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Abstract
Background—Sepsis-induced inflammation in the gut/peritoneal compartment occurs early in
sepsis, and can lead to acute lung injury (ALI). We have suggested that inflammatory ascites
drives the pathogenesis of ALI, and that removal of ascites with an abdominal wound vacuum
prevents ALI. We hypothesized that the time- and compartment-dependent changes in
inflammation that determine this process can be discerned using Principal Component Analysis
(PCA) and Dynamic Bayesian Network (DBN) inference.

Methods—To test this hypothesis, data from a previous study were analyzed using PCA and
DBN. In that study, two groups of anesthetized, ventilated pigs were subjected to experimental
sepsis via intestinal ischemia/reperfusion and placement of a peritoneal fecal clot. The Control
Group (n=6) had the abdomen opened at 12 hrs post injury (T12) with attachment of a passive
drain. The Peritoneal Suction Treatment (PST) Group (n=6) was treated in an identical fashion
except that a vacuum was applied to the peritoneal cavity at T12 to remove ascites and maintained
until T48. Multiple inflammatory mediators were measured in ascites and plasma and related to
lung function (PaO2/FiO2 ratio [PF] and Oxygen Index [OI]) using PCA and DBN.

Results—PST prevented ALI based on lung histopathology, whereas Control animals developed
ALI. Principal Component Analysis revealed that local to the insult (i.e. ascites), primary pro-
inflammatory cytokines play a decreased role in the overall response in the treatment group as
compared to control. In both groups, multiple, nested positive feedback loops were inferred from
DBN, which included interrelated roles for bacterial endotoxin, interleukin-6, transforming growth
factor-β1, C-reactive protein, PF, and OI. Von Willebrand Factor was an output in Control, but not
PST, ascites.

Conclusions—These combined in vivo and in silico studies suggest that in this clinically
realistic paradigm of sepsis, endotoxin drives the inflammatory response in the ascites,
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interplaying with lung dysfunction in a feed-forward loop that exacerbates inflammation and leads
to endothelial dysfunction, systemic spillover, and ALI; PST partially modifies this process.

INTRODUCTION
Sepsis by intestinal ischemia/reperfusion and peritonitis results in massive systemic
inflammation with attendant increases in vascular permeability, leading to severe lung injury
with pulmonary edema, termed either Acute Lung Injury (ALI) or Adult Respiratory
Distress Syndrome (ARDS) (1). In turn, ALI/ARDS are part of the larger process of
Multiple Organ Dysfunction Syndrome (MODS) (2), where the first organ to fail in MODS
is usually the lung (3). ARDS presents with clinical signs and symptoms of respiratory
distress, PaO2/FiO2 ratio below 200, bilateral pulmonary edema, decreased compliance, and
increasing oxygen requirements (4). ARDS is a serious clinical problem with over 200,000
cases annually (5) and is resistant to treatment once the syndrome is clinically diagnosed (6).
The disease retains disturbingly high mortality (7), costs of care (8), and severe sequelae for
survivors (9) despite decades of therapeutic research (10).

The local inflammatory response during gut-associated sepsis is a risk factor for ARDS.
Microcirculation in the gut is dramatically impaired in both septic (11, 12) and hemorrhagic
shock (13, 14). Impaired microcirculation results in tissue hypoxia and inflammation-
induced alteration in both endothelial (15) and epithelial function (16). Increased
microvascular permeability in the gut results in intestinal edema and ascites formation (17).
The damaged gut is a continual source of inflammation, propagating ARDS and driving
other organ damage (16, 18–21).

We have suggested that MODS comes about due to cascading system failure, wherein the
positive feedback loop of inflammation → damage → inflammation exceeds compartment-
specific thresholds (“tipping points”) (22, 23). We have demonstrated that removal of the
inflamed peritoneal ascites using a wound vacuum system would eliminate this “driver” of
systemic inflammation, thereby attenuating this positive feedback loops and consequently
interrupting the progression of ALI (22, 24). A more complete understanding of the complex
relationships between the inflammatory milieu of the ascites and plasma and the mechanism
by which ascites removal blocks the development of ALI/ARDS would aid in the translation
of this potential therapeutic strategy to the clinical arena.

