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Abstract

Background: Temporary extracorporeal life support (ECLS) by venoarterial extracorporeal membrane oxygenation is an
emerging therapy for patients with severe, ongoing cardiogenic shock. After stabilization of the hemodynamic status and end-
organ function, sedation weaning, extubation, and noninvasive ventilation (NIV) can be attempted. The goal of this study was to
analyze the feasibility of extubation and NIV during versus after ECLS for cardiogenic shock. Methods: Single-center retro-
spective observational study of 132 patients undergoing ECLS due to severe cardiogenic shock between January 2015 and
December 2016 at a tertiary care university hospital. Results: Patients received ECLS due to acute myocardial infarction (20.6%),
ongoing cardiogenic shock (15.2%), postoperative low-cardiac-output syndrome (24.2%), and extracorporeal cardiopulmonary
resuscitation (40.2%). Overall, intensive care unit survival was 44.7%. Sixty-nine (52.3%) patients could never be extubated. Forty-
three (32.6%) were extubated while on ECLS support (group 1) and 20 (15.1%) were extubated after weaning from ECLS (group
2). Patients extubated during ECLS had a significantly shorter total time on ventilator (P = .003, mean difference: —284 hours [95%
confidence limits: —83 to —484]) and more invasive ventilation free days (P = .0018; mean difference 8 days [95%CL: 2-14]).
Mortality and NIV failure rates were similar between groups. Conclusions: Extubation and NIV are feasible in patients who
stabilize during ECLS therapy. Further studies need to address whether extubation has the potential to improve patients outcome
or if the feasibility to extubate is a surrogate for disease severeness.
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severe shortness of breath. However, as the patient’s hemody-
namics stabilize and organ function recovers, it is still debated
whether the patient should be extubated while on ECLS or after
ECLS has been terminated successfully and the cannulas have
been removed. While noninvasive ventilation (NIV) is known
to be a strategy to improve patients’ outcomes in different
clinical settings, this therapy might also be beneficial for
patients supported by va-ECMO.%’ Therefore, the objective
of this retrospective observational cohort study was to study
the feasibility of extubation and NIV in patients during and
after ECLS and to assess the possible impact of this maneuver
on patient’s outcome.

Methods
Study Design and Data Collection

Prior to the start of this study, ethical approval was given by the
Institutional Review Board at the University Hospital Tiibingen
(IRB #182/2017B02). All patients undergoing extracorporeal
membrane oxygenation (ECMO) from January 2015 to Decem-
ber 2016 were retrospectively screened for possible inclusion.
Only adult patients (>18 years of age) needing ECLS by
va-ECMO for cardiogenic shock, postoperative LCOS, or
extracorporeal cardiopulmonary resuscitation were included
in the analyses. Patients supported by venovenous ECMO
(vv-ECMO) and patients supported for primary pulmonary rea-
sons were excluded. All data were retrospectively collected
from the clinical databases. The decision as to whether extuba-
tion was attempted was made by the critical care team based on
daily evaluation of the patient’s status addressing the institu-
tional extubation criteria (see “Extubation Criteria as per Insti-
tutional Standard” section). Ventilator parameters and time
marks of therapy (eg, duration of ventilation, time on ECLS,
renal replacement therapy, length of stay [LOS] in the intensive
care unit [ICU]) together with clinical parameters were
recorded.

Extracorporeal Life Support Cannulation Strategy

Based on our institutional protocol, the venous drainage can-
nula was implanted percutaneously using the femoral veins.
The venous drainage cannula was advanced into the right
atrium under transoesophageal echocardiography guidance.®
Percutaneous femoral artery cannulation was used as a first
choice for emergent situations. To minimize the risk of limb
ischemia, an antegrade femoral perfusion was established.
Only when femoral access could not be established or severe
harlequin syndrome developed, the right subclavian artery sur-
gically accessed for arterial ECLS cannulation.

Ventilation Strategy

All patients received invasive pressure-controlled ventilation
with an endotracheal tube during the early phase of ECLS. Per
institutional protocol, the tidal volume was adjusted to a target
of 6 mL/kg ideal body weight. The positive end-expiratory

pressure (PEEP) level was kept between 5 and 12 cm H,O
based on individual clinical assessment by the intensivists
using established guidelines for lung protective ventilation.’
After extubation, intermittent NIV with PEEP levels between
5 and 10 cm H,0 and pressure support was performed using a
mask covering the mouth and nose or a full-face mask. Based
on clinical judgment, patients could receive high-flow nasal
oxygen between phases of NIV.

Extubation Criteria as per Institutional Standard

As per institutional standard, evaluation for possible extubation
was attempted after hemodynamic stabilization with low vaso-
pressor support (noradrenaline below 0.2 pg/kg/min), end-
organ recovery, and sedation weaning. Patients needed to be
fully alert, show protective reflexes, have a body temperature
below 38°C, and successfully complete a spontaneous breath-
ing test for 30 minutes. For the spontaneous breathing test, the
PEEP level was set to 5 cm H,O, the inspiratory oxygen frac-
tion was set to 40% and the spontaneous breaths were augmen-
ted with a pressure support level between 0 and 5 cm H,O.
Success in the spontaneous breathing test was documented if
the patient did not develop anxiety or a sympathetic stress
response, the rapid shallow breathing index (respiratory rate
divided by tidal volume in liters) was below 105, the blood
gases showed no signs of respiratory acidosis, and the oxygen
saturation stayed above 95%.

