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Abstract. Pumpless extracorporeal lung assist (pECLA) has 
been reported to efficiently remove the systemic CO2 produc-
tion and provide mild to moderate oxygenation, thereby 
allowing for ventilator settings and modes prioritizing oxygen-
ation and lung protection. However, an adequate bypass flow, 
the capacity to provide respiratory support and the effect on the 
inflammatory cascade response and tissue perfusion require 
further study to be determined. After induction of acute lung 
injury (ALI) by oleic acid injection, pECLA was implemented 
in 12 anaesthetized and mechanically ventilated dogs for 
48 h. Improved oxygenation [partial oxygen pressure (PaO2) 
and oxygen saturation (SaO2) was measured by arterial blood 
gas analysis, and increased by 29 and 18%, respectively] and 
CO2 elimination (partial CO2 pressure decreased by 43.35%) 
were obtained after pECLA implementation. A maximum 
arterio‑venous shunt flow of up to 25% of the foundational CO 
resulted in stable hemodynamics. The pECLA procedure did 
not elicit any further increase in the concentration of tumor 
necrosis factor-α, interleukin (IL)-6, IL-8 and endothelin-1 
compared with that in the group subjected to oleic acid injec-
tion only. In addition, the pECLA procedure had no effect on 
lactate levels and urine production. In conclusion, pECLA is 
an efficient and promising strategy for providing a mild to 
moderate oxygenation and adequate decarboxylation, while 
avoiding excessive inflammatory cascade response and tissue 
hypoperfusion in an experimental ALI model.

Introduction

A specific characteristic of acute lung injury and acute 
respiratory distress syndrome (ALI/ARDS) is the sudden 
life‑threatening hypoxemia with or without hypercapnia. 
Multiple organ failure is considered as the leading cause 
of death in ALI/ARDS. Despite decreases in recent years, 
the mortality of ALI/ARDS remains unacceptably high, 
reaching 45% in patients with severe complications (1‑3). For 
life‑threatening forms of respiratory failure with persistent 
hypoxemia and hypercapnia unresponsive to conventional 
therapy, a pump‑driven extracorporeal membrane oxygenation 
(ECMO) technique has been employed. It provided sufficient 
gas exchange and has been used as a rescue therapeutic 
method in patients suffering severe ALI/ARDS resistant to 
conventional therapy with mechanical ventilation (4). It facili-
tates an adaptive gas exchange and spares the lung from high 
pressure and inspiratory oxygen fraction (FiO2) ventilation. 
The survival rate associated with the procedure is ~66% in 
patients with ALI/ARDS (5).

However, ECMO is also associated with certain complica-
tions, including hemorrhage (6), hemolysis (7), thrombosis (8) 
and circuit infection (9), which may contribute to the 
mortality in patients receiving ECMO therapy (10). In addi-
tion, direct circulation of blood across synthetic surfaces 
evokes a pro‑inflammatory response, further exacerbating a 
disease process that is already associated with the activation 
of the inflammatory cascade response (11). The lung has a 
critical role as a site of inflammation during extracorporeal 
therapy (12). An increasing body of evidence suggested that 
ECMO treatment caused an evident increase in the plasma 
concentration of pro‑inflammatory cytokines and neutrophil 
activation (11,13‑15). An escalating inflammatory response 
usually results in severe neurological injury in patients 
receiving ECMO treatment (16,17).

To minimize those complications mentioned above 
and simplify the management of ECMO, a novel thera-
peutic approach using a pumpless extracorporeal lung 
assist (pECLA) integrating an arteriovenous shunt‑driven 
oxygenator without a blood pump was developed by an inter-
disciplinary team at the Hospital of Regensburg University 
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(Regensburg, Germany) (18). With the use of the pECLA, 
the cardiac output (CO) partly drives the extracorporeal 
blood circulation, the management of ECMO is simplified 
and its complication rate is minimized (19). However, only 
few studies have reported on the pathophysiological effects 
of the procedure, particularly on the pECLA‑associated 
inflammatory cascade response. The present study assessed 
the hemodynamic effects of pECLA with different bypass 
flow settings on oleic acid‑induced ALI in dogs and deter-
mined an appropriate pECLA bypass flow. Furthermore, the 
adequate gas exchange efficiency of pECLA was confirmed. 
Finally, the present study evaluated the pECLA‑associated 
inflammatory cascade response and tissue perfusion in the 
experimental model.