We hypothesized that the observed prevention of MODS results from a dynamic
modification of inflammation after removal of ascites. We have demonstrated previously
that we can gain insights into principal drivers and dynamic networks of acute inflammation
using Principal Components Analysis (PCA) and Dynamic Bayesian Networks (DBN) (25–
28). Accordingly, we used PCA and DBN analyses to determine if removal of ascites was
associated with different local (ascites) and systemic (plasma) principal drivers and dynamic
networks of inflammatory mediators vs. control. This analysis suggests the presence of
complex, time- and compartment-dependent changes in inflammation and lung
pathophysiology. Our studies further suggest that these principal drivers and networks could
be affected by removal of peritoneal ascites, in essence amounting to modification of this
complex response in a manner associated with the reduction or elimination of ALI/ARDS.

MATERIALS AND METHODS
The experimental work forming the basis of the mathematical analysis was previously
published (24). The details of those experiments are re-stated below in order to provide a
reference point for the subsequent analysis. The experiment was performed in compliance
with the National Institutes of Health’s Guidelines on the Use of Laboratory Animals and
the CHUA Committee at Upstate University Hospital approved the study protocol.
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Animals and preparations
Complete and detailed surgical methods can be found in the original analysis (24); more
succinct methods are included here. Female Yorkshire pigs (21–38 kg) were anesthetized
with ketamine/xylazine to maintain a surgical plane of anesthesia. An open tracheotomy was
performed and the animal connected to a G5 ventilator (Hamilton Medical, Reno, NV) with
initial settings during the surgical preparation as follows: tidal volume (Vt) of 12 mL/kg,
respiratory rate (RR) of 15 breaths/min, titrated to maintain PaCO2 within the normal range
(35–45 cmH2O), FiO2 of 21%, and positive end-expiratory pressure (PEEP) of 3 cmH2O.
Lung volume history was standardized by recruiting the lung using the PV TOOL (Hamilton
Medical). The lung was inflated to a peak pressure of 30 cmH2O, held for 5 s, and deflated
back to 5 cmH2O of PEEP. Under sterile conditions, a left carotid artery catheter was placed
for blood chemistry and gas content measurements (Roche Cobras b211; Roche Diagnostics,
Indianapolis, IN), and systemic arterial pressure monitoring. A veinotomy was performed on
the left external jugular vein for placement of a triple lumen catheter, allowing anesthesia,
fluid, and antibiotic administration. A right external jugular Swan-Ganz catheter (7 French)
was placed for measurement of pulmonary artery (PAP) and wedge pressures (PAW),
sampling of mixed venous blood gases, and cardiac output (CO; Agilent CMS-2001,
Boebingen, Germany). A Foley catheter was inserted into the bladder for measurement of
urine output (UOP), collection of urine samples, and was connected to a pressure transducer
leveled at midline to measure intra-abdominal pressure (IAP). The health of the animal was
determined by normal hemodynamic and lung function parameters following
instrumentation and normal blood gases and chemistries.

Study protocol
A midline laparotomy was performed, and the superior mesenteric artery (SMA) was
isolated and clamped for 30 min to induce intestinal ischemia. After 30 min, the clamp was
removed, and reperfusion was confirmed by the reappearance of the mesenteric pulse and
the return of normal color to the bowel. At this point an enterotomy of 2 cm was performed
to harvest feces (0.5 mL/kg) in the cecum and combined with 2 mL/kg of the pig’s blood to
create a fecal-blood clot. A catheter was placed in Morrison pouch between the liver and
right kidney and brought out through the skin for collection of peritoneal ascites. Collected
ascites was flash-frozen for measurement of inflammatory mediators. The abdomen was
then closed with sutures and the time recorded as T0 (i.e. 0 h after injury). For the first 12 h
of the protocol, the animals were treated in an identical fashion. All animals received a
regimen of intravenous fluids and antibiotics at a dose and quantity established in our initial
experiments (Fluids and antibiotics).

