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Abstract 

 
Respiratory acidosis can become a serious problem during protective ventilation of 

severe lung failure. A pumpless arterio-venous interventional lung assist (iLA) for 

extracorporeal carbon dioxide removal has been used increasingly to control critical 

respiratory situations. The present study sought to evaluate the factors determining 

the efficacy of iLA and calculate its contribution to gas exchange. 

In a cohort of 96 patients with severe ARDS, hemodynamic parameters, oxygen 

consumption and carbon dioxide production as well as gastransfer through the iLA 

were analysed. 

Our measurements demonstrated a significant dependency of blood flow via the iLA 

– device on cannula size (1.59 +/- 0.52 l/min for 15 Fr, 1.94 +/- 0.35 l/min for 17 Fr, 

and 2.22 +/- 0.45 l/min for 19 Fr, p < 0.001) and on mean arterial pressure. The 

oxygen transfer capacity averaged 41.7 +/- 20.8 ml/min, carbon dioxide removal was 

148.0 +/- 63.4 ml/min. Within two hours of iLA treatment, PaO2/FiO2 increased 

significantly and a fast improvement of PaCO2 and pH was observed. 

Interventional lung assist eliminates approximately 50 percent of calculated total 

carbon dioxide production with rapid normalisation of respiratory acidosis. Despite 

limited contribution to oxygen transfer it may allow a more protective ventilation in 

severe respiratory failure. 
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Introduction 

 
The successful application of prolonged extracorporeal oxygenation in a young 

patient with posttraumatic acute respiratory failure had been reported more than 35 

years ago (1). As technical requirements were very demanding, use of early 

extracorporeal membrane oxygenation (ECMO) remained limited to few experienced 

centres. Two controlled prospective clinical studies in adults with ARDS could not 

demonstrate a significant survival advantage (2, 3). The need for systemic 

anticoagulation due to the large foreign surface of early devices led to severe 

bleeding complications in these trials. Therefore ECMO – treatment in adults did not 

gain much acceptance in the past. Animal experiments proved in the 1980s that total 

extracorporeal carbon dioxide removal was possible with a pumpless artery-to-vein 

shunt (4). Optimized technical design, especially the development of low-resistance 

oxygenators made the use of pumpless devices in humans possible. Early clinical 

results of small series of patients were encouraging (5-8) and meanwhile 

interventional lung assist (iLA) is commercially available. Prospective controlled trials, 

which are still lacking, have been demanded (9) and have commenced recently.  

Low tidal volume ventilation is today common practice in the treatment of acute lung 

failure, often accompanied by hypercapnia and respiratory acidosis. In this context 

extracorporeal carbon dioxide elimination could be an opportunity to avoid potentially 

dangerous decreases in pH. 

Up to now there have been no investigations analysing systematically the physical 

and hemodynamic factors that determine the efficacy of iLA in clinical use. It is not 

exactly known what effective contribution iLA has in carbon dioxide removal and 

oxygen transfer in relation to pulmonary gas transfer. In order to address these 
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questions we analysed the hemodynamic and gas exchange parameters during iLA 

treatment in patients with acute respiratory distress syndrome (ARDS). 
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Methods 

Technical data and implantation of iLA 

Between 1996 and 2007 a total of 168 patients have been treated with an 

interventional lung assist (iLA, NovaLung GmbH, Talheim, Germany) in our 

institution. Technical data of iLA as well as the process of implantation has been 

described in detail recently. Some of the dataset used for this study has been 

included in the patient outcome data Bein et al have reported previously (8), 

therefore the presentation of patient outcome data is not intention of this study. In 

principle iLA is an artificial arterio-venous shunt with an interposed membrane 

oxygenator (Figure 1). After ultrasonographic measurement of the femoral artery and 

the contralateral femoral vein the cannulas are implanted in Seldinger technique. The 

size of the arterial cannula has to be selected smaller than the diameter of the vessel 

to ensure sufficient peripheral flow. The venous cannula is generally 2 French (Fr) 

larger to achieve a low flow resistance. The primed oxygenator that has a total 

exchange surface of 1.3 m² and a very low inherent resistance, is then connected to 

the flushed cannulas. The membrane of the oxygenator is made of 

polymethylpentene with the advantage of no plasma leakage. As the whole system is 

coated with heparin, a strong systemic anticoagulation is not necessary and an 

activated partial thromboplastin time (aPTT) of 1.5 of normal is generally sufficient. 