Materials and methods

Animal preparation. The experimental animal procedures of 
the present study were performed according to the guidelines 
from Directive 2010/63/EU of the European Parliament on the 
protection of animals used for scientific purposes. The study 
was approved by the ethics committee of Fuwai Hospital 
[CAMS & PUMC, approval no. 0083‑3‑16‑HX(B)]. A total 
of 12 male dogs (weight, 21.83±1.41 kg) were anesthetized 
by intravenous injection of 30 mg/kg thiopental and main-
tained with continuous infusion of 1‑2 mg/kg/h thiopental 
and 1 mg/kg/h pancuronium. Animals were orotracheally 
intubated and mechanically ventilated in the supine position in 
a volume‑controlled mode with a tidal volume of 10 ml/kg, a 
respiratory rate of 20 breaths/min, an inspiratory to expiratory 
time ratio of 1:2 and an FiO2 of 0.4 (Servo 900C Ventilator; 
Siemens AG, Munich, Germany), which was maintained for 
1 h. Subsequently, 500 ml lactated Ringer's injection (Baxter 
Healthcare Co., Ltd., Shanghai, China) was rapidly infused, 
followed by continuous infusion of 3 ml/kg/h to maintain 
the intravascular volume status. During the experimental 
procedure, total fluid input was 3,644±63.49 ml and the core 
temperature was kept at 38˚C.

Establishment of experimental ALI model. After adjustment 
of the PaO2/FiO2 to 1.0, other parameters remained unchanged. 
ALI was induced by injecting oleic acid (Sigma‑Aldrich; 
Merck KGaA, Darmstadt, Germany) at 0.08 ml/kg in 10 ml 
normal saline through the central venous catheter. Arterial 
blood gas was measured every 30 min until the PaO2/FiO2 
was <200 mmHg for at least 1 h. If the diagnostic criteria 
(PaO2/FiO2 <200 mmHg) were not reached after 90 min, 
an additional 0.02 ml/kg of oleic acid was intravenously 
injected.

Implementation of pECLA and management. After the ALI 
was induced, an intravenous heparin bolus (100 IU/kg) was 
given to achieve an activated clotting time of 120‑160 sec and 
then and continuous anticoagulation was performed by main-
taining heparin administration at 30 IU/kg/h. Femoral artery 
and internal jugular vein cannulation for pECLA (Novalung; 
Xenios AG, Heilbronn, Germany) were performed with a 
13‑Fr and a 15‑Fr cannula, respectively. Once connected, 
the blood/gas flow was maintained at 1:3 and the fraction of 
inspired oxygen was 100%.

Measurement of parameters. The CO was defined at 1 h 
after the establishment of ALI as a foundational CO. A 
Swan‑Ganz catheter and the arterial duct were placed on 
the other side of the femoral vein and artery, respectively 
(Fig. 1). Mean arterial pressure, central venous pressure 
and pulmonary arterial pressure were directly transduced 
and recorded. CO was measured by intrapulmonary artery 
thermodilution and calculated by a standard monitor with 
an internal routine validation (IntelliVue MP50; Philips, 
Amsterdam, the Netherlands) from the mean of three vali-
dated bolus injections of 10 ml cold normal saline. The 
arterial/venous oxygen saturation, arterial/venous partial 
pressure of oxygen and carbon dioxide were detected by 
blood gas analysis. Hemodynamic and respiratory param-
eters were assessed at baseline when ALI was established 
successfully, and after pECLA implementation for 1, 2, 3, 4, 
6, 12, 24, 36 and 48 h. The levels of serum cytokines [tumor 
necrosis factor (TNF)‑α, endothelin, interleukin (IL)-6 and 
IL‑8], as well as lactate, were measured at baseline, when 
ALI was established and after pECLA support for 12, 24, 36 
and 48 h. Urine output was recorded at 24 and 48 h. Blood 
samples were centrifuged at 350 x g for 15 min at 4˚C, and 
the plasma was stored at ‑80˚C. Levels of cytokines in plasma 
were determined by ELISA (TNF‑α, cat. no. DY1507; IL‑6, 
cat. no. CA6000; IL‑8, cat. no. CA8000; all from R&D 

Figure 1. Placement of the Swan‑Ganz catheter and the arterial duct. A 
Swan‑Ganz catheter was placed on the other side of the femoral vein and the 
arterial duct was placed on the other side of the femoral artery.