The entire abdomen was reopened at T12, and the V.A.C. Abdominal Dressing System
(KCI, Inc., San Antonio, Tex) was applied to the open wound as per packet instructions. At
this point, animals were randomly assigned to treatment groups as follows:

Control group (Passively Drained - PD; n = 6) had the dressing placed, but the vacuum
was not activated (i.e. negative pressure was not applied); however, the drain line was
left open to allow passive drainage of ascites.

Treatment group (PST; n = 6) had the dressing placed and the vacuum activated so that
negative pressure (−125 mmHg) was applied continuously for the remainder of the
experiment.

Assessment of inflammatory mediators
Inflammatory mediators were measured in the plasma and peritoneal ascites fluid (Pfluid).
Ascites fluid was collected from an abdominal drain in the posterior gutters independent of
the vacuum drainage tubing. Ascites and plasma fluid were collected at Baseline, T6, T9,
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T12, T15, T18, T21, T24, T27, T36, T42, T48. All samples were spun at 3,000 RPM at 4°C
for 10 min, snap-frozen in liquid nitrogen, and stored at −80°C.

TNF-α, IL-1β, IL-6, IL-8, IL-12, and transforming growth factor-β1 (TGF-β1; R&D
Systems, Minneapolis, MN), IL-10, C5a (Immunobiological Laboratories, Minneapolis,
MN), von Willebrand factor (vWf; American Diagnostics Inc. Stamford, CT), and C-
reactive protein (CRP) (Immunology Consultant’s Laboratories, Inc., New Burg, OR) were
measured using pig-specific enzyme-linked immunosorbent assays according to the
manufacturer’s assigned specifications. Prostaglandin E2 (PGE2; Oxford Biomedical
Research, Oxford, MI) and antioxidants (Cayman Chemical Company, Ann Arbor, MI) were
tested using commercially available ELISA kits. Endotoxin was tested using an end-point
chromogenic Limulus amebocyte lysate assay (Lonza Group Ltd., Basel, Switzerland). Total
protein was measured in plasma and Pfluid using a bicinchoninic colorimetric assay (BCA;
Pierce Biotechnology, Rockford, IL). Urine proteins were first precipitated using technical
resource 0049.0 (Pierce Biotechnology). Blood cultures (aerobic and anaerobic) and Gram
staining were performed by the Upstate Medical University Clinical Pathology Department
using standard techniques.

Dynamic Bayesian Network (DBN) inference
Time courses of cytokine measurements from each experiment were used as input for a
Dynamic Bayesian Network (DBN) inference algorithm. Given time-series data, DBN
provides a way of inferring causal relationships among variables (e.g. inflammatory
mediators and physiological parameters) based on probabilistic measure. Unlike standard
correlative approaches, DBNs consider the joint distribution of the entire dataset when
making inferences about the dependencies among variables or nodes in the network. In a
DBN, variables are shown as nodes and the interconnections are shown as edges. The values
of each node are assumed to be distributed according to a chosen model (e.g. Gaussian) and
the relationships among nodes are defined by the structure of the directed network and the
corresponding conditional probability distributions of the interacting nodes. Network
structure is inferred by a sampling technique that iteratively proposes candidate structures
and evaluates them based on how well they explain the observed data using a specified
scoring criterion, until reaching convergence on a network structure with the highest score.

