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Abstract 

Introduction: The aim of the study was to evaluate the feasibility and safety of avoiding invasive mechanical ventila-
tion (IMV) by using extracorporeal CO2 removal (ECCO2R) in patients with acute exacerbation of chronic obstructive 
pulmonary disease (COPD) and acute hypercapnic respiratory failure refractory to noninvasive ventilation (NIV).

Methods: Case–control study. Patients with acute hypercapnic respiratory failure refractory to NIV being treated 
with a pump-driven veno-venous ECCO2R system (iLA-Activve®; Novalung, Heilbronn, Germany) were prospec-
tively observed in five European intensive care units (ICU). Inclusion criteria were respiratory acidosis (pH ≤ 7.35, 
PaCO2 > 45 mmHg) with predefined criteria for endotracheal intubation (ClinicalTrials.gov NCT01784367). The histori-
cal controls were patients with acute hypercapnic respiratory failure refractory to NIV who were treated with IMV. The 
matching criteria were main diagnosis, age, SAPS-II score and pH.

Results: Twenty-five cases (48.0 % male, mean age 67.3 years) were matched with 25 controls. Intubation was 
avoided in 14 patients (56.0 %) in the ECCO2R group with a mean extracorporeal blood flow of 1.3 L/min. Seven 
patients were intubated because of progressive hypoxaemia and four owing to ventilatory failure despite ECCO2R and 
NIV. Relevant ECCO2R-associated adverse events were observed in 11 patients (44.0 %), of whom 9 (36.0 %) suffered 
major bleeding complications. The mean time on IMV, ICU stay and hospital stay in the case and control groups were 
8.3 vs. 13.7, 28.9 vs. 24.0 and 36.9 vs. 37.0 days, respectively, and the 90-day mortality rates were 28.0 vs. 28.0 %.

Conclusions: The use of veno-venous ECCO2R to avoid invasive mechanical ventilation was successful in just over 
half of the cases. However, relevant ECCO2R-associated complications occurred in over one-third of cases. Despite the 
shorter period of IMV in the ECCO2R group there were no significant differences in length of stay or in 28- and 90-day 
mortality rates between the two groups. Larger, randomised studies are warranted for further assessment of the effec-
tiveness of ECCO2R.
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Introduction
In patients admitted to the intensive care unit (ICU) 
for hypercapnic ventilatory failure, noninvasive ventila-
tion (NIV) represents the first-line treatment to enhance 
alveolar ventilation, remove carbon dioxide and unload 
the respiratory muscle pump [1–4]. NIV has been dem-
onstrated to reduce mortality up to almost 50 % in com-
parison to invasive mechanical ventilation (IMV) [5]. 
However, up to 50  % of these patients, especially those 
with severe acidosis, eventually fail initial treatment with 
NIV and subsequently require intubation and IMV [2, 
6–9]. The transition from NIV to IMV is associated with 
prolonged weaning [10] and a poorer survival prognosis 
[2, 3, 11, 12]. The main IMV-associated complications 
are ventilator-induced lung injury (VILI), ventilator-
associated pneumonia (VAP), ventilator-associated dia-
phragmatic dysfunction (VIDD), dynamic hyperinflation 
and a range of neurological disorders associated with 
prolonged sedation and immobilization [13–17].

In patients with acute on chronic ventilatory failure, 
ECCO2R has been proposed to avoid IMV by augment-
ing the effects of NIV or to facilitate early extubation [18]. 
However, the potential benefits of ECCO2R to avoid IMV 
and its complications have to be set against specific risks 
associated with this complex technology, especially bleed-
ing complications. The clinical evidence for ECCO2R to 
primarily avoid intubation is limited to few studies, either 
small case series or case–control studies [19–22].

Considering the adjunctive and experimental nature of 
this new technology it is important to better understand 
in which subset of patients, at what point in the course 
of their disease, which type of ECCO2R and in which 
clinical setting the risks of IMV outweigh the risks of 
ECCO2R-related complications. The primary aim of this 
pilot study was to prospectively examine the feasibil-
ity and safety of ECCO2R to avoid IMV in patients with 
hypercapnic ventilatory failure refractory to NIV with a 
new pump-driven, veno-venous device that previously 
had not been evaluated prospectively in this clinical set-
ting. Additionally these patients were compared with a 
matched historical control group with respect to bleed-
ing and thromboembolic complications, length of stay 
and mortality.

