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Abstract

:

Considering the characteristics of coronavirus disease 2019 (COVID-19) acute respiratory distress syndrome (ARDS), we compared the clinical course and outcomes of patients with ARDS who received venovenous extracorporeal membrane oxygenation (VV ECMO) based on the etiology of ARDS. This retrospective single-center study included adult patients with severe ARDS necessitating VV ECMO during the COVID-19 pandemic. Among 45 patients who received VV ECMO, 21 presented with COVID-19. COVID-19 patients exhibited lower sequential organ failure assessment scores (9 [8–12.75] versus 8 [4–11.5], p = 0.033) but longer duration of VV ECMO support (10.5 days [3.25–29.25] versus 28 days [10.5–70.5] p = 0.018), which was accompanied by an weaning off rate from VV ECMO in 12/24 (50%) versus 12/21 (57.1%) and 28-day mortality in 9/24 [37.5%] versus 2/21 [9.5%] in non-COVID-19 and COVID-19 patients (p = 0.767, p = 0.040), respectively. Finally, in the adjusted Cox regression model for hospital mortality, the hazard ratio of COVID-19 was not significant (hazard ratio 0.350, 95% confidence interval 0.110–1.115, p = 0.076). Although the VV ECMO period was longer, COVID-19 did not significantly impact ECMO weaning off and mortality rates. Nonetheless, judicious patient selections based on risk factors should be followed.
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1. Introduction


Since the 1918 Spanish influenza pandemic [1,2], several waves of viral respiratory diseases have threatened patients and influenced the healthcare system, leading to the evolution of treatments for the diseases and approaches for managing chaotic situations [3]. The use of venovenous extracorporeal membrane oxygenation (VV ECMO) in adult patients with severe acute respiratory distress syndrome (ARDS) exponentially increased during the 2009 H1N1 influenza A pandemic [4], demonstrating an improved survival rate compared to patients receiving conventional treatment [5]. Subsequently, VV ECMO has been used in patients with severe ARDS. When confronted with the coronavirus disease 2019 (COVID-19), we introduced VV ECMO as a rescue device for treatment. Extracorporeal membrane oxygenation (ECMO) played a crucial role, resulting in better survival compared to patients who receive conventional treatment only [6,7].



However, the characteristics of severe ARDS in patients with COVID-19 exceeded our expectations. Variants of the virus influence response to treatment [8]. Pulmonary fibrosis [9,10] caused prolonged VV ECMO support [11,12]. Consequently, during a pandemic, when resources are strained, patient selection and treatment strategies should be employed for those receiving VV ECMO, which is a resource-consuming intervention [4].



We evaluated patients with ARDS who received VV ECMO support during the three years of the COVID-19 pandemic. We compared disease characteristics and clinical outcomes based on the presence of COVID-19. We then identified and assessed significant factors related to the final outcomes of these patients.




2. Materials and Methods


2.1. Study Population


This was a retrospective single-center study. We screened adult patients who were admitted to the intensive care unit (ICU) of Korea University Ansan Hospital between March 2020 and February 2023 with a diagnosis of severe ARDS and received VV ECMO for the management of ARDS. Severe ARDS was diagnosed based on the Berlin definition: clinical insult or worsening respiratory symptoms combined with bilateral chest opacities and hypoxemia with a PaO2/FiO2 ratio (PFR) < 100 mmHg that cannot be explained by cardiac failure or fluid overload [13]. Patients were excluded from the study if they encountered complications that prevented the successful implementation of VV ECMO or if the influence of heart failure was assumed to be the primary reason for the patients’ oxygen requirement.




2.2. Data Collection


Demographic parameters included age, sex, medical history, Charlson Comorbidity Index (CCI), Acute Physiology and Chronic Health Evaluation (APACHE) II score, and Sequential Organ Failure Assessment (SOFA) score. We recorded the patients’ condition before VV ECMO cannulation, including mechanical ventilator setting, oxygen requirement, and results of arterial blood gas analysis, which were acquired from electronic medical records. The PFR was calculated using these data. Additionally, we checked the number of days between ICU admission and mechanical ventilation and the number of days between the diagnosis of COVID-19 and VV ECMO initiation.