Our analysis was carried out in MATLAB™ (The MathWorks, Inc., Natick, MA), using an
algorithm adapted from Grzegorczyk & Husmeier (29) and revised recently by our group
(30, 31). Briefly, the algorithm uses an inhomogeneous dynamic changepoint model, with a
Bayesian Gaussian with score equivalence (BGe) scoring criterion. For each node, a new set
of parent nodes was sampled directly from the posterior distribution and the local scores
computed using the BGe scoring model. Each node was subject to a fan-in restriction of
three parent (i.e. effector) nodes. The marginal posterior edge probability, the likelihood of
observing each edge (interaction) in the network, was estimated by calculating the average
occurrence of each edge in the highest scoring networks that were sampled. The inference
procedure was run individually for each pig and the marginal edge probabilities averaged
across all runs. The thickness of edges was weighted by this number, and only edges with an
averaged marginal edge probability greater than 0.5 were included in the final consensus
network for each condition (Fig 1). We note that the program is probabilistic and thus
applying this hard cutoff can lead to minor differences in results from different runs.

Principal Component Analysis (PCA)
The goal of this analysis was to identify the subsets of variables (in the form of orthogonal
normalized linear combinations of the original variables, called principal components) that
are most strongly correlated with a given experimental compartment and procedure (Ascites
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and plasma, control and PST), and thereby might be considered principal drivers of each
response. PCA is a non-parametric statistical method of reducing the dimensionality of a
dataset to a few principal components, i.e. those that could potentially account for the most
variability in the dataset (32, 33). This method is based on the hypothesis that a variable that
changes during a process is important to that process. Recently, in a mouse model of trauma/
hemorrhagic shock, we have demonstrated the utility of PCA for suggesting key
inflammatory influences based on levels of circulating mediators in blood serum (25). We
have also shown that PCA can shed insights into the acute inflammatory response in
endotoxemic swine (26, 27) and in septic rats (26).

To perform PCA, the data were first normalized for each variable (i.e. a given value divided
by the maximum value for that variable), so that all variable levels were converted into the
same scale (from 0 to 1). In this way, any artifactual effects on variance due to the different
ranges of concentration observed for different variables were eliminated. Only sufficient
components to capture at least 95% of the variance in the data were considered. From these
leading principal components, the coefficient (weight) associated with each variable was
multiplied by the eigenvalue associated with that principal component. This product
represented the contribution of a given variable to the variance accounted for in that
principal component. The overall score given to each variable is the sum of its scores in each
component. This gives a measure of a variable’s contribution to the overall variance of the
system. The variables with the largest scores are the ones who contributed most to the
variance of the process being studied. More specifically, the overall PCA score was

calculated in the following way: , where i is the index of component and j is
the index of variable. Wi,j is the amount that the jth mediator contributes to the ith

component. The complete Matlab® code for this analysis can be found as supplementary
material to our previously published work (25).

Previously Reported Results
Removal of ascites with PST prevented ARDS based on PF ratio, compliance, and histology
(Fig 2). Histology also showed attenuation of MODS based on intestine, lung, liver, and
kidney histopathology, whereas Control animals developed MODS (24). Our previously
published work also includes beneficial effects of PST on hemodynamics, lung function, and
blood chemistry (24). Also, we did observe a reduction in plasma cytokine concentration
(TNFa, IL-12, IL-6 and IL-1β) following suction removal of ascites and a reduction in
ascites cytokine concentration (IL-8 and IL-8) (24). Other inflammatory mediators remained
at the same concentration in the ascites and both groups of animals had positive blood
cultures for aerobic and anaerobic bacteria (24).