Methods
Study design
The case–control study prospectively recruited 25 
ECCO2R patients in five tertiary-level hospitals in 

Germany (two centres), Austria (two centres) and the 
Netherlands (single centre) from December 2012 to April 
2015. The ECCO2R cases were matched with historical 
controls. The institutional ethic boards of all participat-
ing centres approved the protocol. Informed consent was 
obtained from all patients or their legal representatives in 
the ECCO2R group. The study is registered with Clinical-
Trials.gov (NCT 01784367).

ECCO2R patients
Consecutive patients older than 18 years with hypercap-
nic ventilatory failure requiring NIV were prospectively 
evaluated. The nature and protocol of the study were 
explained to these patients and/or their legal representa-
tives and consent was obtained on ICU admission in case 
the following clinical course led to failure of NIV.

Predefined combination criteria for NIV failure 
despite correct NIV administration were as follows: 
(1) no improvement or worsening of respiratory acido-
sis (pH ≤ 7.35, PaCO2 > 45 mmHg), (2) increased res-
piratory rate equal to or greater than 30  breaths/min 
and (3) clinical signs suggestive of ventilatory muscle 
pump failure, e.g. use of accessory muscles or paradoxi-
cal breathing. Moreover, single criteria for NIV failure 
were (1) non-compliance with mask ventilation and (2) 
decreased level of consciousness [Glasgow Coma Scale 
(GCS) <9]. The assessment of NIV failure was made 
by at least two attending intensivists. NIV was contin-
ued after initiation of ECCO2R at the discretion of the 
attending intensivist.

Study exclusion criteria were severe hypoxaemia 
(PaO2/FiO2 ratio <100  mmHg), pre-existing home NIV 
treatment, contraindications to anticoagulation, con-
traindication to continuation of active treatment for rea-
sons of futility and failure to obtain consent.

The criteria for subsequent intubation despite ECCO2R 
with or without NIV were no improvement or worsen-
ing of the criteria mentioned above defining NIV failure 
with the following additional single criteria emerging 
during the course of ECCO2R: (1) delirium/agitation 
causing non-compliance and potentially leading to self-
inflicted dislocation of the ECCO2R cannulas, (2) dete-
riorating neurological status leading to decreased level 
of consciousness (GCS <9) and loss of airway protective 
reflexes, (3) development of unmanageable copious pul-
monary secretions, (4) progressive hypoxaemia (PaO2/
FiO2 ratio <100 mmHg) and/or (5) haemodynamic insta-
bility requiring increasing vasopressor support.

Keywords: Endotracheal intubation, Mechanical ventilation, Extracorporeal carbon dioxide removal, COPD, 
Hypercapnia, Acute respiratory failure
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Control patients
Control patients were identified and their data retro-
spectively collected from a large patient database at the 
principal study centre at the University Medical Center 
Hamburg–Eppendorf. The control patients had also 
been admitted to ICU with hypercapnic ventilatory fail-
ure and subsequently failed NIV treatment followed by 
intubation and IMV. Matching criteria for the histori-
cal controls were acute diagnosis leading to hypercap-
nic respiratory failure, age (±10), SAPS-II score (±6) 
on ICU admission and pH (±0.06) at the time of NIV 
failure.

ECCO2R device
The device used in the study was the pump-driven, veno-
venous ECCO2R system iLA-Activve® (NOVALUNG 
GmbH, Heilbronn, Germany). The circuit comprises 
a diagonal blood pump and a low resistance heparin-
coated polymethylpentene hollow-fibre membrane opti-
mised for blood flow rates between 0.5 and 4.5  L/min 
with a gas exchange area of 1.3  m2 [23, 24]. A protocol 
of the management from cannulation to weaning of the 
ECCO2R can be found in the Electronic Supplementary 
Material (ESM).