Criteria for Reintubation

Reintubation was performed due to 2 indications. Planned rein-
tubation was performed for surgeries and procedures under
general anaesthesia with subsequent extubation after the surgi-
cal procedure. Unplanned reintubation was performed in
patients with NIV-failure. The decision to perform the reintu-
bation was made by the clinical team based on the following
criteria: stress response with signs of shortness of breath,
hypoxemia or hypercapnia not treatable with adjusted ECLS
settings, or alterations in consciousness with the risk for
aspiration.

Statistical Analysis

The normality of the distribution of continuous variables was
assessed using skewness, kurtosis, and the Shapiro-Wilk test.
Normally distributed continuous variables are reported as the
mean values + standard deviation. Comparison of normally
distributed continuous variables between the different groups
was performed using Student ¢ test. Non-normally distributed
variables are reported as median and interquartile range (IQR).
Comparison of these variables was performed using the
Wilcoxon rank sum test. For all comparisons between 2 groups,
95% confidence-limits of the mean are reported. Categorical
variables are reported as percentages. Comparisons of catego-
rical variables were performed using the > test or Fisher exact
test. Differences in the variables were interpreted as significant
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Figure |. Patient selection chart. ARDS indicates acute respiratory distress syndrome; ECLS, extracorporeal life support for cardiogenic shock;
NIV, noninvasive ventilation; PE, pulmonary embolism; TRALI, transfusion associated lung injury.

at P values < .05. For the identification of factors associated
with a dichotomized outcome variable, univariate logistic
regression analysis was performed.

Results
Patient Selection

During the study period, a total of 192 patients were given
extracorporeal support. Forty-eight patients were excluded
because they received venovenous support due to acute
respiratory distress syndrome (ARDS). Another 9 patients
were excluded because they received va-ECMO due to
ARDS with right heart insufficiency, pulmonary embolism,
pneumonia, transfusion-associated lung injury, or trauma.
We aimed to only include patients needing genuine support
for heart failure in this study group. Two patients were
excluded who had never received invasive ventilation.
Finally, 132 patients, 35 female (26.5%) and 97 male
(73.5%), were included in the final analysis (see patient
selection chart, Figure 1).

Patient Characteristics and Overall Outcome Data

The overall patient characteristics are given in Table 1. The
mean time on ECLS was 10 days (standard deviation:
+7.5 days). A total of 57.6% of patients could be successfully
weaned off the ECLS. Intensive care unit mortality was 55.3%

(73/132), of whom 26% (19/73) died within 24 hours after
ICU admission. Intensive care unit mortality was 51.6% in
male patients and 65.7% in female patients; 13.4% (13/97) of
male patients and 17.1% (6/35) female patients died within
24 hours.

Extubation and NIV Therapy

Of the finally included patients, 69 were never extubated
(Supplement 1). Five (7.3%) patients in this group survived
ICU therapy and were discharged to a rehabilitation center
with a tracheostomy in situ. Forty-three patients could be
extubated and received NIV therapy while still on ECLS
(Table 2). Out of this subgroup, 33 patients (77%) required
reintubation during the following ICU therapy, 18 (42%) of
them due to planned surgical procedures and 15 (34.9%)
due to NIV failure. A third group of 20 patients were extu-
bated and received NIV therapy after weaning from the
ECLS. Eleven (55%) patients in this group needed reintu-
bation after first extubation, 2 (10%) of them due to
planned surgical procedures, and 9 (45%) due to NIV
failure.

Comparison of the Patients Extubated and Receiving NIV
Therapy During and After ECLS Support

There were no differences regarding age, sex, reason for the
ECLS, place of va-ECMO implantation, time on ECLS, ECLS
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Table I. Patient Characteristics.

Parameter All Patients
N 132
Age, years 64 (IQR: 56-73)
Sex
Male 97 (73.5%)
Female 35 (26.5%)
BMI, kg/m? 27.8 (IQR: 24.7-31.2)

ECLS therapy
Reason for ECLS therapy

AMI 27 (20.6%)
Cardiogenic shock non-Ml 20 (15.2%)
LCOS 32 (24.2%)
eCPR 53 (40.2%)
Place of implantation

ICU 34 (25.8%)
OR 29 (22%)

In hospital 30 (22.7%)

Out of hospital/other hospital 39 (29.5%)

Time on ECLS, days 10+ 75
Weaned off ECLS 76 (57.6%)
Switched to LVAD 16 (12.1%)
ICU LOS, days 16 (7-30.8)
Died within 24 hours 19 (14.4%)
ICU mortality 73 (55.3%)
Lactate levels
ICU admission 84 +£ 57,N=132
6 hours 52 + 53, N=125
12 hours 33 £35N=1I9
24 hours 22+ 24 N=113
Laboratory values
Pre implant platelet count (10%/pL) 184 + 95
Pre implant creatinine (mg/dL) 1.3 (IQR: I-1.9)

