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ABSTRACT

The acute respiratory distress syndrome (ARDS) is a severe alteration in lung structure and
function that develops secondary to a traumatic stimulus. When ARDS develops following
cardiopulmonary bypass (CPB) it is know as postpump syndrome (PPS). ARDS can be caused
by a single massive insult (“hit”); however, sequential minor insults (“hits”) are more common
clinically. The concept of multiple sequential insults causing ARDS has been termed the
“two-hit” model of ARDS. The purpose of this article is to summarize our studies testing the
hypothesis that PPS is caused by multiple sequential insults. To confirm our hypothesis, we
developed a porcine model of “two-hit” PPS. Our model was composed of sequential benign
insults, with CPB as the “first hit” and low dose of endotoxin as the “second-hit.” It is our
hypothesis that the mechanism of PPS is CPB-induced priming of polymorphonuclear leuko-
cytes (PMNs) (“first-hit”) with subsequent PMN activation by a second insult (“second-hit”)
such as endotoxin. Our model confirms this clinically relevant postulate, and we provide
strategies to disrupt the inflammatory cascade leading to PPS.
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INTRODUCTION

The acute respiratory distress syndrome (ARDS) is a severe
alteration in lung structure and function characterized by hyp-
oxemia and decreased compliance with diffuse radiographic
infiltrate because of increased lung microvascular permeabil-
ity. ARDS develops when a whole body inflammatory re-
sponse occurs following severe trauma. In effect, the immune
system over reacts to an inflammatory stimulus and attacks the
major organ systems, with the lung being the first organ at-
tacked. It is now believed that ARDS is caused in the majority
of patients by multiple, sequential, relatively minor insults
rather than by a single massive injury. This has been termed the
“two-hit hypothesis of ARDS”. The “two-hit” hypothesis was
formulated following the observation that trauma patients
(“first-hit”) who experienced a second inflammatory stimulus,
such as hypoxia, ischemia, or infection (“second-hit”), devel-
oped ARDS (1, 2). When ARDS develops following cardio-
pulmonary bypass (CPB), it is known as postpump syndrome
(PPS)(3, 4). Because the pulmonary pathophysiology of ARDS
and PPS are similar, our laboratory hypothesized a “two-hit”
model of postpump syndrome similar to that suggested for
ARDS. Much of this paper reviews our work investigating the
“two-hit” hypothesis of PPS and various treatment regimens
used to reduce morbidity and mortality in our PPS model.

PATHOPHYSIOLOGY OF
POSTPUMP SYNDROME

Approximately 1.4% of CPB patients develop postpump
syndrome every year (3, 4). CPB causes systemic activation of
both plasma protein (complement cascade, coagulation cas-
cade, and kallikrein-kinin) and cellular defense systems (endo-
thelial cells, macrophages, monocytes, lymphocytes, and neu-
trophils) (5-8). The systemic inflammatory response syndrome
(SIRS) is the term used to describe this whole body inflam-
matory response and suggests that CPB has elicited a “first-
hit.” In most cases, SIRS resolves without incident (9). We
believe that if the CPB patient is subjected to a “second-hit,”
such as infection, SIRS will progress into the PPS. PPS is
associated with a very high mortality (50%) (10).

The paradigm shown in Figure 1 depicts our hypothesis of
the sequence of events that leads to postpump syndrome. Lung
injury does not usually develop following CPB unless a second
relatively minor insult (“second-hit”) occurs that activates se-
questered polymorphonucleic neutrophils (PMN). A ‘“rela-
tively minor” insult is one that by itself does not cause post-
pump syndrome. CPB constitutes the “first hit” and causes
priming of PMN and alveolar macrophages (M®). M@s reside
in the alveolar air space and release chemokines. When acti-
vated through a “second hit,” chemokines cause diapedesis of
PMNSs from the pulmonary capillaries into the alveolus. PMN
diapedesis occurs by release of proteases that dissolve the al-
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Figure 1: Diagram of the hypothesized development of postpump
syndrome. CPB causes systemic inflammatory response syndrome
(SIRS) mainly attributable to blood/perfusion circuit surface con-
tact. Polymorphonuclear neutrophils (PMNs) are primed and se-
quester in the lung but do little damage until activated. Alveolar
macrophages (M@) releases cytokines, which further recruit
PMNs. A “second-hit” (in our model a small dose of endotoxin)
following CPB activates both PMNs and M@s. Activated PMNs
generate superoxide anions and proteolytic enzymes. Activated
M@s release chemokines, which cause the diapedesis of PMNs
into the alveolus. The diapedesis of PMNs is responsible for the
vascular injury and high permeability edema, which ultimately
results in postpump syndrome.

veolar—capillary basement membrane. Destruction of the base-
ment membrane allows a protein-rich plasma to flood the al-
veolus causing a high pulmonary edema.