RESULTS
We have previously suggested that PST attenuates ALI/ARDS based on clinical and
physiologic data in our original publication of this study (24). Herein, we sought to gain
further insights into this complex response through the use of data-driven computational
modeling. Principal Component Analysis revealed that local to the insult (i.e. ascites),
primary pro-inflammatory cytokines play a decreased role in the overall response in the
treatment group compared to control. In ascites, IL-6, TNF-α, and IL-1β were ranked 2nd,
4th, and 5th, respectively, by PCA for the control group. These mediators decreased to 6th,
7th, and 8th in ascites of animals treated with PST (Fig 3A-B). A similar but less pronounced
effect was seen systemically, with these cytokines decreasing from 1st, 3rd, and 4th in plasma
readings to 1st, 4th and 7th (Fig 3C-D). Interestingly, the oxygen index (OI = FiO2 * Pm /
PaO2) was markedly lower in rank in PST compared to control for both ascites and plasma
(Fig 3A-D). OI is the only routine measure that takes into account both oxygenation and
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lung pressure (34), and has been found to be predictive of acute hypoxic respiratory failure
in children (35). Additionally, in our previous work, we have shown that OI correlates with
predicted overall “damage”, a simulated index of whole-animal health status in a two-
compartment ordinary differential equation model of porcine endotoxemia (27).

Dynamic Bayesian Network inference suggested that endotoxin drives the inflammatory
response in the ascites, interplaying with PF ratio (i.e. lung dysfunction), in an apparent
feed-forward loop that exacerbates inflammation characterized by IL-6 and IL-1β (in the
Control group) and IL-1β only (in the PST group). The implication of this DBN analysis that
IL-6 plays a reduced role in the PST group compared to Control is in agreement with the
PCA results discussed above (Fig 4). In the plasma, and in agreement with prior studies
(36), DBN inferred the induction of TGF-β1 and CRP by IL-6 in both Control and PST
groups. TGF-β1, CRP and IL-6 formed the central nodes of the networks in both Control
and PST, with cross-regulation and self-feedback among all three nodes.

DISCUSSION
Prior studies of trauma and sepsis in both animals and humans have suggested that an
appropriately robust inflammatory response is necessary for appropriate resolution of the
insult, with dysregulated inflammation being the hallmark of morbidity and mortality (37,
38). The adaptive responsiveness to stress can be observed both at the physiological and
inflammatory levels, which reinforces the concept that these processes are interlinked (39).
These interconnections, in turn, can drive a multi-compartment, feed-forward cycle of
inflammation → organ dysfunction → inflammation, which we hypothesize underlies the
phenomenon of MODS. The responses to Gram-negative bacterial infection involves events
initially driven by pathogen-associated molecular pattern (PAMP) molecules such as
endotoxin, which in turn stimulate the production of chemokines and pro-inflammatory
cytokines; this process is kept in check by anti-inflammatory mechanisms (predominantly
anti-inflammatory cytokines). Subsequent to pro-inflammatory activation is the production
of damage-associated molecular pattern molecules (DAMP’s), which are also released from
tissues undergoing physiologic stress such as ischemia/reperfusion injury. In turn, DAMP’s
cause the further release of pro-inflammatory chemokines and cytokines, and this overall
process in essence represents a multi-compartment, feed forward loop of inflammation →
damage/dysfunction → inflammation (22, 40, 41). Given this pathophysiological process, it
follows that therapy for MODS may need to target the multi-compartment nature of acute
inflammation in settings such as sepsis (22, 23, 42). This hypothesis is supported by our
recent findings of the effect of hemoadsorption in a rat model of Gram-negative sepsis that,
based on PCA identification of primary mediators present in both groups, hemoadsorption
appears to re-compartmentalize inflammation while reducing organ dysfunction and
improving clearance of bacteria (26). We have also used Dynamic Network Analysis, a
technique based on undirected correlations among significantly altered mediators, in concert
with PCA to define dynamic inflammatory interactions in mouse trauma/hemorrhage (25).
More recently, we used DBN to define dynamic inflammation networks in human pediatric
acute liver failure, an analysis that distinguished spontaneous survivors from non-survivors
in this disease setting (28).

