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Retrospective Study
Matthieu Schmidt1,2*† , Christoph Fisser3†, Gennaro Martucci4, Darryl Abrams5,6, Thomas Frapard2, 
Konstantin Popugaev7, Antonio Arcadipane4, Bianca Bromberger6, Giovanni Lino4, Alexis Serra6, 
Sacha Rozencwajg2, Matthias Lubnow3, Sergey Petrikov7, Thomas Mueller3, Alain Combes1,2, Tài Pham8,9 and 
Daniel Brodie5,6for the International ECMO Network (ECMONet) 

Abstract 

Background: Current practices regarding tracheostomy in patients treated with extracorporeal membrane oxygena-
tion (ECMO) for acute respiratory distress syndrome are unknown. Our objectives were to assess the prevalence and 
the association between the timing of tracheostomy (during or after ECMO weaning) and related complications, 
sedative, and analgesic use.

Methods: International, multicenter, retrospective study in four large volume ECMO centers during a 9-year period.

Results: Of the 1,168 patients treated with ECMO for severe ARDS (age 48 ± 16 years, 76% male, SAPS II score 
51 ± 18) during the enrollment period, 353 (30%) and 177 (15%) underwent tracheostomy placement during or after 
ECMO, respectively. Severe complications were uncommon in both groups. Local bleeding within 24 h of tracheos-
tomy was four times more frequent during ECMO (25 vs 7% after ECMO, p < 0.01). Cumulative sedative consumption 
decreased more rapidly after the procedure with sedative doses almost negligible 48–72 h later, when tracheostomy 
was performed after ECMO decannulation (p < 0.01). A significantly increased level of consciousness was observed 
within 72 h after tracheostomy in the “after ECMO” group, whereas it was unchanged in the “during-ECMO” group.

Conclusion: In contrast to patients undergoing tracheostomy after ECMO decannulation, tracheostomy during 
ECMO was neither associated with a decrease in sedation and analgesia levels nor with an increase in the level of 
consciousness. This finding together with a higher risk of local bleeding in the days following the procedure reinforces 
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Introduction
Venovenous extracorporeal membrane oxygenation 
(VV-ECMO) in adults with severe acute respiratory dis-
tress syndrome (ARDS) has been shown to be associ-
ated with better outcomes than conventional mechanical 
ventilation alone in the extracorporeal membrane oxy-
genation to rescue acute lung injury in severe acute res-
piratory distress syndrome (EOLIA) trial [1], with that 
position supported by the post hoc Bayesian analysis of 
EOLIA [2], and 2 subsequent meta-analyses [3, 4]. With 
the ultimate goal of using ECMO to protect the lung by 
minimizing ventilator-induced lung injury beyond cur-
rent standard of care [5], an ultra-protective lung venti-
lation strategy targeting very low driving pressures and 
tidal volumes has largely been adopted across centers 
with high ECMO volume [6]. However, these patients 
are likely to receive prolonged mechanical ventilation. 
For instance, mechanical ventilation duration was 22 
(11–34) days in the ECMO arm of the EOLIA trial [1], 
whereas it was 40 (23–68) days in a non-selected group 
of 84 ECMO patients surviving to 6 months [7]. Trache-
ostomy is generally a common procedure for patients 
who require prolonged mechanical ventilation. Recent 
trials comparing “early” tracheostomy (i.e., within 8 days 
of endotracheal intubation) versus “late” tracheostomy 
(i.e., after at least 10  days of mechanical ventilation) in 
non-ECMO patients [8, 9] found no difference in overall 
mortality, hospital or intensive care unit (ICU) length of 
stay. Tracheostomy may be beneficial by lowering airway 
resistance, improving oral hygiene, and making the air-
way more secure [10]. It is also associated with less seda-
tive and analgesic administration, earlier oral nutrition, 
better comfort, and ease of care [8, 11]. However, these 
benefits were reported in a general critically ill popula-
tion. The risks and outcomes may differ when applied to 
patients receiving ECMO, given the severity of illness, 
ECMO-induced coagulopathy, frequent thrombocyto-
penia, and high risk of bleeding in these patients, which 
could influence the decision for tracheostomy, adverse 
event profiles, and outcomes. Currently available data in 
this specific population are scarce and limited to small, 
single-center cohorts [12–14].

