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Abstract: During the COVID-19 pandemic, specific COVID-19-related conditions renewed interest in the full-awake venovenous
extracorporeal membrane oxygenation (“V—V ECMO) approach, in which ECMO is applied to awake, cooperative, and non-intubated
patients. This scoping review aims to provide a descriptive overview of ““V—V ECMO in patients with COVID-19-related acute
respiratory distress syndrome (CARDS). We searched the PubMed, Web of Science, and Scopus databases using the keywords “awake
ECMO” or “spontaneous breathing AND ECMO”, combined with “COVID-19”, “SARS-CoV-2” or “coronavirus”, utilizing the
Boolean operator “AND”. The search included papers published from November 1, 2019, to December 31, 2024. Sixty-four papers
were assessed for eligibility at the abstract level, and fourteen articles (seven small-sample cohort studies and seven case reports)
comprising 95 patients were included in the final analysis. The most frequent reasons for preferring V-V ECMO over mechanical
ventilation were barotrauma and patient refusal of intubation and mechanical ventilation. The V-V ECMO strategy was successful
(ie, patients not intubated, disconnected from ECMO, and discharged from the hospital) in 36.4% of cases (cohort studies only). The
incidence of defined severe adverse events (bleeding, thrombosis, cannula malposition, delirium, and progression of barotrauma) was
considered low. The mortality rate for CARDS patients treated with 7“V-V ECMO (including only patients from cohort studies)
reached 33.0%, notably lower than the 48% reported for CARDS patients treated with V-V ECMO in the ELSO registry. Patients who
were intubated due to worsening respiratory failure during “V-V ECMO had significantly higher mortality. Infectious complications,
sepsis, and multiorgan failure were the most frequent causes of death. However, significant heterogeneity in the definitions and
reporting of management, ECMO-related complications, and outcomes was observed across the papers. Despite the heterogeneity of
the data, V-V ECMO in CARDS patients can be considered a safe approach associated with a lower mortality rate than that reported
in the overall V-V ECMO CARDS population.

Keywords: awake venovenous extracorporeal membrane oxygenation, COVID-19-related acute respiratory distress syndrome, refusal
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Introduction
The COVID-19 pandemic brought about a remarkable increase in extracorporeal membrane oxygenation (ECMO)
utilization. To date (March 15, 2025), 17,669 COVID-19 patients treated with veno-venous (V=V) ECMO have been
reported in the Extracorporeal Life Support Organization (ELSO) Registry, with a mortality rate for these patients
reaching 48%.'

Typically, the ECMO procedure for acute respiratory distress syndrome (ARDS) is initiated in patients who remain
severely hypoxemic or hypercapnic despite being intubated and treated with invasive mechanical ventilation. During the
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COVID-19 pandemic, intensivists faced challenges associated with COVID-19-related conditions, which contributed to
renewed interest in the full-awake ECMO ¢“V—V ECMO) approach, where ECMO is applied to awake, cooperative,
non-intubated, and spontaneously breathing patients. First, a relatively high number of patients with severe COVID-19-
related ARDS (CARDS) refused intubation and mechanical ventilation due to concerns stemming from misinformation
spread by media, social networks, and even some healthcare professionals.”” Second, a significant number of patients
presented with a condition termed “silent hypoxemia” (SH), characterized by severe hypoxemia without any subjective
perception of dyspnea. Silent hypoxemia was observed in a range of 4.9% to 31.9% of all hypoxemic patients with
COVID-19-related pneumonia who had severely abnormal initial chest X-ray or computed tomography scans, and the
mortality rate in patients with SH was reported in the range of 17.6% to 25.9%.*° Although the hypoxemia-induced
stimulation of the respiratory center in COVID-19-related silent hypoxemia is suppressed, inflammatory and mechanical
signals from injured lungs may still provoke excessive respiratory drive, exposing the injured lung to the risk of further
damage known as patient self-inflicted lung injury (P-SILI).®® The most severe cases of P-SILI are characterized by the
disruption of lung parenchyma, initially leading to subtle collections of air contiguous to the bronchovascular sheath on
chest CT scans (often referred to as Macklin lines), which precede the development of clinically apparent barotrauma
(including pneumothorax, pneumomediastinum, pneumopericardium, and subcutaneous emphysema).”'® Studies evalu-
ating the incidence of spontaneous barotrauma in CARDS patients have reported that a significant portion of patients
developed barotrauma before the initiation of any form of invasive ventilation, suggesting the link between excessive
respiratory effort during silent hypoxemia and P-SILI-induced barotrauma.''"'? The application of intermittent positive
pressure mechanical ventilation (IPPV), even in lung-protective invasive or noninvasive modes (NIV), further increases
the risk of barotrauma.'*'* The V-V ECMO approach allows to respect the patient’s preference not to be intubated. It
combines multiple benefits from adequate gas exchange and preserved spontaneous ventilation while minimizing the
risks associated with intermittent positive ventilation (Table 1).