Ventilation

Never extubated

Extubated and NIV during MCS support
Extubated and NIV after MCS support
Tracheostomy

69 (52.3%)
43 (32.6%)
20 (15.1%)
18 (13.6%)

Abbreviations: BMI, body mass index; ECLS, extracorporeal life support by
veno-arterial extracorporeal membrane oxygenation; MCS, mechanical circu-
latory support; MI, acute myocardial infarction with cardiogenic shock; non-
AMI, not associated with acute myocardial infarction (eg, decompensated
dilative cardiomyopathy); LCOS, low-cardiac-output syndrome after cardiac
surgery; eCPR, extracorporeal cardiopulmonary resuscitation; LVAD, left
ventricular assist device; ICU, intensive care unit; OR, operating room; LOS,
length of stay; NIV, noninvasive ventilation.

therapy survival, requirement for renal replacement therapy, or
ICU LOS between the 2 groups. Patients extubated during the
ECLS had a significantly shorter total time on ventilator
(including invasive and NIV): 259 hours (IQR: 94-429 hours)
versus 545 hours (IQR: 259-778 hours; Table 2, Figure 2). A
significantly shorter time of invasive ventilation was also
observed: 8 days (IQR: 4-18 days) versus 23.5 days (IQR:
9.5-51 days; Figure 2). Invasive ventilation free days were
significantly longer in the group of patients extubated during
ECLS support (12 days [IQR: 7-16 days] vs 4 days [IQR:
1-11 days]). The NIV failure rate and the rate of tracheostomy
were similar in both groups. There were no differences

regarding the rate of pneumonia diagnosis or pneumonia-
associated antibiotic use. Chest radiographs within 24 hours
after extubation showed a significantly higher rate of pulmon-
ary venous congestion in the patients extubated after the termi-
nation of the ECLS (supplement 2).

Characteristics of Patients With NIV Failure After
First Extubation

Twenty-four patients needed to be reintubated due to severe
respiratory distress despite ongoing NIV therapy (NIV failure
group). Reintubation needed to be performed within a median
of 2.5 days (IQR: 0.5-4.8 days). Seven patients received a
tracheostomy after the first reintubation. A second extubation
attempt was performed in 14 patients of whom 10 again needed
to be reintubated within a median of 1.5 days (IQR: 0-3.3 days)
suffering from respiratory failure. Two of these 10 patients
were extubated successfully at the third attempt, 5 received a
tracheostomy and the remaining 3 died with their endotracheal
tube in-situ. On the other hand, 19 patients needed no reintuba-
tion after extubation at any time-point (nonreintubation group).
There were no differences between the NIV failure group and
the nonreintubation group regarding the age, gender, body
mass index, and reason for ECLS therapy. Intensive care unit
LOS was significantly longer in the NIV failure group (median
43 days [IQR: 23-55 days] vs median 14 days [IQR: 9-20 days];
P <.0001) as was the total ventilatory time (median 489 hours
[IQR: 348-901 hours] vs median 169 hours [IQR: 46-246
hours]; P = .0002). There was a trend toward a higher rate of
ICU mortality in the group with NIV failure (8/24 [33.3%] vs 1/
19 [5.3%]; P = .0551).

Factors Associated With Extubation and NIV
Therapy During ECLS

The univariable logistic regression analysis identified lactate
levels at different time points as factors associated with suc-
cessful extubation during ECLS (Table 3). Higher lactate levels
at ICU admission, 6 hours, 12 hours, and 24 hours were asso-
ciated with a lower chance for extubation and NIV during
ECLS (odds ratio: 0.879, 0.624, 0.549, and 0.221, respec-
tively). Due to the high correlations between the lactate levels
at the different time points, we’ve chosen the lactate level at
ICU admission for a multivariable analysis. In this multivari-
able analysis, combining the lactate level with baseline char-
acteristics and renal function, the lactate level persisted as the
only factor associated with successful NIV during ECLS sup-
port (Table 3).

Impact of Extubation and NIV Therapy on Patients’
Outcome

To assess the impact of extubation and NIV therapy on 2 out-
come variables (ICU mortality and NIV failure), logistic regres-
sion analyses were performed using the parameter “extubation
and NIV therapy during ECLS” as the focal predictor and other
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Table 2. Patients Successfully Extubated—Baseline Characteristics and Outcome Parameters.

