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Abstract

Background: Hypercapnic exacerbations are severe complications of chronic obstructive pulmonary disease
(COPD), characterized by negative impact on prognosis, quality of life and healthcare costs. The present standard of
care for acute exacerbations of COPD is non-invasive ventilation; when it fails, the use of invasive mechanical
ventilation is inevitable, but is associated with extremely poor prognosis. Extracorporeal circuits designed to remove
CO2 (ECCO2R) may enhance the efficacy of NIV to remove CO2 and avoid the worsening of respiratory acidosis,
which inevitably leads to failure of non-invasive ventilation. Although the use of ECCO2R for acute exacerbations of
COPD is steadily increasing, solid evidence on its efficacy and safety is scarce, thus the need for a randomized
controlled trial.

Methods: multicenter randomized controlled unblinded clinical trial including 284 (142 per arm) patients with
acute hypercapnic respiratory failure caused by exacerbation of COPD, requiring respiratory support with NIV. The
primary outcome is event free survival at 28 days, a composite outcome defined by survival in absence of
prolonged mechanical ventilation, severe hypoxemia, septic shock and second episode of COPD exacerbation.
Secondary outcomes are incidence of endotracheal intubation and tracheostomy, intensive care and hospital
length-of-stay and 90-day mortality.
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Discussion: Acute exacerbations of COPD represent a significant burden in terms of prognosis, quality of life and
healthcare costs. Lack definite evidence despite increasing use of ECCO2R justifies a randomized trial to evaluate
whether patients with acute hypercapnic acidosis not responsive to NIV should undergo invasive mechanical
ventilation (with all serious related risks) or be treated with ECCO2R to avoid invasive ventilation but be exposed to
possible adverse events of ECCO2R. Owing to its pragmatic nature, sample size and composite primary outcome,
this trial aims at providing valuable answers to relevant questions for clinical treatment of acute exacerbations of
COPD.

Trial registration: ClinicalTrials.gov, NCT04582799. Registered 12 October 2020, .

Keywords: Acute exacerbations of chronic obstructive pulmonary disease, COPD, Extracorporeal CO2 removal,
ECCO2R, Non-invasive ventilation, NIV

Background
Chronic obstructive pulmonary disease (COPD) is the
third leading cause of death worldwide, resulting in a so-
cial and economic burden that is substantial and increas-
ing [1, 2]. Hypercapnic exacerbations affect the
prognosis (hospital mortality is approximately 10%) and
quality of life (long-term outcome is poor) of patients
with COPD [3, 4]. In addition, hypercapnic exacerba-
tions of COPD have serious negative impacts on health-
care costs. Thus, prompt treatment of exacerbations
may impact the clinical progression of COPD by ameli-
orating quality of life and prognosis [5, 6].
The pathophysiological hallmarks of COPD patients

include expiratory flow limitation and small airway clos-
ure [7], making a prolonged expiratory time the only
compensatory mechanism to maintain a stable tidal
breathing. COPD exacerbations result in higher respira-
tory rates and reduced expiratory time, with decreased
capacity of the respiratory muscles to generate pressure
[7–9]. The consequent reduction of alveolar ventilation
leads to a further worsening of CO2 retention and in-
creased work of breathing [7].
The standard of care for patients with hypercapnic

COPD exacerbations in the ICU is non-invasive ventila-
tion (NIV) [10]. When NIV fails (i.e., arterial pH remains
< 7.30), invasive ventilation through endotracheal intub-
ation is initiated to restore adequate gas exchange. Pa-
tients requiring invasive mechanical ventilation have
greater odds of death compared with patients success-
fully treated with NIV alone [4, 11].
Extracorporeal circuits designed to remove CO2