We present a scoping review of the literature on the ““V—V ECMO approach in CARDS patients. We aim to provide
a descriptive overview of the current V-V ECMO management, complications, and outcomes.

Table | Advantages and Disadvantages of Awake ECMO Approach

Advantages

Disadvantages

Related to spontaneous breathing

- preserving diaphragm function

- preserving functional residual capacity

- optimized ventilation-perfusion matching

- prevention of atelectasis

- enhanced venous return

Related to avoiding IPPV

- eliminating the risk of VILI and VAP

- reducing the risk of barotrauma progression

- avoiding the deep sedation and/or neuromuscular blockade

Related to spontaneous breathing

- vigorous respiratory effort and excessive work of breathing
- negative-pressure pulmonary edema

- risk of P-SILI

- hypoventilation resulting in reduced FRC and to atelectasis

Keeping the patient awake and cooperative
- active physiotherapy

- minimizing CIP/CIM

- regular diet, nutritional goals

- interaction with relatives

- interaction with staff

Risks

- delirium and anxiety
- cannula displacement
- bleeding

- circuit thrombosis

Abbreviations: IPPV, invasive positive pressure ventilation; VILI, ventilation-induced lung injury; VAP, ventilator-associated pneumonia; CIP,
Critical illness polyneuropathy; CIM, Critical illness myopathy; P-SILI, patient self-inflicted lung injury; FRC, functional residual capacity. Adapted
from'*:
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Materials and Methods

The search adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020
statement.'® We searched the PubMed, Web of Science, and Scopus databases using the keywords “awake extracorporeal
membrane oxygenation” or “spontaneous breathing AND extracorporeal membrane oxygenation”, combined in a search
string with the Boolean operator “AND” with “COVID-19”, “SARS-CoV-2" or “coronavirus”. The search included
papers published from November 1, 2019 (COVID-19 outbreak) to December 31, 2024. Related articles from the
retrieved citations and reference lists of the full texts were also assessed for further relevant studies without any language
restrictions. We excluded reviews, editorials, letters to the editor, meeting abstracts, and studies that described awake
ECMO in patients who were mechanically ventilated at the time of ECMO initiation and extubated later during the
ECMO run. Studies on pediatric patients were also excluded. No language restrictions were imposed.

Three reviewers (0O.J., T.R., and V.V.) independently searched and selected relevant studies. Full texts of the relevant
articles were assessed for inclusion criteria by two authors (M.F. and F.B.). Eligible articles were further evaluated for
potential biases and duplications by two co-authors (M.B. and H.S.). Any disagreements regarding the inclusion of
articles were resolved by consensus, led by the main author (P.S.).

Evaluated Parameters and Definitions
Several aspects contributing to V-V ECMO management and safety were evaluated:

e Specific parameters and indications for the ““V-V ECMO approach instead of the ,,mechanical ventilation first”
strategy

e cannulation strategy

e anticoagulation drug and anticoagulation goals used

e ventilatory support during V-V ECMO

e sedation strategy

e physiotherapy during ““V-V ECMO run

Life-threatening complications occurring during the V-V ECMO procedure were also evaluated, including bleeding,
thrombosis, cannula malposition, delirium, infection/sepsis, and barotrauma. Among the outcomes, we focused on the
74V ECMO efficacy (successful awake treatment was defined as weaning the patient from ECMO without requiring
intubation) and mortality.

Statistics

Statistical analysis was feasible only for comparing mortality differences between two groups of patients from cohort
studies: those successfully disconnected from ECMO without requiring intubation and those who required intubation due
to respiratory distress progression during the V-V ECMO. A two-tailed chi-square test was used, with a p-value of less
than 0.05 considered statistically significant. Statistical analysis was performed using Stata software, version 18.