Extubation and NIV

Extubation and NIV

Comparison of Extubation

During ECLS After Weaning From ECLS Strategies
N 43 20 P Value
Sex 51772
Male 32 (74.4%) 17 (85%)
Female Il (25.6%) 3 (15%)
Age (years) 59 + 14 58 + 18 .7843°
BMI (kg/m*) 26 (IQR: 25-29) 29 + 5 .053¢
Pulmonary sequelae prior to ECLS therapy
COPD I (2.3%) I (5%) .5376?
OSAS 0 2 (10%) .0973°
Other respiratory 4 (9.3%) I (5%) 1.0000 *
Nicotine .770°
Never 33 (77.7%) 16 (80%)
Actually 5(11.6%) 3 (15%)
Stopped smoking 5(11.6%) I (5%)
ECLS and ICU data
Reason for ECLS therapy 4979¢
AMI 9 (20.9%) 4 (20%)
Cardiogenic shock non-Ml 9 (20.9%) 2 (10%)
LCOS 15 (34.9%) 6 (30%)
eCPR 10 (23.3%) 8 (40%)
Time on ECLS, days Il (IQR: 8-19) 10 (IQR: 7-14) .5440¢
Weaned off ECLS 40 (93%) 19 (95%) .5376*
Switched to LVAD 13 (30.2%) 2 (10%) 11422
ICU LOS (days) 22 (IQR: 14-41) 32 (IQR: 18-54) 1139¢
Survived ICU therapy 38 (88.4%) 16 (80%) 44777
Ventilation and renal replacement therapy
Pao,/Fio; index at ICU admission 344 (IQR: 131-480), n = 19 328 (IQR: 143-457), n = 41 9114°
Time of ventilation, hours 259 (IQR: 94-429) 545 (IQR: 259-778) .0009% MD: —284 (95% CL:
—83 to —484)
Days with invasive ventilation, days 8 (IQR: 4-18) 23.5 (IQR: 9.5-51) .0012% MD: —16 (95% CL:
—4 to —27)
Invasive ventilation free days, days 12 (IQR: 7-16) 4 (IQR: I-11) .0018% MD: 8 (95% CL: 2 to 14)
Mean tidal volume throughout ICU stay 6 + 09 6.6 + 1.1 036" MD: —0.6 (95% CL:
(mL/kg IBW) —1.2 to —0.05)
Tracheostomy 6 (14%) 7 (35%) 09172
High-flow nasal oxygen use between phases 7 (16.7%) 8 (40%) .0603*
of NIV
Creatinine level at ICU admission 1.2 (IQR: 0.9-1.7) 1.3 (IQR: 1-1.9) 45°
Renal replacement therapy 19 (44%) 12 (60%) .2869%
Renal replacement therapy (days) 13 (IQR: 5-24) 19 (IQR: 8-34) .2728°¢
Lactate levels
ICU admission 54 + 43 85 + 55 .0357°% MD: —3.1 (95% CL:
—6 to —0.2)
6 hours 23 + 1.6 48 + 3.3 .0033% MD: —2.5 (95% CL:
—4.1 to —0.9)
12 hours 1.7 + 09 34 + 28 .0133°% MD: —1.7 (95% CL:
—3to —04)
24 hours 1.2 (IQR: 0.9-1.6) N = 4] 2 (IQR: 1.4-3.4) .0004% MD: —1.1 (95% CL:
—1.8 to —0.5)
Relntubation after first extubation
Never 10 (23.3%) 9 (45%) .1387%
NIV failure 15 (34.9%) 9 (45%) .5783*
Only for surgical intervention 18 (41.8%) 2 (10%) .0184*
Diagnosis of pneumonia during ICU stay
Pneumonia 30 (69.8%) 16 (80%) .5451*
Days on antibiotics 12 (IQR: 6-24) 15 (10-42) .1584¢
Days on antibiotics in relation to ICU stay 0.52 (IQR: 0.37-0.78) 0.73 (IQR: 0.37-0.84) 2121 €

Abbreviations: AMI, acute myocardial infarction; BMI, body mass index; CL, confidence limits; COPD, chronic obstructive pulmonary disease; ECLS, extracorporeal life
support by venoarterial extracorporeal membrane oxygenation; eCPR, extracorporeal cardiopulmonary resuscitation; Fio,, fraction of inspired oxygen; IBWV, ideal body
weight; ICU, intensive care unit; MD, mean difference; IQR, interquartile range; LCOS, postoperative low-cardiac-output syndrome; LOS, length of stay; LVAD, left
ventricular assist device; NIV, noninvasive ventilation; non-Ml, not associated with myocardial infarction; OSAS, obstructive sleep apnoea syndrome.

?Fisher exact test.
bStudent t test.
“Wilcoxon rank sum test.
9Chi square test.
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Figure 2. A, Box-plot diagrams comparing total time on ventilator
(hours). Significant difference between the group of patients extu-
bated after and during ECLS could be observed (545 hours [IQR: 259-
778 hours] vs 259 hours [IQR: 94-429 hours]; P = .0009). B, Box plot
diagrams comparing invasive ventilation free days (days). Significant
difference between the group of patients extubated after and during
ECLS could be observed (4 days [IQR: I-11 days] vs 12 days [IQR:
7-16 days]; P = .0018). C, Box plot diagrams comparing ICU LOS. No
significant difference was observed for ICU LOS between the extu-
bation groups. ECLS indicates extracorporeal life support; ICU,
intensive care unit; LOS, length of stay; NIV, noninvasive ventilation.

variables that could explain potential effects as covariates. How-
ever, extubation and NIV therapy during ECLS therapy was not
associated with ICU mortality and NIV failure in this approach
controlling for potential confounders (Table 4).