(ECCO2R) may add to improved efficacy of NIV by re-
moving CO2 [12–15] and avoid worsening of respiratory
acidosis [16–18]. Although available studies are limited
to case series [12], several ECCO2R devices have been
developed and proposed for the clinical use in patients
with COPD [19]. These systems often represent modifi-
cations of renal replacement therapy circuits and are
characterized by: (a) veno-venous by-pass systems; (b)
extracorporeal blood flow of 0.3-0.5 liters/min; (c) 13 Fr

bore catheters or a single co-axial catheter; (d) very low
heparin doses or no heparin; (e) minimal volumes for
circuit priming; (f) artificial membrane lung connected
to a source of 100% O2 (usual flow 6-8 liters/min). These
systems are able to reduce PaCO2 by 20-25% [20, 21].
These circuits have evolved in time and may be efficient
even when using relatively small-bore catheters and low
blood flows [19]. These modifications may reduce the
side effects that have complicated earlier studies and
underscore the rationale to perform this study.

Trial hypothesis and main objective
A recent matched cohort study [14] with historical
control, compared “NIV-plus- ECCO2R” and “NIV-
only” in patients at risk of NIV failure, and showed
that (a) the hazard of being intubated was three times
higher in patients treated with “NIV-only” than in pa-
tients treated with “NIV-plus- ECCO2R”; (b) hospital
mortality was significantly lower in “NIV plus
ECCO2R” than in “NIV-only” [8% (95% CI 1.0-26.0%)
vs. 33% (95% CI 18.0-57.5%), respectively]. However,
ECCO2R-related complications were observed in al-
most half of the patients. A recent systematic review
[12] evaluated the efficacy and safety of ECCO2R in
patients with hypercapnic respiratory failure across 12
studies and showed that the majority of patients were
either successfully weaned from mechanical ventila-
tion or sustained on NIV, avoiding intubation. How-
ever, this high success rate was associated with a high
frequency of potentially severe complications [12].
Accordingly, the main objective of this random-

ized multicenter clinical trial is to test the hypoth-
esis that in patients with acute life-threatening
exacerbation of COPD, use of ECCO2R could in-
crease event-free survival as compared to standard
of care. Event free survival is defined as survival at
day 28 free of septic shock, second episode of
COPD exacerbation, occurrence of severe hypox-
emia, and prolonged mechanical ventilation.
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METHODS/DESIGN
Trial design
This trial is a multicenter, prospective, randomized, con-
trolled, unblinded clinical trial. The framework of the
trial is superiority. The trial will include 284 patients
with acute hypercapnic respiratory failure caused by ex-
acerbation of COPD.

Inclusion criteria

� Patients older than 18 and younger than 90 years
� Documented clinical history of COPD
� ICU admission for exacerbation of COPD requiring

NIV support

After two hours of NIV at least two of the following
criteria for high risk of NIV-failure [14, 22] must be
fulfilled:

� arterial pH ≤ 7.25
� respiratory rate ≥30 breaths/min
� use of accessory muscles or paradoxical abdominal

movements

Exclusion criteria

� mean arterial pressure <60 mmHg despite infusion
of fluids and vasoactive drugs

� ratio of arterial-to-inspired oxygen O2 fraction
(PaO2/FiO2) ≤ 150 with FiO2 of less than 0.6 and
PEEP of at least 5 cm H2O

� contraindications to anticoagulation (i.e. any of the
following: platelet count <50,000/mm3; international
normalized ratio (INR) >1.5; stroke or severe head
trauma or intracranial arterio-venous malformation,
or cerebral aneurysm, or central nervous system
mass lesion within the previous 3 months; epidural
catheter in place or expected to be positioned during
the study; history of congenital bleeding diathesis;
gastrointestinal bleeding within the 6 weeks prior to
study entry; esophageal varices, chronic jaundice,
cirrhosis, or chronic ascites; trauma);

