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Abstract
AIM: To study tissue factor (TF) in acute pancreatitis 
and evaluate the role of TF as a predictive marker of se-
verity.

METHODS: Forty-nine consecutive patients admitted 
to Lund University Hospital, fulfilling the criteria of pre-
dicted severe acute pancreatitis (AP), were recruited 
prospectively between 2002 and 2004. Blood samples 
for TF analyses were drawn at inclusion in the study 
and 12 h, 1 d and 3 d later. 

RESULTS: Twenty-seven patients developed mild AP, 
and 22 patients severe AP. At inclusion in the study, the 
groups were comparable with respect to gender, aetiol-
ogy, Acute Physiology and Chronic Health Evaluation 
Ⅱ score, and duration of pain. At inclusion in the study 
and at 12 h, TF was higher in the severe AP group (P  = 
0.035 and P  = 0.049, respectively). After 1 and 3 d, no 
differences in TF levels were noted. Interleukin (IL)-6 
was significantly higher in the severe AP group at all of 

the studied time points. C-reactive protein (CRP) was 
significantly higher in the AP group at 1 and 3 d. In re-
ceiver operating characteristic-curves, the area under 
the curve (AUC) for TF was 0.679 (P  = 0.035) at inclu-
sion in the study, and a cut off level for TF of 40 pg/mL 
showed a sensitivity of 71% and a specificity of 67%, 
whereas corresponding AUC for IL-6 was 0.775, P  = 
0.001, and for CRP was 0.653. IL-6 showed better AUC-
values than TF at all time points studied.

CONCLUSION: TF-levels are raised early in severe AP. 
TF as an early predictive marker of severe AP is supe-
rior to CRP, but inferior to IL-6.
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INTRODUCTION
Severe acute pancreatitis (AP) is one example of  critical 
illness where both the inflammatory system and the co-
agulation system are to be considered as ticking bombs, 
where the most extreme scenarios result in multiple organ 
dysfunction and disseminated intravascular coagulation. 
Microcirculatory disturbances with micro vascular throm-
boses appear to play an important role both in the inflamed 
pancreas itself  and in remote organ failure[1,2]. Clinical evi-
dence is still sparse[3-5], but several experimental studies have 
suggested an important role of  the coagulation system in 
the pathophysiology of  AP[6-8]. One key to the cross-talk 
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between inflammation and coagulation are proteases, with 
enzymatic capacity to activate both inflammation and co-
agulation. Coagulation factors, such as factor Ⅶ (FⅦ) and 
tissue factor (TF), as well as thrombin, can bind to protease 
activated receptors (PARs) on various cells and elicit intra-
cellular signalling, resulting in modulation of  inflammatory 
response[9]. The PAR family has at least four members 
(PAR 1-4) where TF-FⅦ has been shown to be able to act 
through PAR-2, while TF-FⅦ-FX also activates PAR-1. 
PAR-2 is the only PAR not activated by thrombin[10].