Results

Studies
According to the given methodology, 64 papers were identified and assessed for eligibility at the abstract level. After
evaluating for duplications and study characteristics, seven small-sample cohort studies and seven case reports met the

15,17-29

inclusion criteria and were included in the final analysis. (Figure 1). The included papers report 95 patients, with

88 in cohort studies and 7 in case report papers. (Supplementary Table 1) Possible bias was identified in one patient

reported in a case report, and the main author’s center participated in the multicentric retrospective study.'** Despite
this uncertainty, both papers were included in the final analysis. Among the cohort studies, four reported solely on
J4V.V ECMO patients.'>!”'**2 One study provided a propensity score-matched comparison with a control group
receiving conventional management with V-V ECMO and mechanical ventilation, and one study compared patients
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64 ARTICLES RETRIEVED

40 ARTICLES EXCLUDED
- 32 not related to the awake ECMO

- - 5 not applicable formate
- 3 included pediatric patients
24 ARTICLES
FURTHER EVALUATED
10 ARTICLES EXCLUDED
— - reporting awake ECMO in
ventilated patients
14 ARTICLES INCLUDED
IN FINAL ANALYSIS
7 CASE REPORTS 7 COHORT STUDIES

Figure | Flowchart for evaluated articles.
Abbreviations: ECMO, Extracorporeal Membrane Oxygenation.

8 and one study

with pneumomediastinum treated with V-V ECMO to patients treated by mechanical ventilation,'
reported limited data of the V-V ECMO patients from a large dataset CARDS ECMO patients.'*2%2!

All of the case report papers referred to successful V-V ECMO treatment.”* >’

Parameters Before ECMO Initiation

All papers noted that patients were conscious and cooperative at the time of decision-making, and informed consent for the
/4. ECMO procedure was obtained from all patients. The reported reasons for the”*V-V ECMO instead of intubation and
mechanical ventilation were: risk of barotrauma or presence of barotrauma in 38 patients (40.0%), refusal of intubation/
mechanical ventilation in five patients (5.3%), and a combination of various clinical conditions (eg, neuromuscular disease,
pulmonary disease, high BMI) leading to ECMO team consensus to prefer/“V-V ECMO was mentioned in other cases. The
Sequential Organ Failure Assessment (SOFA) score at the time of V-V ECMO initiation was noted in three studies
comprising nine patients (9.5%), with reported scores ranging from 4 to 5.7. (Supplementary Table 2) Before ECMO

therapy, all patients for whom the type of respiratory support was specified received either a high-flow nasal oxygen cannula
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Table 2 Respiratory Patterns Before Connection to Awake ECMO

Main Author Prone Position Before Duration of Intensified PaO,/FiO, Respiratory
(Reference) ECMO (pts Number) Respiratory Support Rate
(HFNC/NIV) (days)

Assanangkornchai'’ 5 NR 76 (59-92)* 30 (28.541)*
Attou'® NR 5 (3.0-6.0)* 66 (57-75)" NR
Galante'’ NR NR 54 NR
Kunavarapu® NR NR NR NR
Mang?' NR NR 64.0 (7.3)* 28.3 (6.3)*
Paternoster'® I NR 56.0 (8.9)* NR
Sklienka? 2 2.4 (3.5-5.6)" 48.9 (9.1)* 28.8 (7.3)*
Aziz* I 2 39 NR
Azzam?* I I HFNC with FiO, 100%, a flow of 40 L/min, NR

and a maximum SpO, of 88%.

Ghizlane® 0 15 SpO, 67% under NIV with FiO, 100% NR
Loyalka®® 0 NR NR NR
Schmidt? 0 5 55 > 35
Soroksky”® 0 NR SpO, 93% on HFNC (FiIO, 70%) >30
Umlauf® I 8 60 35

Notes: “Data reported as a median (interquartile range); *Data reported as a mean value (standard deviation).
Abbreviations: NR, not reported; HFNC, high-flow nasal cannula; NIV, noninvasive mechanical ventilation; PaO,, partial arterial pressure of oxygen; FiO,, a fraction of
inspired oxygen; SpO,, peripheral oxygen saturation.

(HFNC) or non-invasive ventilation (NIV) with a high fraction of inspired oxygen. Patients were severely hypoxemic, with
reported Horowitz index (PaO,/FiO, ratio) values ranging from 39.0 to 95.7. The respiratory rate ranged from 28.3 to over
35.0 breaths per minute. Awake pronation before “V-V ECMO was reported in 11 patients (11.6%) (Table 2).

Awake ECMO Management

Femoral-internal jugular vein cannulation was used in 60 patients (63.2%), the femoral-femoral approach was used in 28
patients (29.5%), a dual-lumen cannula was inserted via the right internal jugular vein in six patients (6.3%), and a dual-
lumen cannula allowing for right ventricular mechanical circulatory support was inserted through the right internal
jugular vein in one case (1.1%).