Outcomes
In the ECCO2R group pathophysiological changes over 
time, the need for intubation as well as the incidence 
and type of ECCO2R-associated adverse events were 
observed and classified either as device-related (clots, air 
or leaks in the circuit, malfunction of the pump, rupture 
of the tubing) or patient-related (vascular or other injury 
related to cannulation and bleeding complications). 
According to the definition of Schulman and Kearon, 
bleeding episodes were considered major bleeding com-
plications when one of the following events occurred: (1) 
fatal bleeding, (2) symptomatic bleeding in a critical area 
or organ, (3) acute bleeding causing a fall in haemoglobin 
level of more than 2 g/dL or (4) bleeding leading to trans-
fusion of two or more units of packed red cells [25].

Outcomes recorded for both groups were time on 
mechanical ventilation, rate of tracheostomy, bleeding 
and thromboembolic complications, length of stay in 
ICU and hospital, as well as 28-day, hospital and 90-day 
mortality.

Statistical analysis
The software used for analyses of data was SPSS 21.0 
(IBM, SPSS Statistics) and STATA 14.1 (StataCorp, Col-
lege Station). Data are presented as means (with ranges) 
for continuous variables and frequencies (with percent-
ages) for categorical variables. Paired t test was used for 
parametric analyses of within-group changes over time. 

For between-group comparisons of matched samples 
Student’s t test was used for parametric analyses and 
the Fisher exact test for categorical variables. In order to 
adjust for residual baseline differences and to increase 
the power of the analyses, where possible, outcomes were 
additionally analysed applying mixed logistic regres-
sion models with baseline covariates as fixed and pairs 
as random effects or Cox regression models with base-
line covariates as regressors and with pairs as shared 
frailties. Two-sided p values below 0.05 were considered 
significant.

Results
Patient characteristics
A total of 25 ECCO2R patients (48.0 % male) with a mean 
age of 67.3 years (51.0–83.0) were prospectively enrolled 
in the ECCO2R group in five participating hospitals. At 
the principal study centre, the University Medical Center 
Hamburg–Eppendorf, 75 patients were screened and 16 
patients (21.3 %) included into the final analyses during 
the full 29-month study period. A flow chart is presented 
in Fig. 1 in the Electronic Supplemental Material (ESM). 
Table  1 shows the baseline demographic, clinical and 
respiratory parameters of the case and control groups. 
Comorbidities of both groups are presented Table  1 in 
the ESM.

Clinical course and outcomes
The pathophysiological ventilatory changes from baseline 
to 24 h initiation of ECCO2R are presented in Fig. 1. Intu-
bation was avoided in 14 out of all 25 ECCO2R patients 
(56.0  %). In seven patients (28.0  %) intubation was per-
formed for progressive hypoxaemia and in four patients 
(16.0 %) for ventilatory failure despite ECCO2R and NIV. 
In five patients intubation was associated with severe 
secretions. In two of these five patients, intubation was 
caused by laryngeal oedema due to frequent bronchos-
copies. In six out of seven patients progressive hypoxae-
mia was due to evolving infiltrates and one hypoxaemic 
patient was intubated for alveolar bleeding. Two patients 
were intubated after weaning of ECCO2R. There was 
no statistically significant association of the PaCO2, pH 
and P/F ratio pre-ECCO2R and the intubation outcome 
(p = 0.29, p = 0.61 and p = 0.79, respectively). Moreover, 
no study centre effect (Hamburg vs. other) on intubation 
rate was observed (p = 0.37). Table 2 in the ESM provides 
details of the individual clinical circumstances and indi-
cations that led to intubation in the ECCO2R patients.