The objectives of this international, multicenter, retro-
spective study were: (1) to assess the prevalence, timing, 
and tracheostomy-related management of ECMO-sup-
ported ARDS patients in large volume ECMO centers; (2) 
to investigate the association between the timing of the 

tracheostomy (i.e., during or after ECMO) and related 
complications, sedative, analgesic, and transfusion use; 
and (3) to report factors influencing the decision to 
perform a tracheostomy during ECMO or after ECMO 
decannulation in that population.

Methods
Study design, patients
This study included all consecutive adult patients with 
ECMO-supported severe ARDS hospitalized in four 
international ICUs with a high volume of ECMO cases 
annually (> 30 ECMO runs/year) [15] between January 
2009 and December 2017. Patients undergoing extra-
corporeal  CO2 removal, those with end-stage chronic 
respiratory failure, younger than 15 years old, or with a 
tracheostomy before ECMO initiation were excluded 
from the final analysis. All participating ICUs obtained 
institutional review board approval by following their 
local regulations (Additional file 1).

Tracheostomy procedure during ECMO
All centers had a tracheostomy procedure, which was 
similarly performed with or without ECMO (see Addi-
tional file  1). Heparin was stopped for four hours pre-
procedure and usually restarted approximately 2 h 
post-procedure in the absence of significant local bleed-
ing. Minimum platelet count and fibrinogen levels con-
sidered acceptable for the procedure ranged from 50,000 
to 80,000 G/L, and 150 to 200 mg/dL, respectively.

All patients were managed with goal-directed seda-
tion, guided by the Richmond Agitation Sedation Scale 
(RASS) (26), which was monitored and evaluated by 
nurses 2 to 6 times daily, depending on the center. ICU 
nurse-to-ECMO patient(s) ratio ranged from 1:1 to 1:2 
(Additional file 2).

Data collection
Data collection is detailed in the online supplement. 
Chronic respiratory disease included asthma, chronic 
interstitial lung disease, chronic obstructive lung dis-
ease, chronic restrictive lung disease, and/or obstructive 
sleep apnea. Immunocompromised status was defined 
as hematological malignancies, an active solid tumor or 
having received specific anti-tumor treatment within 
1 year, solid-organ transplant, human immunodeficiency 
virus-infected, or long-term corticosteroids or immuno-
suppressants. Major bleeding was defined as requiring 

the need for a case-by-case discussion on the balance between risks and benefits of tracheotomy when performed 
during ECMO.

Keywords: ECMO, Acute respiratory distress syndrome, Mechanical ventilation, Tracheostomy, Bleeding, Outcome
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two or more units of packed red blood cells within 24 h 
due to an obvious hemorrhagic event, or necessitating a 
surgical or interventional procedure, or an intracerebral 
hemorrhage, or causing a fatal outcome [16].

The time between ECMO and tracheostomy was col-
lected, and patients were classified as tracheostomy per-
formed “during” or “after ECMO”. Any side effects or 
technical problems that occurred within 24  h after the 
procedure (i.e., early complications), such as local bleed-
ing, pneumothorax, subcutaneous emphysema, tracheal 
rupture, or tracheostomy failure were recorded. Similarly, 
late complications including local bleeding (i.e., require-
ment of at least one red blood cell transfusion and/or 
surgical intervention), accidental tracheostomy decannu-
lation, and tracheomalacia were collected. RASS, cumu-
lative consumption of propofol, midazolam, analgesics 
(expressed as sufentanil-equivalent doses), and transfu-
sion products were collected 48  h before and after tra-
cheostomy. Similarly, the daily heparin dose was reported 
24  h before and after the procedure, whereas “the first 
day awake” was defined as the first day where the RASS 
score was ≥ 0 for more than 12 h.

Lastly, patient outcomes included the date of ECMO 
decannulation, date of liberation from mechanical venti-
lation, and vital status at hospital discharge.

Statistical analyses
This study followed the Consolidated Standards of 
Reporting Trials (CONSORT) recommendations for 
reporting cohort studies (STROBE statement) [17]. Nor-
mal distribution was tested using a Shapiro–Wilk test. 
Continuous variables (expressed as median [25th–75th 
percentile] or mean ± standard deviation) were com-
pared with the student’s t-test, or the Kruskal–Wallis test, 
as appropriate. In addition, when there were more than 2 
groups (“during ECMO tracheostomy”, “after ECMO tra-
cheostomy”, and “no tracheostomy”), pairwise compari-
sons adjusting for multiple testing (Tukey or Benjamini 
and Hochberg methods) were performed.