� heparin-induced thrombocytopenia
� body weight >120 kg
� contraindication to continuation of active treatment
� failure to obtain consent
� difficult or impossible catheterization of femoral and

jugular vein
� pneumothorax
� severe liver insufficiency (Child-Pugh scores >7) or

fulminant hepatic failure
� diagnosis of acute or chronic neuromuscular disease
� chronic mechanical ventilation prior to hospital

admission

� moribund patient
� inclusion in other interventional trials

Primary outcome
The primary outcome is event free survival, defined as
survival at day 28 free of any of the following: (a) pro-
longed mechanical ventilation; (b) development of septic
shock; (c) occurrence of severe hypoxemia; (d) occur-
rence of a second episode of COPD exacerbation (either
or not requiring mechanical ventilation); (e) 28-day all
cause death. By analyzing the relevant epidemiological
literature on COPD exacerbations [23–33] and on their
complications [34–37] we could determine that these
five elements are the most common complications in
hospitalized AECOPD patients.

� Prolonged mechanical ventilation is defined as
mechanical ventilation (invasive and non-invasive)
applied for ≥ 14 days uninterrupted for more than
48 hours.

� Septic shock is defined by the presence of (a) sepsis
(organ dysfunction caused by proven infection with
an increase in the Sequential Organ Failure
Assessment (SOFA) score of 2 points or more); (b)
need for vasopressors to maintain a mean arterial
pressure of 65 mmHg or greater; (c) serum lactate
levels greater than 2 mmol/l (>18mg/dl) in the
absence of hypovolemia.

� Severe hypoxemia is defined as occurrence of a
ratio of arterial-to-inspired oxygen O2 fraction
(PaO2/FiO2) ≤ 150 with FiO2 of less than 0.6 and
PEEP of at least 5 cm H2O for at least 12 hours.

� Second episode of COPD exacerbation is defined
as occurrence of sustained (≥24 h) increase in
cough, sputum production, dyspnea and arterial
pH≤7.30 (either or not requiring mechanical
ventilation).

� 28-day all-cause mortality is defined at 672 hours
from randomization. All patients will be classified as
either “alive at Study Day 28” or, if dead, “dead at
Study Day 28.” For example, day zero is the day of
randomization and day 1 is the next day and
encompasses all events that occur midnight-to-
midnight, etc.

Secondary outcomes
Secondary outcomes are the following:

� Cumulative incidence of endotracheal intubation
� Cumulative incidence of tracheostomy
� Hospital length-of-stay
� ICU length-of-stay
� 90-day mortality

Tonetti et al. Trials          (2021) 22:718 Page 3 of 10



� Incidence of adverse events as defined in the ‘Safety’
paragraph (see below)

Trial procedures
Informed consent
Informed consent will be taken by trained investigators.
Before enrollment every patient must sign a written con-
sent form for trial participation and for personal data
processing. Anytime the patient is incapacitated and/or
unable to fully understand the information provided,
consent may be delayed (i.e., obtained after enrollment,
as soon as the patient is again able to understand the in-
formation provided).

Randomization Central randomization by blocks strati-
fied only by center. The randomization is centralized: a
random sequence stratified by center will be generated
in order to guarantee a balancing of the arms within the
center; the sequence will be implemented following a
block algorithm. The random sequence will be generated
by a server run by the coordinating center. Participant
sites will obtain the allocation of each enrolled patient
upon enrolment, after checking for inclusion/exclusion
criteria.

Data collection For eligible patients, study data will be
collected after enrollment (Fig. 1). Study data will be col-
lected and managed using REDCap electronic data cap-
ture tools hosted on a secure server at University of
Bologna [38, 39]. Access to the study eCRF will be pro-
vided to all participating sites. All participant data will
be stored anonymously through the use of codes. Partici-
pants’ identification data will be saved on an external
memory, accessible only to study coordinators.