We sought to utilize similar methodology to gain insights into how PST ameliorates MODS
and, particularly, ALI/ARDS. We have previously suggested that PST attenuates ALI/ARDS
based on clinical and physiologic data in our original publication of this study (24). The
initial study utilized the clinically applicable porcine model of multiple organ injury, and
showed that application of PST 12 hrs following injury significantly reduced lung, kidney,
liver, and intestinal pathology and improved pulmonary mechanics. Lung compliance was
significantly improved and PST animals had significantly lower mean airway pressures,
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peak inspiratory pressure (PIP), and plateau pressure (Pplat). Quantitative histologic analysis
of all lung fields showed a significant decrease in atelectasis, fibrinous deposits, and
leukocyte infiltration in animals treated with PST vs. control. Also, PST significantly
decreased IL-6 and IL-8 levels in ascites fluid and plasma levels of TNF-α, IL-12, IL-6, and
IL-1β were significantly reduced in PST animals (24). It is evident that PST removed toxic
ascites; however, only the concentrations of IL-8 and IL-6 were lowered significantly. All
other inflammatory mediators remained at the same concentrations between groups; there
was no difference in endotoxin concentration, and all animals had positive cultures for both
aerobic and anaerobic bacteria (24). Thus, simple removal of bacteria does not seem to be
the mechanism underlying the protective effect of PST.

These data were then used in our current study for in silico analyses, which in turn suggest
that principal inflammatory drivers, and their interconnections, 1) differ between local vs.
systemic compartments in the control setting (sepsis/ALI/ARDS), and 2) are altered by PST.
Equally importantly, we infer from our analyses that inflammation and lung function affect
each other iteratively, in essence forming a feed-forward loop, associated with the
development of ALI/ARDS. To our knowledge, this is the first study to demonstrate this
feed-forward loop explicitly in the context of dynamic networks.

Our studies suggest that, in the context of our animal model, sepsis/ALI/ARDS are
propagated locally (in the peritoneum, as assessed in the ascites fluid) in a feed-forward
manner involving bacterial endotoxin and lung dysfunction in both control and PST animals.
In both control and PST, this core motif leads to the production of chemokines (IL-8) and
cytokines (IL-1β). This process impacts downstream physiological process that, ultimately,
affects the OI (again, in both control and PST animals). A crucial difference between the
two experimental groups, however, is IL-6: this key inflammation biomarker is an outcome
of the core inflammation/organ dysfunction process in control animals, but is absent in PST
animals. Given that IL-6 is the biomarker that typically distinguishes adverse outcomes in
numerous inflammatory conditions including sepsis/ALI/ARDS (36, 43, 44), we take this
result to suggest that PST modifies inflammation in a favorable fashion so as to reduce the
production of IL-6. This hypothesis is supported also by PCA, in which IL-6 appears to be a
less-important driver of inflammation in PST vs. control animals. Future studies will be
aimed at modulating IL-6 experimentally in our animal model, though genetic and/or
pharmacologic manipulations are not as straightforward in the pig model as in mice or rats.

It is generally assumed that the failure of local inflammation to contain an infection is a key
feature of the progression to sepsis (44–46). At the systemic level, our in silico analyses
suggest that both control and PST animals exhibit a feed-forward process driven in some
way by IL-6. We infer this process because the core motif inferred in the plasma of control
animals involves IL-6 driving the cytokine TGF-β1 along with CRP, and both TGF-β1 and
CRP are known to be stimulated by IL-6 (36). The key difference between control and PST
animals with regard to systemic inflammation is that, in control animals, IL-10 is inferred to
be produced as a consequence of this core IL-6/TGF-β1/CRP motif; this key anti-
inflammatory cytokine is absent in the PST animals, perhaps suggesting a more robust
ability to control infection.

There are several limitations to our study. First, it is also possible that differential intra-vs.
extra-corporeal environment conditions may account for some of the changes we infer, but
that while this can’t be ruled out, we believe otherwise. Also, a relatively small number of
animals and mediators were studied. These limitations are inherent in large-animal studies,
especially in swine where the number of mediators that can be assessed is smaller than that
of mice or humans. However, this limitation is mitigated by the clinical realism of the
animal model, and hence the likelihood of translation to the human setting of the key results
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obtained herein. Another key limitation is that the data-driven modeling techniques used
herein are, at best, quasi-mechanistic and should be interpreted with care. Future studies in
which specific mediators are modulated in order to test predictions of these in silico
analyses, combined with studies involving explicitly mechanistic computational models, are
needed in order to validate the hypotheses raised by the current study.

