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A B S T R A C T   

Status asthmaticus is a life-threatening disorder that can manifest in dangerous levels of hypercapnia and 
acidosis. The use of extracorporeal carbon dioxide removal (ECCO2R) has been used successfully to control pH 
and PaCO2 in patients with acute severe asthma. The present report describes the use of this technology in near- 
fatal asthma with brain death, and awaiting organ harvest. 

The ProLUNG® system consists of a veno-venous hemoperfusion circuit with an artificial lung poly-
methylpentene membrane coated with phosphorylcholine with a surface of 1.81 m2. The system can reach a 
blood flow of 450 ml/min trough a double-lumen central venous catheter (13.0 Fr) placed in femoral, subclavian 
or jugular vein. The platform is provided with automated management of airflow and VCO2 monitoring during 
treatment. 

The patient was maintained on extracorporeal treatment ensuring stable arterial pH control and PaCO2 
control. 

In acute status asthmaticus, complicated with cardiac arrest, mini-invasive ECCO2R was an effective method 
of controlling pH and PaCO2, for optimizing hemodynamic and aerobic metabolism and for performing pro-
tective ventilation for an optimal organ donor preservation until the organ harvest occurs.   

1. Introduction 

Status asthmaticus is a life-threatening disorder that can manifest in 
dangerous levels of hypercapnia and acidosis, with a significant mor-
tality and morbidity [1]. Peripheral tissue perfusion and oxygenation 
depend on various factors, including inspired oxygen concentration, 
arterial oxygen tension [2], hemoglobin concentration [3], cardiac 
output [4], local perfusion [5] and the autonomous response to stress in 
pain [6]. Different concentrations of carbon dioxide can alter some of 
these parameters. Mechanical ventilation (MV) can cause increased air 
trapping and hyperinflation, predisposing the lungs to barotraumas [7, 
8]. Although with well-defined indications, extracorporeal membrane 
oxygenation (ECMO) is generally recommended in the setting of 
potentially reversible cardiopulmonary failure poorly responsive to 
maximal conventional medical [8]. Since hypercarbia rather than 

hypoxemia is the primary abnormality in asthmaticus status, the use of 
extracorporeal carbon dioxide removal (ECCO2R) must also be given 
consideration. ECCO2R is a partial respiratory support technique that, 
based on the use of an extracorporeal circuit with a gas-exchanging 
membrane, achieves a relevant CO2 clearance directly from the blood, 
at a blood flow in the range of 0.4–1 L/min [9–11]. Interestingly, the 
concept of mini-invasive ECCO2R, where a proper design of the artificial 
lung can ensure a clinically relevant CO2 removal amount at a blood 
flow around 400 ml/min using a double lumen venous-venous vascular 
access between 12 and 14 Fr, like the ones commonly used for contin-
uous renal replacement therapies. 

Nowadays, ECCO2R systems are proposed as respiratory support for 
recovery, or to facilitate protective ventilation [9]. The present case 
report describes the use of mini-invasive ECCO2R in a near-fatal asthma 
patient with brain death awaiting organ harvest. 
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2. Case report 

A 51 year-old male was admitted to the hospital after collapse and 
respiratory arrest. He had a medical history of bronchial asthma for 3 
years duration and was currently taking inhaled corticosteroids with a 
long acting beta-2 agonist (budesonide/formoterol) and short acting 
beta-2 agonist (Salbutamol), as needed. His past medical history was 
significant for allergic reactions to levofloxacin and ceftriaxone. His 
parents reported that, during the last 10 days, he had more frequent 
dyspnea episodes, and a poor medication adherence. During the course 
of his work in the tannery, he fell unconscious as a result of cardiac 
arrest. The cardiac arrest was witnessed firstly by volunteers, then by an 
advanced cardiac life support team hat immediately started advanced 
cardiopulmonary resuscitation (first return of spontaneous circulation 
achieved in 40’). After successful resuscitation with standard cardio-
pulmonary resuscitation with chest compressions and epinephrine, he 
was transferred to the Shock Room. On admission, SaO2 96%, heart rate 
105 b.p.m., blood pressure 60/40 mmHg, normal heart sounds with no 
additional murmurs, and his chest was positive on auscultation for end- 
expiratory wheezing. There was no elevation of cardiac enzymes. His 
electrocardiography was unremarkable. Echocardiography was per-
formed, which also showed no abnormalities. In the absence of any 
cardiac abnormalities, his case was managed as exacerbation of bron-
chial asthma. At admission, the patient was unresponsive with a Glas-
gow Coma Scale of 3 (E1VtM1) weakly preserved brainstem reflexes. 
Initial arterial blood gas showed pH 6.76, PaCO2 132.4 mmHg, PaO2 
89.4 mmHg, Bicarbonate 18.5 mmol/L, Base Excess � 18.3. 