The mean duration of vv-ECCO2R was 8.5  days (1.0–
27.0) with a mean extracorporeal blood flow during the 
whole course of treatment of 1.3  L/min (0.7–1.8) using 
22- or 24-Fr jugular or femoral double-lumen cannulas 
in the majority of patients (96.0 %). Table 3 in the ESM 



1440

Table 1 Baseline patient characteristics

Values presented as mean (range) or number (%)

BMI body mass index, ECCO2R extracorporeal carbon dioxide removal, IMV invasive mechanical ventilation, NIV noninvasive ventilation, PBW predicted body weight, 
PEEP positive end expiratory pressure, SAPS II simplified acute physiology score II

Patients characteristics ECCO2R group (n = 25) Control group (n = 25) p value

Demographic data, BMI and SAPS-II score

 Age (years) 67.3 (51.0–83.0) 68.6 (55.0–82.0) 0.24

 Gender (male) n (%) 12 (48.0) 13 (52.0) 0.78

 BMI 26.6 (17.0–53.4) 24.9 (17.7–34.2) 0.29

 SAPS II 40.5 (24.0–63.0) 41.5 (26.0–63.0) 0.23

Arterial blood gases pre-ECCO2R and IMV

 pH 7.24 (7.06–7.34) 7.23 (7.04–7.37) 0.11

 PaCO2 (mmHg) 81.5 (53.8–126.0) 79.5 (48.4–117.0) 0.64

 PaO2/FiO2 (mmHg) 209.3 (106.2–476.0) 201.0 (58.0–466.0) 0.77

Noninvasive ventilatory parameters pre-ECCO2R and pre-IMV

 Insp. pressure (mbar) 20.5 (10.0–30.0) 19.7 (10.0–30.0) 0.53

 PEEP (mbar) 5.3 (3.0–8.0) 5.8 (3.0–12.0) 0.23

 Tidal volume (ml) 474.4 (218.0–822.0) 432.6 (50.0–1034.0) 0.47

 Tidal volume/kg PBW (ml/kg) 6.9 (3.1–12.6) 5.9 (0.7–17.2) 0.32

 Minute volume (L/min) 12.3 (1.1–29.3) 10.3 (0.2–23.5) 0.23

 Respiratory rate (/min) 27.6 (10.0–48.0) 26.5 (17.0–38.0) 0.56

 Duration of NIV (h) 21.2 (0.5–67.8) 30.6 (1.0–216.0) 0.36

Fig. 1 Sequential changes in arterial partial pressure of carbon dioxide (PaCO2), pH and respiratory rate. Boxplots display medians, 10th, 25th, 75th, 
and 90th percentiles, *p < 0.001 baseline (BL) vs. 21–24 h
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provides technical details regarding cannula configura-
tion and number of membrane replacements.

The mean duration of mechanical ventilation in the 
ECCO2R group was 8.3 days (0–60.0) and in the control 
group 13.7 days (1.0–52.0; p = 0.02). Tracheostomy rates 
were 36.0 and 60 % in the ECCO2R and the control group, 
respectively (p =  0.09). Mean ICU length of stay (LOS) 
(28.9 vs. 24.0 days) and hospital LOS (36.9 vs. 37.0 days) 
did not differ significantly between the two groups. There 
was no significant difference in 28-day (16.0 vs. 12.0 %), 
hospital (24.0 vs. 12.0  %) or 90-day mortality (28.0 vs. 
28.0 %) between the two groups. Details about the clini-
cal course and outcomes are presented in Table 2.

Complications
A total of 14 major ECCO2R-associated adverse events 
were observed in 11 patients (44.0 %): 11 major bleeding 
episodes occurred in nine ECCO2R patients (36.0  %) as 
opposed to two major bleeding episodes in two control 
patients (8.0  %). The mean time from start of ECCO2R 
to the occurrence of the bleeding episode was 5.3  days 
(1.0–10.0). In three patients (12.0  %) an acute interrup-
tion of the blood flow in the vv-ECCO2R circuit occurred 
on day 5, 10 and 17: two patients with clotting and one 
patient with air detection in the circuit. Subsequently all 
three patients were successfully managed with NIV and 
did not require intubation. A total of 11 minor ECCO2R-
associated adverse events were recorded and details 
including bleeding and thromboembolic complications of 
the control group are presented in Table 3. We could nei-
ther detect a significant study centre effect (Hamburg vs. 

other) on the complication rate (p = 0.32) nor an effect of 
major complications on mortality (p = 0.29).

Table 4 in the ESM shows the individual patients’ char-
acteristics in the ECCO2R group as well as their intuba-
tion and complication occurrences. Table  5 in the ESM 
displays the individual ECCO2R patients’ time course of 
outcomes.

