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Abstract
Although the lung injury caused by cardiopulmonary bypass (CPB) has been 
extensively investigated, the incidence and mortality of lung injury after CPB 
remain a prominent clinical problem. The poor outcome has been attributed to 
multifactorial etiology, including the systemic inflammatory response and 
ischemia reperfusion (I/R) injury during CPB. Lung injury after CPB is a complex 
pathophysiological process and has many clinical manifestations of mild to severe 
disease. Which is associated with prognosis. To alleviate this lung injury, 
interventions that address the pathogenesis are particularly important. This 
review summarizes the pathogenesis, mechanism and treatment options of lung 
injury after CPB, such as lung protection with intralipid.

https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v10.i3.753
http://orcid.org/0000-0002-5380-5457
http://orcid.org/0000-0002-5380-5457
http://orcid.org/0000-0001-5035-8156
http://orcid.org/0000-0001-5035-8156
http://orcid.org/0000-0002-1817-4303
http://orcid.org/0000-0002-1817-4303
http://orcid.org/0000-0002-6372-9064
http://orcid.org/0000-0002-6372-9064
http://orcid.org/0000-0002-2789-3019
http://orcid.org/0000-0002-2789-3019
http://orcid.org/0000-0002-6899-4318
http://orcid.org/0000-0002-6899-4318
mailto:3400164739@qq.com


Zheng XM et al. Treatment for lung injury after CPB

WJCC https://www.wjgnet.com 754 January 21, 2022 Volume 10 Issue 3

Grade D (Fair): D 
Grade E (Poor): 0

Open-Access: This article is an 
open-access article that was 
selected by an in-house editor and 
fully peer-reviewed by external 
reviewers. It is distributed in 
accordance with the Creative 
Commons Attribution 
NonCommercial (CC BY-NC 4.0) 
license, which permits others to 
distribute, remix, adapt, build 
upon this work non-commercially, 
and license their derivative works 
on different terms, provided the 
original work is properly cited and 
the use is non-commercial. See: htt
p://creativecommons.org/License
s/by-nc/4.0/

Received: August 10, 2021 
Peer-review started: August 10, 
2021 
First decision: October 20, 2021 
Revised: October 29, 2021 
Accepted: December 23, 2021 
Article in press: December 23, 2021 
Published online: January 21, 2022

P-Reviewer: Glumac S, Karim 
HMR 
S-Editor: Fan JR 
L-Editor: A 
P-Editor: Fan JR

Key Words: Cardiopulmonary bypass; Lung injury; Pathogenesis; Treatment; Intralipid; 
Systemic inflammatory response syndrome

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Respiratory dysfunction is a well-recognized side effect of cardiac surgery 
combined with cardiopulmonary bypass (CPB). The mechanism of lung injury after 
CPB is unclear, and the lack of effective treatment results in poor prognosis. This 
review summarizes the mechanisms of lung injury and proposes a new treatment 
option.

Citation: Zheng XM, Yang Z, Yang GL, Huang Y, Peng JR, Wu MJ. Lung injury after 
cardiopulmonary bypass: Alternative treatment prospects. World J Clin Cases 2022; 10(3): 
753-761
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INTRODUCTION
More than 2 million patients worldwide undergo cardiac surgery annually, and most 
procedures use cardiopulmonary bypass (CPB)[1]. With the advent of extracorporeal 
circulation and improvement in surgical techniques, the incidence of postoperative 
complications after cardiac surgery should have been minimal. However, the 
incidence of pulmonary complications is 20%–35%, which is significant compared with 
complications after other types of surgery, partly due to systemic inflammatory 
response syndrome (SIRS) and ischemia reperfusion (I/R) injury during CPB[2-4]. 
Postoperative pulmonary complications after cardiac surgery with CPB, such as 
hypoxemia and acute respiratory distress syndrome, are thought to be significant, with 
poor prognosis and mortality up to 37.5%[4,5]. Survivors may have persistent 
physical, neuropsychiatric and neurocognitive disorders, which seriously affects 
quality of life and increases the medical burden.

In an attempt to minimize the deleterious effects of CPB, investigators have 
explored various strategies including improved CPB devices and methods[6-9] and 
pharmacological agents to reduce the systemic response. None of these interventions 
is, however, known to improve clinical outcomes. Steroids have been used for nearly 
30 years as a basic treatment strategy for postoperative lung protection after CPB. 
However, there is conflicting evidence that steroids improve postoperative complic-
ations or reduce postoperative mortality in CPB patients[10-13].

