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Abstract: Ischemia superimposed upon pancreatic edema leads to acute necrotizing pancreatitis. One possible mechanism contribut-
ing to ischemia is intravascular thrombogenesis since fibrin deposits have been detected in pancreatic capillaries by electron
microscope. Current experimental and clinical data provided compelling evidence that the disorders in the blood coagulation system
play a critical role in the pathogenesis of severe acute pancreatitis (SAP). This leads to microcirculatory failure of intra- and
extrapancreatic organs and multiple organ failure and increases the case fatality rate. However, the mechanism of coagulopathy
underlying SAP is not yet clear, although some anticoagulant drugs have entered clinical practice showing improvement in prognosis.
Thus, enhanced understanding of the process might improve the treatment strategies with safety and high efficacy. Herein, the
pathogenesis of the coagulation system of SAP was reviewed with a focus on the coagulation pathway, intercellular interactions, and
complement system, thereby illustrating some anticoagulant therapies and potential therapeutic targets.
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Introduction

According to a survey of global epidemiology, the pooled incidence of AP is 34 cases per 100,000 individuals in the
general population per year with 1.16 cases of mortality." The mortality among patients with persistent organ failure (OF)
and pancreatic necrosis (PN) may be as high as 30-40%.% AP has been viewed primarily as an autodigestion of the
pancreas and its surroundings caused by the uncontrolled unleashing of pancreatic enzymes leading to the dysfunction of
the gland, remote organs, and systems.® Recently, it has been shown that ischemia superimposed upon pancreatic edema
leads to the development of acute necrotizing pancreatitis (ANP).* In addition, the microcirculation perfusion of
extrapancreatic organs, such as the liver, kidney, is also affected.” The possible mechanism is intravascular thrombogen-
esis since fibrin deposits have been detected in pancreatic capillaries by electron microscopy,* ultimately leading to
microcirculatory failure and deterioration of organ function and increasing the case fatality rate.® Clinical studies
revealed that the levels of plasma fibrinogen degradation products (FDP) are significantly higher in AP patients compared
to healthy individuals, and higher levels of FDP are related to severity,”’ and portosplenomesenteric venous thrombosis
occurs in about 17.86% of patients with early-stage SAP.® These phenomena indicated that the hypercoagulable state
during AP and the therapeutic strategies aimed at enhancing microcirculation by anticoagulant therapy might improve the
outcomes in AP even if the therapy is delayed and pancreatic necrosis cannot be influenced.” Typically, with the progress
of research on the coagulation mechanisms and drugs, safe and effective anticoagulant drugs, such as low molecular
weight heparin (LMWH) and thrombomodulin (TM) have been administered in AP patients with satisfactory effects.” !
However, the molecular mechanism of coagulation disorders underlying SAP and the choice of the anticoagulant drugs,
the timing, and the amount is yet to be clarified.
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With increasing incidence, AP has been associated with a significant socioeconomic burden since patients frequently
suffer from diabetes mellitus, pancreatic exocrine insufficiency, and chronic pancreatitis after clinical resolution of AP;
these events are associated with severity.'*'> This phenomenon highlights the urgent need for therapeutic agents with high
safety and efficacy to improve the microcirculatory disturbances and prevent the progression of AP in the early phase.
Herein, we summarized the disorders in the coagulation system during SAP with emphasis on the mechanism of
anticoagulant therapies, potential therapeutic targets and their development that would provide a reference for clinical
and basic science research.

Mechanism of Coagulation Disorders in Severe Acute Pancreatitis (SAP)

The microcirculation perfusion of intra- and extrapancreatic organs, such as the liver, kidney, are impaired in SAP.
One reason may be the intravascular thrombosis, since fibrin deposits have been detected in pancreatic capillaries by
electron microscopy,” and the process of coagulation in blood samples collected from SAP patients starts in 3 min
and culminates within 5 min."* Thus, the local and systemic coagulopathy, which is in the range between scattered

intravascular thrombosis in pancreatic microcirculation to disseminated intravascular coagulation (DIC),'*'>

causes
tissue damage or multiple organ failure (MOF).* Previous studies have shown that inflammation shifts the hemostatic
mechanisms in favor of thrombosis.'> In AP, one of the early events is the pancreas autodigestion due to premature
trypsinogen activation.'® Injured acinar cells release chemokines, cytokines, and various adhesion molecules into the
circulatory system, which in turn recruit and mediate the infiltration of immune cells to the site of injuries.'” This
may encompass the key molecular and intercellular interactions related to triggers and pathways of the coagulation

system that characterize the clotting disorders during SAP.