Discussion
In our study the application of a pump-driven, veno-
venous device for ECCO2R in COPD patients with hyper-
capnic respiratory failure refractory to NIV prevented 
intubation in 56  % of cases. The avoidance of intuba-
tion in these patients, who without the application of 
ECCO2R would have otherwise probably been intubated, 
could pathophysiologically be attributed to the observed 
effect of significant reduction of PaCO2 and increase in 
arterial pH with subsequent reduction of respiratory rate 
as a clinical sign of unloading the ventilatory pump [19, 
26].

Avoiding intubation in the majority of patients is gen-
erally in line with other recent case reports, case series 
and case–control studies evaluating the application of 
ECCO2R in patients with hypercapnic respiratory fail-
ure for this novel indication [19–22, 27, 28]. However, 
the degree of success rate in our study group differs from 
the overall success rate of 93 % in 70 patients analysed in 
a recent systematic review by Sklar et  al. of which only 
30 patients had been studied prospectively [29]. All stud-
ies differ with respect to patient characteristics, type of 
ECCO2R device and study design. Kluge et al. studied 21 

Table 2 Clinical course and outcomes

Values presented as mean (range) or number (%)

ECCO2R extracorporeal carbon dioxide removal, ICU intensive care unit, IMV invasive mechanical ventilation, N/A not applicable, NIV noninvasive ventilation, A-NIV 
pressure-assisted NIV, C-NIV pressure-controlled NIV, Mix-NIV pressure-controlled and pressure-assisted NIV

* Adjusted p value

Clinical course ECCO2R group (n = 25) Control group (n = 25) p value

Days on ECCO2R 8.5 (1.0–27.0) N/A N/A

Days on IMV 8.3 (0–60.0) 13.7 (1.0–52.0) 0.02*

Tracheotomy 9.0 (36.0) 15.0 (60.0) 0.09*

Days on NIV during ECCO2R 4.6 (0–22.0) N/A N/A

Mode of NIV used during ECCO2R A-NIV 12.0 %
C-NIV 8.0 %
Mix-NIV 44.0 %

N/A N/A

Length of stay

 Days in ICU 28.9 (8.0–100.0) 24.0 (2.0–66.0) 0.09*

 Days in hospital 36.9 (9.0–100.0) 37.0 (12.0–248.0) 0.49*

Mortality n (%)

 28-day mortality 4.0 (16.0) 3.0 (12.0) 0.68

 Hospital mortality 6.0 (24.0) 3.0 (12.0) 0.28

 90-day mortality 7.0 (28.0) 7.0 (28.0) 1.0
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patients who failed NIV and subsequently were treated 
with arterio-venous (av)-ECCO2R [21]. A selection bias 
caused by the retrospective design may explain the higher 
rate of intubation avoidance. Burki et  al. and Del Sorbo 
et al. on the other hand prospectively evaluated nine and 
25 patients respectively with two different vv-ECCO2R 
devices, both with maximum extracorporeal blood flows 
of less than 500  ml/min, and also observed high suc-
cess rates [20, 22]. Del Sorbo et  al. included hypercap-
nic patients that were “at risk of failing NIV” rather than 

having already failed NIV, and the intubation rate in the 
historic control group with “NIV-only” was only 48  % 
[22]. The heterogeneity of these studies in conjunction 
with small sample sizes may explain the differences in the 
magnitude of rates of intubation and makes the interpre-
tation of different success rates difficult.