Anticoagulation management was mentioned in five papers covering 39 patients. Unfractionated heparin (targeted to
an anti-Xa level ranging from 0.2 to 0.4 IU/mL and 0.3 to 0.5 U/mL, respectively) was used in two cohort studies
comprising sixteen patients. Argatroban, titrated to an anti-Ila level of 0.4 to 0.6 pg/mL, was used in one cohort study
(ten patients), and bivalirudin was used in one cohort study (targeted to partial thromboplastin time in the range 50-80 s)
and one case report (goals not reported).

One study (n = 10 patients) reported routine use of sedation targeting a Richmond Agitation-Sedation Scale (RASS)
score of 0 to —2, enabling daytime activities and induction of sleep during the night and controlling the respiratory rate
<20 breaths per minute (all patients received a combination of an opiate and dexmedetomidine from the start
J4-V ECMO run). Another cohort study reported “minimized sedation” (n = 7 patients), while one case report noted
the patient was “sedated”. On the contrary, two cohort studies (n = 43 patients) reported avoiding sedation during
.V ECMO.
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The high-flow nasal cannula was used for respiratory support in 66 patients (69.5%), non-invasive mechanical
ventilation was applied in 11 patients (11.6%), and exact data were missing for the remaining 18 (18.9%) patients.

In most cases, ECMO settings were adjusted according to blood gas analysis or peripheral oxygen saturation (SpO,).
Two papers (n = 28 patients) described respiratory effort (respiratory rate and/or respiratory mechanics) as a relevant
parameter for adjusting ECMO settings; however, the exact goal (respiratory rate <20 breaths per minute) was mentioned
in one study only (n = 10 patients).

Early physiotherapy in bed was reported in six papers (three cohort studies and three case reports) comprising 38
patients. Of these, eight patients could also stand and walk in the ICU during the ECMO run.

Overall, the management of patients during ECMO support was reported with high heterogeneity. The available data
are summarized for clarity in Supplementary Table 3.

Complications
Complications during the ECMO run were defined and reported highly inconsistently across the publications.

Combined hemostatic complications (both bleeding and thrombosis) were reported in 13 patients (13.7%), bleeding
events alone were reported in 18 patients (18.9%), and isolated thrombotic events occurred in five patients (5.3%).
Accidental decannulation occurred in one patient (1.1%), and cannula malposition requiring intubation was described
also in one case (1.1%).

Delirium or encephalopathy was strictly reported in 18 patients; in 11 of these, subsequent intubation was docu-
mented (in the remaining seven, the link between delirium and subsequent intubation was not mentioned). The secondary
infection events were reported highly inhomogeneously. Fifty infection events were reported in sixty-seven patients from
cohort studies (two studies did not report secondary infection occurrence); case reports mainly did not focus on
infections). In cases of secondary infections, it is not feasible to determine if the individual events overlap. The
publications do not indicate whether the infectious episodes occurred during awake ECMO or even after intubation.

Barotrauma progression occurred in five patients (5.3%), but it is unclear whether barotrauma progressed during the
Jay-V ECMO procedure or after intubation. A detailed summary of the reported adverse events is provided in Table 3.

Outcomes
In the case report papers, all patients were reported to have been successfully treated (ie, not intubated, disconnected
from ECMO, and discharged from the hospital). In the cohort studies, 32 out of 88 patients (36.4%) completed ECMO
treatment without requiring intubation due to respiratory failure, 53 patients required intubation due to respiratory failure,
and three patients died while not intubated. The reported duration of V-V ECMO varied from 8 [IQR 5-12] days to 23.3
+ 7.2 days in cohort studies and from six days to over 60 days (with ECMO still ongoing at publication later) in the case
reports (Table 4).

Among the 53 patients who required intubation due to respiratory failure, the reported main reasons were as follows:

e Hypoxemia and excessive respiratory effort persisting despite maximal ECMO support in 12 patients (21.8% of the
intubated)

e Sepsis or septic shock in 7 patients (12.7% of the intubated)

e Airway protection in 5 patients (9.1% of the intubated)

e A combination of hypoxemia and delirium in 4 patients (7.3% of the intubated)

e Delirium alone in 4 patients + encephalopathy in 4 patients (14.5% of the intubated)

e Patient request for intubation in 3 patients (5.5% of the intubated)

e Subclavian cannulation in 3 patients (5.5% of the intubated)

e Heparin-induced thrombocytopenia resulting in oxygenator clotting in 2 patients (3.6% of the intubated)

e ECMO cannula malposition in one case (1.8% of the intubated)

e Stabilize prior to CT scan in one case (1.8% of the intubated)