Treatment of participants
Group A: Standard of care
NIV should be applied after a maximum of 2 hours from
ICU admission using ICU ventilators with NIV-
dedicated software. Use of full-face mask is recom-
mended. Initial inspiratory positive airway pressure
(IPAP) of 10 cmH2O and positive end-expiratory pres-
sure (PEEP) of 5 cmH2O is recommended. IPAP may be
then gradually increased by 2-5 cmH2O increments at a
rate of approximately 5 cmH2O each 10 minutes until
arterial pH>7.30 and patient tolerability has been
reached. Inspiratory O2 fraction should be adjusted to
maintain an O2 saturation of 88-92%.
Escalation to invasive mechanical ventilation should be

considered by the attending physician (not involved in
the study) when two of the following occur for at least 2
hours (‘urgency criteria’):

� respiratory rate >35 breaths/ min; arterial pH<7.25;

� PaCO2 greater than 60 mmHg;
� PaO2 less than 60 mm Hg with an FiO2 greater than

60%;
� respiratory arrest or signs of patient distress with

accessory muscle recruitment and paradoxical
abdominal or thoracic motion.

In addition, intubation will be immediately performed
when any of the following is observed (‘emergency
criteria’):

� hemodynamic instability (defined as 80-90 mmHg
increase or a 30-40 mmHg decrease in systolic blood
pressure relative to the baseline value or need for va-
sopressors to maintain systolic blood pressure > 85
mmHg or electrocardiographic evidence of ischemia
or significant ventricular arrhythmias);

� need for sedation for major agitation (Richmond
Agitation Sedation Scale ≥ 3) [40];

� acute neurological dysfunction (Kelly-Matthay score
> 3) [41];

� cardiac arrest.

Patients should undergo a formal assessment of dis-
continuation from mechanical ventilation (invasive or
non-invasive) and daily spontaneous breathing trials
(SBT) will be performed to identify patients able to wean
from mechanical ventilation once the cause of the ex-
acerbation is adequately treated, the patient is
hemodynamically stable (see above criteria for
hemodynamic instability) and there are no signs of
change in mental status (e.g., somnolence, coma, agita-
tion, anxiety), onset or worsening of discomfort, dia-
phoresis, signs of increased work of breathing (use of
accessory respiratory muscles, and thoracoabdominal
paradox) and at least two of the following parameters
are met:

� minute ventilation <15 l/min;
� PaO2/FiO2 ratio > 150 to 200; with PEEP ≤ 5

cmH2O
� FiO2 ≤ 0.4;
� pH > 7.30
� rapid shallow breathing index < 105 [42]

Pressure support ventilation (PSV) will be used to
gradually decrease mechanical ventilatory support. Pa-
tient will be defined as “weaned from mechanical venti-
lation” (invasive or non-invasive) if the following 4
criteria are met for the last 30 minutes during a spon-
taneous breathing trial (SBT):

� SpO2≥90% and/or PaO2≥60 mmHg (PaO2 to take
precedence if both available)
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� Respiratory rate ≤30 bpm
� pH ≥ 7.35
� No respiratory distress (defined as 2 or more of the

following):
a. Heart rate ≥ 120% of the 6:00 a.m. rate for ≥5

minutes
b. Significant use of accessory muscles
c. Abdominal paradox

d. Diaphoresis
e. Marked dyspnea as subjectively assessed by the

investigator

Group B: Standard of care plus ECCO2R
NIV is applied and managed with the same modalities
and at the same conditions as in Group A (standard of
care).

Fig. 1 Schedule of enrolment, intervention and assessments
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After setting NIV, percutaneous vascular access is pro-
vided using a double lumen catheter inserted in the in-
ternal jugular vein or in the femoral vein (14F, Joline
GmbH & Co. KG, Germany). An ECCO2R device will be
used (DECAPsmart, Medica S.p.A.- Intensivecare s.r.l.,
Salerno, Italy). Blood flow is driven by a roller nonocclu-
sive pump (0–450 mL/min) through a polymethylpen-
tene artificial lung (priming volume, 200 mL; contact
surface area, 0.8 m2; maximum blood flow rate, 450 mL/
min) that is connected to a fresh gas flow source deliver-
ing 100% oxygen at a constant rate of 8 L/min. A start-
ing dose of heparin (80 IU/kg bolus followed by ∼18 IU/
kg/ hour infusion) will be delivered by using a syringe
pump included in the system. Continuous infusion of
heparin is hence titrated to maintain values of acti-
vated partial thromboplastin time (aPTT) in the range
35-80 sec or aPTT ratio of 1.5-2.0; aPTT is checked
approximately every 2-3 hours during the first 6
hours from therapy initiation; afterwards, aPTT is
checked every 6 hours. ECCO2R will be continued for
at least 24 hours.
Intubation criteria are the same as in Group A (stand-