As opposed to the low-flow vv-ECCO2R devices 
applied in the studies by Burki et al. and Del Sorbo et al. 
with maximum extracorporeal blood flows of less than 
500  ml/min [20, 22], the ilA-Activve® device used in 
our study allows blood flows up to full ECMO capaci-
ties, depending on the cannula and membrane size used. 
Hermann et  al. recently published a retrospective case 
series on 12 intubated patients on IMV treated with the 
ilA-Activve® device for ECCO2R [24]. So far, our study 
is the first prospective study evaluating the ilA-Activve® 
device for ECCO2R. In our study population progressive 
hypoxaemic respiratory failure evolving after the initia-
tion of ECCO2R and leading to intubation was observed 
in 28  % of patients, often associated with the develop-
ment of copious secretions and in 8  % of cases with 
laryngeal edema secondary to frequent bronchoscopy. 
In retrospect, the oxygenation capacity of the ECCO2R 
system was not sufficient in the hypoxaemic patients and 
they probably would have been better managed with an 
endotracheal tube or with large single-lumen cannulas 
allowing even higher extracorporeal blood flows resulting 
in awake veno-venous extracorporeal membrane oxygen-
ation (vv-ECMO). We could not demonstrate a statisti-
cally significant association of the P/F ratio pre-ECCO2R 
and the intubation outcome. Our results show the diffi-
culty in predicting the clinical course at an early stage of 
hypercapnic respiratory failure and in selecting the right 
patients and the right extracorporeal configuration of 
ECCO2R or even ECMO to avoid intubation.

Pathophysiologically, mid-flow ECCO2R with blood 
flows of 1–2 L/min have been shown to more effectively 
remove CO2 than low-flow ECCO2R [30]. Factors such 
as insufficient NIV and/or membrane dysfunction in 
patients with severe ventilatory pump failure and pro-
gressive hypercapnia may explain failure of treatment 
with ECCO2R and NIV in four study patients. In one out 
of these four patients copious secretions may have con-
tributed to the problem.

The rate of relevant ECCO2R-related complications 
(44  %) that counterbalanced the potential benefit of suc-
cessful avoidance of intubation is in line with the results 
of previous studies on ECCO2R to avoid IMV. In their sys-
tematic review Sklar et  al. found anticoagulation-related 
bleeding and cannulation-related vascular injury to be the 
two main complications of ECCO2R [29]. Corresponding 
with the results of this review on ECCO2R and with the 
evidence on ECMO-associated bleeding complications 

Table 3 ECCO2R-associated adverse events and  bleeding/
thromboembolic complications

Of 11 patients suffering major ECCO2R-related adverse events, 2 patients each 
suffered two major bleeding episodes and 1 patient suffered a major bleeding 
episode and a device-related adverse event

DLC double-lumen catheter, ECCO2R extracorporeal carbon dioxide removal, N/A 
not applicable