He failed to respond to nebulized salbutamol and therapeutic doses 
of intravenous aminophylline, magnesium sulfate, and steroids. MV was 
attempted in accordance with general principles of ventilation for severe 
acute asthma: sedation and analgesia, neuromuscular blocking drugs, 
low respiratory rate, prolonged expiratory time, and low extrinsic pos-
itive end-expiratory pressure. Intrinsic positive end-expiratory pressure 
(PEEP) (PEEPi) was 14 cmH2O. Fig. 1 shows the pressure–time wave-
form on the volume preset ventilation mode. However, the patient 
remained hypercapnic and acidotic. We started a target controlled 
inhalative sedation with Sevofluorane through Mirus™ system (Pall 
Medical, Dreieich, Germany) with etSEVO of 2%. After 2 hrs of venti-
lation and Sevoflurane, PaCO2 had reached 71.7 mm Hg with pH of 7.08. 

Because of the failure of this trial of MV to control the PaCO2 and 
arterial pH, it was decided to reduce PaCO2 with the ProLUNG® (Estor 
SpA, Pero, Italy). The ProLUNG® system consists of a veno-venous 
hemoperfusion circuit with a gas exchanger device (surface of 1.81 m2 

of polymethylpentene membrane coated with phosphorylcholine). 
Anticoagulation was performed with continuous administration of low 
dosage of Heparin (7.5 IU/kg/h). The veno-venous CO2 removal 
(VVCO2R) relies on a peristaltic pump to drive blood flow through the 
system. 

Under ultrasound guidance, a 13.0 Fr double lumen catheter was 
inserted into the right femoral vein using the Seldinger technique. The 
system was primed with saline and Heparin and attached to the vascular 
catheter. Blood was then gently released into the ProLUNG circuit, with 
an initial flow of 400 mL/min through the catheter. The patient was 
maintained on this system with adequate control of the PaCO2 and 
arterial pH. After two hours, this produced a corresponding fall in PaCO2 
to 42.7 mm Hg and pH 7.24. Fig. 2 shows changes in pH, PaCO2, 
vasoactive inotropic score and lactate before and after ProLUNG. Un-
responsive mydriasis was also noted (Right Eye 4.7 mm with 1% of 
reactivity to the light stimulus, Left Eye 5.2 mm with 0% of reactivity to 
the light stimulus). A first electroencephalogram (EEG) showed no status 
epilepticus and slow activity. Twenty-four hours later, brainstem re-
flexes disappeared. Second EEG was flat. VVCO2R was stopped after 30 
hours to determine the absence of brain-stem reflexes (included hyper-
capnia testing). The patient was pronounced brain dead, and the family 
agreed to organ donation. Both kidneys, the liver and pancreas were 
recovered and subsequently transplanted into 4 recipients. 

3. Discussion 

A substantial percentage of 4% of acute asthma exacerbation re-
quires admission to intensive care and one third of these patients require 
endotracheal intubation and MV [12,13]. Risk factors for NFA requiring 
MV include a younger age at presentation, poor compliance with pre-
scribed therapy, poor outpatient follow-up, more than three emergency 
department visits in the preceding year, recent hospital admission, a 
prior episode of NFA and prior MV [14]. In the present case report, the 
patient had poor compliance with prescribed therapy and poor 
follow-up. The significant heart-lung interaction present in patients with 
asthma causes hemodynamic instability. An increase in intrathoracic 

Fig. 1. The pressure–time waveform on the volume preset ventilation mode. 
Changes in the pressure–time waveform secondary to the presence of bron-
chospasm with associated gas trapping or Similar degree of increase in both PIP 
and Pplat. 
PIP indicates peak inspiratory pressure; Pplat, plateau pressure, PEEP, positive 
end-expiratory pressure. 