Role of Tissue Factor (TF) in the Coagulation Disorder of SAP

TF 1is localized in all blood-tissue barriers, which starts the coagulation rapidly when the endothelial barrier is
disrupted. During inflammation, the major source of TF is the circulatory system from monocytes.'® In AP patients,
the procoagulant inflammatory cytokines, such as interleukin (IL)-1, IL-6, and tumor necrosis factor (TNF),"
promote monocytes and endothelial cells (ECs) to secrete TF-containing microparticles (MPs).?° Proteinase 3
released by activated neutrophils induces TF from the ECs via protease-activated receptor-1.>' On the other hand,
pancreatic disruption leads to direct exposure of TF to the blood.>> A high level of TF triggers the extrinsic pathway
by binding factor VII/factor VIla (FVII/FVIIa) to form TF-FVIIa complex, converting factor X (FX) to factor Xa
(FXa). Then, FXa is incorporated into FXa-factor Va-Ca**-phospholipids (FXa-FVa-Ca”**-PLs) complex known as the
prothrombinase®® (Figure 1). Finally, thrombin is formed, leading to fibrin clots. Thus, the role TF plays inside blood
vessels is consistent with the clinical studies, wherein high levels of FDP were associated with increased mortality
and organ failure (OF) in SAP patients.®>* Besides, TF-levels are raised early in SAP, and it is a favourable
predictive marker of SAP.?> As the initiator of the coagulation cascades, TF might play a large part in the
development of SAP. There needs to be a more basic experimental to explore their relationship.

Role of Endothelial Cells in the Coagulation Disorder of SAP

The endothelium lines the lumen of the entire circulatory system, separating blood and subendothelial, and maintaining
vascular health by exerting antiplatelet, anticoagulant, and anti-inflammatory actions via TFPI, APC system, ATIII and
fibrinolysis.”® During AP, the functions of the endothelium are impaired, leading to the evolution of pancreatic

microcirculatory dysfunction.?’

TFPI

TFPI is the inhibitor of TF-mediated coagulation, primarily synthesized by ECs.?® It binds to ECs via proteoglycans
(PGs)/glycosaminoglycans (GAGs)*® and inactivates TF-FVIIa-FXa complex and prothrombinase in the early phase of
the coagulation process® (Figure 1). The deficiency of TFPI increases susceptibility to the development of DIC and
thrombosis.*°
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Figure | Hemostatic and inhibitor systems in plasma. The blood coagulation system is activated in two ways:2> TF-FVlla activates FX; factor XII (FXII) via high molecular
weight kininogen (HK), and plasma kallikrein (PK) activates factor Xl (FXI) to factor Xla (FXIla), subsequently FXla activate factor IX (FIX). Both pathways lead to FXa-FVa-
Ca2+-PLs complex formation, catalyzing prothrombin (Fll) to thrombin (Flla) and ultimately, the synthesis of fibrin. Thrombin formation is regulated by three systems: (1) the
tissue factor pathway inhibitor (TFPI) inactivates FX by inhibiting TF-FVIla;*® (2) activated protein C (APC) along with its cofactor, thrombomodulin (TM) inactivates FVa and
factor Vllla (FVIlla);** (3) antithrombin (ATIIl) and its cofactor heparin inhibits FXa, Flla, TF-FVIla, and factor IXa.** The fibrinolytic system:*®** tissue-type plasminogen
activator (t-PA) and urokinase-type PA (u-PA) transform plasminogen into plasmin, which is inhibited by PA inhibitor-1 (PAI-1) and thrombin-activatable fibrinolysis inhibitor
(TAFI), then the plasmin hydrolyzs fibrin. Warfarin inhibits Fll, FVII, FIX, and FX by interfering with vitamin K epoxide reductase complex | (VKORC1).2® The coagulation is

influenced by the increased release of TF and decreased TFPI, ATIIl, and APC-TM mediate by SAP.