Figure 2. PaO2/FiO2 decreases following ALI induction. The ALI model was 
successfully established. Values are expressed as the mean ± standard devia-
tion (n=12). *P<0.05. ALI, acute lung injury; PaO2, partial oxygen pressure; 
FiO2, inspiratory oxygen fraction.
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Systems, Inc., Minneapolis, MN, USA) and endothelin (cat. 
no. ab133030; Abcam, Shanghai, China).

Statistical analysis. Values are expressed as the mean ± stan-
dard deviation. All statistical analyses of the data were 
performed by SPSS 22.0 software (IBM Corp., Armonk, 
NY, USA). The data were analyzed using Student's t‑test and 
repeated‑measures analysis of variance with the least signifi-
cant differences post hoc test. Statistical significance was 
accepted at the level of P<0.05.

Results

Confirmation of ALI model. After the induction of ALI, 
PaO2/FiO2 decreased dramatically from 436.71±11.31 [95% 
confidence interval (CI), 399.08‑474.34] to 137.86±84.43 mmHg 
(95% CI, 112.54‑163.18), which illustrated that the ALI model 
was successfully established (Fig. 2). Then, the pECLA model 
was established (Fig. 3).

Hemodynamic parameters. For evaluating the hemodynamic 
parameters, the experimental animals were randomly divided 
into two groups. In group A, the shunt flows were gradually 
increased from 10 to 25% of the foundational CO at a 5% interval 
and in group B, the shunt flows were gradually decreased from 
25 to 10% of the foundational CO at a 5% interval. Each level 
of shunt flow was maintained for 1 h. The CO, mean arterial 
pressure (MAP), heart rate (HR), central venous pressure 
(CVP) and pulmonary arterial pressure (PAP) were recorded 
as active indices for indicating changes in hemodynamics. As 

indicated in Fig. 4, the foundational value of the CO in the 
groups A and B was 3.45±0.34 vs. 3.57±0.46 l/min prior to 
oleic acid treatment and 3.08±0.33 vs. 3.18±0.46 l/min when 
ALI was established (P>0.05). During the pECLA period, the 
CO varied from 2.4 to 4.3 l/min, and no significant statistical 
difference was detectable. Maintaining a constant CO during 
pECLA may come at the cost of increased ventricular work. 
Next, the CVP, HR, PAP and MAP, which indirectly reflect 
the work of the heart, were assessed. Although the blood 
flow during pECLA ranged from 0.29 to 1.05 l/min (repre-
senting arterio‑venous shunt), the CVP, HR and PAP were 
not different from the baseline value, as presented in Fig. 4. 
Regarding MAP, a significant difference (P=0.048) between 
the two groups after pECLA implementation with a bypass 
flow of 25% of the CO was identified. No vasopressors were 
necessary to maintain target hemodynamic parameters and no 
arrhythmia occurred during the pECLA process.

Gas exchange function. To investigate the gas exchange 
function of pECLA, after hemodynamics evaluation, the 
shunt flow of all experimental animals was set at 25% of 
the CO and stabilized for 30 min and the shunt flow was 
used in further experiments. The FiO2 was then set at 0.21, 
and gas exchange was evaluated by clamping the circuit for 
60 min and opening again. The results revealed an evidently 
improved respiration when pECLA was initiated, with PaO2 
and SaO2 increased by ~29 and ~18%, respectively (from 
46.63±3.86 to 60.28±7.07 mmHg and 79±4 to 93±2%, respec-
tively; Fig. 5A). Furthermore, the arterial PaCO2 decreased by 
43.35% (from 35.73±2.11 to 20.24±3.28 mmHg). The results 

Figure 3. Pumpless extracorporeal lung assist was implemented in an experimental model of acute lung injury. (A) Acute lung injury establishment. (B) pECLA 
preparation. (C) pECLA implantation. 1, Femoral arterial cannulation; 2, assisted ventilation unit; 3, oxygen inlet; 4, flow monitoring; 5, jugular venous 
cannulation. (D) Hemodynamic monitoring. pECLA, pumpless extracorporeal lung assist.
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regarding venous blood gas were similar to those for arterial 
blood gas. The PaO2 and SaO2 increased by 11.33 and 12.97%, 
respectively, while the PaCO2 decreased by 47.48% (Fig. 5B). 
All of these results revealed that the pECLA is providing a mild 
to moderately improved oxygenation and CO2 elimination. In 
the present study, the lung compliance index (CL index) was 
defined as the tidal volume/peak airway pressure of inspiration 
for indicating the compliance of the lung when mechanically 
ventilated. The results displayed in Fig. 5C indicated that the 
CL index was apparently decreased after ALI was induced. 
With an adaptive pECLA, the CL index was gradually 

increased from 14.00±1.34 to 15.17±1.19 ml/cm H2O, demon-
strating improved lung compliance.