Oxygen is used as sweep gas with a flow of up to 12 l/min. The blood flow through 

the iLA is generated by the arterio-venous pressure difference, so that a pump is not 

needed. Prerequisite for the employment of iLA is a normal left ventricular function 

with a mean arterial pressure of more than 70 mm Hg. In patients with cardiac 

insufficiency or peripheral atherosclerosis the use of iLA is contraindicated. 

 

Calculation of oxygen and carbon dioxide exchange 
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Altogether 96 out of 168 patients had been equipped for clinical reasons with a 

pulmonary artery catheter (PAC, Swan Ganz Catheter, Edwards Life Sciences, 

Irvine, US) and in these total body oxygen consumption and carbon dioxide 

production were calculated. Patients were suffering from severe ARDS (PaO2/FiO2 = 

69 +/- 29 mm Hg, PaCO2 = 66 +/- 25 mm Hg, positive endinspiratory pressure = 38 

+/- 6 cm H2O, positive endexspiratory pressure = 16 +/- 5 cm H2O, tidal volume 458 

+/- 131 ml). By measuring the content of oxygen and carbon dioxide before and after 

the iLA in parallel, we could calculate the relative contribution of iLA to total gas 

transfer via the lung. Measurements were done before iLA start, 2 hours, 24 hours 

and 48 hours after iLA implantation, before stop of iLA and one day after iLA 

treatment.  

Oxygen content (CaO2) was calculated according to the following formulas: 

CaO2 = (Hb x 1.31 x SaO2) + (PaO2 x 0.003) 

(CaO2 = oxygen content, Hb = hemoglobin, SaO2 = arterial oxygen saturation, PaO2 = 

arterial partial pressure of oxygen). 

Oxygen delivery capacity (DO2) per minute: 

DO2 = CaO2 x CO x 10 

Analogous the oxygen content of mixed venous blood (CvO2) was determined. The 

difference between arterial and mixed venous oxygen delivery capacity gives the 

oxygen consumption (VO2), which is equivalent to the oxygen transfer via the lungs: 

VO2 = (CaO2 – CvO2) x CO x 10 

The oxygen transfer capacity of the iLA was calculated by multiplying the difference 

between oxygen content pre iLA ( = CaO2) and post iLA with the blood flow: 

Oxygen transferiLA = (Cpost iLAO2 - CaO2) x bloodflowiLA x 10 

VO2 after implantation of iLA is calculated as the combination of natural lung oxygen 

transfer and membrane lung oxygen transfer:  
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VO2 = (CaO2 - CvO2) x CO x 10  +  (Cpost iLAO2 - CaO2) x bloodflowiLA x 10 

Cardiac output (CO) was determined with the thermodilution method, and the blood 

flow through the iLA was measured by ultrasound (NovaFlow Ultrasonic Flowmeter, 

NovaLung GmbH, Talheim, Germany). Blood gas analysis was done with Radiometer 

700 and 615 (Radiometer, Copenhagen, Denmark). The carbon dioxide content of 

plasma was calculated by these analysers with consideration of the Henderson – 

Hasselbalch equation, measured plasma PCO2 and pH. Similar to the CaO2 it was 

measured at three sites: arterial = pre iLA (CaCO2), post iLA (CpostiLACO2) and mixed 

venous blood (CvCO2). With known CO and blood flow of the iLA, approximated total 

carbon dioxide production and carbon dioxide removal by the lungs and by the iLA 

device was calculated. 

Approval for this study was obtained from the Ethics Committee of the University of 

Regensburg. 

 

Statistical Analysis 

Variables are reported as means +/- standard deviations, if not told otherwise, and 

were compared by Student-t-test. The relationships between dependent variables 

were evaluated by ANOVA on rank and linear regression analysis. A p-value of less 

than 0,05 was considered statistically significant. For statistical analysis, we used 

SPSS version 15.0 (SPSS Inc, Chicago, IL) and SigmaPlot version 9.0 (Systat 

Software Inc, San Jose, California). 
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Results 

Blood flow through the iLA 

In total 326 blood flow measurements taken in 96 patients at different times were 

evaluated. 17 measurements were carried out in arterial 15 Fr cannulas, 175 

measurements in arterial 17 Fr cannulas, and 134 measurements in arterial 19 Fr 

cannulas. Blood flow through the iLA averaged 1.59 +/- 0.52 l/min with 15 Fr 

cannulas. With 17 Fr cannulas a blood flow of 1.94 +/- 0.35 l/min and with 19 Fr 

cannulas a blood flow of 2.22 +/- 0.45 l/min was measured (p < 0.001). 

