine

n=152

80(7.6-8.5)

152 (100%)
150 (98.7%)

146 (96.1%)
117 (77.0%)
99 (65.1%)
47 (30.9%)
143 (94.1%)
85 (55.9%)
31(204%)
29(19.1%)
42 (27.6%)
17 (11.2%)
29(19.1%)
52 (34.2%)
139 (91.4%)
46 (30.3%)
143 (94.1%)
128 (84.2%)
32(21.1%)
83(57.9%)
39(25.7%)
7 (4.6%)
11(7.2%)
5(3.3%)
1(0.66%)
6(3.9%)
142 (93.4%)
106 (69.7%)

99(65.1%)
3(2.0%)

5(3.3%)

No

Dexmedetomidine

n=62

132.7 (120.8-144.6) 122.8(101.5-144.1)

83(7.4-9.2)

62 (100%)
62 (100%)

55 (88.7%)
31(50.0%)
13 (21.0%)
6(9.7%)
57 (91.9%)
29 (46.8%)
12(19.4%)
4(6.5%)
14 (22.6%)
58.1%)
4(6.5%)
21 (33.9%)
50 (80.6%)
23(37.1%)
55 (88.7%)
35 (56.5%)
6(9.7%)
34 (54.8%)
4(6.5%)
1(1.6%)
2(3.2%)
3(4.8%)
0(0.00%)
2(3.2%)
45 (72.6%)
42 (67.7%)

24.(38.7%)
1(1.6%)

0(0.00%)

p-value

0.40

055
>0.999
>0.999

0.08
<0.001
<0.001

0.001

055

022

0.86

0.02

045

0.50

0.02

096

0.03

0.33

025
<0.001

0.05

0.68

0.001

0.44

0.36

0.69
>0.999
>0.999
<0.001

077

<0.001
>0.999

032

Continuous variables represented by mean (95% Ci) with p-values represented by
independent samples t-test or Mann-Whitney U test as appropriate; categorical variables
represented by count and (%) of group with p-values represented by Pearson’s chi-
squared test or Fisher's exact test as appropriate. GABA, gamma-aminobutyric acid;
Paoy/Fioz, ratio of the partial pressure of arterial oxygen to the fraction of inspired oxygen;
mSOFA, modified sequential organ failure assessment. Bold values indicate p < 0.05.





OPS/images/fmed-08-797647-t003.jpg
Regression model HR aHR  p-value

Multivariable! Cox regression (DEX use) 019 <0.001
(0.10-0.33)

Univariable Cox Regression (DEX use) 025 <0.001

(0.16-0.39)

Multivariable! Cox Regression (DEX use) 051 0.03

with DEX use as a time-varying covariate (0.28-0.95)

Univariable Cox Regression (DEX use) 0.56 0.02

with DEX use as a time-varying covariate (0:35-0.91)

Values represented by hazard ratio (HR) or adjusted hazard ratio (aHR) (95% CJ). Variables
in multivariable analysis include: () DEX use (i) age at hospitel admission; (i) body mass
index (BMI) at hospital admission; (i) mCCl at hospital admission; (v) Paoa/Fioy at
intubation; (vi) mSOFA at intubation; (vi) corticosteroid use; (viij) prone positioning use.
DEX, dexmedetomidine. Bold values indicate p < 0.05.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The Association of an Alpha-2 Adrenergic Receptor Agonist and Mortality in Patients With COVID-19



		Introduction



		Materials and Methods



		Data Sources



		Study Population



		Study End Points



		Statistical Analysis







		Results



		Baseline Characteristics



		ICU Variables



		Mortality Outcomes







		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
’ frontiers
in Medicine

The Association of an Alpha-2
Adrenergic Receptor Agonist and
Mortality in Patients With COVID-19





OPS/images/fmed-08-797647-g001.gif
Temgoney | 400zamem
sy | segesaen

85834,

Mumber of petients >
<933TREF

1 Duxmocetoniing s vy rom inbaton

ey

.

Adjusiod hazand ratie with 8% confidence tnterval





OPS/images/fmed-08-797647-t001.jpg
Characteristics No p-value
Dexmedetomidine
n=62
Age 60.1(58.1-622)  59.1(649-632)  0.83
Male sex 95 (62.5%) 38(613%) 0.87
Race
American Indian or 0(0.00%) 0(0.00%) >0.999
Aaska Native
Asian 5(3.3%) 1(1.6%) 0.67
Black or Afican 52(34.2%) 27 (43.5%) 020
American
White 38 (25.0%) 15 (24.2%) 090
Other / Not specified 57 (37.5%) 19 (30.6%) 0.34
Ethnicity
Hispanic or Latino 66 (43.4%) 20 (32.3%) 0.13
Not Hispanic or Latino 84 (55.3%) 40 (64.5%) 021
Other / Not specified 2(1.3%) 2(32%) 058
Active Cancer 13 (8.6%) 5(8.1%) 091
Cardiovascular disease
Hypertension 120 (78.9%) 38(61.3%) 0.008
Coronary artery disease 35 (28.0%) 7 (11.3%) 0.05
Congestive heart failure 38 (25.0%) 14 (22.6%) 071
Chronic respiratory disease
Asthma 13 (8.6%) 7 (11.3%) 053
CcoPD 25 (16.4%) 10 (16.1%) 095
Interstitial pulmonary 7 (4.6%) 1(1.6%) 0.44
disease
Obstructive sleep 21 (18.8%) 10 (16.1%) 0.66
apnea
Immunosuppression
HIV 1(0.66%) 0(0.00%) >0.999
History of organ 3(2.0%) 3(4.8%) 036
transplant
Kidney disease
Chronic 49 (32.2%) 13 (21.0%) 0.10
End-stage 15 9.9%) 4(6.5%) 043
Liver disease
Cirrhosis 7 (4.6%) 1(1.6%) 0.44
Chronic
Hepatitis B 0(0.00%) 0(0.00%) >0.999
Hepatitis C 1 (0.66%) 0(0.00%) >0.999
Metabolic disease
Obesity (BMI 2 30-40) 65 (42.8%) 27 (43.5%) 092
Morbid obesity 27 (17.8%) 15 (24.2%) 028
(BMI = 40)
BMI 335(32.1-849) 847 (324-87.0) 036
Diabetes 70 (46.1%) 25 (40.3%) 0.44
Modified Charlson 25(21-2.9) 1.8(1.2-2.4) 007

Comorbidity Index

Continuous variables represented by mean (95% CI) with p-values represented by
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p <0.05.
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