Pre-ECMO factors associated with tracheostomy were 
assessed within the whole cohort using univariate and 
multivariate logistic regression models. Pre-ECMO vari-
ables (i.e., obtained within 24  h before ECMO cannula-
tion) included in the models were defined a priori, and no 
variable selection was performed. Therefore, the follow-
ing variables were included: age, body mass index, center, 
immunocompromised status, SOFA score without res-
piratory and neurological components, the time between 
mechanical ventilation and ECMO, surgery within 7 days 
before ECMO, prone positioning, pneumothorax, cor-
ticosteroids, cardiac arrest before ECMO, extra pul-
monary infection, known restrictive lung disease, and 
bacterial or viral pneumonia, or pancreatitis. Because the 

neurological SOFA component was not defined similarly 
between centers (i.e., based on the Glasgow scale before 
intubation or a 3 or 4 for a patient already sedated) it was 
not retained in the model. Similarly, a pulmonary SOFA 
component of 4 was expected in all of these severe ARDS 
patients before ECMO. Multiple imputations were used 
to replace missing values where appropriate. Odd ratios 
and their 95% confidence intervals were estimated. A p 
value < 0.05 was considered statistically significant. Statis-
tical analyses were conducted with R v4.0.1.

Results
Participating ICUs and patients enrolled
Four international ECMO centers from Italy, Germany, 
USA, and France which treated from 57 to 305 patients 
with VV or venoarterial ECMO during the previous 
calendar year, participated in the study. 1,168 patients 
were treated with VV-ECMO during the study period. 
The main characteristics of the centers are described in 
Online Table  1. Of the 1,168 patients treated with VV-
ECMO for severe ARDS (age 48 ± 16  years, 76% male, 
SAPS II score 51 ± 18) during the enrollment period, 
353 (30%) and 177 (15%) underwent tracheostomy dur-
ing ECMO or after ECMO decannulation, respectively 
(Fig.  1). Their characteristics at ECMO initiation and 
their outcomes are reported in Table  1. Median (inter-
quartile range) time between endotracheal intubation 
and ECMO initiation was 2 (1–6) days. Those who never 
received a tracheostomy were sicker, with a significantly 
higher SAPS II score, SOFA score, lactate at cannulation, 
and more frequently suffered pre-ECMO cardiac arrest 
than those who received a tracheostomy. Chronic respir-
atory disease and an immunocompromised status were 
more frequent in tracheostomized patients than in those 
who did not receive a tracheostomy (p < 0.001). Noticea-
bly, pre-ECMO ventilation parameters and arterial blood 
gases, including the ratio of the partial pressure of arte-
rial oxygenation to the fraction of inspired oxygen were 
similar in both groups.

Tracheostomy management and complications 
during or after ECMO
Table  2 compares tracheostomy management and its 
related complications according to the timing of tra-
cheostomy. In patients who underwent tracheostomy 
on ECMO, tracheostomy was performed after a median 
of 8  days on ECMO (range 5–13) (“during-ECMO tra-
cheostomy”), compared to the “after ECMO tracheos-
tomy” group, in which tracheostomy occurred a median 
of 16  days (range 11–20) after ECMO cannulation. In 
this group, tracheostomy occurred 6  days (range 4–9) 
after ECMO decannulation. While the cumulative daily 
dose of unfractionated heparin received 24 h before the 



Page 4 of 11Schmidt et al. Crit Care          (2021) 25:238 

procedure was generally higher in patients tracheos-
tomized during ECMO, unfractionated heparin dose was 
significantly reduced within the 24 h after the procedure 
(Additional file 5). The incidence and the severity of early 
tracheostomy complications were low and similar for the 

two groups. However, local bleeding was four times more 
frequent when the tracheostomy was performed during 
ECMO (25 vs 7% after ECMO, p < 0.01). Similarly, major 
bleeding (apart from the tracheostomy site) was more 
frequent in the “during ECMO tracheostomy” group than 

Table 1 Baseline characteristics and outcomes according to the timing of tracheostomy