* p < 0.001

Adverse events (n) ECCO2R group Control group

Major ECCO2R-associated adverse 
events

14 N/A

Major bleeding 11 2*

 Pulmonary haemorrhage 2 –

 Bleeding from tracheostomy 2 1

 Haematothorax 2 –

 Bleeding from gastric ulcer 1 –

 Bleeding from rectal ulcer 1 –

 Bleeding from oesophageal varices – 1

 Retroperitoneal haematoma 1 –

 Dislodged sealing cap of DLC 1 –

 Cannula insertion site 1 –

Device-related 3 N/A

 Air detection in the circuit 1 –

 Extracorporeal clotting 2 –

Minor ECCO2R-associated adverse 
events

11 N/A

Minor bleeding/thrombosis 10 10

 Haematuria 3 1

 Cannula insertion site 2 –

 Intracerebral bleeding (small) – 1

 Epistaxis 2 –

 Haemorrhagic pleural effusion 1 –

 Tracheobronchial haemorrhage 1 3

 Bleeding from ileostomy 1 –

 Inguinal haematoma – 1

 Intramuscular bleeding lower limb – 1

 Postoperative wound bleeding – 1

 Bleeding from tracheostomy – 1

 Thrombosis inferior vena cava and 
renal vein

1

Device-related 1 N/A

 Disconnection of sweep gas tubing 1 –
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[31], bleeding also was the main type of complication in 
our study and significantly more frequent than in the con-
trol group (36 vs. 8 %). We could not demonstrate relevant 
coagulopathy in ECCO2R patients with bleeding compli-
cations. However, unmeasured clotting disorders induced 
by the extracorporeal surface and blood flow of our mid-
flow device may have contributed to haemorrhagic com-
plications, such as platelet dysfunction, acquired von 
Willebrand syndrome, hyperfibrinolysis or factor XIII defi-
ciency [32, 33]. The higher rate of clotting of the extracor-
poreal circuit (30 %) observed in the study by Del Sorbo 
et al. may, in accordance with the principles of Virchow’s 
triad, in part be explained by the lower mean blood flow 
of 255 ml/min as opposed to 1.3 L/min in our study [22]. 
Moreover, by monitoring coagulation, more differenti-
ated and individualized anticoagulation accordingly may 
lead to fewer bleeding and clotting complications [33]. 
Surprisingly, the rate of cannulation-related vascular 
complications was relatively low in our study in compari-
son to the studies by Burki et al. and Del Sorbo et al. [20, 
22] despite larger catheters used in our study (22–24  Fr 
vs. 14–15.5  Fr). Obviating cannulation for ECCO2R alto-
gether can be achieved in patients with acute renal and 
concomitant hypercapnic failure who are on low-flow con-
tinuous renal replacement therapy through Shaldon cath-
eters (<16 Fr) by integrating an ECCO2R membrane into 
the renal replacement circuit [34, 35]. Larger studies, ide-
ally with direct comparison of different ECCO2R devices, 
configurations, cannula sizes and resulting blood flows, are 
required to further evaluate the aspects mentioned above.

An important methodological limitation of our study is 
that the criteria used to define “NIV failure” and “indica-
tion for intubation” in the ECCO2R group left a degree of 
subjective clinical judgement to the attending intensivist. 
Furthermore, the indication for intubation in the control 
group could not be standardized retrospectively. The fact 
that by definition all control patients were intubated for 
NIV failure makes any interpretation of comparative effec-
tiveness with regards to avoidance of intubation inher-
ently difficult. Moreover, the case–control design with 
retrospective data acquisition in the control group cannot 
exclude a bias in the outcomes analysis of complications, 
length of stay and mortality despite statistical adjustment 
for potential confounding of baseline variables. Finally, sta-
tistical analysis and interpretation of our study results are 
further limited by the small sample size.

However, it must be stressed that the primary aim of 
our pilot study was to evaluate the feasibility and safety 
of removing CO2 extracorporeally with the pump-driven 
veno-venous mid-flow device investigated in order to 
avoid intubation. The results add more prospective data to 
the very limited body of current evidence and may be help-
ful for designing future randomized clinical trials (RCT). 

The relatively high rate of ECCO2R-related complications 
in our study will need to be prospectively compared to 
complications of other devices and to those of IMV. Our 
results suggest that in future RCTs mortality should serve 
as the primary outcome rather than intubation rates.

Another observation that needs to be taken into 
account with regards to feasibility and practicability is 
the fact that in 44.8 % of our study patients’ cannulation 
for ECCO2R took place after 2100 hours and/or on week-
end days. This limits the transferability to routine clini-
cal practice, where cannulation is not always feasible and 
safe during after-hours or on weekend shifts as observed 
by Lee et al. in patients with extracorporeal cardiopulmo-
nary resuscitation [36]. Primary intubation of hypercap-
nic patients failing NIV followed by an early institution of 
ECCO2R would allow a more controlled cannulation with 
subsequent early extubation to minimize time on IMV 
rather than to avoid it. In addition, a short interval of IMV 
may identify patients who rapidly progress to hypoxaemic 
respiratory failure and therefore would not benefit from 
ECCO2R. The prospective observational pilot study by 
Abrams et al. has evaluated this approach [37].

In summary, the preliminary results of our pilot study 
show that the use of mid-flow vv-ECCO2R to avoid inva-
sive mechanical ventilation in patients with hypercapnic 
ventilatory failure refractory to NIV was successful in 
just over half of cases. Moreover, it demonstrated the dif-
ficulty of early identification of patients that progressed 
to hypoxaemic respiratory failure and therefore required 
subsequent intubation. Relevant ECCO2R-associated 
complications occurred in over one-third of patients 
and raise concerns about the relative safety of treating 
patients with hypercapnic patients with mid-flow vv-
ECCO2R to avoid intubation. Future, well-planned RCTs 
are urgently warranted to further validate the efficacy and 
safety of this novel strategy.
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