INITIATOR OF POSTPUMP SYNDROME: TUMOR
NECROSIS FACTOR (TNF)

Tumor necrosis factor (TNF) is released during CPB and
following exposure to endotoxin (8). TNF is one of the body’s
primary mediators of inflammation acting early in response to
trauma and producing systemic inflammation. If injected sys-
temically into test animals, TNF will mimic the symptoms of
septic shock and cause ARDS (11). However, the biologic
importance of TNF correlates with the magnitude and location
of expression. In response to a local injury, TNF plays an
important role in immune cell activation and propagation of the
inflammatory response. Under these circumstances TNF or-
chestrates both autocrine and paracrine effects on surrounding
cells that initiate, maintain, and resolve local inflammation. If
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TNF reaches a concentration sufficient to spill into the sys-
temic circulation, it causes immune cell activation and alter-
ation in physiology. Increased circulating levels of TNF cause
fever, lethargy, loss of appetite, and cachexia (12). Dysregu-
lation of TNF production is associated with high morbidity and
mortality rates and mediates the pathophysiology of sepsis and
multiple organ failure (11). Thus, release of TNF into the cir-
culation is one of the possible initiators of the systemic inflam-
matory response that causes PPS.

EFFECTOR OF POSTPUMP SYNDROME:
POLYMORPHONUCLEAR NEUTROPHIL (PMN)

The primary inflammatory cell that effects the tissue damage
responsible for PPS is the PMN. PMNs are believed to be
responsible for the majority of the pathophysiology associated
with ARDS. The “first-hit” primes the PMN. The “second-hit”
activates PMNSs causing the sequestered, primed PMNs to gen-
erate superoxide anions and proteases precipitating lung injury
and ARDS (Figure 2).

Numerous studies support the theory of neutrophil priming
and activation in the pathogenesis of postinjury multiple organ
failure (13-18). The “first hit” in Moore’s animal model con-
sists of 45 minutes of gut ischemia followed by reperfusion
(I/R). They demonstrated that gut ischemia activates gut phos-
pholipase A, (PLA,), which is a key enzyme in the generation
of platelet activating factor (PAF). PAF is a potent PMN prim-
ing agent. PMN priming consists of up-regulation of both
NADPH oxidase, which catalyzes the formation of superoxide
anion and the adhesion receptors CD11/CD18. Primed PMNs
begin to sequester in the pulmonary vasculature because of
CD11/CD18 up-regulation, and, if activated, they have the
ability to generate large amounts of superoxide anion. These
investigators have demonstrated that gut I/R primes PMNSs,
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Figure 2: Diagram of the sequence of events leading up to the
development of ARDS. Normally, PMNs circulate freely through
the pulmonary microcirculation. Priming of the neutrophils by an
inflammatory stimulus (“first-hit”) causes PMN sequestration in

the lung without injury, because PMNs have not released any
injurious compounds. Activation of the primed and sequestered
PMNs (“second-hit") results in release of superoxide anion and

proteases, which destroy the alveolar—capillary membrane, result-
ing in the plasma flooding of the alveolus.

causing them to sequester in the lung without any associated
lung injury. However, if a small and otherwise benign dose of
endotoxin (“second hit") was introduced while the PMNs were
sequestered in the lung, irreversible lung injury occurred (13).

It is our hypothesis that CPB acts similar to gut I/R and
primes PMNSs. Possible mechanisms for PMN priming by CPB
include PAF formation secondary to reduced gut perfusion
during CPB (19) or contact between blood and foreign surfaces
in the perfusion apparatus (20). The primed PMNSs up-regulate
NADPH oxidase and CD11/CD18 and sequester in the lung
(13). Subsequent exposure to a “second hit,” such as endotox-
in, which may also be released into the blood with reduced gut
perfusion, activates the PMNs, and ultimately results in post-
pump syndrome.