ARDS, acute respiratory distress syndrome; ECMO, extracorporeal membrane oxygenation; ICU, Intensive care unit; LOS, length of stay; MV, mechanical ventilation; 
 PaCO2, partial pressure of arterial carbon dioxide;  PaO2/FiO2, ratio of partial pressure of arterial oxygen to fraction of inspired oxygen; RESP, Respiratory ECMO Survival 
Prediction; SAPS II, simplified acute physiology score; SOFA Sequential Organ Failure Assessment

Results are presented as n (%), mean ± standard deviation, or median (25th–75th percentiles); #, p value < 0.05 vs “tracheostomy during ECMO”; *, p value < 0.05 vs 
“after ECMO tracheostomy”
a Including asthma, chronic interstitial lung disease, chronic obstructive lung disease, chronic restrictive lung disease, and obstructive sleep apnea

All patients (n = 1168) During ECMO 
tracheostomy 
(n = 353)

After ECMO 
tracheostomy 
(n = 177)

No tracheostomy 
(n = 638)

P

Age, years 48 ± 16 48 ± 15 48 ± 15 48 ± 16 0.77

Male sex 894 (76) 274 (78) 129 (73) 491 (77) 0.48

Body mass index, kg/m2 30 ± 9 30 ± 9 31 ± 8 30 ± 9 0.20

Chronic respiratory disease a 162 (14) 90 (25) 34 (19) 38 (6)#* < 0.01

Immunodeficiency 177 (15) 77 (22) 34 (19) 66 (10)#* < 0.01

SAPS II score 51 ± 18 50 ± 16 47 ± 17 53 ±  20* 0.01

SOFA at cannulation 10.5 ± 3.2 9.9 ± 2.8 10.1 ± 3.1 10.8 ± 3.4#* < 0.01

RESP score 3.2 ± 2.9 2.8 ± 3.0 3.6 ± 2.8 3.2 ± 2.9 0.02

ARDS risk factor < 0.01

 Bacterial pneumonia 564 (48) 177 (50) 68 (38) 319 (50)

 Viral pneumonia 195 (17) 69 (19) 49 (28) 77 (12)

 Pancreatitis 10 (1) 1 (0) 6 (3) 3 (0.5)

 Others 399 (44) 106 (31) 54 (31) 239 (38)

Post-operative ARDS (< 7 days) 245 (21) 77 (22) 61 (34)# 107 (17) * < 0.01

Pre-ECMO ventilatory mechanic

 Respiratory rate, breaths/min 25 ± 7 26 ± 7 25 ± 8 25 ± 7 0.02

 Static compliance, ml/cmH2O 26 ± 12 25 ± 12 26 ± 12 26 ± 12 0.22

Pre-ECMO cardiac arrest 153 (13) 36 (10) 21 (12) 96 (15) 0.09

Pre-ECMO pneumothorax 96 (8) 49 (14) 26 (14) 21 (3)#* < 0.01

Interval MV–ECMO, days 2 (1–6) 3 (1–7) 1 (1–4) 2 (1–6) < 0.01

Venovenous-ECMO 1165 (100) 352 (100) 176(100) 637 (100) 0.38

 Femoral–jugular 997 (85) 293 (83) 151 (85) 553 (87)

 Femoral–femoral 50 (4) 17 (5) 12 (7) 21 (3)

 Dual lumen cannula 121 (10) 43 (12) 14 (8) 64 (10)

Pre-ECMO blood gases

 pH 7.23 ± 0.14 7.24 ± 0.13 7.23 ± 0.15 7.22 ± 0.14 0.16

  PaCO2, mmHg 66 ± 26 68 ± 29 63 ± 24 65 ± 25 0.15

 Arterial lactate, mmol/L 3.7 ± 3.7 2.9 ± 2.9 3.3 ± 3.0 4.1 ± 4.2# < 0.01

  PaO2/FiO2, mmHg 72 ± 37 70 ± 32 70 ± 37 74 ± 40 0.35

Outcomes in ICU

 Renal replacement therapy 461 (39) 177 (50) 99 (56) 185 (29)#* < 0.01

 ECMO duration, days 9 (5–16) 19 (11–30) 9 (6–13)# 7 (4–11)#* < 0.01

 Mechanical ventilation duration, days 20 (11–34) 34 (22–49) 28 (21–38)# 13 (7–20)#* < 0.01