2.3. VV ECMO Management


Patients with severe ARDS were considered for VV ECMO when hypoxemia was refractory with a PaO2 level less than 60 mmHg or hypoxia deteriorated during optimal medical management by multi-disciplinary team that consisted of intensivists in charge of medical ICU, attending physicians of infectious medicine and cardiothoracic surgeons during the COVID-19 pandemic. There was no absolute contraindication except for active major bleeding, severe acute neurologic injury, or ongoing multiorgan failure. Anticoagulation was started using unfractionated heparin when ECMO cannulation is started. During ECMO, multi-disciplinary team rounding was performed for patient care. Our hospital applied the same protocol for VV ECMO both in COVID-19 and non-COVID-19 patients.




2.4. Outcome of the Study


The primary outcome of this study was hospital mortality. The secondary outcomes were weaning off VVECMO, the duration of VV ECMO and hospitalization, and ECMO complications.




2.5. Statistical Analysis


Continuous variables were expressed as mean ± standard deviation or median and interquartile range (IQR). Categorical variables are expressed as frequencies and percentages. Continuous variables were compared between groups using the Wilcoxon rank-sum test. Categorical variables were compared using the χ2 test. To assess the cumulative mortality rates and the cumulative VV ECMO weaning off rate in each group, a Kaplan–Meier curve was employed, and the log-rank test was used for comparison. Cox proportional hazard regression analysis was performed to evaluate the impact of COVID-19 on hospital mortality. For multivariate analysis, parameters that showed significance in the univariate analysis and parameters that were clinically relevant and required consideration in this study were incorporated. Cases with hopeless weaning off ECMO were regarded as failed weaning cases. Statistical analyses were performed using SPSS version 20.0 (IBM Corp., Armonk, New York, USA) and MedCalc version 22 (MedCalc Software, Ostend, Belgium).





3. Results


3.1. Baseline Characteristic and Patients’ Condition before VV ECMO in Non-COVID-19 and COVID-19 ARDS Patients


There were 48 patients who underwent VV ECMO during the study period, and three patients were excluded due to suspicion of hydrostatic edema resulting from heart failure, diagnosis of pulmonary thromboembolism, and death on the day of ECMO cannulation with cannula site bleeding. Therefore, 45 patients were enrolled in this study. Among the enrolled patients, 27 were male (60%), the mean age was 61.0 ± 9.5 years, and 21 (46.7%) were diagnosed with COVID-19. The SOFA score was 9.0 (7.0–12.0), and the APACHE II Score was 18.0 (14.0–22.5). Before VV ECMO initiation, the mean positive end-expiratory pressure (PEEP) was 10 (7.75–10.00) cmH2O, tidal volume (VT) was 6.78 (6.15–7.83) mL/kg of predicted body weight, and PFR was 59.50 (48.25–78.90) mmHg.



When demographic data and patient conditions before ECMO were compared between patients with and without COVID-19, there were no significant differences in age, sex, and CCI. However, immunocompromised hosts, including patients with malignancies, were more common in non-COVID-19 patients (p = 0.026). The cause of ECMO in non-COVID-19 patients was mostly bacterial infection (n = 11, 45.8%) or pneumonia due to other organisms (n = 4, 16.7%). In terms of patient severity, the SOFA score was lower in COVID-19 patients (9 [8–12.75] versus 8 [4–11.5], p = 0.033). Although it was not statistically significant, the requirement of vasopressors assessed using the vasopressor-inotropic score was greater in non-COVID-19 patients (23.7 [21.9–26.9] vs. 3.0 [0.00–10.00], p = 0.551). The PFR before ECMO did not differ significantly between the groups (58.9 [44.5–76.6] versus 61.0 [50.7–87.95], p = 0.488), but PaCO2 was higher in non-COVID-19 patients than COVID-19 patients (63.2 [43.4–71.3], versus 44.0 [37.3–52.6], p = 0.006) without a difference in VT/Kg (p = 0.481) (Table 1).




3.2. Disease Course and Prognosis of Non-COVID-19 and COVID-19 Patients


In patients with COVID-19, the days from diagnosis of COVID-19 to ECMO initiation was 11 (5.5–19.5). Most patients were intubated within one day of ICU admission (n = 14, 63.6%), and the number of days from mechanical ventilation to ECMO was 3.0 (1.0–10.5). In non-COVID-19 patients, the duration of mechanical ventilation before ECMO was 1.50 (0.00–6.00) days, which was numerically shorter than that of COVID-19 patients but did not differ significantly (p = 0.196).



Finally, 24 of the 45 patients (53.3%) were successfully weaned off VV ECMO, and median duration of VV ECMO was 15 (8.0–45.0) days. The weaning off rate did not differ between non-COVID-19 and COVID-19 patients (12/24 [50.0%] vs. 12/21 [57.1%], p = 0.767). However, the duration of ECMO was longer in COVID-19 patients (10.5 days [3.25–29.25] versus 28.0 days [10.5–70.5], p = 0.018) (Figure 1, Table 2).