PMN-INDUCED TISSUE DESTRUCTION: OXYGEN
METABOLITES OR PROTEASES

The mechanism by which PMNs cause lung injury in post-
pump syndrome and ARDS is controversial. Two hypotheses
have evolved and center on which of the toxic chemicals from
PMNs is the primary source of tissue injury (21, 22). Although
the PMN has approximately 50 toxins in its armamentarium,
they are subdivided into two categories according to the loca-
tion in the PMN: (1) plasma membrane boundhich consist
of NADPH oxidase and the family of reactive oxidizing chemi-
cals; and (2) intracellular granulesconsisting of microbicidal
peptides, proteins, and enzymes. The first hypothesis identifies
oxygen metabolites as being the most destructive toxins re-
leased from the PMNSs (21). The most powerful oxidant gen-
erated by the PMN is hypochlorous acid (HOCI). In vitro ex-
periments have demonstrated that HOCI can directly damage
cellular membrane, and the less reactive chloramines can dif-
fuse into the cell and damage cytosolic components (23).
Blocking the generation of HOCI with such agents as HOCI
scavengers prevented cell injury, and it was concluded that the
reactive oxygen species were the most destructive toxins gen-
erated by the PMN (24). However, the above in vitro experi-
ments were performed in plasma-free buffers. If the above
experiments are performed in a plasma solution, HOCI reacts
with plasma proteins to form chloramines. These chloramines
have strong microbicidal activity but do not damage normal
tissues. It has been demonstrated that 0.5% HOCI is toxic to
human tissue only in simple buffer systems in vitro (23). Thus,
HOCI in physiologic solutions is relatively harmless to tissue.

An alternative hypothesis states that HOCI is generated and
deactivates the potent antiproteinase shield that is present in
biological systems (Figure 3) (22). In vivo, PMNs are im-
mersed in fluids containing huge excesses of «;-proteinase
inhibitor. Normally, if elastase, a PMN-secreted protease, is
released from PMNSs, connective tissue would not be degraded,
because elastase would be rapidly deactivated by «,-proteinase
inhibitor in the surrounding tissue and blood. Deactivation of
the antiproteinase shield with HOCI would enable PMN-
generated elastase to degrade connective tissue. Thus, the se-
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Figure 3: Proposed mechanism of PMN-induced lung injury.
PMNs sequester in pulmonary capillaries and diapedesis into the
interstitial space. Release of superoxide anion deactivates the an-
tiprotease shield (area adjacent to the flooded alveolus), allowing
protease to destroy the basement membrane. In areas were the
antiprotease shield is intact (area adjacent to the nonflooded al-
veolus), protease activity is inhibited, and alveolar flooding is pre-
vented. Loss of antiprotease activity allows such proteases as neu-
trophil elastase and collagenase released by PMNs to degrade the
elastin and collagen components of the basement membrane.
Plasma proteins flow through damaged microvessels and the
basement membrane and also flood alveoli. This high permeabil-
ity edema is the hallmark of PPS.

quence of events leading to ARDS would be PMN release of
HOCI, deactivation of the «,-proteinase inhibitor shield, and
finally, protease degradation of the alveolar—capillary base-
ment membrane. Evidence to support this hypothesis includes
detection of oxidatively inactivated antiproteases in broncho-
alveolar lavage fluids from ARDS patients (25). In summary,
the primary effectors of PMN-induced tissue damage are pro-
teases.

MECHANISM OF TISSUE INJURY:
NEUTROPHIL PROTEASES

Although the pathogenesis of ARDS is complex, protease
disruption of the alveolar-capillary basement membrane is a
key component (26, 27). This is evidenced by passage of
plasma proteins from the vasculature into the alveolus, sug-
gesting that not only is endothelial and epithelial permeability
increased but that the basement membrane has been disrupted.
Degradation products of type IV collagen, which are specific to
alveolar basement membrane, have been found in the broncho-

alveolar lavage (BAL) fluid of ARDS patients, lending support
to the above hypothesis (26). No clinical evidence exists dem-
onstrating that proteases are the primary effectors of PMN-
induced tissue damage in CPB patients. However, Carney et al.
have shown that proteases play a key role in our animal model
of PPS (28). The pathophysiologic significance of neutrophil
proteases in ARDS is as follows.