Intralipid is a safe emulsion for intravenous application and is widely used in 
clinical settings[14]. Byrne et al[15] demonstrated that pretreatment with intralipid 
attenuated intestinal I/R injury in rats. It is not known whether intralipid has a 
protective effect in the prevention and treatment of lung injury after CPB. Review 
discusses the pathogenesis and treatment of lung injury caused by CPB, and explores 
the effects of intralipid on mitochondrial function of pulmonary vascular endothelial 
cells from three aspects: Mitochondrial respiratory chain, mitochondrial permeability 
transition pore (mPTP), and mitochondrial membrane potential (ΔΨm). This provides 
an additional view of the pulmonary protective mechanism of intralipid.

LITERATURE SEARCH
We conducted a narrative review of the mechanism and treatment of lung injury after 
CPB. PubMed was searched for articles published from December 1983 to July 2021. 
We carried out the search with the following MeSH or free-text terms: CPB, lung 
injury, fat emulsion, intralipid, lipid emulsion, coronary heart disease, ischemia 
reperfusion, on-pump coronary artery bypass graft (CABG), SIRS, reactive oxygen 
species (ROS), mPTP, and mitochondrial membrane potential. The search was limited 
to papers written in English, with no restrictions on the type of article. Two 
independent reviewers (XM and YZ) evaluated the articles for potential inclusion by 
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screening titles and abstracts. The senior author (MJ) further evaluated the full text of 
articles with any disagreement.

MECHANISM OF LUNG INJURY AFTER CPB
SIRS
Our understanding of the SIRS to CPB began with the study of Kirklin et al[16] in the 
1980s. SIRS is characterized by activation of platelets, neutrophils and macrophages, 
and cascades (coagulation, fibrinolytic, and kallikrein), which result in increased 
endothelial permeability and vascular and parenchymal damage[17,18]. These inflam-
matory responses are associated with the development of lung injury after CPB 
(Figure 1).

The contact of blood elements with the artificial surfaces of the CPB machine 
primes, heparin administration, and damage to the hematologic system from 
incisional, anesthesia and surgery can activate the complement system. C3a expression 
is activated mainly by CPB via the alternative pathway, and C4a expression is 
activated by the heparin protamine complex via the classical pathway. Complement 
(especially C3, C4a and C5a) promotes the release of mast cells and basophils in 
response to inflammatory mediators such as histamine, resulting in increased 
permeability of pulmonary epithelial cells and vasodilation[19].

There is increased expression of CD18 and CD11b adhesion molecules on the 
surface of neutrophils after chemotaxis of interleukin (IL)-8 and induction of C5a[20]. 
Activated neutrophils release proteolytic enzymes and oxygen-free radicals (O2- and 
HO), which directly or indirectly damage pulmonary vascular endothelial cells and 
promote their apoptosis, leading to increased intrapulmonary shunt fraction and 
pulmonary vascular resistance, and increased lung permeability with interstitial 
edema[21].

C3a is a powerful platelet aggregation agent. Heparin, hypothermia and duct 
disruption in CPB release platelets, and platelet activation leads to platelet 
aggregation, adhesion, consumption and thrombi formation by adsorption with fibrin
[22]. Moreover, in late CPB, neutrophils adhere and transmigrate into the lung 
parenchyma and platelets are retained to block the pulmonary microcirculation. 
Activated platelets release 5-hydroxytryptamine, prostaglandin, thromboxane A2 and 
platelet factor 4, which damage pulmonary vascular endothelial cells and mediate 
lung parenchymal damage locally through cellular and tissue injury. Xiao et al[23] 
found that peripheral circulating platelets in CPB lung injury were significantly 
decreased. In addition, Kunitomo et al[24] reported that isolating 20% of platelets from 
blood before CPB and returning them after surgery significantly improved 
postoperative cardiopulmonary function, which may be related to the reduced effect of 
CPB on platelet number and function.

Complement activation, ischemia reperfusion and cytokine interactions can lead to 
release of cytokines, with tumor necrosis factor (TNF)-α[25] and IL-1, IL-6, IL-8 and IL-
10 being the main ones clearly associated with lung injury[26]. TNF-α and IL-1 
synergistically activate nuclear factor-κB to promote generation of cytokines and 
polymorphonuclear cells (PMNs), exacerbating the cascade of cell death signals. These, 
in turn, lead to endothelial cell swelling, plasma and protein extravasation into the 
interstitial tissue, aggregation of PMNs and macrophages at the injury site, and, 
finally, impedance of intra-alveolar cellular perfusion and oxygen exchange, causing 
lung injury.

Factor XII is activated by blood contact with CPB ducts and by vascular endothelial 
cell injury resulting in subendothelial collagen exposure, then factor XIIa activates the 
endogenous coagulation system and kallikrein, bradykinin production, vasodilation 
and increased permeability. Meanwhile, enhanced fibrinolysis and fibrin degradation 
products during CPB can lead to lung injury.