Fig. 2. Arterial pH, paCO2, Vasoactive Inotropic Score and Lactate before and 
after VVCO2R. 
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pressure secondary to gas trapping (dynamic hyperinflation) can lead to 
an acute increase in pulmonary vascular resistance and right heart 
pressure, with impaired venous return, right ventricular preload of the 
right ventricular afterload and then left ventricular diastolic volume and 
cardiac output [15]. In our patient, when we selected the mode of 
ventilation, we considered the degree of underlying airway resistance 
and the presence of gas trapping, alveolar hyperinflation and permissive 
hypercapnia. On ventilator waveform, the airflow resistance was indi-
cated by elevated peak inspiratory pressure together with an increase in 
peak inspiratory pressure to plateau pressure gradient. Plateu pressure 
(Pplat) was high. Although plateau pressure is a reflection of lung 
compliance or alveolar pressure and pathophysiology of asthma does 
not directly involve the alveoli, an increase in Pplat would suggest the 
presence of either worsening bronchospasm with associated gas trap-
ping or an expanding pneumothorax [16–18]. Gas trapping, also 
described as PEEPi, auto-PEEP, dynamic hyperinflation, or expiratory 
airflow obstruction, should be quantified by measuring the total volume 
of exhaled gas during a 20- to 40-s period of apnea (end-inspiratory lung 
volume) [19]. We determined the presence of PEEPi by real time anal-
ysis of ventilator waveform graphics. We observed increase in pressure 
above the set PEEP after initiating an end-expiratory hold maneuver 
with the patient paralyzed. The difference between this and the set PEEP 
was the PEEPi, that in our case was 14 cmH20. In presence of a further 
worsening of hypercapnia, despite the MV, nebulized salbutamol, 
therapeutic doses of intravenous aminophylline, magnesium sulfate, and 
steroids, the use of modified extracorporeal membrane oxygenation 
(ECMO) techniques such as extracorporeal carbon dioxide removal 
(ECCO2 R) was taken in consideration. In literature, ECMO is generally 
recommended in the setting of potentially reversible cardiopulmonary 
failure that is poorly responsive to maximal conventional medical 
treatment. However, although literature is confined to a few case reports 
[20,21], a recent review of the multicenter International Extracorporeal 
Life Support Organization registry by Mikkelsen and colleagues [22] 
documented that status asthmaticus was the primary indication for 
ECMO in 24 of 1257 adult patients included in the registry. A total of 20 
(83.3%) patients with asthma survived to hospital discharge, whereas 
only 50.8% of patients with other causes of respiratory failure (odds 
ratio 4.86) survived therapy. Extracorporeal carbon dioxide removal, 
when compared to ECMO, is less invasive, requires a single venous 
catheter and a lower blood flow rate. MacDonnell et al. reported the first 
use of ECCO2R as an adjunct to IMV for refractory asthma [23]. Sub-
sequently, Brenner et al. reported two patients with refractory status 
asthmaticus managed with ECCO2R, emphasizing the challenges in 
managing patients with distinct asthma exacerbation phenotypes, the 
use of modern extracorporeal technology and a new perspective of the 
role of ECCO2R for status asthmaticus [24]. Sakai et al. [25], Elliot et al. 
[26], Jung et al. [27] reported cases of successful treatment with 
ECCO2R for status asthmaticus. Despite our interventions aimed at 
improving the patient’s ventilation, unfortunately our patient suffered a 
brain death, so our objective shifted towards preserving the organs of 
the potential donor, limiting the harmful effects of hypercapnia. Brain 
death diagnosis and donor care are becoming important for patients 
awaiting organ transplants due to organ failure. However, in patients 
with brain death with cardiorespiratory insufficiency, such as acute 
myocardial infarction and acute respiratory distress syndrome, it is 
difficult to protect donor organs not only from ischemic damage but also 
from damage related to high CO2 levels. Particularly, hypercarbia leads 
to cerebral ischemia, brain edema, and increased ICP mutually resulting 
in a vicious cycle. The vasodilatation effect of increased PaCO2 also af-
fects systemic vasculature, thus causing hypotension. Several studies 
have shown that the most frequent complication of apnea testing, as 
high as 39%, is hypotension [26,27], as a result of peripheral vasodi-
latation, acidosis, and the cardio-depressant effects of CO2. The harmful 
apnea test consists in the disconnection of the patient from the ventilator 
to let the PaCO2 rise at least 20 mmHg above the baseline, while 
oxygenation is preserved via a catheter down the endotracheal tube 

delivering 100% O2 [28]. This apnea test is harmful because the 
hypercarbia that results can bring the cerebral blood flow below the 
critical level of 10–15 ml/100 g/min, below which the irreversible 
damage of the brain tissue occurs [29]. Extracorporeal carbon dioxide 
removal could be an useful therapeutic tool. In our case brain death 
occurred, and we continued with ECCO2 R for its organ-preserving role. 
The treatment was discontinued for procedure for Clinical Assessment of 
Brain Death and in order to perform apnea test. 

4. Conclusion 

In status asmaticus complicated with cardiac arrest, veno-venous 
extracorporeal carbon dioxide removal was an effective method of 
controlling pH and PaCO2, to optimize hemodynamic and aerobic 
metabolism and to perform a protective ventilation for an optimal 
preservation in organ donor until organ harvest. 
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