Matrix Metalloproteinases (MMP):The MMPs are a family
of enzymes involved in the homeostasis, remodeling, and re-
sponse to injury of the extracellular matrix (ECM) (29). There
are numerous MMPs that are distinguished, in part, by differ-
ences in specificity toward ECM components. MMPs are re-
leased as inactive pro-forms and are activated in the extracel-
lular environment as a result of proteolytic cleavage and reac-
tive oxygen intermediates (ROIs). Following activation,
MMPs are regulated by the formation of complexes with tissue
inhibitors of metalloproteinases (TIMPs) and «,-macroglobu-
lin. Fibroblasts, endothelial cells, and epithelial cells (e.g., non-
inflammatory cells) predominately secrete MMP-2 (gelatinase-
A) and/or MMP-9 (gelatinase-B); whereas, PMNs and alveolar
macrophages (e.g., inflammatory cells) release mainly MMP-9.
The major substrates for MMP-2 and MMP-9 include gelatin,
type IV and V collagens, and fibronectin. Consequently, the
MMPs are of particular importance in ARDS pathophysiology
(28—33). Elevated levels of MMPs in BAL have been measured
in animals with endotoxin-induced lung injury (28) and in
human ARDS patients (30—33). Torii et al. found that the con-
centrations of both MMP-2 and -9 were significantly higher in
ARDS patients as compared to healthy volunteers, and that
higher concentrations of MMPs correlated with the levels of
the degradation products of basement membrane structures
(32). These findings strongly suggest that MMPs play a major
role in the pathogenesis of ARDS. Likewise, Delclaux et al.
demonstrated that activated MMP-2 and MMP-9 in the epithe-
lial lining fluid were elevated in ARDS patients and that this
increase correlated with increased alveolar albumin concentra-
tion (31). This study provides evidence that the source of MMP
during ARDS is from both inflammatory (neutrophils, MMP-
9) and noninflammatory (fibroblasts, MMP-2) cells. It was
concluded that these gelatinases are involved in the increased
permeability of the alveolar—capillary membrane characteristic
of ARDS.

Neutrophil Elastase (NE):The serine protease NE has also
been implicated in the pathophysiology of ARDS (34—40). NE
has been shown to be an important mediator in endotoxin-
induced lung injury in cell culture (40), in animals, (35, 36, 38,
39) and in ARDS patients (34, 37). Anderson et al. found that
low dose endotoxin caused PMN sequestration in the lung
without lung injury (35). However, if the PMN activator, N-
formyl-methionylleucyl-phenylalanine (FMLP), was adminis-
tered while the PMNs were sequestered, lung injury occurred.
This injury was prevented with a PMN elastase inhibitor. It
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was concluded that the lung injury in this “two-hit” model of
ARDS was attributable to release of NE from sequestered
PMNSs. In a clinical situation, elevated plasma NE was found in
patients within minutes of multiple-trauma and NE level cor-
related with subsequent lung injury and progression to ARDS
(37). NE increases the permeability of epithelial monolayers in
a time- and concentration-dependent fashion without killing
the cells (40). The activity of NE is controlled by «,-proteinase
inhibitor («,-P1) and, interestingly, MMPs have been impli-
cated in the degradation of a-PI during an inflammatory re-
sponse, resulting in increased elastase activity (41). Addition of
soy bean trypsin inhibitor or «;- Pl prevented the increased
permeability, suggesting that proteolytic activity was the
mechanism of action. In addition, it has been shown that NE
and superoxide anion act synergistically to mediate PMN-
induced lung injury (37, 38). Serine protease inhibitors have
been shown to be efficacious in reducing pulmonary PMN
sequestration (42) and lung injury in various animal models of
ARDS. However, these compounds are very specific and are
limited to inhibition of specific protease types (43—49). Neu-
trophil elastase has been shown to increase during CPB, but
this has not been correlated with the development of PPS (50).

PREVENTION OF POSTPUMP
SYNDROME: BLOCKADE OF
INITIATORS AND EFFECTORS

We have demonstrated that CPB or endotoxin alone did not
change lung function. However, if CPB was followed by a low
dose of endotoxin, serious lung dysfunction, typical of PPS,
occurred (51). Both CPB and endotoxin alone also caused an
increase in sequestered PMNSs, although significantly less than
the increase with CPB+ endotoxin. Because this increase did
not cause lung injury, we speculate that CPB primes PMNSs,
causing them to sequester (51). Lung damage would occur if
these primed PMNS were activated and released ROIs and
proteases, as described by Partrick et al. (13). In our model,
low dose endotoxin is the activator of PMNs (51). Our study
demonstrated that PPS can be caused by multiple sequential
insults. Thus, two basic strategies for preventing PPS arise.
Blockade of inflammatory initiators, such as TNF, would
buffer the “first-hit,” priming and sequestration of PMNs, and
ultimately prevent the development of PPS. However, if
primed PMNs were activated by a “second-hit,” tissue destruc-
tion could be prevented by blockade of neutrophil proteases.