Mean arterial pressure (MAP) was 85.0 +/- 16.6 mm Hg and was similar between the 

three groups with different cannula size. In analyzing the dependency of blood flow 

through the iLA upon MAP we found a linear correlation between both variables, 

which is depicted in Figure 2 (r = 0.53, p < 0.01). 

Cardiac output (CO) was documented simultaneously with 262 iLA – blood flow 

measurements and was on an average 9.1 +/- 2.6 l/min for all patients (mean 

norepinephrine dose: 1.67 +/- 2.18 mg/h). Patients with a 19 Fr cannula had a higher 

CO (9.6 +/- 2.6 l/min) than patients with a 17 Fr cannula (8.9 +/- 2.7 l/min, p < 0.05) 

or a 15 Fr cannula (8.5 +/- 2.0 l/min). Figure 3 shows a significant (r = 0.22, p < 0.01), 

but less obvious correlation between CO and blood flow through the iLA.  

CO rose from 8.76 +/- 2.6 l/min pre iLA implantation to 9.45 +/- 2.6 l/min two hours 

after implantation (p < 0.001). The Horowitz index (PaO2/FiO2) increased rapidly from 

68.9 +/- 29.9 mm Hg pre implantation to 93.7 +/- 48.4 mm Hg two hours post 

implantation of the device (p < 0.001). 

 

Effects on oxygen transport 

Taken together all 326 measurements, the oxygen transfer via the iLA averaged 41.7 

+/- 20.8 ml/min. During treatment the PO2 at the Novalung – inlet was 83 +/- 26 mm 
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Hg and 500 +/- 85 mm Hg at the outlet on an average. Table 1 summarizes the 

results and factors that influence oxygen transfer 2 hours after iLA implantation, at 

day 1 and day 2 and before removal. Oxygen transfer over time decreases and was 

calculated with 33.6 +/- 11.7 ml/min shortly before removal of iLA (p < 0.005 to 2 

hours). This reflects both a significantly lower blood flow and a higher arterial oxygen 

saturation. The oxygen transfer capacity of the iLA depends on the arterial oxygen 

saturation (r = -0.78), the blood flow through the device (r = 0.43) and the hemoglobin 

content of blood (r = 0.23, each p < 0.01) (Figure 4a-c). A slight correlation was found 

to sweep gas flow through the device (r = 0.22, data not shown). Therefore, oxygen 

transfer is increased in low arterial oxygen saturation, higher blood flow through the 

system and higher hemoglobin content of blood. 

Arterial oxygen delivery capacity (DO2) rose from 1024 +/- 338 ml/min before iLA 

treatment to 1187 +/- 350 ml/min 2 hours after iLA implantation (p < 0.001). The total 

oxygen consumption (VO2) was measured altogether 272 times and was calculated 

with 295.4 +/- 97.8 ml/min for all patients. We did not observe a significant change of 

VO2 over time. In comparing simultaneously VO2 and oxygen transfer through the 

iLA, the relative contribution of the device to total calculated VO2 can be predicted. 

On an average we found a proportion of 16.0 +/- 8.3 %, which iLA contributes to total 

calculated oxygen transfer. Pre removal it decreased to 10.7 +/- 2.4 %.  

 

Effects on carbon dioxide elimination and pH 

Before iLA start all patients had a pronounced hypercapnia with a PaCO2 of 66.7 +/- 

25 mm Hg. Two hours after iLA implantation PaCO2 decreased to 39.5 +/- 12.1 mm 

Hg (p < 0.001), and declined further to 35.8 +/- 7.6 mm Hg (p < 0.005) 24 hours later. 

PaCO2 then remained stable during continuation of iLA and increased to 49.8 +/- 

14.7 mm Hg after removal of iLA (p < 0.001). 
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Taken all measurements during iLA treatment together (n = 243) PCO2 averaged 

37.5 mm Hg at the Novalung – inlet and 23.5 mm Hg at the – outlet. The device 

removed 148.0 +/- 63.4 ml/min CO2, which equals about 50 % of the calculated total 

CO2 production of 291 +/- 124 ml/min. The capacity of the iLA to remove CO2 

increased with higher PaCO2 (r = 0.34, p < 0.01), higher sweep gas flow (r = 0.27, p 

< 0.01) and with higher blood flow through the device (r = 0.23, p < 0.01) (Figure 5a-

c). No correlation was found to hemoglobin content of blood (data not shown). We 

saw a CO2 elimination of 135.6 +/- 30.2 ml/min with 15 Fr cannulas, of 144.1 +/- 68.6 

ml/min with 17 Fr cannulas, and of 154.3 +/- 58.1 ml/min with 19 Fr cannulas (p < 

0.001). 