A combination of multiple factors in the remaining patients
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Table 3 Reported Complications

Main Author Secondary Bleeding Thrombotic Events Delirium or Encephalopathy (n) Decannulation or Barotrauma | Crs after
(Reference) Infection Events Events Type Type (n) Cannula Malposition Patients Intubation
Type (n) (n) Events Number (mL/
cmH20)
Assanangkornchai'’ | 5 2 NR 4 NR NR 8
VAP (3) Cannula site (6.75-11)*
Septic shock (3) bleeding (2)
Attou'® 12 7 3 NR NR NR NR
BSI (3) (»major bleeding | Pulmonary embolism (3)
HAP (2) events *
Aspergillosis (3) DIC (3)
CMV infection (4)
Galante'? 6 13 patients in total 4 | | NR
»Infectious (reported as ,,bleeding or thrombosis *) (not reported exactly but ,four were intubated due to
complications” (2 patients intubated due to heparin- agitation and lack of cooperation *),
induced thrombocytopenia resulting in
oxygenator clotting),
Kunavarapu?® NR NR NR 4 I NR NR
(The exact number is not reported but ,,encephalopathy”
was the reason for intubation in four patients)
MangZI 22 | NR Number not reported but mentioned as a ,,main reason for | NR 3 NR
Pulmonary (11) ICH (I) switching from awake ECMO. *
Septic shock (I1)
Paternoster'® 5 5 0 2 NR 0 NR
pulmonary (3) Lung (2) Delirium |
Septic shock (2) Gastrointestinal Seizures |
@
ICH (1)
Sklienka?? NR 2 | 3 0 I 10.3 (1.2)*
Hemothorax (I) | Sudden oxygenator failure
ICH (I) due to thrombosis (1)
Case reports 27%° 2 I I I 0 0 NA
(n=7) Pneumonia Gastrointestinal Pulmonary embolism (1) “Anxious and
BSI () irritable “(1)

Notes: “Data reported as a median (interquartile range); *Data reported as a mean value (standard deviation). Caution: In secondary infections, it is not feasible to determine if the individual events overlap; the publications also do not
indicate whether the infectious episodes and barotrauma progression occurred during awake ECMO or after intubation.
Abbreviations: NR, not reported; NA, not applicable; VAP, ventilator-associated pneumonia; BSI, bloodstream infection; HAP, hospital-acquired pneumonia; CMYV, cytomegalovirus; ICH, intracranial hemorrhage; ECMO, extracorporeal
membrane oxygenation; Crs, respiratory system compliance.
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Table 4 Awake ECMO outcomes

Main Author Effective ECMO Mortality Mortality Mortality Cause of Death
(Reference) Awake Duration Overall of Never of
ECMO (Days) Intubated Intubated
Assanangkornchai'? | 42.9% (3/7) 14.8 14.3% (117) 0.0% (0/4) 25.0% (1/4) Septic shock (I)
(9.2-28.3)
Attou'® 33.3% (4/9) 20 (9—44) 55.6% (5/9) 0.0% (074) 100.0% (5/5) | Intracerebral hemorrhage (1)
NR 4
Galante'’ 36.0% (7/25) 8 (5-12) 24.0% (6/25) 22.2% (2/9) 25.0% (4/16) NR
Kunavarapu?®’ 25% (3/12) NR 25.0% (3/12) 0.0% (0/3) 33.3% (3/9) NR
Mang?' 22.2% (4/18) 13.3 (10.5)* 50.0% (9/18) 0.0% (0/4) 64.3% (9/14) Multiorgan failure (5)
Septic shock (2)
Septic shock and bleeding (2)
Paternoster'® 57,1% (4/7) 15 (2-61) 28.6% (217) 20.0% (1/4) 50.0% (1/2) Septic shock and multiorgan
failure (2)
Sklienka?? 70.0% (7/10) 233 (7.2)* 30.0% (3/10) 0.0% (0/7) 100.0% (3/3) Multiorgan failure (3)
Cohort studies 36.4% (32/ NA 33.0% (29/88) 8.6% (3/35) 49.1% (26/
overall 88) 53)
Case reports 7 6-60 (range) NA NA NA NA

Notes: *Original data provided in hours.
Abbreviations: ECMO, extracorporeal membrane oxygenation; NR, not reported; NA, not applicable; NIV, noninvasive ventilation.