Inflammatory cascade response. A prominent advantage 
of pECLA is the smaller artificial surface compared with 
that in ECMO, which may result in a lesser inflammatory 
response. The next aim of the present study was to deter-
mine whether implementation of pECLA was able to avoid 
an aggravated inflammation. As indicated in Fig. 6, the 
concentrations of TNF‑α, IL-6, endothelin and IL-8 at base-
line were normal, and after oleic acid injection, the levels 

Figure 4. Changes in CO, CVP, HR, PAP and MAP during pECLA. A significant difference in MAP was detected between groups A and B when pECLA 
support with 25% of CO was implemented (*P<0.05). In group A, the shunt flow was gradually increased from 10 to 25% of the foundational CO at 5% intervals 
and in group B, the shunt flow was gradually decreased from 25 to 10% of the foundational CO at 5% intervals. Values are expressed as the mean ± standard 
deviation (n=6). OA, oleic acid injection; ALI, acute lung injury; CO, cardiac output; CVP, central venous pressure; HR, heart rate; PAP, pulmonary arterial 
pressure; MAP, mean arterial pressure; pECLA, pumpless extracorporeal lung assist.
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of TNF‑α, IL‑6, and IL‑8 were significantly increased. 
However, the pECLA procedure did not elicit any further 
increase in the concentration of these cytokines. After 
pECLA implementation, the levels of IL‑8 were signifi-
cantly decreased compared with those immediately after 
oleic acid injection. In addition, the levels of endothelin‑1, 
a potent endogenous vasoconstrictor, which also acts as a 
pro‑inflammatory cytokine, were not changed during the 
entire course of the experiment.

Tissue perfusion. The systemic inflammation occurring in 
ALI/ARDS may impair the physiological regulation of tissue 
perfusion. As indicated by the results above, establishment 
of the ALI model induced an evident inflammation with 
increased levels of TNF‑α, IL-6 and IL-8. Although pECLA 
itself did not aggravate the inflammatory response, it was 
required to evaluate the exact effect of pECLA on tissue perfu-
sion. For this purpose, the lactate levels at the time‑points of 

pre-pECLA, pECLA implementation for 6, 24 and 48 h and the 
average urine output during the first and second 24 h periods 
were detected to obtain information on the local and systemic 
perfusion. As displayed in Fig. 7, compared with the baseline 
value, the lactate levels measured at 6, 24 and 48 h of pECLA 
were not significantly increased (P>0.05). Furthermore, the 
average urine production in the first 24 h was not different 
compared with in that during the second 24 h (1.53±0.24 
vs. 1.43±0.23 ml/kg/h; P>0.05). Technical failure including 
oxygenator thrombus or plasma leakage was not encountered 
during the operation of pECLA. No bleeding or hematoma on 
the puncture point occurred and no thromboembolism was 
observed.

Discussion

The present study was performed to evaluate the effects of 
pECLA on hemodynamics, gas exchange, inflammatory 

Figure 5. Changes of relevant gas exchange parameters and CL index under pECLA. (A) Improved oxygenation and obvious carbon dioxide elimination after 
pECLA implementation in the artery. (B) A similar result to that in A was obtained in the vein. (C) The CL index was apparently elevated after ALI was 
established, and decreased gradually after the implementation of pECLA. Values are expressed as the median, Q1 and Q2, whiskers indicate Q1‑1.5 x IQR and 
Q3 + 1.5xIQR (n=12). *P<0.05; $P<0.05; #P<0.05 compared with ALI. OA, oleic acid; ALI, acute lung injury; pECLA, pumpless extracorporeal lung assist; 
PaO2, partial oxygen pressure; SaO2, saturated oxygen; CL index, lung compliance index (tidal volume/peak airway pressure of inspiration); Q, quartile; 
IQR, interquartile range.
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response and tissue perfusion in an experimental ALI model. 
For eliminating confounding factors resulting from preex-
isting conditions, healthy animals were used to establish an 
ALI model. Mechanical ventilation has an irreplaceable role 

in achieving adequate oxygenation and decarboxylation in the 
treatment of ALI. In certain patients, conventional ventilation 
must be carried out in a highly invasive manner to achieve 
adequate gas exchange, resulting in ventilator‑induced lung 

Figure 6. Time course of inflammatory cytokine levels during pECLA. The concentration of TNF‑α, IL‑6 and IL‑8 was increased after OA injection. After 
pECLA implementation, the level of IL‑8 was significantly decreased. No change was detected in endothelin. Values are expressed as the mean ± standard 
deviation (n=12) *P<0.05 compared with the concentration prior to OA injection; #P<0.05 compared with the concentration at ALI induction. OA, oleic acid; 
ALI, acute lung injury; pECLA, pumpless extracorporeal lung assist; TNF, tumor necrosis factor; IL, interleukin.