Discussion

This present study shows that extubation and NIV was feasible
in about one-third of ECLS patients. Patients extubated during
ECLS had a significantly lower total time with ventilatory
support and more invasive ventilation free days. Furthermore,
patients who could be extubated and received NIV during
ECLS had lower early lactate levels at ICU admission.

Extracorporeal life support is used in awake patients with
ARDS to avoid invasive mechanical ventilation.'™!'" Awake
venovenous ECMO is also used to bridge patients until they
receive a lung transplantation.'®'#'® Reports are sparse on the
use of ECMO in awake patients whose hemodynamics are not
compensated with this technique but who require a venoarterial
ECMO strategy for ECLS.'”?° One of the first studies was
published in 2015 by Mohite et al that reported on 9 patients
successfully extubated during ECLS.?° A second retrospective
observational study compared 41 extubated patients with 137
patients who had never been extubated.?! Bataillard et al
demonstrated that extubated patients had a lower incidence
of ventilator-associated pneumonia.?' This study also con-
cluded that extubating patients on ECLS might be beneficial
to patient prognosis. Recently, Ellouze et al published their
single-center experience in extubating patients supported on
ECLS."” They compared 15 patients extubated while supported
by ECLS with 42 patients not extubated during ECLS."
Patients extubated showed better survival after 30 days. The
previously published data have focused on a comparison of
extubation during ECLS versus nonextubation during ECLS,
and all studies demonstrate a higher mortality rate in the non-
extubation group. However, there is no conclusion on whether
there is a difference between extubation during ECLS versus
extubation after weaning from ECLS, because patients who
cannot be extubated mostly showed worse outcomes in previ-
ously published reports.'2!

Hence, the present study is the first to analyze a potential
difference in outcomes of patients extubated while supported
by ECLS compared to patients receiving extubation after suc-
cessful ECLS weaning. Most of the patients on ECLS receive
invasive mechanical ventilation in the early phase of extracor-
poreal support. After hemodynamic stabilization and end-organ
recovery, sedation weaning and extubation can be attempted.
However, the optimal point of time for weaning from invasive
ventilation is unclear. As NIV has been shown to be a valuable
tool for continued weaning from ventilatory support with the
potential to reduce the risk of ventilator-induced pneumonia
and other infectious complications, this therapy might be of
benefit for patients with ECLS.?*** In ECLS-supported
patients, an optimal unloading of the left ventricle will lead
to a reduction in pulmonary venous congestion and avoid pul-
monary edema. Lung function and gas exchange will recover,
and consequently, extubation can be attempted. However, the
optimal monitoring of adequate and recovered pulmonary
function during ECLS still needs to be investigated.

Our data clearly demonstrate that the total time on ventilator
was significantly lower in the group of patients extubated
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Table 3. Factors Associated With Extubation and NIV Therapy During ECLS Support.

Univariate Logistic Regression Analysis

Multivariable Logistic Regression Analysis

Variable Odds Ratio (95% ClI) P Value Odds Ratio (95% ClI) P Value
Age 1.01 (0.972-1.04) 7579 1.018 (0.979-1.059) .3792
Gender, female vs male 1.948 (0.478-7.944) .3525 1.405 (0.27-7.294) .6861
BMI 0.913 (0.811-1.027) 1315 0.898 (0.79-1.02) .0986
COPD vs no COPD 0.452 (0.027-7.622) .5820
Lactate level

ICU admission 0.879 (0.783-0.987) .0285 0.866 (0.763-0.982) .025

6 hours 0.624 (0.46-0.846) .0024

12 hours 0.549 (0.356-0.848) .0069

24 hours 0.221 (0.084-0.583) .0023
Creatinine level at ICU admission 0.676 (0.346-1.32) 2512 0.79 (0.364-1.724) .5573
Pao,/Fio, index at ICU admission 1.000 (0.998-1.003) 7432

Abbreviations: BMI, body mass index; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; ECLS, extracorporeal life support; Fio,, fraction of

inspired oxygen; ICU, intensive care unit; NIV, noninvasive ventilation.

Table 4. Influence of Extubation During ECLS Therapy on Outcome Variables.

a) Outcome parameter ICU mortality

Multiple Logistic Regression Analysis

Variable Odds Ratio (95% ClI) P Value
Extubation and NIV during ECLS therapy 0.481 (0.086-2.703) 4092

Gender, female vs male 7.281 (1.090-48.608) .0404

BMI 0.884 (0.734-1.064) .1589

Lactate level at ICU admission 1.078 (0.924-1.259) .3469

Renal replacement therapy 1.808 (0.311-10.5) .5039

B) Outcome parameter NIV failure

Multiple Logistic Regression Analysis

Variable Odds Ratio (95% CI) P Value
Extubation and NIV during ECLS therapy 0.555 (0.141-2.178) .3982