The efficacy of ““V-V ECMO in preventing the progression of barotrauma was addressed explicitly in two evaluated
studies involving sixteen patients who had spontaneous pneumomediastinum or Macklin lines on CT scans performed
before the initiation of ECMO; no progression of barotrauma during the V-V ECMO therapy was reported.'>'®

Two studies, which included six patients intubated due to respiratory failure, reported post-intubation respiratory
system compliance ranging from 9-12 mL/cm H20O and 8 (6.75-11) mL/cm H,O, respectively.

For the mortality evaluation, only data from cohort studies were used. Overall, 29 out of 88 patients (33.0%) from the
cohort studies died. Of the patients intubated due to respiratory failure, 26 out of 53 (mortality rate of 49.1%) died. In
comparison, only three out of 35 patients (mortality rate of 8.6%) who completed /“V-V ECMO without intubation died
finally. The difference between the groups of patients who were intubated from respiratory causes and those who did not
require intubation was statistically significant (p = 0.001).

Two papers addressed the mortality difference between ”*V-V ECMO and conventional management. A significantly
lower mortality rate was found in patients with spontaneous pneumomediastinum treated with ““V-V ECMO than those
treated with mechanical ventilation.'® Another study found no difference in the mortality of the V-V ECMO patients
compared to a propensity score-matched control group receiving conventional management combining V-V ECMO and
invasive mechanical ventilation.?!

Among the death causes, 15 patients (50.0%) died from infectious complications/sepsis and subsequent multiorgan
failure (in two cases in combination with bleeding), and one from intracerebral hemorrhage (3.0%). The exact cause of
death was not mentioned for the remaining 13 patients (Table 4).

Discussion

We present a comprehensive review of papers reporting the use of the full-awake V-V ECMO approach in COVID-19-
related ARDS patients. Based on predefined criteria, seven small cohort studies and seven case reports involving 74
patients met the inclusion criteria for analysis. The main reasons for using the ““V-V ECMO approach were the presence
or risk of barotrauma and patient refusal of intubation or mechanical ventilation. The JaVv.v ECMO strategy was
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successful (ie, patient not intubated from the respiratory cause, disconnected from ECMO, and discharged from the
hospital) in 37.5% of cases (cohort studies included only). The incidence of defined serious adverse events (bleeding,
thrombosis, cannula malposition, delirium, and barotrauma progression) was relatively low. The mortality rate for
CARDS patients treated by the V-V ECMO approach (patients from cohort studies included only) reached 34.1%,
notably lower than the overall mortality rate of CARDS patients on ECMO reported in the ELSO registry (48%).
Infectious complications, sepsis, and multiorgan failure were the most frequent causes of death. Patients who were
intubated due to worsening respiratory failure during the V-V ECMO run had significantly higher mortality outcomes
compared to those who did not require intubation during the ““V-V ECMO support. However, a significant heterogeneity
in the definitions and reporting of both management, ECMO-related complications and outcomes was observed across
the papers.

During the COVID-19 pandemic, a significant number of COVID-19 patients refused intubation and mechanical
ventilation, even in the face of severe respiratory distress.*® The full-awake V-V ECMO represents an option for specific
circumstances, particularly for patients who are severely hypoxemic but still conscious, cooperative, and breathing
spontaneously at the point when mechanical respiratory support becomes urgent. In the evaluated studies, refusal of
intubation and mechanical ventilation was mentioned as a reason for the V-V ECMO strategy in five patients. Due to
the increasing influence of social media and misinformation, it can be assumed that intensivists will continue to see
patients with severe hypoxemia but refuse intubation and mechanical ventilation.

The #V-V ECMO mitigates the risks associated with invasive positive pressure ventilation, notably the risks of
barotrauma. In CARDS patients, barotrauma developed frequently during the period of spontaneous ventilation, and
barotrauma was associated with higher in-hospital mortality.*' > These concerns were the most frequent reasons for opting
for V-V ECMO instead of IPPV. During the ECMO run, pneumothorax requiring a chest tube was reported in five cases;
however, it was documented that this occurred before intubation (ie, during the awake ECMO run) in only one case. The
efficacy of V-V ECMO in preventing the progression of barotrauma was explicitly addressed in two evaluated studies
involving sixteen patients who had spontaneous pneumomediastinum or Macklin lines on CT scans performed before the
initiation of ECMO; notably, no progression of barotrauma during the ”“V-V ECMO therapy was reported.'>'® Additionally,
mortality rates among patients with spontaneous pneumomediastinum were reported to be lower in the V-V ECMO group
compared to those undergoing invasive mechanical ventilation.'® Although there are currently no randomized studies directly
comparing the efficacy and safety of V-V ECMO against IPPV+ECMO strategy in patients at risk for or presenting with
barotrauma, the presented data suggest that maintaining spontaneous breathing during ECMO treatment could represent
a viable strategy to help prevent the progression of life-threatening barotrauma in this patient population.