Figure 7. Comparison of lactate value and urine production during pECLA. (A) After implementation of pECLA for 6, 24 and 48 h, the lactate value was 
not significantly changed compared with the baseline value (P>0.05). (B) The average urine output was not different between the first and the second 24 h 
(P>0.05). Values are expressed as the mean ± standard deviation (n=12). OA, oleic acid; pECLA, pumpless extracorporeal lung assist; LAC, lactate.
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injury (VILI) due to side effects including epithelial irritation, 
inflammation, stress and trauma. pECLA is characterized 
by a passive arteriovenous shunt flow (1.0‑2.5 l/min) gener-
ated by the arterial blood pressure. The use of pECLA 
allows for adequate CO2 elimination and a mild to moderate 
oxygenation in patients where conventional ventilation fails. 
A noteworthy adfvantage of pECLA over ECMO is that 
lower blood flows are required for removing CO2 (300‑1,500 
vs. 3,000‑5,000 ml/min). Due to this low amount of blood flow, 
a relatively small vascular cannula is used, while it is usually 
slightly larger than that used for continuous venovenous 
hemofiltration (20). A previous study reported that the use of 
a small tidal volume combined with pECLA has the potential 
to further reduce VILI compared with a standard lung protec-
tive management strategy in patients with severe ARDS (21). 
Kreyer et al (22) reported that the pECLA device is effective in 
reducing CO2, while keeping airway pressures low. In addition, 
the intubation rate was low in patients receiving noninvasive 
ventilation (NIV) plus pECLA (12 vs. 33% in those receiving 
NIV only) (20).

The present study initially determined the influence of 
pECLA with different shunt flows on the hemodynamics in an 
experimental ALI model. To exclude the effect of hypercapnia 
on changes in hemodynamics, the parameters of the ventilator 
were adjusted to maintain a normal arterial PaCO2, and it was 
revealed that a tidal volume of 10 ml/kg with 20 breaths/min 
achieved an ideal PaCO2 in the present ALI model. The blood 
flow was then gradually changed while keeping the ventilator 
setting constant to determine the resultant effects of different 
shunt flows on hemodynamics parameters. When the shunt 
flow was altered within the range of 10‑25% of the CO, the 
hemodynamic parameters remained stable regardless of gradual 
increases or decreases in blood flow, except for the MAP, which 
demonstrated a significant difference at a shunt flow of 25% of 
the CO (P=0.048), and this indicated that an early adaptive shunt 
flow may be more beneficial for the maintenance of the circula-
tion. The setting of 10% of the CO as the minimum bypass flow 
was used based on the study by Brunston et al (23), who reported 
that a gradual rise in the systemic PaCO2 was seen at flows of 
>500 ml/min (~7% of the CO) in healthy sheep. Again, when 
the blood flow exceeded 25% of the CO, vasoactive drugs are 
usually required (24). The results of the present study revealed 
that a maximum flow of 25% of the CO is recommended, as it 
does not cause any fluctuation of hemodynamic parameters and 
does not require vasopressor agent application.

As the CO drives the extracorporeal blood circulation 
during pECLA, a membrane oxygenator with a small resis-
tance is indispensable. Significant progress has been made 
regarding the material characterized by minimized pressure 
decrease across the membrane and reduced extracorporeal 
surfaces allowing for near‑total carbon dioxide removal and 
moderate oxygenation with minimal cellular trauma, coagula-
tion alterations and immunologic response (25-29). Thus, the 
present study further investigated the respiratory effects of 
pECLA in the experimental model. A moderate oxygenation 
and high CO2 elimination were achieved during the process. 
Improved gas exchange after ALI led to a reduction in tidal 
volume and peak airway pressure, and also caused a visible 
reduction of the CL index. Hyperdistension may occur despite 
a low tidal volume ventilation with an airway pressure of 

28‑30 cm H2O (30). The implementation of pECLA leading 
to a reduction in FiO2, tidal volume and peak airway pressure 
may be of benefit after lung injury through unloading the lungs 
and providing lung‑protective settings.

