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Extracorporeal Carbondioxide 
Removal in Near Fatal Asthma 
Attack: A Case Report
Pervin HANCI1 , Cansin ERER1

ABSTRACT
Objective: Status asthmaticus is seen in 3-10 % of asthma patients and can cause near-fatal asthma attacks. A 
near-fatal asthma attack is defined as a severe exacerbation of asthma that may require mechanical ventilation 
associated with respiratory arrest, altered consciousness, and/or PaCO2 over 50 mmHg. Invasive mechanical 
ventilation is required in 30% of patients, and mortality is 8% in these patients. Although mechanical 
ventilation can often provide adequate oxygenation and ventilation, ventilator-associated lung injury may 
occur due to increased dynamic hyperinflation of the lung. Extracorporeal methods are indicated in patients 
whose respiratory failure couldn’t be healed with mechanical ventilation. This report presents a near-fatal 
asthma attack patient managed with an extracorporeal carbon dioxide removal filter (ECCO2R). 

Case: A 22-year-old female patient with asthma was admitted to the emergency department with shortness 
of breath. Besides pharmacological treatment, the patient was deteriorated and intubated. The patient was 
admitted to the ICU. Blood gas analysis showed respiratory and metabolic acidosis (pH: 6.9, PaCO2: 132 
mmHg, PaO2:99 HCO3: 19.5 mmol/L). Bilateral hyperinflation was seen on Chest X-Ray (image), and severe 
respiratory wheezing was heard in both lungs. Mechanical ventilator settings (PCV mode, FiO2:50%, PEEP:0 
cmH2O, Pinspiryum:35 cmH2O, respiratory rate: I/E:1/3.5) were made to prevent barotrauma. Otopeep was 
measured as six cmH2O with an expiratory hold maneuver. The maximum tidal volume was measured as 250 
ml. ECCO2R system was initiated for ongoing respiratory acidosis with a 4 L/min sweep gas flow. Half an hour 
after starting the ECCO2R system, blood gas analysis was normal (pH: 7.40, PaCO2: 36 mmHg, PaO2:184 
mmHg, HCO3:23 mmol/L ). On day 4, the bronchospasm was resolved completely, and respiratory system 
compliance increased. The sweep gas flow rate was titrated down, and the device support was discontinued 
on day 5. The patient was extubated after a successful spontaneous breathing trial on day six and discharged. 

Result: Extracorporeal devices could be helpful in near-fatal asthma attack that is hard to manage with invasive 
mechanical ventilation. In cases where oxygenation can be maintained with a mechanical ventilator, and 
persistent hypercapnia is present, patients could benefit from ECCO2R.
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Introduction
Acute asthma attack is an exacerbation of 
disease characterized by a progressive increase 
in symptoms like shortness of breath, cough, 
wheezing, or chest tightness and a decrease in 
lung function, requiring a change in treatment 
(1). Respiratory tract viral infections, exposure 
to allergens and air pollution, or poor adherence 
to treatment are common exacerbation triggers. 
(2,3). Exacerbation severity is assessed by the 
patient's history, symptoms, physical examination, 
oxygenation, and pulmonary function test. 
Agitation, restlessness, talking in words, accessory 
respiratory muscle usage, tachypnea (respiratory 
rate >30/min), tachycardia (pulse rate>120/min), 
and desaturation are the physical examination 

findings associated with severe exacerbation 
(4). A near-fatal asthma attack is defined as an 
acute severe asthma attack requiring mechanical 
ventilation due to respiratory failure, hypercapnia 
(PaCO2>50 mmHg) with or without altered 
consciousness, or respiratory arrest. (5) Invasive 
mechanical ventilation (IMV) is required in 30% 
of patients with severe asthma attacks (6). The 
mortality of these patients is about 10-25% (7,8). 

Mechanical ventilation can often provide 
adequate oxygenation and carbon dioxide 
extraction in patients with asthma attacks. 
However, ventilatory associated lung injury risk is 
high due to dynamic hyperinflation of the lungs. 
Extracorporeal methods are indicated in patients 
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whose respiratory failure cannot be managed with mechanical 
ventilation (9). The extracorporeal carbon dioxide removal 
(ECCO2R) system is used successfully to prevent intubation or 
ventilatory-associated complications in the presence of severe 
respiratory acidosis (10). This report presents a near-fatal asthma 
attack patient managed with an extracorporeal carbon dioxide 
removal filter (ECCO2R).

Case Presentation 
A 22-year-old woman with a history of asthma presented to our 
emergency room with complaints of sudden onset dyspnea. The 
patient was diagnosed with asthma when she was three-year-old. 
Her relatives stated that she was not compliant with medications 
and was an active smoker. She was working in a construction 
company’s occupational health and safety unit. She had a history 
of hospitalization for asthma attacks and pneumonia once a year 
for the last 10 years. In 2019, she was admitted to the intensive 
care unit due to a severe asthma attack and she required chest 
thoracotomy tube placement for bilateral pneumothorax.

