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Following unsuccessful treatment with noninvasive ventilation (NIV), patients requiring subsequent
placement on invasive mechanical ventilation have a high mortality rate. Invasive mechanical
ventilation is particularly problematic in patients with acute respiratory failure due to bronchiec-
tasis exacerbation, as it is associated with a mortality rate of 19–35% and prolonged ICU stay.
Here, we describe the successful management of a patient with exacerbated non-cystic fibrosis
bronchiectasis using a pump-assisted venovenous system for extracorporeal CO2 removal (ProLUNG
system) as an alternative to endotracheal intubation following NIV failure. The extracorporeal CO2

removal system proved to be safe and efficacious in this case study, and further studies focusing on
its use in these types of cases seem warranted. Key words: bronchiectasis; extracorporeal CO2 re-
moval; noninvasive ventilation. [Respir Care 2014;59(12):1–•. © 2014 Daedalus Enterprises]

Introduction

Although the efficacy of noninvasive ventilation (NIV)
in reducing the need for endotracheal intubation and mor-
tality has been clearly established, its failure rate remains
high, exceeding 20% in patients without COPD.1,2 A high
mortality rate has been recently reported in a large group
of patients who, following unsuccessful treatment with
NIV, required subsequent application of invasive mechan-
ical ventilation.2

Non-cystic fibrosis bronchiectasis is a progressive con-
dition generally associated with chronic bacterial infec-
tions and characterized by irreversible destruction and di-
lation of the airways.3 The clinical course of individuals
with non-cystic fibrosis bronchiectasis is variable, with a
significant proportion of patients developing transient ex-
acerbation leading to severe acute respiratory failure (ARF)
and requiring ventilatory support.4 Although the use of

NIV in bronchiectasis exacerbations may appear attractive
as it can reduce ICU stay, its failure rate exceeds 25%.5 At
the same time, subsequent application of invasive mechan-
ical ventilation, which is associated with a mortality rate of
19–35% and prolonged ICU stay, appears problematic.6

According to the National Institute for Health and Care
Excellence guidance document issued in June 2012,7 ex-
tracorporeal CO2 removal should be used to remove CO2

from the blood of patients receiving mechanical ventila-
tion who are unable to achieve adequate gas exchange at
maximal tolerable ventilation pressures. Sporadic case re-
ports and short case series concerning the use of an extra-
corporeal CO2 removal system in patients who develop
severe acute hypercapnic respiratory failure of various eti-
ologies but do not respond adequately to NIV have been
published in recent years. Extracorporeal CO2 removal
has, in fact, been successfully employed, and intubation
has been avoided in some cases of exacerbation of
COPD,8-12 cystic fibrosis, pulmonary fibrosis, severe
asthma,8 and bronchiolitis obliterans.13

Despite increasing interest in the use of extracorporeal
CO2 removal systems in patients who develop refractory
hypercapnic ARF, its utility in the event of exacerbations
in non-cystic fibrosis bronchiectasis has not been assessed.
This report describes the management of a patient with
exacerbated bilateral bronchiectasis, fibrothorax, and hy-
percapnic respiratory failure who was successfully treated
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by extracorporeal CO2 removal following ineffective NIV
support.

Case Report

A 36-y-old male patient was admitted to the respiratory
ICU of the City Hospital of Padova, Italy, for ARF. With
a known case of severe bilateral bronchiectasis, bullous
emphysema, and bilateral fibrothorax diagnosed at the age
of 27 y, the patient presented with a history of increasing
productive cough and breathing difficulty over the preced-
ing week’s time, accompanied by orthopnea, hypersom-
nolence, asthenia, and palpitations. The patient also re-
ported suffering from recurrent lower respiratory tract
infections over the preceding 3 y. Besides his regular ther-
apy, he was receiving long-term oxygen therapy with noc-
turnal NIV. Three months before admission to the hospi-
tal, the patient was placed on a waiting list for bilateral
lung transplantation with a normal priority status because
of increasing deterioration of ventilatory function, a vital
capacity of 25% predicted (1.33 L).

At admission, the patient was moderately agitated, tachy-
cardic, polypneic, and fatigued. Physical examination re-
vealed pulmonary cachexia and tachypnea (breathing fre-
quency of 30 breaths/min), cyanosis, weak cough with
purulent sputum, and diffuse subcrepitant bilateral rales.
He was severely hypoxic and hypercapnic breathing room
air, and arterial blood gas values were pH 7.36, PaCO2

of
68 mm Hg, PaO2

of 50 mm Hg, and HCO3
� of 38.1 mmol/L.

