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Introduction

Leukocytes and Lung Damage

Most knowledge has been accumulated on the
mechanisms involved in the development of distant
organ injuries during the course of severe acute
pancreatitis. Among the various distant organ
dysfunctions, both the development of acute lung
injury and acute respiratory distress syndrome
represent serious complications. In the following
paragraphs the pathophysiological mechanisms capable
of determining lung injury during the course of acute
pancreatitis will be reviewed.

It has been found that the presence of a high number of
leukocytes and the presence of lung alterations may
identify those patients with severe acute pancreatitis
[5]; in fact, using a cut-off value of 13,000/mm3, 45%
of patients with severe pancreatitis and 17% of those
with mild acute pancreatitis had a peripheral leukocyte
count greater than 13,000/mm3. Pleural or pulmonary
alterations observed on chest X-ray were found in 66%
of patients with severe pancreatitis and in 2% of those
with mild acute pancreatitis. A peripheral leukocyte
count greater than 13,000/mm3 and/or pleural or
pulmonary alterations present on chest X-ray were
found in 78% of the patients with severe pancreatitis
and in 19% of those with mild pancreatitis. Pulmonary
leukocyte infiltration measured by technetium-99mlabelled leucocytes demonstrates that leucocytes in the
lungs are increased in animals with both moderate
pancreatitis and severe pancreatitis induced by the
intraductal infusion of glycodeoxycholic acid while
moderate alterations were noted in animals with mild
pancreatitis induced by intra-arterial infusion of
cerulein [6]. In rats with experimental necrotizing
pancreatitis induced by the intraductal administration
of sodium taurocholate [7], significant pulmonary
edema, hyperemia and inflammatory infiltrates,
predominantly composed of polymorphonuclear
leucocytes in the alveoli, were noted 12 h after the
induction of pancreatitis, accompanied by an increase
in the levels of the arachidonic acid metabolites.
Transport of carbon dioxide through the alveolar
barrier was significantly compromised due to increased
interstitial edema and type I pneumocyte dysfunction
or the existence of arteriovenous shunting in the lungs
as well as in other tissues [8]. The activated alveolar
macrophages were characterized by an increase in the
generation of nitric oxide, tumor necrosis factor (TNFalfa) and macrophage inhibitor protein 2. Most
importantly, the instillation of supernatants from
activated alveolar macrophages harvested from
pancreatitis animals caused neutrophil sequestration in
normal animals [9], implying that the activation of lung

Pancreatic Enzymes and Lung Damage
Elevated concentrations of pancreatic enzymes might
be associated with the development of lung injury,
even if additional information is needed. In particular,
the relationship between phospholipase A2 and clinical
lung injury during acute pancreatitis has been studied.
In the pancreas, phospholipase A2 induces cell necrosis
by converting the lecithin of cellular membranes into
the more toxic compound lysolecithin [1]. Thus,
phospholipase A2 may play a role in acute pulmonary
injury by damaging pulmonary surfactant since
surfactant contains phospholipids which are substrates
for phospholipase A2 [2]. In subjects with severe acute
pancreatitis, an elevated serum concentration of
phospholipase A2 was correlated with pulmonary
complications
[3];
furthermore,
the
serum
concentrations of phospholipase A2, are positively
correlated to the lung injury score [4] and elevated
phospholipase A2 concentrations may have a predictive
value for the development of pulmonary complications.
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tissue macrophages plays an important role in the
chemotaxis of leucocytes and tissue injury.

systemic effects of severe acute pancreatitis such as
acute respiratory distress syndrome.

Lymphocytes and Lung Damage

Neuropeptides and Lung Damage

The CD40 receptor is a 50 kDa protein expressed on
the membranes of B lymphocytes, monocytes,
dendritic cells and biliary epithelial cells. In a model of
antigen-induced airway inflammation, CD40 liganddeficient mice were protected [10] while the disruption
of CD40-CD40 ligand interaction prevented the
pulmonary lesions induced by the high fraction of
inspired oxygen [11]. In the cerulein model of
pancreatitis, mice deficient for the CD40 ligand had a
marked decrease in the severity of both pancreatic and
lung damage [12]. Interestingly, both CD40 and the
CD40 ligand were expressed at the acinar cell surface,
suggesting that therapeutic interventions designed to
prevent CD40 ligation may have clinical value in
reducing the severity of pancreatitis and the associated
acute lung injury.