However, in AP patients, the levels of TFPI are elevated, which is markedly associated with PN and OF. In one
clinical study, the levels of free TFPI and free/total TFPI ratios were high in SAP patients, whereas the endogenous
thrombin is not different between the patients in mild AP and severe AP,’' meaning that the TFPI loses the biological
activity. Another study drew a similar conclusion since TF/TFPI ratio in non-survivors was lower than survivors in
ANP.*? The major source of increased plasma TFPI is the injured ECs, which is an adequate marker of endothelial injury
in AP.>? The raised level of TFPI cannot counteract hypercoagulability caused by vascular injury.

In conclusion, in the early stage of SAP, TF is highly upregulated.’®*' As the initiator of the coagulation, TF
contributes to hypercoagulability,®* while the level of TFPI is also upregulated significantly. The high level of TFPI just
represents the severity of ECs injuries that are the main and explicit reason for the progression of AP. As a result, TFPI is
insufficient in contrast to the hypercoagulable state, and exogenous administration of recombinant TFPI may protect

against thrombosis, impeding the progression from MAP to SNP.

Protein C (PC) System
The PC system harbors PC, its cofactor protein S, TM, and endothelial cell protein C receptor (EPCR), a transmembrane

glycoprotein present on the surface of ECs. Activated PC (APC) exerts potent anticoagulation by inactivating FVa and
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FVIIIa** (Figure 1). EPCR increases the efficiency of APC generation by presenting PC zymogen to thrombin/TM
complex, of which TM acts as a critical cofactor in the activation of PC.>
However, the PC system is damaged in AP patients characterized by low levels of PC and APC, high APC/PC

7-36 and significantly increased levels of plasma soluble TM (sTM) and EPCR.*” Two mechanisms might contribute

ratios,
to this phenomenon. First, elastase and proteinase 3 are released by neutrophils and cleave TM and EPCR from the cell
surface, and TM is oxidized and consequently less active form.*®** Second, the activation of the nuclear factor-kappa
B pathway increases their shedding from the endothelial surface.* As a result, the antithrombotic effectiveness of the PC
system is impaired, simplifying the development of DIC.** Surprisingly, sTM in plasma can still impair the propagation
phase of coagulation via rapid activation of PC.*' This phenomenon is consistent with the clinical application of
recombination TM (rTM) in AP patients complicated by DIC,'>!" which is highly beneficial. This phenomenon means
that the function of PC is preserved partially. Coagulopathy in SAP patients is not alleviated by APC treatment but
worsened compared to the placebo group.*> The reason may be that the APC leads to excessive anticoagulation during
consumptive coagulopathy or disrupts the balance mediated by APC that is yet to be elucidated. Therefore, low PC level
in plasma reflects the severity of AP,”*%* while recombinant APC is clinically infeasible.

ATl

ATIII is a serine protease inhibitor produced by the liver. It inactivates FXa, thrombin, TF-FVIla, and FIXa (Figure 1).
The cofactor heparin alters its conformation by direct binding to inhibit thrombin by 1000-fold. It also exerts an
anticoagulatory effect by binding to specific heparan sulfates of PGs/GAGs that cover the endothelial surface, protecting
the PGs/GAGs and maintaining the endothelial barrier function.**

However, in AP patients, the level of ATIII decreases as severity increases, which is rather pronounced in cases of
biliary AP.” This phenomenon could be ascribed to a combination of impaired synthesis because of the negative acute-
phase response, degradation by elastase, and consumption because of thrombin generation.’>*> ATIII deficiency can
result in severe venous thromboembolism*® and is positively correlated with the severity of DIC.*” On the other hand,
ATIII (1500 units/day for 3 days when baseline plasma ATIII activity <69%) alone does not improve the DIC score in
patients with acute cholangitis.*® Conversely, in septic patients complicated by DIC, high-dose ATIII (30,000 IU in total
over 4 days) without concomitant heparin significantly reduces septic coagulative response or mortality compared with
the placebo group.*” These clinical studies may guide the use of ATIII in AP patients. The application of ATIII
individually cannot effectuate its anticoagulation function. Thus, increasing the dose improves excessive coagulative
response; however, the risk of hemorrhage cannot be ignored. Thus, clinical studies using ATIII combined with an
appropriate dose of heparin are recommended.