The reduction of PaCO2 resulted in a rapid and sustained normalization of respiratory 

acidosis. The pH level rose within two hours after iLA implantation from 7.24 +/- 0.13 

to 7.41 +/- 0.12 (p < 0.001) (Figure 6). During extracorporeal CO2 removal the pH 

remained stable. After termination of iLA the pH level fell significantly to 7.36 +/- 0.09 

(p < 0.001). 
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Discussion 

The current study is the first to systematically investigate the efficacy of iLA on 

oxygen transfer capacity and carbon dioxide removal in a large human study 

population with severe ARDS. It provides detailed information regarding the factors 

that influence iLA performance and supports the use of iLA as a highly effective 

method in severe lung injury with hypercapnia and respiratory acidosis. 

 

Blood flow through the iLA 

Blood flow through the iLA depends on both total inherent resistance of the device 

and on the pressure difference across the system. The flow resistance of the 

oxygenator is low and causes a pressure drop of about 10 mm Hg at a blood flow of 

2 l/min. Thus the flow resistance of the cannulas is the predominant factor of total 

resistance of the device. According to the Hagen – Poiseuille equation blood flow is 

most strongly influenced by the diameter of the cannula: 

blood flow = π ∆p r4/ (8 l η)  

(∆p = pressure difference, l = length of cannula, η = viscosity, r = radius of cannula). 

Our measurements in vivo confirmed these considerations as well as animal data 

previously published (10, 11). An increase in cannula size of 2 Fr resulted in an 

additional flow of about 300 ml/min. This means that using a 15 Fr arterial cannula a 

blood flow of about 1.6 l/min, using a 17 Fr cannula a blood flow of about 1.9 l/min 

and using a 19 Fr cannula a blood flow of about 2.2 l/min can be achieved at a MAP 

of 85 mm Hg.  

The second important factor for blood flow through the device is the difference of 

pressure before (mean arterial pressure, MAP) and after the system (central venous 

pressure, CVP). As the CVP fluctuates within close limits, MAP is the decisive 

variable for blood flow and we could demonstrate a strong correlation between MAP 
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and blood flow through the iLA. In clinical practice MAP is the only relevant 

parameter for iLA flow at a given cannula size that can be influenced. 

Cardiac output (CO) per se is for blood flow through the iLA not important. Blood flow 

amounted to 20 % of CO with 15 Fr cannulas and up to 25 % of CO with 19 Fr 

cannulas on average. Comparable numbers have been found in animal experiments 

(12, 13). In patients with lower CO and normal MAP due to high systemic vascular 

resistance, a higher proportion of CO is diverted through the iLA, which may amount 

to more than 30 % of CO (Figure 7). In most patients a significant increase of CO 

after start of iLA was observed. This can be explained by two mechanisms: firstly by 

creating an artificial low resistance arterio–venous shunt and secondly by rapid 

correction of acidosis resulting in improved vasotonus and possibly cardiac pump 

function. 

 

Effects on oxygen transport 

The average oxygen transfer capacity of the iLA of 42 ml/min that we measured in 

our patients matches well with animal data presented by Zick et al (12) and Brederlau 

et al (14). Another study mentioned an oxygen transfer of up to 225 ml/min (15), 

which does not correspond to our results and is physically not plausible. The oxygen 

transfer capacity of the iLA is mainly limited by the fact that arterial blood, already 

well oxygenated, is fed into the device, and therefore only a small additional amount 

of oxygen can be bound to hemoglobin. 

Most studies in humans described a significant rise in PaO2 after implementation of 

iLA (6-8, 16-18). The patients we evaluated had a PaO2/FiO2 of 69 mm Hg before 

iLA, which increased to 94 mm Hg within 2 hours (p < 0.001). This rise in PaO2 , 

according to the law of Dalton, is caused mainly by a reduction of alveolar PCO2 and 

a concommitant increase in alveolar PO2. Because PaO2 is an inaccurate parameter 
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for oxygen supply, we calculated the arterial oxygen delivery DO2. The rise of DO2 

from 1024 ml/min before iLA treatment to 1187 ml/min 2 hours after iLA implantation 