On physical examination, she was agitated and had severe 
respiratory distress with expiratory wheezing. She was evaluated 
as having an asthma attack; supplemental oxygen, inhalative 
salbutamol and budesonide, intravenous methylprednisolone, 
theophylline, and magnesium were administered. Initial arterial 
blood gas analysis demonstrated primary respiratory acidosis at 
pH: 7.17, partial pressure of oxygen (PaO2) 69.9 mmHg, partial 
pressure of carbon dioxide (PaCO2) 75 mmHg, oxygen saturation 
(SaO2) %89 and bicarbonate (HCO3) 20 mmol/L. Chest X-Ray 
showed air trapping (Figure 1). 

The patient was intubated and admitted to our intensive care unit 
(ICU). Invasive mechanical ventilation was started with sedation 
and analgesia. Arterial blood gas obtained at ICU admission 
revealed respiratory and metabolic acidosis both (pH: 6.9, 
PaCO2: 132 mmHg, PaO2:99 HCO3: 19.5 mmol/L). Otopeep was 
measured as 6 cmH2O with an expiratory hold manoeuvre. The 
maximum tidal volume was measured as 250 ml and respiratory 
system dynamic compliance was under 30 mL/cmH2O. Mechanical 
ventilator settings (PCV mode, FiO2:50%, PEEP:0 cmH2O, 
inspiratory pressure: 35 cmH2O, respiratory rate: I/E:1/3.5) 
were made to prevent barotrauma and to decrease air trapping. 
Rocuronium infusion was started. Salbutamol/ipratropium and 
budesonide by nebulizer, iv magnesium and methylprednisolone 
were repeated to provide bronchodilation. The patient was 
hypotensive; in addition to adequate fluid repletion, noradrenaline 
iv infusion was started and titrated to achieve the mean arterial 
pressure >65 mmHg. A repeat ABG 30 minutes later showed a 
little improvement with a pH: of 7.25, PaO2:87 mmHg, PaCO2:69 
mmHg, SaO2: %96, HCO3:25 mmol/L. However, the ABG 8 
hours after ICU admission showed worsening of the hypercapnia 
(PaCO2:87 mmHg) and acidosis (pH: 7.15) then we decided to 
initiate ECCO2R. The left femoral vein was cannulated using a 12 
F, 20 cm double-lumen catheter. The multiECCO2R CO2 removal 
filter (Eurosets, Italy) is connected in series with a continuous 
renal replacement device (Fresenius Medical Care, Germany). The 
system was set up at a 200 ml/min flow rate and sweep gas flow 

of 4 L/min. The patient was started on ECCOR2 at the bedside. 
An ABG obtained 30 minutes later revealed an improved pH and 
PaCO2. 

During the follow-up, sweep gas flow and mechanical ventilation 
parameters were adjusted according to blood gas analysis (Figure 
2, Table 1).

Sedation and neuromuscular blocker therapy were discontinued 
on the fourth day of ICU stay as the patient’s bronchospasm 
receded, and adequate tidal volume could be achieved on 
mechanical ventilation. Sweep gas flow had been gradually 
reduced, and the patient was weaned from ECCO2R successfully 
on day 5. Afterwards, the patient was extubated and received 
oxygen therapy via nasal cannula. She was transferred to the ward 
on day 8.

Discussion
Mechanical ventilation of a near-fatal asthma patient could be 
challenging for clinicians. Peak inspiratory pressure and intrinsic 
positive end-expiratory pressure increase due to excessive airway 
resistance and dynamic hyperinflation. In these patients, volume-

Figure 1. Chest X-Ray

Figure 2. Temporal changes in pH and PaCO2
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controlled ventilation modes are recommended to avoid volume 
trauma due to airway resistance that can change suddenly. However, 
peak inspiratory pressure may need to rise to maintain adequate 
tidal volume (6 ml/kg). High inspiratory pressure increases the 
risks of barotrauma and pneumothorax. Hemodynamic instability 
may also develop with ventricular interdependence, increased right 
ventricular pressure, and decreased venous return (11). Reducing 
the tidal volume and inspiratory flow is recommended to prevent 
barotrauma (12). Pressure control ventilation was preferred in 
our case due to hemodynamic instability and a history of bilateral 
pneumothorax.  

Intrinsic PEEP reduction should be aimed when adjusting 
mechanical ventilators in patients with asthma exacerbations 
because of the prolongation of the bronchospasm-related 
alveolar time constant and the slow emptying of the alveoli. 
(12) Interventions aimed at this goal can be listed as follows: 
reducing the respiratory rate, decreasing the I/E ratio (1/4 or 
1/5), increasing the inspiratory flow (80-100 L/min), shortening 
the inspiratory time, and decreasing the minute ventilation. 
However, hypoxemia can be worsened with these arrangements 
(13). The administration of extrinsic PEEP can lead to increase 
air trapping in these patients. Positive end-expiratory pressure 
should be adjusted to 0 cmH2O in paralyzed patients who do 
not have spontaneous breathing (14). In these patients, when 
airway resistance is relieved with medical treatment, ventilation-
perfusion mismatch improves, and hypercapnic respiratory 
failure resolves quickly. However, respiratory failure can be life-
threatening in cases with airway obstruction unresponsive to 
treatment, despite effective mechanical ventilation strategies. 