3.3. VV ECMO Weaning Off, Mortality, and COVID-19


In patients with COVID-19 with a longer duration of ECMO support, the 28-day mortality was lower than that noted in non-COVID-19 patients (9/24 [37.5%] versus 2/21 [9.5%], p = 0.040); however, 11 patients among 19 (57.8%) 28-day survivors were supported by ECMO for longer than 28 days. This finding was reflected in Kaplan-Meier curves as a lower ECMO weaning off rate of COVID-19 patients, despite the lack of statistical significance (p = 0.258), and lower mortality (p = 0.016) simultaneously (Figure 2).



Finally, hospital mortality was noted in 15 (62.5%) in non-COVID-19 patients and 8 (38.1%) in COVID-19 patients (p = 0.139). In the univariate Cox proportional hazard regression analysis for hospital mortality, CCI, SOFA score, APACHE II score, PEEP before VV ECMO, and the diagnosis of COVID-19 were significantly associated with hospital mortality. However, when adjusting for these factors in the multivariate analysis, COVID-19 was not a significant factor for hospital mortality (hazard ratio 0.350, 95% confidence interval 0.110–1.115, p = 0.076). Age, CCI, and SOFA score were significantly associated with hospital mortality in multivariate Cox proportional hazard regression analysis (Table 3).




3.4. Complications during VV ECMO


During ECMO, one (2.2%) patient experienced intracranial hemorrhage and died of bleeding. Nine patients (20%) experienced gastrointestinal hemorrhage, necessitating endoscopic evaluation and treatment. Two patients (4.4%) developed cannula-related infections, and four patients experienced thrombosis of the ECMO cannula. Finally, 20 patients (44.4%) started continuous renal replacement therapy, and nine patients (20%) experienced pneumothorax during ECMO. Among these, continuous renal replacement therapy was significantly associated with hospital mortality (p = 0.007).





4. Discussion


We evaluated patients with ARDS who received ECMO support over three years during the COVID-19 pandemic and compared their disease characteristics and clinical outcomes based on the diagnosis of COVID-19 as the cause of ARDS. Patients with COVID-19 exhibited a lower SOFA score and vassopressor-inotropic score on the day of ECMO cannulation but required a longer recovery time for ECMO weaning off than non-COVID-19 patients. Finally, 28-day mortality was lower in COVID-19 patients, but there was no significant difference in the ECMO weaning off rate and hospital mortality between COVID-19 and non-COVID-19 patients in simple analysis. When the effect of COVID-19 on hospital mortality was evaluated by adjusting other influences on ECMO support, COVID-19 was not significant factor. Age, comorbidities, CCI, and SOFA scores on the day of ECMO cannulation were significantly associated with hospital mortality.



4.1. Severe ARDS in COVID-19 and VV ECMO


The COVID-19 pandemic has significantly impacted the use of VV ECMO [3]. Numerous reports have been published that provide extensive information on the outcomes of VV ECMO in COVID-19 patients and the risk factors for survival [14]. Although some findings have been inconclusive, most studies agreed that VV ECMO could be beneficial in patients with severe ARDS caused by COVID-19 [6]. Particularly, VV ECMO was found to be advantageous in cases of very severe ARDS with a PFR < 80 mmHg, and, in addition, increased age, the specific period of the COVID-19 pandemic, and the volume of ECMO cases in the center have been identified as important factors affecting mortality [6,15,16,17]. The effect of the durations of VV ECMO support and pre-ECMO mechanical ventilation on mortality seems still controversial [7,15]. In addition, there has been a growing emphasis on the importance of prone positioning in the management of these patients [18,19,20]. As research continues, optimized patient care and improved survival rates are expected with a more comprehensive understanding of the disease.




4.2. COVID-19 and Other Etiologies as the Cause of Severe ARDS Requiring ECMO


Recently, several waves of viral infections have caused severe ARDS. The H1N1 pandemic has increased the use of VV ECMO, making it a reasonable treatment option for adults with severe ARDS [5,21]. Thereafter, the use of VV ECMO in adult patients increased, leading to an anticipated improvement in ECMO handling skills. However, the outcomes of COVID-19 patients supported by VV ECMO remain challenging. The mortality rates of these patients were higher than those of patients with H1N1 or other viral pneumonia that caused severe ARDS requiring ECMO support, and the duration of ECMO support in COVID-19 patients was longer [22]. When patients with COVID-19 were compared with patients with various disease etiologies other than viral pneumonia, the duration of ECMO was still longer, but without the difference in survival [2,11,12,18]. These findings highlight the unique challenges posed by COVID-19-related ARDS.