 ICU LOS, days 25 (14–39) 37 (26–53) 36 (27–47) 16 (10–25)#* < 0.01

 Hospital LOS, days 31 (18–49) 44 (31–64) 44 (32–58) 21 (13–35)#* < 0.01

 Alive at hospital discharge 746 (64) 238 (67) 154 (87)# 354 (55)#* < 0.01
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in the “after ECMO tracheostomy” or “no-tracheostomy” 
groups (31% vs. 14%, p < 0.01) (Additional file  3). Over-
all hospital mortality was 36.1%, with hospital mortality 
of 32.6%, 13%, and 44.5% in the “during-ECMO trache-
ostomy”, “after ECMO tracheostomy”, and no-tracheos-
tomy” groups, respectively.

Effects of tracheostomy timing
Intravenous sedative and analgesic use 48 and 24  h 
before tracheostomy were consistently lower for after 
ECMO tracheostomy patients (Fig. 2). Cumulative doses 
of sufentanil, propofol, and midazolam decreased more 
rapidly after the procedure for patients tracheostomized 
after ECMO decannulation. In addition, daily dose of 
these drugs was significantly lower for the latter group 
compared to those tracheostomized during ECMO. 
Propofol and midazolam doses were nearly negligible 

48–72  h after the tracheostomy when performed after 
ECMO decannulation (Fig. 2). In contrast, patients were 
sedated to similar degrees before and after the procedure 
in the “during ECMO” group. The level of consciousness 
was significantly higher before and after the tracheos-
tomy in the “after ECMO” group compared to the “dur-
ing-ECMO” group. A significant increase of the RASS 
was observed 24, 48, and 72  h after the tracheostomy 
in the “after ECMO” group whereas it was unchanged 
within 72  h after the procedure in the “during-ECMO” 
group. Similarly, the delay between the tracheostomy and 
being awake (i.e., RASS score ≥ 0) was significantly longer 
with the “during ECMO” tracheostomy group (4 [2–10] 
days vs. 2 [1–4] days, p < 0.01). The number of patients 
who required renal replacement therapy was 50% and 
56% in the “during ECMO” and “after ECMO” groups, 
respectively. Despite similar ICU and hospital lengths of 

Fig. 1 Flow Chart of the study. ARDS, acute respiratory distress syndrome; ECMO, extracorporeal membrane oxygenation
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stay in both groups, the survival rate at hospital discharge 
was significantly greater in the “after ECMO” group (67 
vs 87%, p < 0.01) (Table 1).

Pre‑ECMO Factors related to the decision to perform 
a tracheostomy
We observed heterogeneity among high volume ECMO 
centers in the decision and the timing to perform a tra-
cheostomy, with an increased odds ratio for performing 
a tracheostomy observed in the centers in New York and 
Regensburg (Additional file  4). Furthermore, immuno-
compromised status, pre-ECMO surgery within 7  days, 

pneumothorax, extrapulmonary infection, prone posi-
tioning, and treatment with corticosteroids were sig-
nificantly associated with the decision to perform a 
tracheostomy.

The results of the regression model for the tracheos-
tomy procedure during ECMO are reported in Table  3. 
The time from endotracheal intubation to ECMO initia-
tion had a statistically significant impact, demonstrating 
a 9% increased chance of tracheostomy during ECMO 
for each additional day (OR 1.09, 95% CI [1.04–1.15], 
p < 0.01). Similarly, patients receiving corticosteroids 
before ECMO were more likely to have a tracheostomy 

Table 2 Tracheostomy management and related complications according to the timing of tracheostomy

Results are presented as n (%), mean ± standard deviation, or median (25th–75th percentiles)

ECMO, extracorporeal membrane oxygenation;  FdO2, fraction of delivered oxygen; h, hour; MV, mechanical ventilation;  PaCO2, partial pressure of arterial carbon 
dioxide; PBW, predicted body weight; PEEP, positive end-expiratory pressure

During ECMO tracheostomy 
(n = 353)

After ECMO tracheostomy 
(n = 177)