Gender, female vs male 1.014 (0.23-4.476) .9855

BMI 0.906 (0.785-1.045) .1487

Lactate level at ICU admission 0.9334 (0.815-1.07) .3099

Renal replacement therapy 6.46 (1.797-23.231) .0043

Abbreviations: BMI, body mass index; Cl, confidence interval; ECLS, extracorporeal life support; ICU, intensive care unit; NIV, noninvasive ventilation.

during ECLS therapy (259 hours [IQR: 94-429] versus
545 2hours [IQR: 259-778]; P = .0009), despite a similar total
duration of ECLS therapy. This is in line with previously pub-
lished reports that all showed significantly shorter durations of
mechanical ventilation.'”' Due to additional surgical proce-
dures (eg, left ventricular assist device [LVAD] implantation or
vascular surgery) reintubation needed to be performed in
approximately 42% of patients who were extubated during
ECLS support. None of our patients experienced a complica-
tion during airway management, but various complications of
endotracheal intubation have been reported in the litera-
ture.>*?> Interestingly, the NIV failure rate was similar in both
of our groups although there was a higher rate of signs of

pulmonary venous congestion in the group extubated after
weaning from the ECLS. This might be due to a compromised
left ventricular function with elevated filling pressures and
might be the reason why significantly more patients with extu-
bation after ECLS weaning received tracheostomy after being
reintubated to facilitate weaning from ventilatory support.?®
Thus, the time point of possible extubation could also be asso-
ciated with the severity of the underlying disease. Compared to
other studies in the ICU setting, we can report a similar NIV
failure rate in our patients, even if they were still supported by
ECLS.? Patients needing reintubation due to NIV failure had a
more complicated ICU stay in our patient collective. A second
extubation attempt led to a high rate (71%) of recurring NIV
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failure. Therefore, it should be discussed at the bed-side
whether a second extubation is attempted or immediate tra-
cheostomy after reintubation is performed. Previously pub-
lished findings showed a significant reduction in the rates of
ventilator-associated pneumonia with patients being extubated
during ECLS."*?' Our data show no difference regarding the
diagnosis of pneumonia between NIV groups. The design of the
present study, focusing on extubated patients only as well as
differences in the studied patient collectives might be a possi-
ble reason for this conflicting result.

Our results indicate that the ICU LOS and ICU mortality are
similar in the patients extubated during ECLS compared to
after ECLS. At first glance, this finding is contrary to previ-
ously published data.'®*° All patients in whom extubation had
never been attempted (52%) were excluded from our analyses
leaving only the patients extubated and receiving NIV in the
final analysis. Only 7% of our patients in whom extubation was
not feasible survived the ICU stay and were discharged with a
tracheostoma. Despite the fact that NIV is able to reduce the
total time on ventilator, our data leave unanswered whether
NIV improves overall survival, as the severity of the underly-
ing disease and end-organ dysfunction is of crucial importance
for recovery. In our patient sample, the overall ICU mortality
was approximately 55%, which is comparable to recently pub-
lished data for patients receiving ECLS.**>** Even higher mor-
tality rates have been shown for elderly patients above 60 years
of age.29 As in other published reports, more male than female
patients are supported by ECLS what might be attributable to
the gender differences in prevalence of cardiovascular dis-
eases.* % But we could not observe differences in mortality.
The prognostic value of the initial lactate level for ICU and
30-day survival has been previously demonstrated however
pathophysiology of elevated lactate levels is not completely
understodd.>?*!=? Increased lactate levels are generally seen
to be a surrogate of anaerobic glycolysis secondary to tissue
hypoperfusion and/or hypoxia.** On the other hand, elevated
lactate levels can result from increased glycolysis with or with-
out reduced lactate clearance in situations with increased adre-
nergic stimulation.®>*® In the case of cardiogenic shock,
hyperlactatemia is therefore most likely a surrogate for a severe
adrenergic stress response together with tissue hypoperfusion.
Optimal ECLS therapy improves tissue perfusion and therefore
endogenous adrenergic stimulation will be attenuated. Initial
therapeutic positive inotropic adrenergic simulation by cate-
cholamines can also be withdrawn. In our patient, collective
early lower lactate levels were associated with the success of
extubation during ECLS. As shown previously in terms of ICU
mortality, hyperlactatemia might again reflect initial disease
severity and differences in lactate clearance within the first
24 hours of ICU therapy might identify patients with improved
outcomes. Further trials need to assess lactate levels in this
situation.

Early sedation weaning and extubation do not influence
respiratory function only. Previous reports have also shown
that more intensive physiotherapy is facilitated.’”*® Awake
patients are also able to fully communicate with the ICU team

and their relatives. The patient can actively take part in life-
changing decisions such as the implantation of a permanent
LVAD. This can tremendously improve patient self-
determination and well-being.

Study Limitations

This retrospective cohort study only describes our single-center
experience. As patients were not randomly assigned to a certain
treatment group, we can only report on the feasibility of this
technique and encourage further research in this field. Second,
we report on a real-life sample of patients suffering from var-
ious causes of cardiogenic shock leading to ECLS. Trials asses-
sing only one subgroup of patients (eg, cardiogenic shock due
to myocardial infarction) might provide better insights into the
value of early extubation and NIV during ECLS. Finally, as
some patients were transferred to other hospitals after ECLS
therapy, data on 30-day mortality are not available.