Neuropeptide substance P which is released from the
nerve endings and binds to the neurokinin-1 receptors
can mediate abnormal vascular permeability during
acute inflammation. Neurokinin-1 receptor and
substance P are both expressed in the pancreas, at least
in an experimental model of pancreatitis [18]. Deletion
of the neurokinin-1 receptor gene reduces both
pancreatitis and pancreatitis-associated lung injury as
compared to control mice, and the increase in lung
microvascular permeability associated with acute
pancreatitis is strongly attenuated in the absence of the
neurokinin-1 receptor [19]. These results emphasize the
role of substance P acting on endothelial cells via
neurokinin-1 receptors, increasing pulmonary vascular
permeability and promoting edema formation in the
surrounding tissues. This hypothesis is supported by
the finding that the concentration of substance P was
twofold higher in the pulmonary edema fluid of
patients with acute respiratory distress syndrome than
in the edema fluid of control patients with congestive
heart failure [20].

Platelets and Lung Damage
The platelet activating factor is a low-molecular-weight
phospholipid acting via specific cell surface receptors
which have been identified on numerous cells and
tissues including platelets, leukocytes and endothelial
cells [13]. This bioactive phospholipid increases
vascular permeability, attracts leukocytes, and primes
and triggers their secretory responses [13]. The role of
platelet activating factor on lung injury induced by
hydrochloric acid has been investigated using mice
over-expressing or lacking the platelet activating factor
receptor [14]. It was found that control mice died
rapidly after developing inflammation, pulmonary
edema, and impaired oxygenation. The response was
amplified in animals which over-expressed the platelet
activating factor receptor. Conversely, animals lacking
a platelet activating factor receptor did not die during
the experiment and had much better oxygenation and
little edema. These findings demonstrate the
importance of the platelet activating factor receptor in
the pathogenesis of acute lung injury and constitute a
smoking gun which implicates platelet activating factor
or platelet activating factor-like compounds in this
process.
Chemokines and Lung Damage
The destruction of the pancreatic parenchyma during
acute pancreatitis quickly induces an inflammatory
reaction at the site of injury. Following an experimental
insult, there is rapid expression of TNF-alfa,
interleukin-1 (IL-1), and other chemokines such as
interleukin-6 (IL-6) and interleukin-8 by pancreatic
acinar cells and/or transmigrated leukocytes [15, 16].
In the severe forms of acute pancreatitis, there is also a
low production of anti-inflammatory cytokines such as
interleukin-10 which is capable of blocking the action
of the pro-inflammatory cytokines [17]. The production
of elevated quantities of pro-inflammatory cytokines in
severe acute pancreatitis determines the typical

Complement factors and Lung Damage
C5a, which acts via the C5a receptor, is an
anaphylatoxin and a chemoattractant which exerts a
proinflammatory effect by increasing blood flow and
by promoting vascular permeability. In genetically
modified mice which lack the C5 or C5a receptor, the
severity of pancreatitis and lung injury was surprisingly
greater than the injury observed in wild-type mice [21].
Oxidants and Lung Damage
The levels of malondialdehyde, a marker of lipid
peroxidation, in the lungs were elevated during the
early phase after induction of acute pancreatitis and
returned to control levels at 8 and 12 h [22]. Oxidative
modification of lung proteins by lipid peroxidation was
only detected in dying pancreatitis animals. It seems
that oxidative stress is involved in the initiation and
further development of acute pancreatitis-associated
lung injury, followed by a rapid repair process during
which the number of type II pneumocytes increased
and migrated closer and/or through the alveolar type I
epithelial cells [23]. Without successful compensation
of tissue recovery, oxidative damage may be one of the
factors responsible for the development of pulmonary
dysfunction. It is possible that xanthine oxidase
released from the compromised pancreas may be a
source of reactive oxygen species [24] or that the overactivation of local resident cytolytic macrophages may
be responsible for the production and release of
oxygen-free radicals and other inflammatory mediators
[25]. The main resource of free radical generation and
release is considered to be activated neutrophils since
depletion of neutrophils using antineutrophil antibodies
abolishes the generation of superoxide anions and
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prevents neutrophil-dependent
associated lung injury [26].