4.3. Comparison of ARDS Due to COVID-19 and Other Etiologies in Our Study Patients


In our study, although not statistically significant, patients with COVID-19 had fewer comorbidities. In particular, the number of immunocompromised hosts was significantly lower, and a lower dose of vasopressor was required. These factors were accompanied by the significantly lower SOFA score compared to non-COVID-19 patients. These imply that patients with severe ARDS caused by COVID-19 requiring VV ECMO may be afflicted by prominent lung injury rather than multi-organ impairment due to the systemic inflammatory response. However, this lung injury was followed by a longer time to weaning off VV ECMO. The prolonged VV ECMO support is not unique to these patients as mentioned above [11,23,24], which is consistent with the delayed onset of ARDS or slow progression of the disease in COVID-19. Several studies reported a longer period of ARDS onset from the diagnosis of COVID-19 that exceeded 7 days indicated in Berlin definition for ARDS [13,25,26]. The progression of ARDS was also slower in severe ARDS cases caused by COVID-19 when histopathologic exam was performed. The three phases of ARDS were reported with a longer duration of illness than that documented in H1N1 influenza cases [27,28]. The ECMO duration for patients with COVID-19 in this study may seem considerably longer than previously reported values for COVID-19 patients. Nonetheless, despite receiving VV ECMO support from the same physicians during the identical timeframe, non-COVID-19 patients had a significantly shorter period of VV ECMO support. This suggests that the longer ECMO support in COVID-19 patients in our study may be specific to the disease. It can be supported with the fact that COVID-19 was significant factor related with poor ECMO weaning off in our multivariate Cox proportional hazard regression analysis adjusting for age, sex, SOFA score, and CCI with a hazard ratio of 0.296, 95% confidence interval 0.107–0.817, and p = 0.019; which was not reported in main results. Additionally, we hypothesized that the longer ECMO support in COVID-19 patients could have been exaggerated by governmental policies at that period, as medical expenses for COVID-19 care were supported by the government.



In our study, although not statistically significant, patients with COVID-19 had fewer comorbidities. In particular, the number of immunocompromised hosts was significantly lower, and a lower dose of vasopressor was required. These factors were accompanied by the significantly lower SOFA score compared to non-COVID-19 patients. These imply that patients with severe ARDS caused by COVID-19 requiring VV ECMO may be afflicted by prominent lung injury rather than multi-organ impairment due to the systemic inflammatory response. However, this lung injury was followed by a longer time to weaning off VV ECMO. The prolonged VV ECMO support is not unique to these patients as mentioned above [11,23,24], which is consistent with the delayed onset of ARDS or slow progression of the disease in COVID-19. Several studies reported a longer period of ARDS onset from the diagnosis of COVID-19 that exceeded 7 days indicated in Berlin definition for ARDS [13,25,26]. The progression of ARDS was also slower in severe ARDS cases caused by COVID-19 when histopathologic exam was performed. The three phases of ARDS were reported with a longer duration of illness than that documented in H1N1 influenza cases [27,28]. The ECMO duration for patients with COVID-19 in this study may seem considerably longer than previously reported values for COVID-19 patients. Nonetheless, despite receiving VV ECMO support from the same physicians during the identical timeframe, non-COVID-19 patients had a significantly shorter period of VV ECMO support. This suggests that the longer ECMO support in COVID-19 patients in our study may be specific to the disease. It can be supported with the fact that COVID-19 was significant factor related with poor ECMO weaning off in our multivariate Cox proportional hazard regression analysis adjusting for age, sex, SOFA score, and CCI with a hazard ratio of 0.296, 95% confidence interval 0.107–0.817, and p = 0.019; which was not reported in main results. Additionally, we hypothesized that the longer ECMO support in COVID-19 patients could have been exaggerated by governmental policies at that period, as medical expenses for COVID-19 care were supported by the government.



Meanwhile, the final weaning rate from VV ECMO did not differ between the groups, and patients with COVID-19 and prolonged ECMO ultimately survived. The prognosis of COVID-19 patients in this study was not worse even with the longer period of ECMO. Older age and higher CCI and SOFA scores were associated with increased mortality rates. The development of acute kidney injury requiring continuous renal replacement therapy during ECMO is another factor that affects hospital mortality. This suggests that extended ECMO duration should not be a determinant of treatment in COVID-19 patients; rather, the overall patient condition should be considered when deciding on long-term ECMO support.