In the papers that reported the SOFA score, respiratory failure was the only organ dysfunction when the/“V-V ECMO
was initiated. The retrospective studies reporting data on CARDS ECMO patients revealed that the pre-ECMO SOFA
scores ranged from 8 to 12, with a high proportion of patients having a renal and hemodynamic component of the SOFA
score of 3 or greater.>*>> Although the mortality rate in the evaluated studies is notably lower than that reported in the
ELSO database, further studies are warranted to explore the possible effects of early V-V ECMO (ie, when organ
dysfunction has not yet developed) on outcomes.

Patients in the evaluated studies that reported the mode of respiratory support were supported by high-flow nasal
oxygen cannula or non-invasive positive pressure ventilation during the “V-V ECMO run. Compared to NIV, HFNC
reduces the risk of barotrauma in patients with COVID-19-related acute respiratory failure.'* Moreover, HFNC provides
a flow-dependent improvement in lung mechanics and homogeneity, thereby reducing the work of breathing and the risk
of patient self-inflicted lung injury (P-SILI).>**® Among the evaluated papers, two papers (28 patients) described various
parameters of the respiratory effort (respiratory rate and/or respiratory mechanics) as relevant parameters for adjusting
ECMO settings. Despite the gas exchange provided by ECMO and the use of HFNC/NIV support, forty patients still
progressed to intubation and mechanical ventilation. In these intubated patients, the mechanical properties of the
respiratory system immediately after intubation were reported in five patients, and catastrophic values of respiratory
system compliance were observed after intubation. Due to the small sample size and the absence of a control group, it is
difficult to determine whether these patients had more severe initial lung injury or progressed to catastrophic “solid lung”
due to unrecognized excessive respiratory effort generating P-SILI. These facts highlight the need to identify early
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clinical indicators that define the point at which spontaneous breathing becomes harmful and leads to further self-inflicted
lung injury, even in patients receiving ECMO treatment. Worsening of respiratory mechanics (an increase of respiratory
rate; signs of vigorous effort—nasal flaring, tracheal tug, sternocleidomastoid muscle phasic activity, and abdominal
muscle use), tidal swings of central venous pressure, and nasal pressure swings findings might represent simple non-
invasive or minimally invasive methods for detecting vigorous respiratory effort and unfavorable progress requiring
reassessment of therapeutic strategy.”” *! Moreover, the lung ultrasound findings correlate with CT scan findings, and the
frequent lung ultrasound score (LUS) evaluation may also help identify patients with worsening lung tissue pathology
and unfavorable disease progression.***?

The /V-V ECMO approach supports behavioral management but increases the risk of anxiety and delirium, with
intense, exaggerated movements further elevating the risk of fatal complications, such as cannula malposition.
Approximately 30% of all COVID-19 patients experience neurological manifestations, even in the absence of respiratory
symptoms, with delirium being the most common neuropsychiatric diagnosis in hospitalized COVID-19 patients. The
prevalence of delirium among hospitalized adults with COVID-19 ranges from 10.2 to 80.2, and delirium development
was identified as an independent risk factor for unfavorable outcomes.***® On the contrary, the pooled prevalence rate of
delirium among critically ill patients who received various modes of ECMO support reaches 40.8%.%” In the evaluated
studies, the various forms of delirium or encephalopathy were documented in 18 out of 74 patients. Although the papers
do not provide precise data on the mortality rates of patients presenting with delirium, the observed links between
delirium, the need for subsequent intubation, and higher mortality in intubated suggest that delirium should be considered
a warning sign of a potentially unfavorable course.