BLOCKADE OF INITIATOR: TNF

TNF is recognized as a central initiator in the inflammatory
process, which includes the priming and activation of PMNs
(52-54). TNF primes PMNSs for an enhanced response to sub-
sequent insults (55), up-regulates adhesion molecules causing
PMNSs adherence to the vascular endothelium (53), and en-

hances neutrophil superoxide production (54). Preventing se-
rum TNF levels from reaching pathologic concentrations is an
attractive strategy for reducing the incidence of ARDS. How-
ever, without the availability of fast, accurate bedside measure-
ment, it is impossible to predict when serum TNF concentra-
tions are elevated in the critically ill patient. Obviously, TNF
reduction strategies are only effective when administered pre-
emptively or concurrent with elevated serum TNF. Conse-
quently, clinical trials utilizing monoclonal antibodies against
TNF (anti-TNF) and soluble TNF receptor to treat patients with
well-developed sepsis and ARDS have failed (56).

Postpump syndrome is unique as compared with other forms
of ARDS in that the timing of the initial insult (i.e., CPB) is
known, and thus treatment regimens can be given prophylac-
tically. We hypothesized that prophylactic treatment during
CPB would be more effective than the therapeutic treatment in
previous clinical trials (56). Using our model of PPS described
previously, we tested the hypothesis that postpump syndrome
could be averted if the CPB-induced rise in serum TNF was
prevented. Serum TNF was scavenged with human recombi-
nant tumor necrosis factor-binding protein (TNFbp) given con-
comitant with the initiation of CPB.

Although numerous studies have demonstrated that TNF is a
primary mediator of information (6, 11, 12), our study sug-
gested that TNF plays a larger role in PMN activation. TNFbp
treatment blocked the rise in serum TNF levels and prevented
the development of PPS in our CPB+ endotoxin model. Un-
expectedly, TNFbp did not significantly reduce pulmonary
PMN sequestration, which would be expected if TNF was
solely responsible for the systemic inflammation of post-CPB.
The important findings of this study were: (1) blocking the rise
in serum TNF with TNFbp prevents PPS following CPB+ en-
dotoxin; and (2) PPS is averted without a reduction in pulmo-
nary PMN sequestration (57). These results suggest that PMN
sequestration may occur independent of elevated serum TNF
levels; whereas, high circulating levels of TNF plays a role in
PMN activation. It is possible that other cytokines, such as
Interleukin-1 (IL-1), may be responsible for PMN sequestra-
tion following the TNF blockade. From our results, we hypoth-
esize that CPB primes PMNSs, because they sequester in the
pulmonary vessels but are not activated, because no lung dam-
age occurs (51). TNFbp may prevent PMN activation, either by
a direct effect of lowering serum TNF, or indirectly, by pre-
venting TNF-induced production of other activating mediators,
which, in turn, precludes lung injury.

Platelet activity factor (PAF) has been shown to be a pow-
erful activator of PMNs (13-18). Others have shown that
soluble TNF receptor (recombinant dimeric TNF receptor type
I1) strongly inhibits endotoxin-induced up-regulation of adhe-
sion molecules by endothelial cells but did not inhibit release
of secretory phospholipase A, (the enzyme responsible for
PAF release) (58). We speculate that PAF may be released
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during CPB and is responsible for PMN sequestration;
whereas, TNF activates sequestered PMNs, causing lung in-

jury.

BLOCKADE OF EFFECTOR: NEUTROPHIL
PROTEASE AND MATRIX METALLOPROTEINASE

Two distinct strategies could be employed to protect against
neutrophil-mediated injury and prevent the development of
PPS. The first strategy attempts to block the early or “up-
stream” initiators of inflammation, and the second attempts to
block neutrophil-derived toxic oxygen radicals or protease,
which are the “downstream” effectors of tissue injury. First,
circulating neutrophils could be depleted, but leukodepletion
would reduce the number of PMNs available to kill pathogens
and, thus, may do more harm than good. A second strategy
would be to block adhesion molecules or to scavenge inflam-
matory cytokines (e.g., TNF, IL-1, etc), which would prevent
neutrophil priming and sequestration. Adhesion molecule
blockade would inhibit the immune response to a lesser extent
than leukodepletion, because it is likely that high levels of
cytokines generated at the site of an infection would override
any adhesion molecules or cytokine blockade. The problem
with inflammatory mediator blockade is that inhibition of bio-
active lipids and cytokines would influence multiple cell lines,
not neutrophils alone, which could have serious side effects. In
addition, clinical trials employing these strategies have had
limited success (56).