4.4. Limitations


This was a retrospective single-center study, and the number of patients included in this study was small. Instead, our patients in both categories underwent VV ECMO during the same period of 3 years during the COVID-19 pandemic. The quality of care and experience of the staff for VV ECMO did not differ between the groups. Therefore, the comparison of patient outcomes between COVID-19 patients and non-COVID-19 patients is more significant in this study. Second, very few patients underwent prone positioning in this study population, which was inevitable during the pandemic period due to the shortage of medical personnel. Third, the non-COVID-19 patient group comprised patients with various etiologies. Although the main cause of ARDS was bacterial pneumonia, and patients with respiratory failure from cardiac origin were excluded, patients with trauma and interstitial lung disease were included in this group. Finally, the indication for ECMO was not as strict as that followed in randomized controlled trials because this study retrospectively evaluated patient outcomes. Although we used the timeline, it was hard to follow strictly due to the rapidly changing nature of the patients’ conditions, especially for COVID-19 patients.





5. Conclusions


In this study, we compared patient characteristics, the natural course of the disease, and patient outcomes, including ECMO weaning off and survival, between patients with severe ARDS caused by COVID-19 and other etiologies who received VV ECMO support during the COVID-19 pandemic. Patients with COVID-19 required a longer time to wean off VV ECMO but exhibited a similar weaning off rate. Finally, in the adjusted Cox regression model, COVID-19 did not significantly affect hospital mortality, but age, comorbidities, and severity at baseline did. This implies that prolonged ECMO support for patients with COVID-19 is worth providing; however, a comprehensive evaluation of individual patient conditions is essential for well-informed treatment decisions. A large-scaled investigation is needed to obtain answers to unresolved issues and to strengthen the strategies for patients requiring long-term ECMO support.
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Figure 1. Comparison of patients’ characteristics classified by the diagnosis of COVID-19 as the cause of acute respiratory distress syndrome. (A) Sequential organ failure assessment score and Charlson comorbidity index; (B) treatment course explained with the time period of the initiation of mechanical ventilation to extracorporeal membrane oxygenation (ECMO) and duration of ECMO support (days); (C) outcomes of patients, 28-day mortality, hospital mortality, and the number of patients successfully weaned off ECMO. *, p < 0.05 when compared between non-COVID-19 patients and COVID-19 patients. Non-COVID-19 patients were indicated with dotted bar and COVID-19 patients were indicated with solid bar in the graphs. 
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Figure 2. Kaplan–Meier curves for extracorporeal membrane oxygenation (ECMO) weaning off (left) and mortality (right) rates in non-COVID-19 and COVID-19 patients. 
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Table 1. Baseline characteristics of patients with acute respiratory distress syndrome on venovenous extracorporeal membrane oxygenation and the condition of patients before venovenous extracorporeal membrane oxygenation classified by the presence of COVID-19.
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Total

(N = 45)

	
Non-COVID-19

(N = 24)

	
COVID-19

(N = 21)

	
p Value






	
Age

	
61 (54.00–67.00)

	
57 (53.25–65.75)

	
63 (54.50–67.50)

	
0.255




	
Sex, male

	
27 (60)

	
15 (62.5)

	
12 (57.1)

	
0.767




	
Body mass index (kg/m2)

	
22.7 (20.53–25.93)

	
23.71 (21.91–26.89)

	
21.74 (19.66–24.69)

	
0.144




	
Diabetes mellitus

	
22 (48.9)

	
10 (41.7)

	
12 (57.1)

	
0.376




	
Hypertension

	
20 (44.4)

	
10 (41.7)

	
10 (47.6)

	
0.769




	
Cardiovascular

	
7 (15.6)

	
5 (20.8)

	
2 (9.5)

	
0.422




	
COPD

	
7 (15.6)

	
5 (20.8)

	
2 (9.5)

	
0.422




	
Chronic kidney disease stage V

	
3 (6.7)

	
1 (4.2)

	
2 (9.5)

	
0.592




	
Malignancy or immunocompromised host

	
15 (33.3)

	
12 (50)

	
3 (14.3)

	
0.026




	
APACHE II score

	
18 (14–22.50)

	
19.5 (15.25–24.00)

	
15 (13–20)

	
0.121




	
SOFA score

	
9 (7.00–12.00)

	
9 (8.00–12.75)

	
8 (4.00–11.50)