Fibrinolysis
Tissue-type PA (t-PA) and u-PA released by ECs are the main activators in the fibrinolytic system, which transform
plasminogen into plasmin. PAI-1 and TAFI are the regulators of the fibrinolytic systems, of which PAI-1 is the principal
inhibitor’*" (Figure 1).

In AP patients, the level of TAFI rises at the onset of the disease.*” Patients with OF have significantly higher plasma
levels of PAI-1, and non-survivors demonstrate more potent suppression of fibrinolysis than survivors.>*** The high
levels of fibrinolytic inhibitors may be the stimulation of proinflammatory factors and hypoxia.>* The marked increase in
PAI-1 level causes fibrinolytic shutdown, subsequently failing to counteract the systemic deposition of fibrin clots during
system inflammatory reaction syndrome, leading to thrombosis and DIC.’® However, DIC further developed into
hyperfibrinolytic states.”* Hence, the fibrinolysis system with orchestrated regulation is the same complex as the
coagulation system and is poorly understood. Strikingly, global assays of fibrinolysis are promising in predicting the
risk of thrombosis but not bleeding.>* A better understanding of the fibrinolytic system alterations during SAP allows us
to set up an effective plan for thromboprophylaxis and decrease the incidence of malignant coagulopathy.

In conclusion, during SAP, the endothelial function is disrupted due to the disorders in TFPI, APC system, ATIII, and
fibrinolysis. These indexes predict the severity of the SAP, and they can also be potential targets that prevent the progress

of SAP.
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Roles of Platelets, Leukocyte, and Their Interactions in Coagulation Disorder of SAP
Platelets are essential cellular components of the coagulation system. Activated by thrombin and inflammatory
mediators,” platelets mediate vascular permeability, leukocyte chemotaxis, and synthesis of inflammatory factors,

27,56

ultimately leading to platelet-leukocyte-endothelial interactions caused by P-selectin, and neutrophil extracellular

traps (NETs), which partially account for coagulopathy in SAP patients.

P-Selectin
P-selectin stored in granular structures of ECs and platelets can be quickly mobilized towards the cell surface upon
stimulation.”” Its ligand P-selectin glycoprotein ligand-1 (PSGL-1) expressed on platelets, monocytes, and neutrophils
mediate leukocyte and platelet rolling on the vascular wall’®*° as well as platelet-neutrophil and platelet—platelet
aggregations to link inflammatory infiltration and thrombus formation®® (Figure 2). Notably, monocyte-derived, TF-
containing MPs fail to incorporate in thrombi when infused into P-selectin null mice, indicating that the accumulation of
leukocyte-derived TF in growing thrombi is mediated by PSGL-1 on the MPs.®°

In AP patients, enhanced P-selectin expression is related to severity.”' The elevated level of P-selectin markedly
strengthens the leukocyte—endothelium interaction and the thrombosis.®®> Suppressing P-selectin inhibits leukocyte and
platelet rolling in postcapillary venules of the inflamed pancreas,®® protecting against thrombosis®* and improving
pancreatic microcirculation and histopathology of acinar necrosis without causing any bleeding complications.®> Thus,
P-selectin plays a critical role in thrombosis by mediating the aggregation of platelets and leukocytes on the stimulated
ECs, thereby contributing to the development of AP. Animal studies have shown that PSGL-1 or P-selectin is a safe and
effective target against thrombosis that is promising in improving the prognosis of AP patients.