acute

pancreatitis-

Epidemiology of Lung Injury
The incidence of pulmonary complications in acute
pancreatitis ranges from 15 to 55%, and their severity
vary from mild hypoxemia without clinical or
radiologic abnormalities [27] to acute respiratory
distress syndrome. About 10% of patients may have
alveolar edema on chest radiograph [28] and
progressive hypoxemia develops in about one third of
patients within hours or within 2 to 3 days. Interiano et
al. [29] found that 18% of patients with acute
pancreatitis had diffuse pulmonary infiltrates consistent
with lung injury and 10% died from acute respiratory
distress syndrome; survivors recovered with normal
pulmonary function. In a study comprising 539
patients, we have recently found that abnormal chest
radiographic findings were present in 20% of the
patients: 6% had pulmonary infiltrates and 14% had
pleural effusions [30]. The mortality rate significantly
correlated with the presence of pulmonary infiltrates
and effusions; radiologic abnormalities were associated
with a 15-fold increase in the mortality rate. Most
effusions were on the left side, although some were
bilateral and the pleural fluid contained an elevated
amylase concentration of up to 30 times that of the
simultaneous serum value and remained elevated even
after the serum concentrations had returned to a normal
level. Large pleural effusions were also associated with
subdiaphragmatic collections of fluid probably due to
the immobility of the diaphragm induced by local
inflammation. [31] A reduced PaO2 on hospital
admission has long been regarded as a prognostic
factor for the severity of acute pancreatitis. Although
all patients with an abnormal index were hypoxemic,
the PaO2 values did not reflect the extent of increased
lung vascular permeability [32]; thus, pulmonary
infiltrates and pulmonary edema in patients with acute
pancreatitis can be attributed to an increase in
pulmonary vascular permeability. Local and systemic
infections can contribute to the worsening or the
persistence of pre-existing acute respiratory distress
syndrome. The delay between hospital admission and
pulmonary complications was investigated by Berry et
al. [33] who found that radiologic abnormalities were
present in 15% of patients with acute pancreatitis on
admission and an additional 71% of patients developed
new chest abnormalities after five days. Gong and
Tang [34] reported that the mean onset of acute
respiratory distress syndrome was 3.2 days; in
particular, 33% developed acute respiratory distress
syndrome within the first 24 hours, 25% in following 2
days and the remaining 42% after this time.
Assessment of Lung Damage in Clinical Practice
Patients with acute pancreatitis should be monitored for
the development of acute respiratory distress
syndrome; however, only those patients who meet the
following criteria should be considered as having this

complication [35]: those with identifiable associated
condition (acute pancreatitis in our case), those with a
disease having an acute onset, those having pulmonary
artery wedge pressure less than, or equal to, 18 mmHg
or absence of clinical evidence of left atrial
hypertension, those with bilateral infiltrates on chest
radiography or at computed tomography scan, those
with acute lung injury having the PaO2/FiO2 ratio
(partial pressure of arterial oxygen/ percentage of
inspired oxygen) less than or equal to 300, and finally
those with acute respiratory distress syndrome and
PaO2/FiO2 ratio less than, or equal to, 200.
Conclusions
From a practical point of view, when we care for a
patient with acute pancreatitis, we need: to establish the
severity of the attack within the first 24 hours using
well-established single or multiple criteria such as
interleukin 6 determination or APACHE II score [36];
to confirm the presence of the severity of the acute
pancreatitis using imaging techniques; finally, to put
the patient in an intensive care unit, in the case of
severe acute pancreatitis to carefully monitor his
clinical condition in order to detect the presence of
systemic complications, mainly those of the lungs, as
soon as possible [37].
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