Extracorporeal life support (ECLS) systems can be used as a 
rescue manoeuvre in these circumstances. Extracorporeal carbon 
dioxide removal is a form of ECLS aimed at removing CO2. In 
patients whose oxygenation can be maintained with a mechanical 
ventilator, but persistent hypercapnia is present, ECCO2R can be 
used as a rescue therapy. In the ECCO2R system, venous blood 
drawn by the pump is passed through a semi-permeable filter that 
removes carbon dioxide and is returned to the patient through the 
venous route (15). It improves respiratory acidosis so ventilatory 
support can be decreased and ventilatory-associated lung injury 
can be prevented (16). Due to the differences in the dissociation 
and diffusion of oxygen and CO2, lower flow rates (200 -1500 
ml/min) are sufficient for ECCO2R compared to conventional 
ECMO. Therefore, treatment can be successfully performed with 
13-18 F double-lumen catheters and continuous renal replacement 
therapy devices (17).

There are many case reports about the successful usage of 
ECCO2R in severe asthma attacks (18-20).

In a retrospective study conducted by Bromberger et al., it 
was found that ECCO2R improves vital signs, peak inspiratory 
pressure, and intrinsic PEEP levels and decreases the need for 
vasopressor therapy in patients with severe asthma attacks. In 
the subgroup of patients weaned from the invasive mechanical 
ventilator during ECCO2R support, the median duration of filter 
usage time was 3 [2-3] days. The median duration of invasive 
mechanical ventilation was 3 [1-5] days. In the subgroup of 
patients who were ventilated invasively during ECCO2R support, 
the median duration of filter usage was 8 [3-9] days, while the 

Table 1.  Mechanical ventilatör and ECCO2R settings with arterial blood gas analysis 

Mechanical
Ventilator

Mode
FiO2

(%)
PEEP 

(cmH2O)

Inspiratory
Pressure 
(cmH2O) Respiratory Rate pH

PaCO2 
(mmHg)

Sweep
Gas Flow 
(L/min)

ICU admission -

30th minute PC/AC 70 0 35 16 6.99 132 -

60th minute PC/AC 50 0 35 16 7.16 94 -

90th minute PC/AC 50 0 35 16 7.20 80 -

2nd hour PC/AC 40 0 35 16 7.23 72 -

3rd hour PC/AC 40 0 35 16 7.26 63 -

4th hour PC/AC 40 0 35 20 7.25 70 -

6th hour PC/AC 40 0 35 20 7.25 69 -

8th hour PC/AC 50 0 35 20 7.15 86 -

Under ECCO2R 

30th minute PC/AC 40 3 35 20 7,40 36 4

90th minute PC/AC 40 3 32 20 7,41 34 3

1st day PC/AC 40 3 35 16 7,44 46 3

2nd day PC/AC 40 3 30 16 7,48 40 4

3rd day PC/AC 35 3 30 16 7,45 38 4

4th day PC/SIMV 35 4 18 16 7,46 42 3

5th day PSV 35 4 16 16 7,44 43 3

PC/AC: Assisted pressure control ventilation, PC/SIMV: Pressure control synchronized intermittent mandatory ventilation, PSV: Pressure support ventilation, FiO2: 
Fraction of oxygen, PEEP: Positive end-expiratory pressure, PaCO2: Partial arterial carbon dioxide pressure 
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duration of invasive mechanical ventilation was 18 [6-36] days. 
While all patients in this study survived, the most common 
complication was deep vein thrombosis (46%) (10). We didn't 
extubate the patient during the ECCO2R due to severe dynamic 
hyperinflation and low lung compliance. Although ECCO2R  
blood flow rate and sweep gas flow were lower compared to 
the current case series, our patient had a rapid improvement in 
vital signs and respiratory acidosis, and the need for vasopressor 
therapy was eliminated in a short time. This can be explained 
by the improvement in myocardial depression triggered by 
acidosis and the decrease in right ventricular pressure due to 
low ventilation intensity during ECCO2R. In our case, ECCO2R 

and invasive mechanical ventilation duration were relatively low 
compared to the literature. We did not observe any complications 
in the patient during intensive care and ward follow-up. 

In conclusion, patients with near-fatal asthma should be managed 
carefully. Mechanical ventilation settings should be done optimally 
in these patients due to the presence of barotrauma risk and 
life-threatening respiratory acidosis. Extracorporeal life support 
systems could be beneficial in patients that are hard to manage 
with invasive mechanical ventilation. In cases where oxygenation 
can be maintained with a mechanical ventilator, and persistent 
hypercapnia is present, ECCO2R is indicated.
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