NETs

NETs are a meshwork of DNA fibers comprising histones, antimicrobial proteins, and high-mobility group box 1
(HMGBI1), exhibiting antimicrobial functions by trapping and killing extracellular pathogens in infectious diseases.®®
During inflammation, neutrophils are recruited first after endothelial injury and activation;*”*® subsequently, activated
platelets induce neutrophil necroptosis and NET formation® (Figure 2). NETs enhance thrombin generation,*® promote
granulocyte-platelet and platelet aggregation via a collaborative interaction between histone, platelets, and inorganic

polyphosphate,®®® and further activate the platelets.”
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Figure 2 Role of P-selectin and NETs in thrombosis. The interaction of P-selectin, expressed on stimulated endothelial cells and activated platelets, with PSGL-| mediates
the rolling of these cells on vascular endothelial layers, platelet—neutrophil, platelet-platelet aggregations, and incorporation in thrombi of monocyte-derived TF in capillary
venules. The activated platelets mediate neutrophil necroptosis, NET formation, and NET-MP aggregates to induce thrombin generation. In turn, NETs recruit more platelets
and neutrophils to reinforce each other, damaging the endothelium. The initiator is inflammatory mediator released in the early stage of SAP.
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In AP patients, the plasma levels of NET components increase significantly compared to the controls.”' Platelets

7172 and in turn, NETs recruit

71,73

regulate the formation of NETs and NET-MP aggregations, inducing thrombin generation,
platelets and neutrophils, reinforcing each other and injuring the endothelium within pancreatic microvasculature
(Figure 2). These phenomena reveal that except for strengthening the antimicrobial potential in infectious diseases and
contributing to normal hemostasis, NETs also impair organ perfusion during AP by amplifying the systemic or local
thrombosis. Neutrophil recruitment and activation at the site of endothelial damage is considered as the initial and
indispensable event in thrombus formation.®” Therefore, the inhibition of the recruitment of neutrophils or the formation
of NETs can serve as a therapeutic target to improve the outcomes in AP.

Therefore, platelets are cellular components of the coagulation system and act as a bridge between coagulation and
inflammation by interacting with the leukocyte, strengthening each other, ultimately aggravating the severity of SAP.
Suppressing these key intersections may improve the outcomes.

Influence of the Complement System in SAP Coagulation

The complement system shares a common origin with the coagulation system and influences each other. It is activated
through proteolytic cascades,’* leading to the formation of membrane attack complexes, ultimately polymerizing and
inducing lysis of the cellular target.”” In the early stage of AP, C3 and C4 decrease significantly, suggesting the
participation of the complement system.”® Recent studies have shown specific crosstalk between complement and
coagulation in AP patients. First, in addition to activation by serine proteases, granzyme B and trypsin also cleave the
central complement components, generating C3a and C5a.”’ Second, C3a and C5a release TF from monocytes and
ECs’*7® and promote platelet activation, leading to thrombogenesis.”>"”® Moreover, C3 is essential for the recruitment of
neutrophils into the pancreas and NET formation.”” The products of the complement system create a procoagulant
environment, enhancing the activation of platelets, granulocytes, and ECs, increasing the microcirculation thrombosis
and pancreatic injury. Thus, inhibiting some intersections that magnify the clotting response might improve the
microcirculatory perfusion without increasing the risk of bleeding.

Interactions Between Platelets, Leukocyte and Complement System

The complement and coagulation systems do not function independently. Platelets and complement systems activate and
enhance mutually via P-selectin, a receptor for C3b, reinforcing platelet adhesion, spreading, and aggregation.”® After
C3a and C5a complement activation, the direct products also stimulate the platelets and promote coagulation by
stimulating phosphatidylserine exposure.”’® Platelets and C3 are indispensable for NET formation and granulocyte—
platelet aggregation®®® by mediating the recruitment and necrosis of neutrophils.”” Subsequently, NETs recruit more
neutrophils, activate trypsin, and injury normal tissues.”® P-selectin and NETs emerge as intersection points between the
complement cascade and coagulation system, forming a vicious cycle in the development of SAP. Animal studies have
suggested that inhibition of P-selectin and NETs ameliorates tissue damage and pancreatic microcirculatory perfusion by

63,80

reducing leukocyte-platelet-endothelium interaction and improves survival.®' Currently, these therapies are useful as

they do not disrupt the normal hemostasis in experimental models but need an in-depth exploration before clinical trials.