Lung I/R injury
The lungs have a dual blood supply from the bronchial artery and pulmonary artery. 
It has been shown that, under normal physiological conditions, the bronchial artery 
blood flow is 3%–5% of the total blood flow to the lungs[27]. The vena cava is cut off 
during CPB, and the metabolic demands of the lungs are totally dependent on oxygen 
supply from the bronchial arteries. Therefore, the lungs are excluded from the 
systemic circulation ischemia and hypoxia. Subsequently, ATP and lung surfactant are 
affected after CPB. Finally, lung permeability increases along with protein exudation. 
At this time, the lungs are in a hypoxic and relatively hypermetabolic state and are 
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Figure 1 A schematic representation of the mechanism of lung injury due to systemic inflammatory response syndrome. CPB: 
Cardiopulmonary bypass.

susceptible to endothelial cell injury. Vascular endothelial cells produce a large 
number of cytotoxic enzymes such as myeloperoxidase (MPO), leading to I/R injury. It 
has been shown that I/R injury leading to Na+ pump inactivation and Ca2+ overload is 
an important factor triggering lung tissue injury[28,29]. In addition, mitochondria are 
important targets of intracellular Ca2+ overload attack, and intracellular Ca2+-
dependent proteases are activated, causing impaired energy metabolism and release of 
cytochrome C (CytC) and apoptosis-inducing factor from the inner and outer 
mitochondrial membrane gap. Meanwhile, reduced synthesis of endothelium-derived 
relaxing factor (NO) due to I/R injury can also mediate lung parenchymal injury[30].

ROS
Systemic inflammation, surgical trauma, and reperfusion after ischemia play a pivotal 
role in oxidative stress by initiating a series of biochemical events that result in the 
generation of excessive amount of ROS[31,32]. Lipid peroxidation is closely related to 
apoptosis[33]. During CPB, ischemic injury occurs when the blood supply to tissue is 
suboptimal and accompanied by cellular ATP depletion due to its degradation by 
hypoxanthine. During periods of stress, cell membrane surface NADH/NADPH 
oxidase is activated. Meanwhile, ROS levels can increase drastically, leading to 
substantial damage to many cellular molecules such as lipids, proteins and DNA[34]. 
Furthermore, ROS results in the production of CytC and damaged mitochondrial 
membranes with disruption of the alveolar barrier and apoptosis of alveolar epithelial 
cells[35].

ALTERNATIVE TREATMENT PROSPECT: INTRALIPID
Intralipid, is a safe lipid emulsion for intravenous application, which has been widely 
utilized as a vehicle for different drugs like propofol and etomidate[14]. It is also used 
for parenteral nutrition to supplement the body with energy and essential fatty acids. 
In addition, intralipid has been used in the treatment of cardiotoxicity caused by 
overdose of local anesthetics such as bupivacaine[36]. Recent animal studies have 
shown that postischemic administration of lipid emulsion protects the heart against 
I/R injury[14,37,38]. Meanwhile, clinical studies have also demonstrated that intralipid 
postconditioning reduces the release of markers of myocardial injury after heart valve 
replacement and has a cardioprotective effect[39]. In addition, animal studies also 
suggest that intralipid mitigates impaired pulmonary function induced by I/R 
through attenuation of local cellular injury and the subsequent SIRS[40]. Therefore, we 
hypothesize that there is a pulmonary protective function of intralipid, and it is 
necessary to explore its potential mechanism of action.
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The lungs are especially susceptible to the inflammatory attack and I/R injury 
ascribed to the use of CPB[4]. Oxidative stress and massive release of ROS caused by 
I/R-induced lung injury, which can lead to functional changes and apoptosis of 
pulmonary microvascular endothelial cells, result in increased capillary permeability, 
impaired pulmonary diffusion function, and accumulation of fluid in the interstitial 
space[41,42]. In solid organs, electron conduction defects occur in ischemic/hypoxic 
cells, leading to irreparable mitochondrial damage, which is a key mechanism of I/R-
induced lung injury[43]. Therefore, maintaining mitochondrial functional homeostasis 
makes it possible to mitigate I/R damage. Mitochondria store the energy generated as 
electrochemical potential energy in the inner membrane, resulting in an asymmetric 
distribution of H+ and other ion concentrations on both sides of the inner membrane to 
form the ΔΨm[44], which is reflective of metabolic function[45]. ΔΨm is essential for 
maintaining mitochondria for oxidative phosphorylation and production of ATP, and 
stability of ΔΨm depends on normal respiratory chain complex activity, proton flow 
and ATP synthesis[46]. Alteration in the activity of mitochondrial respiratory enzyme 
complexes during reperfusion of various tissues, which results in an excess of free 
radicals derived from oxygen and cellular ATP imbalance, has been reported in organs 
such as the heart, liver and brain[47,48]. Moreover, Sommer et al[49] found that the 
lungs suffer from the same mitochondrial damage as other solid organs in the 
pathological situation of I/R, and that changes in the degree of ΔΨm polarization are 
critical for the development of lung mitochondrial dysfunction[49]. In the postischemic 
reperfusion phase in the lungs, respiratory chain complex dysfunction, lipid 
membrane oxidation, and ATP reduction impair the stability of ΔΨm. The above 
studies suggest that maintaining the stability of ΔΨm is important to reduce lung I/R 
injury during the early postischemic reperfusion phase.