ard of care).
Weaning from ECCO2R must always precede weaning

from mechanical ventilation. ECCO2R will be inter-
rupted while keeping mechanical ventilation (invasive or
non-invasive) when all of the following are achieved for
at least 12 hours:

� respiratory rate<25 breaths/min;
� pH>7.35;
� arterial PCO2<20% of the baseline value;
� absence of use of the accessory muscles or

paradoxical abdominal movements.

Criteria to (a) run formal assessment of discontinuation
from mechanical ventilation (invasive or non-invasive)
through a daily spontaneous breathing trial (SBT); (b) to
be defined as “weaned from mechanical ventilation” (in-
vasive or non-invasive) are the same as in Group A
(standard of care).
Use of ECCO2R is stopped and device (and catheter)

removed in the following situations:

� Air embolus in the extracorporeal circuit
� Circuit clotting leading to an abrupt stop of

extracorporeal blood flow
� Device malfunction leading to abrupt stop of

extracorporeal blood flow
� Severe thrombocytopenia (< 29,000/mm3)
� Fibrinogen < 1g/L or fibrinogen < 1.5 g/L with

diffuse bleeding
� Anytime the physician in charge believes that the

protocol may be compromising patient’s outcome

Interruptions of ECCO2R (for any cause) lasting longer
than 6 hours are to be considered ‘treatment failure’ and
lead to termination of the experimental protocol.
All concomitant therapies foreseen by the standard of

care of enrolled patients are allowed.
Post-trial care will be delivered according to the stand-

ard of care for AECOPD patients.

Safety
Safety will be assessed by measuring the frequency of
serious adverse events (SAE). A serious adverse event
(SAE) in the trial is defined as:

� any event that is fatal or immediately life
threatening, permanently disabling, severely
incapacitating or requires prolonged hospitalization
OR

� any event that may jeopardize the patient and
requires medical or surgical intervention to prevent
one of the outcomes listed above AND

� which the attending physician perceives may be
directly related to enrollment in the clinical trial.

Investigators will report severe adverse events to the
clinical coordinator. An independent Data and Safety
Monitoring Board (DSMB) will receive a detailed written
report and evaluate whether the SAE is attributable to
ECCO2R. SAE will be considered to be study-related if
the event follows a reasonable sequence from a study
procedure and could be produced by the study proced-
ure. SAE will be considered not study related if they are
thought to be primarily related to the underlying disease
and its sequelae.
Other adverse events not fulfilling the above definition

are recorded as ECCO2R related adverse events
(ECCO2R-AE) and classified as:

� mechanical
� difficulties upon catheter insertion (i.e. need for

>2 attempts at catheter insertion during primary
placement procedure);

� pump malfunction (i.e. need for >2 consecutive
interventions during the same treatment with the
same blood circuit, regardless of the need for
stopping the procedure or for replacement of the
pump);

� membrane lung clotting (leading to interruption
of ECCO2R and/or circuit replacement);

� catheter displacement;
� cannula thrombosis;
� air in the circuit;
� tubing rupture;
� system leaks;

� clinical:
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� hemolysis (i.e. serum free hemoglobin ≥ 100 mg/
L or hematocrit reduction not related to
hemorrhage or other causes of blood loss,
jaundice, hemoglobinuria, impaired renal
function);

� bleeding (related to cannula insertion, and/or at
cannula site; bleeding is considered “significant” if
requires administration of ≥1 unit of packed red
cells);