After supplemental oxygen was provided, CO2 retention
further increased (pH 7.30, PaCO2

of 89 mm Hg, PaO2
of

60 mm Hg, HCO3
� of 43.4 mmol/L, and PaO2

/FIO2
of 201).

Complete hematological workup revealed moderate ane-
mia (hemoglobin, 8.7 g/L) and leukocytosis (white blood
cells, 13,600 � 106 cells/L); serum electrolytes were nor-
mal. A chest x-ray showed bilateral thick parallel lines in
the lower lobes, emphysematous bullae of the right and
left upper lobes, bilateral pleural thickening, and a small
calcification. The patient was treated with intravenous pip-
eracillin, levofloxacin, and diuretics.

As ventilatory assistance was needed, NIV was initiated
using a portable ventilator (Elisée 150, ResMed San Di-
ego, California) set on the pressure support ventilation
mode. Pressure support ventilation was initially titrated to
a moderate tidal volume (6–8 mL/kg). The ventilatory
setting was then readjusted according to arterial blood
gas values; our goals were to maintain arterial oxygen
saturation (SaO2

) at � 90%, PaCO2
at � 50 mm Hg, and to

reduce the breathing frequency. The initial pressure sup-
port level did not exceed 25 cm H2O and was progres-
sively elevated by 1–2 cm H2O without exceeding
40 cm H2O due to the high risk of pneumothorax (maxi-
mal pressure support, 25.8 � 2.6 cm H2O). PEEP was set
at 5 cm H2O to obtain the best oxygenation with minimal

hemodynamic side effects, and the levels were raised by
1–2 cm H2O without exceeding 6–8 cm H2O (maximal
PEEP, 5.1 � 1.7 cm H2O). Supplemental oxygen was added
to the ventilator circuit. The patient was connected to the
ventilator by a full face mask; colloid dressings were placed
on the major pressure points to minimize skin injury. NIV
was delivered continuously except for brief rest periods
(30–60 min) to allow the patient to receive dietary liquid
supplements and to speak. A standard ICU monitoring
system displaying electrocardiogram, pulse oximetry, in-
vasive blood pressure, and breathing frequency measure-
ments was utilized.

Despite continuous use of NIV, pulmonary gas exchange
progressively deteriorated: on day 3 after admission, arte-
rial blood gas levels resulted in increasingly severe hyp-
oxia and hypercapnia (pH 7.29, PCO2

of 89 mm Hg, and
PaO2

of 59 mm Hg during assist ventilation). The patient
also showed signs of exhaustion (breathing frequency of
30–40 breaths/min), increasing intolerance to uninter-
rupted NIV, and an imminent need for invasive mechan-
ical ventilation. In view of the high risk of complications
linked to invasive ventilation, we informed the patient
about an alternative venovenous extracorporeal CO2 re-
moval method available in our hospital that had already
been approved for an investigational feasibility study by
our local ethics committee. He was also provided detailed
information about the benefits and risks of that system.

The extracorporeal CO2 removal device used in our
center is the ProLUNG system (Estor, Milan, Italy), a
pump-driven venovenous system that utilizes a small sin-
gle venovenous dual-lumen catheter (13 French) that can
be inserted into a femoral or jugular vein. It is character-
ized by a low blood flow (up to a maximum of 450 mL/min)
and a single-use-only gas exchange cartridge consisting of
a hollow fiber polypropylene diffusion membrane network
with an effective surface area of 1.35 m2. As the device
uses a total volume circuit of only 120 mL, the hemody-
namic impact on the patient is minimized. Oxygen flows
as a carrier gas within the hollow fibers, and CO2 moves
by selective diffusion across the concentration gradient
from the blood.

The patient gave his consent to treatment with this de-
vice. While the patient was supine, a 13 French catheter
was inserted percutaneously without complication via the
right femoral vein and connected to the extracorporeal
circuit. Blood flow was initiated through the circuit by a
centrifugal pump at 300 mL/min. Oxygen flow through the
gas exchanger was initiated at 12 L/min to maximize CO2

removal. In accordance with study protocol guidelines for
anticoagulation, the patient was started on an intravenous
heparin infusion to maintain an activated clotting time of
150–180 s).