Conclusions

Patients requiring ECLS for acute cardiogenic shock still have
a high mortality rate. Some of the patients die within the first
24 hours of extracorporeal support. Patients with stabilized
hemodynamics and organ function are eligible for weaning
from invasive mechanical ventilation while still supported by
ECLS. Extubation during ECLS results in a significant reduc-
tion in ventilator time. This might improve patients’ comfort
because they can actively communicate with the ICU team.
Further prospective trials are needed to identify the optimal
time point of extubation and to assess whether this maneuvre
improves patients’ long-term outcomes.

Authors’ Note

Martina Nowak-Machen and Peter Rosenberger contributed equally
and share authorship. Harry Magunia contributed substantially to all
aspects of this manuscript, including study design, data collection,
data analysis, data interpretation, and draft of the first manuscript;
Martina Nowak-Machen and Peter Rosenberger contributed substan-
tially to this manuscript, including study design, data analysis, data
interpretation, and draft of the first manuscript; Aida M. Guerrero
contributed substantially to data collection and data analysis; Johann
Jacoby contributed substantially to statistics and data interpretation;
Michael Koeppen, Christian Schlensak, Helene Haeberle, and
Michael Koeppen contributed substantially to data interpretation and
revision of the manuscript. All authors approved the final manuscript.
Prior to the start of this study, ethical approval was given by the
Institutional Review Board at the University Hospital Tiibingen (IRB
#182/2017B0O2).

Acknowledgments

The authors thank all employees of the intensive care unit at the
University Hospital Tiibingen for their efforts in daily patient care.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of interest
with respect to the research, authorship, and/or publication of this



Magunia et al

791

article. Christian Schlensak serves as a consultant for Thoratec
Corporation.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This
research was funded by departmental funds.

ORCID iD

Harry Magunia, MD

https://orcid.org/0000-0001-9576-6399

Supplemental Material

Supplemental material for this article is available online.

References

1.

10.

11.

12.

13.

Ostadal P, Rokyta R, Kruger A, et al. Extra corporeal membrane
oxygenation in the therapy of cardiogenic shock (ECMO-CS):
rationale and design of the multicenter randomized trial. Eur J
Heart Fail. 2017;19(suppl 2):124-127.

. Hajjar LA, Teboul JL. Mechanical circulatory support devices for

cardiogenic shock: state of the art. Crit Care. 2019;23(1):76.

. Ibanez B, James S, Agewall S, et al. 2017 ESC guidelines for the

management of acute myocardial infarction in patients presenting
with ST-segment elevation. Rev Esp Cardiol (Engl Ed). 2017,
70(12):1082.

. Pozzi M, Alvau F, Armoiry X, et al. Outcomes after extracorpor-

eal life support for postcardiotomy cardiogenic shock. J Card
Surg. 2019;34(2):74-81.

. Fux T, Holm M, Corbascio M, van der Linden J. Cardiac arrest

prior to venoarterial extracorporeal membrane oxygenation: risk
factors for mortality. Crit Care Med. 2019;47(7):926-933.

. Nava S, Hill N. Non-invasive ventilation in acute respiratory

failure. Lancet. 2009;374(9685):250-259.

. Nava S, Navalesi P, Carlucci A. Non-invasive ventilation.

Minerva Anestesiol. 2009;75(1-2):31-36.

. Nowak-Machen M, Schmid E, Schlensak C, et al. Safety of trans-

esophageal echocardiography during extracorporeal life support.
Perfusion. 2016;31(8):634-639.

. Serpa Neto A, Cardoso SO, Manetta JA, et al. Association

between use of lung-protective ventilation with lower tidal
volumes and clinical outcomes among patients without acute
respiratory distress syndrome: a meta-analysis. JAMA. 2012;
308(16):1651-1659.

Crotti S, Bottino N, Ruggeri GM, et al. Spontaneous breathing
during extracorporeal membrane oxygenation in acute respiratory
failure. Anesthesiology. 2017;126(4):678-687.

Crotti S, Bottino N, Spinelli E. Spontaneous breathing during
veno-venous extracorporeal membrane oxygenation. J Thorac
Dis. 2018;10(suppl 5):S661-S669.

Crotti S, lotti GA, Lissoni A, et al. Organ allocation waiting time
during extracorporeal bridge to lung transplant affects outcomes.
Chest. 2013;144(3):1018-1025.

Nosotti M, Rosso L, Tosi D, et al. Extracorporeal membrane
oxygenation with spontaneous breathing as a bridge to lung trans-
plantation. Interact Cardiovasc Thorac Surg. 2013;16(1):55-59.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Fuehner T, Kuehn C, Hadem J, et al. Extracorporeal membrane
oxygenation in awake patients as bridge to lung transplantation.
Am J Respir Crit Care Med. 2012;185(7):763-768.