� hemodynamic instability (see criteria in the
‘Treatment of participants’ paragraph);

� ischemic/gangrenous bowel;
� pneumothorax;
� renal complications (i.e., occurrence of serum

creatinine >1.5 mg/dl after initiation of ECCO2R);
� infectious complications (i.e., occurrence of

culture-proven new infection after initiation of
ECCO2R);

� thromboembolic complications (i.e., occurrence
of deep venous thrombosis or pulmonary
embolism after initiation of ECCO2R);

� thrombocytopenia (platelet count below 50,000/
mm3);

� hypofibrinogenemia (i.e. fibrinogen < 1.5 g/L);
� neurologic complications (i.e. occurrence of

cerebral infarction, or clinical seizure, or cerebral
hemorrhage or cerebral edema after initiation of
ECCO2R).

Each SAE will be notified by the investigator to the co-
ordinating center, DSMB and ethics committee within
24 hours of occurrence. A detailed report will be sent by
the investigator within 5 days of occurrence. The DSMB
will examine every report immediately and will take
every measure needed to ensure patients safety. More-
over, the DSMB will also meet every 30 enrolled patients
to perform all necessary safety analyses. The DSMB can
irrevocably halt the trial if the data analysis would show
risks for patients’ safety.
An appropriate insurance policy, covering all enrolled

patients for possible harm will be activated before enroll-
ment of the first patient.

Sample size
A two-sided log-rank test with an overall sample size of
284 subjects (142 in the control group and 142 in the
treatment group) achieves 90% power at a 0.05 signifi-
cance level to detect a hazard ratio of 0.67 when the pro-
portion surviving without events in the control group is
40% (we estimated a combined proportion of death, pro-
longed mechanical ventilation, septic shock, severe hyp-
oxemia and second episode of COPD exacerbation of
60% [23–33]). The study will last 25 months of which 24
months to accrual and 1 month of follow up. No subject

will drop out of the control/treatment group. We as-
sume no cases of switch (crossing-over) between the
arms: the proportion of the control group that switches
to a group with a risk rate equal to the treatment group
is equal to zero (and vice versa).
This study has been designed to demonstrate a relative

increase of 35% in the event free survival (from 40% to
54%), assuming the above-mentioned parameters.

Sites and sites monitoring
The study will be conducted at up to twenty sites within
Italy. Three site visits for each center will be performed
(start of enrollment, mid-study, end of enrollment).
Additional site visits will be performed as required. The
coordinating center (University of Bologna – Policlinico
S.Orsola-Malpighi) will supervise all aspects of the study
and will be available to participant sites 24 hours, 7 days.
All sites must have significant experience in treating
AECOPD and with ECCO2R (i.e., all centers must rou-
tinely use continuous renal replacement therapy and
perform at least 10 ECCO2R runs per year). Frequent in-
vestigators’ meeting will be planned in order to motivate
enrollment. The coordinating center will provide logistic
support to all participating sites in order to ensure effi-
cient enrolment.
More specific data about sites can be obtained from

the corresponding author.

Data and data monitoring
The study will be conducted in accordance with the
current approved protocol. Independent study monitors
will verify that the clinical trial is conducted, and data
are generated, documented and reported according to
the protocol and the current national and international
regulations. Data quality will be assessed by the inde-
pendent study monitors and frequent site visits (at least
3 visit/site/year) will be performed at each site, in order
to ensure consistency throughout the duration of the
trial.

Access to data and publication
All data will remain property of the researchers and dir-
ect access to data will be granted only to authorized rep-
resentatives of the regulatory authorities for inspective
purposes.
Trial results will be communicated to relevant groups

(participants, healthcare professionals, the public) via
publication into peer-reviewed journal(s).

Statistical analysis
Statistical analysis will be conducted according to the
intention to treat principles (ITT), analyzing the whole
sample size of all randomized patients.
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Secondary analyses will be performed according to
protocol adherence on “as treated” populations, with ex-
plorative and/or explicative purposes only.
No interim analyses will be performed. No predefined

subgroup analysis will be performed.