P

Interval ECMO-tracheostomy, days 8 (5–13) 16 (11–20) < 0.01

Percutaneous dilatational tracheostomy 255 (72) 115 (65) < 0.01

Mechanical ventilation the day of the tracheostomy

  FiO2, % 52 ± 16 44 ± 10 < 0.01

 Tidal volume, ml/kg PBW 4.3 ± 2.3 7.5 ± 2.3 < 0.01

 Total respiratory rate, breaths/min 20 ± 12 23 ± 9 0.06

 Plateau pressure,  cmH2O 24 ± 4 24 ± 5 0.52

 Static compliance, ml/cm  H2O 23 ± 17 36 ± 16 < 0.01

 PEEP,  cmH2O 11 ± 4 8 ± 3 0.01

 Driving pressure,  cmH2O 14 ± 4 15 ± 4 < 0.01

ECMO settings

 ECMO flow, L/min 3.3 ± 1.3 –

 Sweep gas flow, L/min 5.7 ± 3.0 –

  FdO2, % 96 ± 14 –

PaCO2, mmHg 42 ± 8 41 ± 8 0.25

Unfractionated Heparin consumption

 24 h before tracheostomy, UI/24 h 17,280 (8588–39,120) 5192 (0–33,920) < 0.01

 24 h after tracheostomy, UI/24 h 1800 (600–13,000) 500 (0–1500) < 0.01

Any early tracheostomy complications (first 24 h) 11 (3) 6 (3) 1.00

 Local bleeding requiring transfusion 4 (1) 0 (0) 0.30

 Pneumothorax 4 (1) 0 (0) 0.30

 Subcutaneous emphysema 1 (0.3) 1 (0.5) 1.00

 Tracheal rupture 1 (0.3) 2 (1) 0.36

 Failure 1 (0.3) 3 (2) 0.18

Any late tracheostomy complications 88 (38) 17 (17) < 0.01

 Local bleeding 87 (25) 13 (7) < 0.01

 Accidental tracheostomy decannulation 1 (0.3) 4 (2) 0.07

 Tracheomalacia 0 (0) 1 (1) –

Delay tracheostomy-awake, days 4 (2–10) 2 (1–4) < 0.01

Richmond Agitation Sedation Scale

 24 h before the tracheostomy − 3 (− 4; − 2) − 3 (− 4; − 1) < 0.01

 24 h after the tracheostomy − 3 (− 4; − 2) − 2 (− 3; − 1) < 0.01
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Fig. 2 Sedative and analgesic consumption and the Richmond Agitation-Sedation Scale according to the timing of tracheostomy. ECMO, 
extracorporeal membrane oxygenation; h, hours. *p < 0.05 with 24 h before
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on ECMO (OR 1.72 95% CI [1.02–2.96], p < 0.01). The 
model showed that patients in Palermo, those who 
underwent surgery within 7 days before ARDS, and those 
suffering from pancreatitis-related ARDS were less likely 
to be tracheostomized during ECMO. Lastly, patients 
with higher severity of illness at cannulation had less 
frequent tracheostomy during ECMO (OR 0.92 95% CI 
[0.84–1.00], p = 0.04) and tracheostomy was, therefore, 
more likely performed after ECMO decannulation in 
these patients.

Discussion
To our knowledge, this study is the most extensive assess-
ment of the practice of tracheostomy in patients with 
ARDS treated with ECMO. The main findings were (1) a 
tracheostomy was performed in 45% of this large cohort, 
with 67% of them done during ECMO; (2) tracheostomy 
appeared safe, even while patients were still receiving 
ECMO, with uncommon early complications; (3) bleed-
ing around the tracheostomy site was significantly more 
frequent when the procedure was performed during 
ECMO than after ECMO decannulation; (4) the reduc-
tion in doses of sedative medications and patient awak-
ening occurred later post-tracheostomy when performed 
during ECMO.