Olsson KM, Simon A, Strueber M, et al. Extracorporeal mem-
brane oxygenation in nonintubated patients as bridge to lung
transplantation. Am J Transplant. 2010;10(9):2173-2178.
Hermens JA, Braithwaite SA, Platenkamp M, et al. Awake
ECMO on the move to lung transplantation: serial monitoring
of physical condition. Intensive Care Med. 2017;43(5):707-708.

. Wang H, Jia M, Mao B, Hou X. Atelectasis after airway extuba-

tion during veno-arterial extracorporeal membrane oxygenation
support. Perfusion. 2017;32(6):511-513.

Biscotti M, Vail E, Cook KE, Kachulis B, Rosenzweig EB, Bac-
chetta M. Extracorporeal membrane oxygenation with subclavian
artery cannulation in awake patients with pulmonary hyperten-
sion. ASAIO J. 2014;60(6):748-750.

Ellouze O, Lamirel J, Perrot J, et al. Extubation of patients under-
going extracorporeal life support. A retrospective study. Perfusion.
2019;34(1):50-57.

Mohite PN, Kaul S, Sabashnikov A, et al. Extracorporeal life
support in patients with refractory cardiogenic shock: keep them
awake. Interact Cardiovasc Thorac Surg. 2015;20(6):755-760.
Bataillard A, Hebrard A, Gaide-Chevronnay L, et al. Extubation
in patients undergoing extracorporeal life support. Int J Artif
Organs. 2017;40(12):696-700.

Girou E, Schortgen F, Delclaux C, et al. Association of noninva-
sive ventilation with nosocomial infections and survival in criti-
cally ill patients. JAMA. 2000;284(18):2361-2367.

Burns KE, Meade MO, Premji A, Adhikari NK. Noninvasive
ventilation as a weaning strategy for mechanical ventilation in
adults with respiratory failure: a Cochrane systematic review.
CMAJ. 2014;186(3):E112-E122.

Beebe DS. Complications of tracheal intubation. Semi Anesth,
Perioperat Med Pain. 2001;20(3):166-172.

Tadie JM, Behm E, Lecuyer L, et al. Post-intubation laryngeal
injuries and extubation failure: a fiberoptic endoscopic study.
Intensive Care Med. 2010;36(6):991-998.

Roche-Campo F, Bedet A, Vivier E, Brochard L, Mekontso Des-
sap A. Cardiac function during weaning failure: the role of dia-
stolic dysfunction. Ann Intensive Care. 2018;8(1):2.

Esteban A, Frutos-Vivar F, Ferguson ND, et al. Noninvasive
positive-pressure ventilation for respiratory failure after extuba-
tion. N Engl J Med. 2004;350(24):2452-2460.

Paden ML, Rycus PT, Thiagarajan RR, Registry E. Update and
outcomes in extracorporeal life support. Semin Perinatol. 2014;
38(2):65-70.

De Waha S, Graf T, Desch S, et al. Outcome of elderly under-
going extracorporeal life support in refractory cardiogenic shock.
Clin Res Cardiol. 2017;106(5):379-385.

Mosca L, Barrett-Connor E, Wenger NK. Sex/gender differences
in cardiovascular disease prevention: what a difference a decade
makes. Circulation. 2011;124(19):2145-2154.

Lazzeri C, Valente S, Chiostri M, Gensini GF. Clinical signifi-
cance of lactate in acute cardiac patients. World J Cardiol. 2015;
7(8):483-489.


https://orcid.org/0000-0001-9576-6399
https://orcid.org/0000-0001-9576-6399
https://orcid.org/0000-0001-9576-6399

792

Journal of Intensive Care Medicine 36(7)

32. Weil MH, Afifi AA. Experimental and clinical studies on lactate
and pyruvate as indicators of the severity of acute circulatory
failure (shock). Circulation. 1970;41(6):989-1001.

33. Lindholm MG, Hongisto M, Lassus J, et al. Serum lactate and a
relative change in lactate as predictors of mortality in patients
with cardiogenic shock—results from the Cardshock study.
Shock. 2020;53(1):43-49.

34. Vincent JL, Quintairos ESA, Couto L Jr, Taccone FS. The value
of blood lactate kinetics in critically ill patients: a systematic
review. Crit Care. 2016;20(1):257.

35. Garcia-Alvarez M, Marik P, Bellomo R. Stress hyperlactataemia:
present understanding and controversy. Lancet Diabetes
Endocrinol. 2014;2(4):339-347.

36.

37.

38.

Levy B, Desebbe O, Montemont C, Gibot S. Increased aerobic
glycolysis through beta2 stimulation is a common mechanism
involved in lactate formation during shock states. Shock. 2008;
30(4):417-421.

Abrams D, Javidfar J, Farrand E, et al. Early mobilization of
patients receiving extracorporeal membrane oxygenation: a
retrospective cohort study. Crit Care. 2014; 18(1):R38.
Wells CL, Forrester J, Vogel J, Rector R, Tabatabai A, Herr
D. Safety and feasibility of early physical therapy for patients
on extracorporeal membrane oxygenator: University of Mary-
land Medical Center Experience. Crit Care Med. 2018;46(1):
53-59.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