(p < 0.001) was caused by a small increase of CO and a higher CaO2. However it is 

important to consider that part of CO is diverted through the artificial a-v shunt of the 

iLA and therefore does not participate in peripheral perfusion. The effective DO2, 

which is available for supply of the organism, may even be smaller than prior to iLA 

implantation. Particularly this is to be expected in patients with a low CO and high 

dose vasopressors, when a comparably high proportion of CO will flow through the 

iLA (Figure 7). In patients with reduced CO, therefore, iLA therapy is probably not 

indicated. Brunston et al analysed the perfusion of organs at different blood flow 

rates through a pumpless extracorporeal membrane oxygenator using colored 

microspheres and reported a mild reduction in endorgan perfusion (19). However at a 

maximal shunt flow of 25 % of CO a reduced perfusion of the cerebrum of up to 26 % 

and of skeletal muscle of up to 43 % was observed. 

Total oxygen consumption (VO2) of our patients was calculated with 295 ml/min. This 

is comparable to former studies in critically ill patients (20, 21). At the beginning of 

extracorporeal therapy the oxygen transfer through the iLA accounted for 16 % of 

VO2, at the end of iLA treatment the oxygen transfer amounted to 11 % of VO2. 

These results are in accordance with animal experiments, which found the relative 

share of iLA treatment of total VO2 to be between 12.5 % and 19.5 % (12, 14). 

However, as we only did a blood phase calculation of oxygen consumption and 

carbon dioxide production, the metabolic rate of the lung itself is not taken into 

consideration. Therefore, the relative numbers may be an overestimation. 

After implementation of iLA treatment mixed venous oxygen saturation (SvO2) rose 

within 2 hours from 62 % to 74 % (p < 0.001). The consequences of this increase of 
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oxygen supply in the pulmonary artery in combination with a rapid normalization of 

the pH have not yet been investigated in humans. 

 

Effects on CO2 elimination 

Gattinoni et al had demonstrated 20 years ago using a pumpdriven device that 

extracorporeal carbon dioxide removal can allow a more protective ventilation, albeit 

he was not able to show a survival benefit (22). As the necessary blood flow for 

clinically significant extracorporeal carbon dioxide removal is relatively small, the 

application of a pumpless arterio – venous system with a low inherent flow resistance 

is possible. Brunston et al proved that a near-total CO2 elimination can be done with 

such a system in sheep (10, 23). We saw a rapid initial decrease of PaCO2 in our 

patients from 67 mm Hg pre iLA to 40 mm Hg two hours post iLA implementation. 

During the following 24 hours we observed a further, but smaller reduction in PaCO2. 

This is probably explained by the transport and storing kinetics of CO2, which is 

transported in physical solution, protein bound and in the form of bicarbonate. The 

physically dissolved proportion, which can be measured as PaCO2, can be eliminated 

quickly. However, the predominant part of CO2 is stored and transported as 

bicarbonate ions, which have to be dissociated within red blood cells in the presence 

of carbonic anhydrase. Due to the liberation of bicarbonate out of slow compartments 

it takes several hours until a stable equilibrium of the CO2 level is readjusted. 

This biphasic elimination kinetic of CO2 is mirrored in several clinical reports (8, 16, 

24, 25). The quantity of CO2, which was removed through the iLA in our patients, was 

148 ml/min and accounted for approximately 50 % of total calculated CO2 production. 

Conrad et al (26) and Zwischenberger et al (24) reported in their small clinical trials 

on 8 and 5 patients a complete respectively 70 percent removal of CO2 with the use 

of an Affinity oxygenator. This oxygenator has a surface area of 2.5 m², which is 
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almost double the size of the Novalung oxygenator. With arterial 12 Fr cannulas they 

reached a maximal blood flow of one liter per minute through the device and found a 

CO2 removal of more than 100 ml/min, measured at the outlet of the sweep gas flow 

and in the exhaled ventilator gas. This differs to our method to determine the CO2 

removal, which was done by calculating the CO2 content of blood before and after the 

iLA and the lungs, respectively. By using the Henderson Hasselbalch equation the 

CO2 content is calculated by the blood gas analyzer with known pH, bicarbonate, 

hemoglobin and PCO2. The calculated total CO2 production of 291 ml/min in our 

patients corresponds well to the measured VO2 of 296 ml/min. In animal studies an 

extracorporeal CO2 elimination of 62 – 104 ml/min in pigs (13) and up to 120 ml/min 

in sheep (23, 27) has been reported. The amount of removed CO2 depends closely 

on PaCO2 and sweep gas flow according to our data. Conrad et al observed in their 

analysis of contributing factors to carbon dioxide transfer a significant regression to 

PaCO2, pH, sweep gas flow and blood flow through the device (26). 