Considering the cannulation strategy in patients treated with V-V ECMO, clinicians should be aware of the risk of
artificial cannula malpositioning or even decannulation due to spontaneous movement, which can cause cessation of
blood flow through the circuit or even immediate death due to exsanguination. According to data from large databases,
accidental decannulation represents the most frequent life-threatening mechanical complication of ECMO.*** In the
evaluated papers, accidental decannulation occurred in only one patient, and malposition requiring intubation due to
respiratory distress in another patient, even though the majority of patients underwent routine early physiotherapy,
including standing or ambulation in seven patients. These data align with studies reporting the feasibility and safety of
early mobilization and ambulation in ECMO patients undertaken by an experienced multi-professional team.>®>2

Thrombotic and bleeding events (TBE) are common and potentially fatal complications associated with ECMO
therapy. In this study, the incidence rate of TBE reached 32.4%, comparable to that reported for patients treated with
ECMO in large databases and meta-analyses.>> > Although the rates of intracranial hemorrhage (ICH) in COVID-19
patients receiving ECMO are higher compared to similar controls, only one episode of ICH was reported among the
evaluated studies.’® These results are particularly significant given that full-awake ECMO patients are conscious, move
spontaneously, and often undergo intensive physiotherapy. The risk of TBE is further increased by the routine
anticoagulation required for ECMO patients. Due to a lack of robust evidence, controversies about drug choices,
therapeutic targets, or monitoring still exist, leading to significant variability in practice among ECMO centers.””®
Currently, unfractionated heparin (UFH) is the most commonly used anticoagulant for ECMO.? However, direct
thrombin inhibitors (DTIs), such as bivalirudin and argatroban, may provide advantages due to their more predictable
pharmacokinetics and the absence of risk for heparin-induced thrombocytopenia.®®®' This variability in practice is
reflected in our findings—only two of the cohort studies reported on anticoagulation management, including targeted
ranges for anti-Xa levels in UFH administration and anti-Ila activity for argatroban treatment. Among the case reports,
only one mentioned the drug used for anticoagulation (bivalirudin). The low incidence of thrombotic and hemorrhagic
events observed in the evaluated studies suggests that practical local guidelines can reduce the risk of TBE, regardless
of the anticoagulant used.

In the cohort studies analyzed, 29 out of 88 (33.0%) patients ultimately died. However, this number is notably lower
than the overall mortality rate of CARDS patients on ECMO reported in the ELSO registry (48%)." Moreover, patients
who required intubation had significantly higher mortality compared to those who did not require intubation. These
results are in accordance with data from a meta-analysis of awake ECMO patients with ARDS, where the mortality rate
for those who failed the awake ECMO strategy (patients extubated during ECMO run also included) was 57.2%. On the
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contrary, overall mortality in the ARDS group reached only 20.2%.%% Fifteen of the reported deaths were related to
infectious complications, sepsis, and multiorgan failure, while the cause of death was not specified for six patients. These
findings are consistent with current knowledge that patients with ARDS typically die from sepsis and multiorgan failure
rather than from hypoxemia or hypercapnia.®*-**

The presented paper has several limitations:

The number of studies and patients is low for robust statistical analysis.

The design of the evaluated studies is primarily retrospective, except for one prospective study that involved seven
patients.

All seven of the case reports described successful V-V ECMO treatments.

A significant heterogeneity in the definitions and reporting of both management, ECMO-related complications, and
outcomes were observed across the papers.

Given the aforementioned limitations, this article provides a descriptive overview of current full-awake V-V ECMO practices
and outlines hypotheses for further research rather than presenting exact evidence. Based on the presented results, we suggest
that further research should focus on identifying patients who are likely to benefit the most from the*V-V ECMO approach,
establishing the clinical criteria linked to detrimental respiratory effort, and objectively evaluating the effectiveness of
/4y-V ECMO in relation to traditional ECMO strategies (eg, in intubated patients) for ARDS patients on mechanical
ventilation. Nonetheless, despite the identified limitations, the data presented reflect real-world clinical situations and could
assist in decision-making when immediate invasive mechanical support for respiratory function is necessary.

Conclusion

The main reasons for using the “V-V ECMO approach in COVID-19-related ARDS were the presence or risk of
barotrauma and patient refusal of intubation or mechanical ventilation. The V-V ECMO strategy was successful (ie,
patients were not intubated from the respiratory cause, disconnected from ECMO, and discharged from the hospital) in
40.3% of cases (cohort studies included only). The incidence of defined serious adverse events (bleeding, thrombosis,
cannula malposition, delirium, and barotrauma progression) was considered low. The mortality rate for CARDS patients
treated by the /“V-V ECMO approach (patients from cohort studies included only) was notably lower than that of
CARDS patients on ECMO reported in the ELSO registry. Infectious complications, sepsis, and multiorgan failure were
the most frequent causes of death. Patients who were intubated due to worsening respiratory failure during the awake
ECMO run had worse outcomes compared to those who did not require intubation during the ECMO support.
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