There is abundant evidence that intralipid can exert myocardial protective effects by 
inhibiting the opening of mPTP[14]. I/R injury leads to mitochondrial respiratory 
chain damage and impaired oxidative phosphorylation[50,51]. Mitochondrial damage 
generates reactive oxygen clusters through complexes I and III and ROS promote 
oxidative stress. Meanwhile, ROS act as signaling molecules for apoptosis by 
decreasing mitochondrial ΔΨm and increasing mPTP opening. In the early phase of 
reperfusion, Ca2+ overload and oxidative stress due to ischemia cause the opening of 
mPTP[52]. mPTP opening is a key event in cell death after I/R because it causes an 
abrupt increase in the permeability of the inner mitochondrial membrane to solutes 
with molecular weights up to 1500 Da, which further causes a decrease in 
mitochondrial membrane polarization, leading to a decrease in CytC release and 
matrix swelling, activating caspase 3- and 9-dependent apoptotic cascade responses
[52,53]. As mentioned earlier, numerous studies have suggested that intralipid can 
inhibit the opening of mPTP in cardiomyocytes, therefore, the three aspects of 
mitochondrial respiratory chain, mPTP and ΔΨm make it possible for intralipid to 
improve mitochondrial function in pulmonary vascular endothelial cells for lung 
protection.

CONCLUSION
Despite the advances in extracorporeal circulation and surgical techniques of recent 
years, a significant proportion of patients still have a poor outcome. Ischemic and 
pharmacological preconditioning and postconditioning has been reported to ease I/R 
injury[38,54]. However, the lack conditions in the clinical setting are not as precisely 
defined as in the laboratory; therefore, ischemic modulation has limited clinical 
application[55]. Besides, it is reported that remote ischemic preconditioning does not 
reduce morbidity or mortality in patients undergoing cardiac surgery with CPB[56]. 
Therefore, from the view of clinical practice, pharmacological preconditioning or 
postconditioning is especially promising. Intralipid is a necessary fatty acid carrier and 
may be a promising approach to improve outcomes after CPB.

Intralipid can be used to treat the cardiotoxicity caused by local overdose of 
anesthetics and has been clinically proven[57]. The most supported dosing regimen is 
an intravenous bolus of 1–1.5 mL/kg 20% intralipid. Approximately 12 mL/kg 
intralipid is the upper limit for initial dosing in adults and 15 mL/kg in children[57-
59]. Previous research has provided evidence that intralipid reduces myocardial infarct 
size and improves cardiac function by pre-reperfusion infusion[38,60,61]. Yuan et al
[62] recently conducted a randomized controlled trial using intralipid to assess 
prognosis and cardiac function in adult cardiac surgery patients after extracorporeal 
circulation. A single intravenous bolus of intralipid (2 mL/kg, 20%) did not cause 
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abnormal lipid metabolism, with no perioperative hepatic or renal dysfunction, or 
other related complications[39,62,63]. The duration of intravenous infusion of 
intralipid should be > 10 min as rapid administration of large amounts increases the 
risk of fat embolism. The dose of intralipid is selected on the basis of the pill dose 
when it is used in rescuing the cardiac arrest caused by local anesthetic toxicity, so it 
leads to a difference in the drug dose. Notably, some studies have found that short 
infusions of intralipid can cause elevated free fatty acids, induce insulin resistance and 
increase risk of hyperglycemic events[64], while hyperglycemia is an independent risk 
factor for mortality and postoperative complications in coronary heart disease surgery
[65]. These may limit the use of intralipid on-pump CABG. However, Javaherforoosh 
Zadeh et al[66] showed that using adjusted tight glycemic control to a level that is near 
to normal during cardiac surgery may reduce hyperglycemic complications. Due to 
the lack of research on proper intravenous dosage of intralipid in lung injury after 
CPB, more data are needed to confirm the specific dose to be used.

The prevention and treatment of lung injury after CPB face many challenges. First, 
with the advent of extracorporeal circulation and improvement in surgical techniques, 
the incidence of postoperative complications of cardiac surgery should be minimal. 
However, the incidence of pulmonary complications and mortality rates are high. 
Second, the mechanism of lung injury caused by CPB is not clear and needs to be 
studied in depth. Third, there is a lack of effective treatment methods. The 
development and use of therapeutic agents against the lung injury after CPB are 
important. If intralipid demonstrates benefit, it would have rapid uptake globally and 
have tremendous impact.
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