We found that tracheostomy was frequent among 
ECMO patients in these four high volume ECMO cent-
ers. However, the approach to tracheostomy was by 
no means uniform across ICUs that contributed to this 
cohort. We found substantial between-center differences 
in the incidence and timing of tracheostomy, which per-
sisted even after adjustment for pre-ECMO covariates. 
Percutaneous dilatational  tracheostomy was the main 
technique used during ECMO (76%). Compared to open 
surgical tracheostomy, this technique (also referred to 
as bedside tracheostomy), requires a shorter procedure 
time, eliminates schedule difficulties associated with the 
operating room, avoids risky transport, and allows pursu-
ing intensive monitoring. Tracheostomy was undertaken 
in 45% of our study cohort, which is more frequent than 
in studies in general ARDS cohorts. In a large interna-
tional, multicenter, unselected, prospective cohort study 
of patients with ARDS [18], only 14% of the patients with 
severe ARDS had a tracheostomy [18]. This rate was even 
lower in the context of COVID-19 with a tracheostomy 
reported in only 7% of severe ARDS patients [19]. When 
performed during ECMO, patients had a tracheostomy 
after 11 (6–20) days of mechanical ventilation, which 
contrasts with general ARDS patients whose tracheos-
tomy is most commonly performed after 14  days after 
initiation of mechanical ventilation, and a low proportion 

Table 3 Pre-ECMO variables associated with the decision to perform a tracheostomy during ECMO (vs. after ECMO) in severe ARDS 
patients

Model performed on 530 patients. Area under the ROC curve of the model 0.75 (0.72–0.78)

ARDS, acute respiratory distress syndrome; CI, confidence interval; ECMO, extracorporeal membrane oxygenation; OR, odds ratio; SOFA Sequential Organ Failure 
Assessment

Variable OR (95%CI) p value

Pitie Salpetriere hospital, Paris, France Reference

 Columbia University, New York, United States of America 0.57 (0.28–1.15) 0.12

 University Hospital Regensburg, Regensburg, Germany 0.81 (0.43–1.51) 0.51

 IRCCS-ISMETT, Palermo, Italy 0.35 (0.14–0.83) 0.02

Age (per year) 0.99 (0.98–1.00) 0.12

Body mass index 1.01 (0.99–1.03) 0.42

Delay from intubation to the initiation of ECMO, for each day 1.09 (1.04–1.15) < 0.01

Immunocompromised status 1.20 (0.72–2.03) 0.49

Higher SOFA score at cannulation (respiratory and neurological components excluded) 0.92 (0.84–1.00) 0.04

Surgery within 7 days before ARDS onset 0.50 (0.31–0.79) < 0.01

Prone position before ECMO 0.78 (0.44–1.39) 0.40

Pneumothorax before ECMO 0.89 (0.50–1.61) 0.70

Extra pulmonary infection 1.39 (0.70–2.88) 0.36

Corticosteroids before ECMO 1.72 (1.02–2.96) 0.04

Cardiac arrest before ECMO 0.98 (0.53–1.85) 0.96

Bacterial pneumonia 1.10 (0.67–1.80) 0.70

Viral pneumonia 0.70 (0.38–1.27) 0.24

Pancreatitis 0.09 (0.00–0.56) 0.03
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of patients received tracheostomy within 7 days [20, 21]. 
The increased use of tracheostomy in the ECMO popu-
lation may be attributable to prolonged mechanical 
ventilation duration and ICU length of stay, a need for 
airway access for secretion management, and improve-
ment of the patient’s comfort while reducing sedation 
and promoting spontaneous breathing. The optimal tim-
ing of tracheostomy has been controversial. Two large 
randomized controlled trials [8, 9] and a subsequent 
meta-analysis [22] demonstrated that early tracheos-
tomy (i.e., less than 7 days after intubation) provided no 
benefit in terms of mechanical ventilation and length of 
hospital stay, rates of mortality or infectious complica-
tions. However, a recent meta-analysis reported lower 
ventilator-associated pneumonia rates and shorter dura-
tions of mechanical ventilation and ICU stay with early 
tracheostomy [23]. While the number of patients alive 
at hospital discharge was greater in the after ECMO tra-
cheostomy group compared to the during-ECMO or no 
tracheostomy groups, competing confounders and an 
obvious immortality bias preclude assigning any causality 
between the timing of tracheostomy for ECMO patients 
and outcomes in our study. Patients with more severe 
lung impairment, as seen during ECMO, may have a pro-
longed need for deep sedation, neuromuscular blockade, 
or prone positioning on ECMO.