CONCLUSION
In conclusion, we suggest that combined in vivo and in silico studies imply that dynamic
modification of networks controlling inflammatory and physiologic (dys)function during the
process of ascites removal is a possible mechanism of prevention of ALI/ARDS. These
studies further highlight the utility of data-driven computational tools in the study of
complex processes such as sepsis.
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PF PaO2/FiO2 ratio

PST Peritoneal Suction Treatment

RR Respiratory Rate

SIRS systemic inflammatory response syndrome
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UOP Urine Output
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Figure 1. Process flow for calculating consensus Dynamic Bayesian Networks
DBN inference is performed on time course data from each individual pig. The estimated
probability of occurrence of each edge is averaged over all individual pigs within the
Control or PST group, and only edges with a value greater than 0.5 are included in the final
consensus network structure.
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Figure 2. Lung histopathology shows reduced damage in PST animals
Among the No Suction animals the lesions were more pronounced than in the Suction
group. Alveolar walls appeared thicker (brackets) due to folding and collapse, alveolar
capillaries were congested (arrow), and the air compartment exhibited edematous fibrin
deposits (arrowhead). Suction animals had the same lesions but to a lesser extent (H&E,
40x objective, bar = 30μm).
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Figure 3. Principal Component Analysis suggests decreased importance of primary pro-
inflammatory mediators in treatment response
Ascites = Inflammatory mediator found in the ascites. Plasma = Inflammatory mediator
found in the plasma. Note that the PaO2/FiO2 ratio (PF) and oxygen index (OI) are global
measures included in both ascites and plasma analyses. Control: The Control Group (n=6)
did not have the ascites suctioned from the peritoneal cavity. PST: The Peritoneal Suction
Treatment Group (n=6) was treated in an identical fashion except that a vacuum was applied
to the peritoneal cavity to remove ascites and maintained until T48 hrs. Variables are
ordered by the sum of their contribution to all components, with contributions to individual
components represented by different colored sections of the bars. In ascites the rankings of
IL-6, TNF-α and IL-1β decrease from control to PST, a similar effect is seen to a lesser
extent in plasma. OI decreases markedly in rank from control to PST in both ascites and
plasma.
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Figure 4. Dynamic Bayesian Network analysis suggest conserved peritoneal and systemic
inflammatory network in porcine MODS model, but with altered primary outputs
Ascites = Inflammatory mediator found in the ascites. Plasma = Inflammatory mediator
found in the plasma. Panel A: The Control Group (n=6) did not have the ascites suctioned
from the peritoneal cavity. Panel B: The Peritoneal Suction Treatment Group (n=6) was
treated in an identical fashion except that a vacuum was applied to the peritoneal cavity to
remove ascites and maintained until T48 hrs. Multiple inflammatory mediators in ascites and
plasma, PaO2/FiO2 ratio (PF), and Oxygen Index (OI) were interrelated using DBN
inference. The weight of the arrows denotes strength of interaction. While overall network
structure was maintained, Peritoneal Suction led to a notably different output in the Ascites
(Loss of IL-6 as an output).
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Figure 5. Summary of complex compartment and treatment-specific inflammatory networks
Local inflammation in the ascites, arising from the introduction of Endotoxin, causes a rise
in both pro- and anti-inflammatory mediators, leading to lung dysfunction. Once established,
lung dysfunction perpetuates through a feedback loop with pro-inflammatory mediators.
Translocation of pro-inflammatory mediators from ascites to plasma leads to widespread
systemic inflammation. Differences between PST and Control are noted.
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