Because the onset of PPS cannot be anticipated or prevented,
we chose to treat the “downstream,” neutrophil-derived toxic
mediators with chemically modified tetracycline (CMT). We
utilized CMT-3, which antagonizes or neutralizes active neu-
trophil-derived oxygen metabolites, serine proteases, and
MMPs. CMTs are powerful inhibitors of MMPs and prevent
activation of pro-MMPs to MMPs by scavenging superoxide
anion. This inhibits direct collagenolysis and protects against
inactivation of endogenous antiproteases (26, 27—33). This in-
hibition of MMPs also prevents a,-protease inhibitors from
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becoming either directly inactivated by MMPs or indirectly by
oxidation from HOCI (33). This results in preserved antipro-
tease (anti-elastase) function, which attenuates neutrophil
elastase activity and further protects the basement membrane
(26).

We hypothesized that protease released from neutrophils is
responsible for a majority of the lung injury during PPS. There-
fore, treatment with CMT-3 will attenuate both MMP colla-
genolytic activity and MMP-induced inactivation of a;-
protease inhibitor to prevent basement membrane degradation
and protect against the development of acute lung injury in our
porcine PPS model. CMT-3 prevented the development of PPS
and significantly reduced the number of PMNSs in pulmonary
tissue (27). Reduced lung injury was associated with a fall in
neutrophil elastase levels and collagenase in bronchoalveolar
lavage fluid. CMT-3 likely precluded the onset of PPS by
preventing elastase- mediated destruction of the alveolar—
capillary basement membrane. Because nonantimicrobial tet-
racyclines have few side effects, they could be administered
prophylactically to all high-risk CPB patients, which would
likely reduce the morbidity and mortality associated with PPS.

SUMMARY

Postpump syndrome is a devastating lung injury that devel-
ops following cardiopulmonary bypass. The pathophysiology
of PPS is caused by initiation of a systemic inflammatory
response. The terminal effectors in this complex sequence of
events are proteases released from neutrophils sequestered in
the pulmonary vasculature. These proteases damage the alveo-
lar—capillary membrane, resulting in a high permeability pul-
monary edema typical of PPS.

It is now believed that PPS is caused by multiple, sequential
insults and is termed the “two-hit” model of PPS. The “first-
hit” occurs during bypass and is likely caused by contact of
blood with the perfusion circuitry. The “second-hit” is most

Figure 4: Constituents involved in the development
and treatment of inflammation precipitated by car-
diopulmonary bypass. Techniquesinclude the volume
of pump prime and shed blood handling technique,
perfusion temperature, surgical technique (minimal
invasion), modified ultrafiltration, and zero-balance
ultrafiltration. Componentsof the perfusion setup:
types of perfusion pumps include roller versus cen-

trifugal with open versus closegerfusion systems.

"Minimal Invasion”

Modified Ultrafiltration Roller/Centrifugal Steroids ; e . . " .
Zero-Balance Ultrafiltration Open vs Closed Aprotinin Coatings or modifications of the perfusion circuitry
Shed Blood Surface CMT-3 R : - A

Prime Volume Coatings/Modifications TNFbp reduge inflammation. ngrls_may be liberated from
Temperature Debris certain components. In-line filters may reduce some

of the embolic shower. Inflammation generated dur-
ing CPB can be reduced by pretreatmentwith anti-

inflammatory drugs. Steroids block arachidonic acid metabolite mediators, such as thromboxane and prostaglandin, aprotinin blocks
bradykinin generation and reduces coagulopathy. CMT-3 prevents neutrophil protease-induced lung injury, TNFbp prevents the rise in

serum TNF level, eliminating a prime initiator of inflammation.
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often caused by sepsis or endotoxemia, with sources being the
gut or infected catheters.

These studies highlight the importance of minimizing the
amount of inflammation generated during CPB. Treatment
strategies in our laboratory focused on pretreatment regimens,
although others have suggested alternative strategies to prevent
CPB-induced inflammation. Although beyond the scope of this
review, modification of perfusion techniques or the compo-
nents of the pump circuit or use of other anti-inflammatory
drugs may be effective in tempering the inflammation caused
by CPB (Figure 4). A thorough knowledge of the procedures
that produce the least inflammation during CPB are essential .
Minimizing inflammation during CPB will reduce the morbid-
ity and mortality of postpump syndrome.
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