The potential expected benefits of tracheostomy in 
patients who require prolonged ECMO support and 
mechanical ventilation include less sedation, better 
comfort, earlier resumption of activity, and preven-
tion of potential vocal cord damage [8, 11]. However, 
we observed that intravenous sedative and analgesic use 
decreased more rapidly thereafter for patients with the 
procedure performed after ECMO decannulation, com-
pared to those receiving tracheostomy during ECMO. 
Also, sedation and analgesic use and the RASS score 
did not change within 72 h after the tracheostomy. Still 
need to suppress the intense respiratory drive, ongoing 
need for proning or neuromuscular blockade, extremely 
stiff lungs, and the clinicians’ fear of ECMO cannula dis-
lodgement could be potential explanations [12]. Other 
additional benefits, which were not investigated in our 
study, could also include improved patient communica-
tion, spontaneous breathing, diaphragm activity, rehabili-
tation, and participation in early mobilization, as well as 
earlier oral nutrition [11].

Despite being safe during ECMO with uncommon 
early complications, we found significantly more fre-
quent local bleeding within 24 h despite the resumption 
of unfractionated heparin at a lowered dose. Prevention 
and treatment of hemorrhagic complications are cen-
tral to the management of patients undergoing ECMO. 

Alterations in the normal hemostatic balance due to 
the interaction between patient blood and foreign sur-
faces, as well as sheer forces from the extracorporeal 
circuit, combined with acquired coagulation abnor-
malities and current use of anticoagulation result in 
high rates of hemorrhagic complications during ECMO 
support [24]. Considering these complications, it has 
to be called into question whether it is relevant to per-
form this procedure during ECMO if not followed by 
a decrease in the sedation level and an increase of the 
RASS. Our study reinforces the need to carefully exam-
ine the risks and benefits of the need for tracheostomy 
on a case-by-case basis when performed during ECMO 
or to reassess whether the goals of performing trache-
ostomy during ECMO are achievable. An attempt to 
decrease or wean sedation during ECMO to assess the 
patient’s tolerance should be considered before per-
forming tracheostomy in that context.

The major strength of this study is the detailed report 
of the tracheostomy procedure, its early and late com-
plications, and hospital survival status from a large, 
multicenter series of 1,168 patients with severe ARDS 
receiving ECMO. We acknowledge several limitations 
to our study. First, only high-volume ECMO cent-
ers participated. They may have specific patient selec-
tion criteria and experienced ECMO management that 
may limit generalizability. Further, when introducing 
the center variable in the multivariable model, this 
variable was independently associated with the tim-
ing of the tracheostomy, suggesting additional differ-
ences in patient characteristics and management may 
exist across these four high volume centers. Second, 
our choice to define “the first day awake” as the first 
day where the RASS score was ≥ 0 for more than 12 h 
can be called into question, as effective communication 
with patients could be performed with a RASS score 
of -2 or -1. Third, variability between clinicians and 
centers in the timing of tracheostomy insertion and no 
daily collection of potential cofounders during ECMO 
[25] make it difficult to draw a true comparison of the 
outcomes between patients who were tracheostomized 
during and after ECMO. Also, due to the retrospective 
design of our study, the reasons that motivate the tim-
ing of the procedure were not collected. Our findings 
should be considered as a first description of the tra-
cheostomy management in experienced ECMO cent-
ers. Prospective studies are warranted investigating the 
timing of tracheostomy and the outcome. Fourth, seda-
tion and analgesic use was only collected within the 
3  days following tracheostomy. Longer follow-up may 
have shown a later decrease in sedation in the “during 
ECMO” group.
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Conclusion
In conclusion, we found that nearly half of the severe 
ARDS patients treated with ECMO in high volume 
centers had a tracheostomy, with two-thirds of them 
performed during ECMO. This procedure was safe and 
associated with uncommon early complications even 
when it was performed during ECMO. Contrary to the 
patients undertaking tracheostomy after ECMO with-
drawal, tracheostomy during ECMO was not associated 
with an anticipated decrease in sedation and analge-
sic levels nor an increase of the level of consciousness. 
This finding and a higher local bleeding risk during the 
days following the procedure reinforce the need for a 
case-by-case discussion of the balance between risks 
and benefits when performing tracheostomy during 
ECMO. Identifying patients receiving ECMO who are 
more likely to tolerate a decrease in sedation prior to 
tracheostomy is warranted. Further studies are now 
needed to investigate whether early tracheostomy could 
improve the outcomes of these severely ill patients with 
expected prolonged mechanical ventilation.
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