Extracorporeal CO2 removal resulted in a rapid improvement of respiratory acidosis. 

A retrospective clinical trial has demonstrated that with rising pH the dose of 

vasopressors could be diminished and the invasiveness of mechanical ventilation 

was decreased (8). In large animal ARDS models , extracorporeal CO2 – removal 

enabled a less invasive ventilation with reduced levels of inflammatory cytokines (28, 

29). 

 

Conclusion 

In conclusion we found that an average extracorporeal CO2 – elimination of about 50 

% of total production is possible with the iLA device in patients with ARDS. To 

achieve this, the use of arterial cannulas of 15 Fr or 17 Fr size is sufficient. Larger 

cannulas may cause an undesirably large a – v shunt fraction and carry a higher risk 
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of vascular complications, as has been reported previously (8). In some patients with 

low body weight and less severe respiratory acidosis even 13 Fr cannulas may be 

suitable but could possibly result in earlier occlusion of the oxygentor due to lower 

blood flow. A rapid decrease in PaCO2 and normalization of pH may allow a more 

protective ventilation with even lower tidal volumes and therefore possibly a reduction 

of ventilator – induced lung injury. ILA does improve arterial oxygenation and 

transfers about 45 ml/min of oxygen, however this not necessarily means that oxygen 

delivery is increased as well. According to our data, ILA therefore should probably not 

be used in patients with most severely impaired oxygenation or in patients with 

reduced cardiac output. Whether the survival of acute respiratory failure can be 

improved with the implementation of iLA as a method to reduce invasiveness of 

ventilation, needs further study through controlled clinical trials. 
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Tables 

 

 all 2 hours day 1 day 2 pre explant 

number 326 91 81 61 46 

O2-transfer (ml/min) 41.7 +/- 20.8 46.1 +/- 26.4 42.7 +/- 13.5 39.4 +/- 14.6 33.6 +/- 11.7 ** 

blood flow (ml/min) 2.05+/- 0.44 2.11 +/- 0.44 2.16 +/- 0.41 2.09 +/- 0.44 1.95 +/- 0.42* 

MAP (mm Hg) 85.1 +/- 16.5 85.3 +/- 14.7 89.6 +/- 15.4* 87.8 +/- 16.4 84.9 +/- 13.8 

Hb (g/dl) 10.4 +/- 1.6 10.2 +/- 1.8 10.6 +/- 1.5* 10.5 +/- 1.4 10.3 +/- 1.2 

aO2-Sat (%) 94.2 +/- 6.0 93.4 +/- 6.9 95.0 +/- 3.2* 94.9 +/- 3.7 96.3 +/- 2.4* 

PO2 post iLA (mm Hg) 500 +/- 85 510+/- 85 506 +/- 78 491 +/- 94 492 +/- 79 

DO2 post iLA (ml/min) 310 +/- 81 315 +/- 83 332 +/- 76* 320+/- 81 293 +/- 70* 

 

Table 1:  Oxygen transfer through iLA and factors that influence transfer  

(MAP = mean arterial blood pressure, Hb = hemoglobin, aO2-Sat = 

arterial O2-saturation, DO2 post iLA = oxygen delivery post iLA. 

 * p < 0.05; ** p < 0.005 to 2 hours). 
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Figures 

 

 

Figure 1: Interventional Lung Assist (iLA) 
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Figure 2: Dependancy of blood flow through the iLA on mean arterial pressure 

(MAP), different cannula sizes (regression lines are depicted for 17 Fr and 

19 Fr cannulas) 

 

Figure 3: Dependancy of blood flow through the iLA on cardiac output (CO), different 

cannula sizes (regression lines are depicted for 17 Fr and 19 Fr cannulas) 
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Figure 4a - c: Influence of blood flow, arterial oxygen saturation and hemoglobin 

content on O2-transfer through the iLA 
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Figure 5 a-c:  Influence of PaCO2, sweep gas flow and blood flow on CO2-transfer 

through the iLA 

 



 25

 

Figure 6: arterial pH before, during and after iLA treatment (* p < 0.001) 

 

 

 

Figure 7: Blood flow through the iLA expressed as percentage of cardiac output 

and total cardiac output (R = –0.74, p < 0.01) 
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