The amount of CO2 removed by the device was adjusted
depending on the arterial blood gas and breathing fre-
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quency levels, which were measured every 4 h. During
application, the ProLUNG circuit blood flow varied from
300 to 450 mL/min; the remainder of gas exchange oc-
curred through the lungs using NIV adjusted to releasing
low tidal volume (6–8 mL/kg) with a low/moderate PEEP
level.

PaCO2
decreased after extracorporeal CO2 removal ther-

apy was initiated from 89 mm Hg before cannulation to
59 mm Hg within 24 h; the patient’s breathing frequency
also decreased from 30 to 16–18 breaths/min. PaCO2

sub-
sequently remained within a range of 60–54 mm Hg for
the duration of therapy (Fig. 1). The patient’s clinical sta-
tus progressively improved over the next 5 d, permitting a
reduction in NIV application from continuous use, except
for brief rest periods, to 5–6 h off the ventilator by day 3.
By day 4, the patient was able to breathe without ventila-
tory support for 10 consecutive h. On day 5, the patient
was increasingly active and clinically stable, and extracor-

poreal support was suspended. The catheter was removed,
coagulation values were normal, and there was no addi-
tional bleeding. The patient was subsequently supported
with nighttime NIV. There were no other complications
during or after extracorporeal CO2 removal. On day 7, the
patient was transferred to the pulmonary division in good
clinical condition. He was mildly hypercapnic during sup-
plemental oxygen therapy, and the arterial blood gas val-
ues were pH 7.40, PaCO2

54.3 mm Hg, PaO2
87 mm Hg,

HCO3
� 34 mmol/L, and PaO2

/FIO2
310.7. He was subse-

quently discharged from the hospital on home nighttime
ventilation via nasal mask.

Discussion

Some individuals with bronchiectasis require intensive
care therapy and ventilatory support for ARF: in that event,
noninvasive ventilatory management can become prob-
lematic due to severe blood gas derangement, partially
ineffective cough, and airway mucus encumbrance, which
can lead to the need for endotracheal intubation. A sub-
stantial proportion of patients with bronchiectasis fail to be
weaned from invasive mechanical ventilation due to inad-
equate cough, generalized weakness, and/or hemodynamic
instability, which is possibly the outcome of cor pulmo-
nale, and they should be considered at high risk for com-
plications such as development of ventilator-associated
pneumonia or ventilator-induced lung injury, severe sep-
sis, and multi-organ failure syndrome.6,14

There are no studies to date concerning utilization of
extracorporeal CO2 removal devices as an alternative to
endotracheal intubation to treat patients with bronchiecta-
sis exacerbation suffering from ARF in whom NIV treat-
ment is ineffective. The findings from the case report out-
lined here suggest that the timely use of an extracorporeal
CO2 removal system in addition to NIV can prevent or
reduce the need for endotracheal intubation and avoid po-
tential problems linked to the application of invasive me-
chanical ventilation. The probability of weaning failure
was particularly high in the patient described here due to
coexisting fibrothorax, which may have impaired respira-
tory mechanics and further increased the work of breath-
ing.15

Although extracorporeal support devices present poten-
tial complications, including vessel perforation, bleeding,
and infections,16 in our case, those drawbacks were min-
imized by using venovenous cannulation as opposed to the
traditional veno-arterial cannulation and by reducing the
catheter size. Smaller catheters reduce circuit blood flows
and hence the amount of CO2 removal. In the case studied,
the level of gas exchange was nevertheless satisfactory in
terms of improved arterial blood gas levels. Within 24 h,
in fact, there was a relevant reduction in hypercapnia, with

Fig. 1. The subject on extracorporeal CO2 removal during a period
of rest from noninvasive ventilation.
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a 30 mm Hg fall in PaCO2
, and the mean arterial pH reached

�7.40.
Finally, as the device did not require specialized staff/

training and proved simple to use, it is presumable that it
could be safely implemented in any medical or surgical
ICU.

To summarize, the satisfactory outcome of this case
confirms the importance of designing other studies to as-
sess the use of venovenous extracorporeal CO2 removal
systems in patients with exacerbated bronchiectasis and
severe respiratory failure in whom NIV alone is ineffec-
tive.
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