Anticoagulation Therapy in AP Patients

Overactivation of clotting cascades and deterioration of anticoagulation and fibrinolysis functions aggravate the micro-
circulatory disturbance, leading to pancreatic necrosis and venous thrombosis.*® Pharmaceutical management of the
coagulation system may ameliorate the severity and mortality of AP. In clinical practice, some anticoagulation therapies
have made significant progress.

Vitamin K Antagonists

Warfarin inhibits the generation of vitamin K-dependent coagulation factors (Figure 1).** The pretreatment with low
doses of warfarin (90 or 180 pg/kg/day once a day for 7 days before induction of AP) inhibits the development of
ischemia/reperfusion-induced AP in rats, reduces the activity of serum lipase and amylase and levels of D-Dimer, and
pancreatic damage by reversing the decline in pancreatic blood flow without hemorrhage;** however, the delayed effects
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of warfarin treatment should also be considered. The use of vitamin K antagonists in animals harvests favorable results,
thereby necessitating the translation of these findings into clinical trials.

APC

In animal studies, APC improves the severity of pancreatic histology and serum markers of inflammation in ANP rats.*’
Although the PC pathway defects are associated with the progress of MOF,*® the coagulopathy in SAP with APC
treatment is not improved in patients, and the normal homeostasis of coagulation is slower than the placebo group.*
Clinical studies did not find any specific benefits of the APC therapy, and it is infeasible to supply exogenous APC to AP
patients to ameliorate prognosis.

ATIN

In AP patients, the level of ATIII decreases. The clinical studies of ATIII treatment are yet lacking. In an animal study,
ATIII (500 pg/kg) was injected intravenously 30 min before or after the induction of SAP in rats, which in turn attenuated
oxidative stress by decreasing 7NF-o. mRNA, and intercellular adhesion molecule-1 expression and protected against
SAP-induced renal dysfunction by inhibiting renal cell apoptosis but did not have beneficial effects on pancreatic or liver
injury.®> Animal study has shown the potential benefits of ATIII therapy, but more data are warranted to evaluate the
benefits and risks in the future.

Thrombomodulin

TM functions are impaired in SAP patients.>’ In a clinical study consisting of 38 patients with SAP complicated by DIC, rTM
was administered to 7 patients at 130 IU/kg/day and to 6 patients at 380 IU/kg/day, for 1-6 days. rTM administration was
started, on average, 58 hours after the onset of severe acute pancreatitis. No differences were detected between the groups except
a significantly low platelet count at the beginning in the rTM treatment group. On day 6, DIC scores were significantly lower,
and on day 60, the mortality rate was also significantly lower in the rTM group compared to conventional treatment group.'® In
a retrospective analysis consisting of 54 SAP patients, 24 were treated with rTM at a dosage of 380 U/kg/day or 130 U/kg/day
for patients on hemodialysis once these patients were diagnosed with DIC. The rTM treatment was maintained until DIC scores
improved to a Japanese Association for Acute Medicine score of <3. Thus, patients who received r'TM had severe disease, with
high Acute Physiology and Chronic Health Evaluation (APACHE) II and sepsis-related organ failure assessment scores, FDP,
and D-dimer, and low platelet count on admission. After a week, the differences disappeared, and no serious adverse events,
such as bleeding, occurred in the treatment group even if the platelet count was markedly reduced.'' These findings suggested
that r'TM might improve the prognosis of survival in SAP patients accompanied by DIC, and no adverse reactions occurred.