Baseline characteristics
The baseline characteristics of the patients will be de-
scribed by group, using the most appropriate statistics:
quantitative variables will typically be summarized using
frequencies and percentages for appropriate categoriza-
tions and may also be summarized using descriptive sta-
tistics. For variables summarized with descriptive
statistics, the following will be presented: N, mean,
standard deviation, median, q1, and q3. Categorical vari-
ables will be presented using frequencies and
percentages.
No statistical comparisons between groups will be

done on baseline variables.

Evaluation of the primary endpoint
EFS will be estimated using the Kaplan-Meier estimator
applied to the ITT population, and compared between
those who received NIV plus ECCO2R and those who
did receive only NIV using the stratified log-rank test.
In addition, the Hazard Ratio (HR), along with 95%

confidence intervals, will be estimated from a stratified
Cox model with treatment group as a covariate.

Evaluation of secondary endpoints

� All components of the primary composite endpoint
(singleton) will be examinated separately as
independent proportion. The cumulative incidence
of sepsis, hypercapnic respiratory failure, hypoxemic
respiratory failure, prolonged mechanical ventilation
>28days, tracheostomy and endotracheal intubation
will be estimated with the Gooley method, to take
into account the competitive risk of death, and
compared with the Grey test. The Fine and Grey
model will be used to estimate adjusted HR and
their 95% CI. In addition, overall survival (OS) will
be analyzed with Kaplan-Meier method and com-
pared with the log rank test. A Cox proportional
hazard model (if appropriate) will be used to esti-
mate the Hazard Ratios (HR) and the 95% CI.

� Hospital length of stay and ICU length of stay will
be described in each arm as median and
interquartile range; they will be compared with the
Wilcoxon rank sum test. The 95% confidence
interval (CI) of the mean difference of measure will
be estimated with a bootstrap method.

� Hospital mortality will be expressed as rate and a
Chi square test will be used to evaluate the
difference between the two groups.

� Incidence of adverse events and severe adverse
events will be expressed as rate and a Chi square
test will be used to evaluate the difference between
the two groups.

Discussion
The consistency of the data from systematic reviews and
matched cohort studies [12–14], and the observation of
the continuous increase use of ECCO2R despite the lack
of solid evidence [12] confirm that the equipoise regard-
ing the use of ECCO2R justifies our randomized clinical
trial to evaluate whether patients with respiratory acid-
osis refractory to NIV should be intubated and take the
risks associated with invasive mechanical ventilation, or
should be connected to ECCO2R to avoid intubation,
but run the risk of the potentially serious ECCO2R-re-
lated complications. Moreover, this trial may allow clini-
cians and hospital managers to know whether this
treatment should be made available or should be avoided
since inappropriate and associated to serious side effects.
One possible limitation of our study design is that it

doesn’t include long-term patient-centered outcome
measures; however, we feel that long-term outcome
measures would add complexity to our pragmatic trial
design and should be investigated in future trials, espe-
cially after clear evidence on shorter-term efficacy and
safety are gathered.
The ORION trial, owing to its pragmatic nature,

planned sample size and composite primary outcome is
expected to provide valuable and definite answers to
these important research questions. Hypercapnic exacer-
bation of COPD represent a significant clinical (progno-
sis), social (quality of life) and economic (health-care
costs) burden worldwide and the avoidance of invasive
mechanical ventilation through the application of
ECCO2R (combined with NIV) may significantly impact
the natural history of COPD itself.
Presently, the interest of the scientific community for

the subject is very high, and this work is thus potentially
highly significant in the field of respiratory intensive care
medicine.

Trial status

� Latest protocol version: 2.0, November 25th, 2019.
� At the time of writing, this trial is not yet recruiting

participants.
� Estimate date for recruitment completion:

December 31st, 2023.
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