	
0.033




	
Vasopressor-inotropic score

	
3.50 (0.00–21.25)

	
23.71 (21.91–26.89)

	
3.0 (0.00–10.00)

	
0.551




	
Charlson comorbidity index

	
3 (2.0–5.0)

	
3.5 (2.0–5.0)

	
3 (2.0–4.0)

	
0.256




	
Etiology of ECMO

	
-




	
COVID-19

	
21 (46.7)

	
0

	
21 (100)

	




	
Bacterial/other pneumonia

	
11/4 (24.4/8.9)

	
11/4 (45.8/16.7)

	
-

	




	
Aspiration pneumonitis

	
4 (8.9)

	
4 (16.7)

	
-

	




	
Interstitial lung disease

	
3 (6.7)

	
3 (12.5)

	
-

	




	
Other

	
3 (6.7)

	
3 (12.5)

	
-

	




	
Mechanical ventilator setting before ECMO




	
PEEP (cmH2O)

	
10 (7.75–10.00)

	
8.5 (6.00–10.00)

	
10 (8.00–12.00)

	
0.069




	
Volume control/pressure control

	
27/14

	
14/8

	
13/6

	
1.00




	
VT/PBW (mL/kg)

	
6.78 (6.15–7.83)

	
7.25 (6.15–8.03)

	
6.49 (6.17–7.61)

	
0.481




	
Blood gas analysis before ECMO




	
PF ratio (mmHg)

	
59.50 (48.25–78.90)

	
58.9 (44.50–76.60)

	
61 (50.70–87.95)

	
0.488




	
pH

	
7.37 (7.21–7.42)

	
7.32 (7.17–7.38)

	
7.40 (7.31–7.45)

	
0.034




	
PO2 (mmHg)

	
60.70 (46.9–77.0)

	
57.1 (43.2–73.7)

	
62.0 (53.0–87.3)

	
0.120




	
PCO2 (mmHg)

	
51 (42–66)

	
63.2 (43.4–71.3)

	
44.0 (37.3–52.6)

	
0.006




	
HCO3− (mmol/L)

	
25.9 (21.8–32.7)

	
25.9 (20.93–34.68)

	
25.5 (21.8–31.3)

	
0.903




	
SaO2 (%)

	
88.55 (79.47–94.28)

	
84.3 (64.9–93.1)

	
91.0 (85.3–96.4)

	
0.049








APACHE acute physiologic and chronic health evaluation; COPD chronic obstructive pulmonary disease; ECMO extracorporeal membrane oxygenation; IQR interquartile range; PEEP positive end expiratory pressure; SOFA sequential organ failure assessment.













 





Table 2. Disease course and prognosis of patients with acute respiratory distress syndrome on venovenous extracorporeal membrane oxygenation classified by the presence of COVID-19.
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	Total

(N = 45)
	Non-COVID-19

(N = 24)
	COVID-19

(N = 21)
	p Value





	Days from Diagnosis of COVID-19 to ECMO
	11.00 (5.50–19.50)
	-
	11.00 (6.00–20.00)
	-



	Days from ICU admission to MV
	0.00 (0.00–1.00)
	0.00 (0.00–1.75)
	0.00 (0.00–0.50)
	0.132



	Days from ICU admission to ECMO
	3.00 (1.00–9.50)
	2 (1.00–8.75)
	4.0 (1.0–10.5)
	0.492



	Days from MV to ECMO
	2.00 (0.00–7.00)
	1.50 (0.00–6.00)
	3.0 (1.00–10.50)
	0.196



	Mechanical ventilation day
	30.00 (12.00–57.00)
	18.50 (7.00–50.75)
	38 (16.50–58.00)
	0.219



	ECMO day
	15 (8.00–45.00)
	10.5 (3.25–29.25)
	28.0 (10.50–70.50)
	0.018



	Hospital day
	47.00 (27.00–92.50)
	41 (18.25–71.75)
	59.0 (33.0–121.5)
	0.082



	Mechanical ventilator weaning off at discharge
	18/22 (81.8)
	8/9 (88.9)
	10/13 (76.9)
	1.0



	ECMO weaning
	24 (52.1)
	12 (50.0)
	12 (57.1)
	0.767



	28-day mortality
	11 (24.4)
	9 (37.5)
	2 (9.5)
	0.040



	Hospital mortality
	23 (51.1)
	15 (62.5)
	8 (38.1)
	0.139



	CRRT
	20 (44.4)
	13 (54.2)
	7 (33.3)
	0.231



	CNS bleeding
	1 (2.2