The use of heparin‑coated circuits and oxygenators has led 
to a substantial reduction of inflammatory reactions associated 
with ECMO. However, McIlwain et al (13) recently imple-
mented ECMO in a neonatal porcine model and observed 
that the levels of inflammatory cytokines rose rapidly during 
the first 8 h. Theoretically, pECLA should cause a lesser 
inflammatory response than ECMO due to the smaller extra-
corporeal surface. For this purpose, the levels of inflammatory 
cytokines, including TNF‑α, IL-6, IL-8 and endothelin-1, 
were measured in the present study during the process of 
pECLA. After oleic acid injection, the levels of TNF‑α, IL-6 
and IL‑8 were obviously increased and maintained at a high 
level compared with the baseline value. Of note, pECLA did 
not further increase the serum levels of TNF‑α, IL-6 and 
IL‑8. This is consistent with previous clinical study, which 
demonstrated that using pECLA provided complete respira-
tory support during complex airway reconstructions without 
inducing cellular trauma or a coagulatory and inflammatory 
response (29). pECLA decreased the levels of IL‑8 compared 
with those immediately after establishment of ALI, which 
may be based on various possible mechanisms. The contact of 
circulatory blood with the surfaces of artificial materials is an 
important factor for inflammatory activity and pECLA has a 
smaller surface of synthetic materials compared with ECMO. 
High shear stress is another important reason causing a high 
level of inflammatory cytokines, and pECLA, integrating 
arteriovenous shunt‑driven oxygenator without a blood pump, 
decreases the shear stress of the circuit, resulting in a reduc-
tion of plasma cytokines. Increases in inflammatory cytokine 
levels and the activation of complement and coagulation 
pathways may lead to endothelial cell injury, microcircula-
tion disturbance and multiple organ dysfunction (11,13,31‑33). 
Above all, pECLA with a smaller artificial surface and low 
shear stress may minimize the complications of artificial 
oxygenation. A previous study has demonstrated that hypox-
emia obviously induced the expression of the IL‑8 gene in 
endothelial cells in a time‑dependent manner (34). Thus, the 
amelioration of hypoxemia with continuous mechanical venti-
lation and pECLA support may be attributed to the decrease 
of IL‑8 observed in the present study. Of note, endothelin‑1, 
which is mainly secreted by endothelial cells and is able to 
induce the inflammatory response, increase superoxide anion 
production and cytokine secretion, was neither changed by 
oleic acid injection nor pECLA implementation. While the 
reason for this finding remains elusive, it is likely that, as a 
potent endogenous vasoconstrictor, endothelin‑1 may be 
implicated in a feedback regulation of the systemic blood pres-
sure, and as the fluctuation of hemodynamics during pECLA 
was only slight, endothelin remained stable (35). Certain 
studies have demonstrated that heparin inhibits endothelin 
production through various mechanisms (36‑38). During 
pECLA, in order to decrease the high risk of clotting due to a 
low flow passing through the extracorporeal membrane, full 
anticoagulation was achieved by heparin injection followed by 
continuous infusion for maintaining an appropriately activated 
clotting time, and this may have also inhibited the release of 
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endothelin. In general, assessing endothelin for estimating the 
inflammatory response may be not suitable during pECLA.

The effects of the arteriovenous shunt on local and systemic 
tissue perfusion remain ambiguous. In the present study, the 
lactate levels at the side of the arterial cannulation and the 
average urine production were assessed for revealing the local 
and systemic perfusion. The results revealed that a maximum 
shunt flow of 25% of the CO did not increase the lactate levels 
or decrease the average urine volume within 48 h. However, 
in clinical practice, pECLA may result in limb ischemia due 
to hypoperfusion. The reasons are complex and may be attrib-
uted to the severity and duration of the disease, sympathetic 
activation, catecholamine release, application of vasopressor 
agents and concomitant diseases. Thus, in clinical practice, 
careful observation of the effects of lower limb perfusion at 
the arterial cannulation site is required.

In conclusion, the results of the present study suggested that 
the pECLA is an efficient and promising strategy for providing 
mild to moderate oxygenation and adequate decarboxylation, 
while avoiding an excessive inflammatory cascade response 
and tissue hypoperfusion in an experimental model of ALI.
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