LMWH

There are several small-scale clinical investigations about the administration of LMWH in SAP patients. In a multicenter
prospective clinical study, 265 SAP patients were randomized to LMWH treatment group or conventional treatment
group, all the parameters in the two groups were not significantly different. LMWH was administered at 100 pg/kg/day
from the time of admission for one week. After treatment, in LMWH treatment group, the clinical presentation
improvement rate (MOF 68.4% vs 32.8%, Symptoms 53.3% vs 26.7%) and laboratory parameter improvement (blood
amylase 913+281 vs 1738+346) were significantly higher than those in conventional treatment group, and the acute
physiology and chronic health evaluation (APACHE) II score (8.5 + 1.8 vs 9.6+ 2.4), complication rate (acute respiratory
distress syndrome 12.6% vs 35.4%, pancreatic encephalopathy 2.2% vs 10.0%, GI bleeding 3.7% vs 4.6%), CT score (3.8
+ 2.2 vs 4.9 + 2.4), mortality (10.4%, 14/135 vs 30.6%, 40/130) and mean hospital stay (30+8 days vs.43=11 days) in
LMWH treatment group were obviously lower than those in conventional treatment group.’

In another single-center, prospective, randomized controlled study, a total of 100 patients whose symptoms started within
24 h with moderately severe and severe AP (MSAP) diagnosed by the revised Atlanta criteria were randomized to receive
either conventional treatment or conventional treatment plus LMWH. There were 50 patients in each group. LMWH was
administered at 1 mg/kg twice a day between days 1 and 7. After treatment, local and systemic complications (14% vs 34%)
and PN (6.1% vs 22.9%) developed significantly less frequently in the LMWH group. There was a trend for shorter hospital
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stay and lower mortality in the LMWH group while they were not significantly different between the groups. No
hemorrhagic complication occurred.®® Several other clinical studies and drew close conclusions.®”%®
Thus, LMWH might be used as a simple, safe, economical, and effective method for the treatment of SAP with

improved prognosis.

Other Therapies

Targeting NETs or P-Selectin

NETs and P-selectin play a critical role in microcirculatory pancreatic hypoperfusion. In animal studies, inhibition of
P-selectin or NET formation attenuates organ injury and neutrophil recruitment in the inflamed pancreas®® and improves
survival by improving pancreatic microcirculation.®>*>*! Presently, NET targeting is only carried out in animals as the
risks are yet to be elucidated. Thus, targeting NETs or P-selectin in AP might be a promising approach in the
management of thrombotic disorders.

Discussion

AP is a common and potentially life-threatening disease as the morbidity has been increasing dramatically due to
ascending incidence of obesity that promotes gallstone formation, alcohol consumption, hypertriglyceridemia, and
smoking.> AP is associated with a large socioeconomic, psychological, and physiological burden.":'* Reportedly,
pancreatic microcirculatory disturbances aggravate histopathologic tissue damage and worsen the outcomes of SAP;
deterioration of coagulation is a key to this pathological process.* During AP, overactivation of clotting cascades and
upregulation of procoagulant substances, insufficient anticoagulation and fibrinolysis increases fibrin formation and
deposition leading to thrombosis of the microvasculature, which can impair organ perfusion and result in the
production of organ system dysfunction. So, improvement of pancreatic and systemic microvascular disturbance by
interrupting the activation of the clotting system is very important in blocking the pathological and clinical process of
the development of pancreatitis.

The present review illustrates that LMWH treatment in SAP patients or rTM treatment in SAP patients
complicated by DIC improves the severity and mortality rate in both short- and long-term, and peripheral perfusion
and systemic oxygenation without serious adverse events.”'' While these clinical trials were too small to demon-
strate a statistical survival benefit, the results were encouraging enough to carry out larger, multicenter clinical trials
designed to evaluate the potential treatment benefit of LMWH and rTM replacement in SAP. In preclinical studies,
ATIII and low doses of warfarin reverse the decreased blood flow.**®> Animal studies have shown favorable effects,
while studies of standard therapy regimens are lacking in AP patients, necessitating the translation of these findings
into clinical trials under intensive monitoring. Taken together, the activation of the hemostatic system has been
ascribed a critical pathophysiological role in AP, which causes pancreatic perfusion failure, ischemia, and tissue
necrosis. Thus, a single-target therapy may be insufficient, requiring novel drugs. Large-scale clinical trials are
needed to identify the appropriate drug and the adequate dose under various clinical situations.
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