Tissue factor is a trans-membrane glycoprotein, initiat-
ing the most important pathway of  coagulation[11,12]. Tis-
sue factor is expressed in the vascular adventitia, but may 
also be expressed in micro-particles which can be shed 
from leukocytes, endothelial cells, vascular smooth muscle 
cells and platelets[13]. In the normal setting TF is not in 
contact with circulating blood. When vessels are injured 
or when TF-expressing cells are stimulated by circulating 
pro-inflammatory cytokines or lipopolysaccharide (LPS), 
TF is exposed to the bloodstream. TF then binds and ac-
tivates factor Ⅶ. Factor Ⅶ is a vitamin K-dependent tryp-
sin-like serine protease, produced in the liver. It circulates 
in an inactive form, and requires the action of  its allosteric 
regulator, TF, to convert it to the active enzyme (FⅦa). 
The TF-factor Ⅶ complex initiates coagulation by activat-
ing FX, eventually resulting in conversion of  pro-throm-
bin to thrombin. Thrombin cleaves fibrinogen, resulting 
in abundant fibrin production and the formation of  a clot. 
The activity of  TF is counterbalanced by circulating tissue 
factor pathway inhibitor (TFPI). In addition to its well-
established role in coagulation, TF, and to a lesser extent 
FⅦ, have also been associated with various other physi-
ological processes of  gene transcription, apoptosis and 
cytoskeleton reformation, such as in inflammation, sepsis, 
metastasis, angiogenesis and atherosclerosis, where the 
TF-FⅦa complex acts as a signalling receptor[14-17]. The 
role of  TF/FⅦa signalling in inflammatory conditions 
is confirmed by TF/FⅦa regulated expression of  the 
pro-inflammatory cytokine interleukin (IL)-8 in keratino-
cytes[18], and a role in the regulation of  both IL-6 and IL-8 
expression in monocytes/macrophages[19]. Confirming the 
effect of  FⅦa on expression of  interleukins, recombinant 
FⅦa administered to healthy humans caused a three- to 
four-fold increase in plasma levels of  IL-6 and IL-8[20]. A 
role of  TF/FⅦa signalling in the regulation of  inflam-
matory genes has been demonstrated in LPS-stimulated 
macrophages, where TF-FⅦa signalling activated genes 
coding for tumor necrosis factor-α, IL-6, and IL-8[21].

Recent clinical studies have suggested a potential role 
of  coagulation variables, such as TF, TFPI and D-dimer, 
in predicting risk of  developing organ failure and severe 
AP[22-24]. However, the evidence supporting their use as pre-
dictors of  severity of  AP is still weak, compared to C-re-
active protein (CRP) and IL-6, which to date are the most 
well-documented laboratory parameters to predict severe 
AP[25-28].

The present study aimed to investigate plasma levels of  
TF in the initial phase of  predicted severe AP, and to assess 
the ability of  this biochemical marker to predict severe AP. 

MATERIALS AND METHODS
Consecutive patients admitted to Lund University Hospi-
tal with the clinical diagnosis of  acute pancreatitis, were 
recruited prospectively between June 2002 and December 
2004. Inclusion and exclusion criteria are listed in Table 1. 

Written informed consent was obtained and the study 
was approved by the local research ethics committee. 
This study was part of  a prospective single-centre study 
on early enteral nutrition vs total parenteral nutrition in 
AP, where parts of  the data on IL-6 and CRP have been 
published[29]. Venous blood was taken for measurement of  
plasma levels of  TF, FⅦ, fibrinogen, IL-6 and CRP. Not 
all markers were measured at all time points in the study. 
TF and IL-6 were measured at inclusion, after 12 h, and 
after 1 and 3 d. CRP was measured at inclusion, and after 
1 and 3 d. Fibrinogen and FⅦ were only measured at in-
clusion in the study.

Descriptive data were recorded including age, gender, 
aetiology, time from onset of  pain to inclusion in the 
study, Acute Physiology and Chronic Health Evaluation 
(APACHE) Ⅱ score on day 1 and 3, organ failure, and 
mortality. The severity of  pancreatitis was assessed ac-
cording to the Atlanta classification[30].

Blood samples and assays
Peripheral blood samples were taken from each patient 
on study inclusion, at 12 h, and after 1 and 3 d. Admis-
sion plasma levels of  FⅦ were analysed, and to detect the 
prevalence of  fibrinolysis and fibrinogen consumption at 
admission, plasma fibrinogen was analysed. Fibrinogen is 
an acute phase protein, affected by pathologic proteolysis 
such as in disseminated intravascular coagulation, where 
low levels of  fibrinogen are to be expected. TF, IL-6 and 
CRP were analysed at repeated time points during three 
days after inclusion in the study.

Tissue factor and fibrinogen were collected using cit-
rate tubes, and ethylenediaminetetraacetic acid tubes were 
used for IL-6 and CRP. All samples were centrifuged at 
2200 g for 10 min (3200 r/min, rotor diameter 19.1 cm). 
The plasma was decanted and stored at -70℃ until further 
analysis. 

TF and FⅦ were assessed by enzyme-linked immuno-
sorbent assay (ELISA)-kits according to the manufacturer’
s instructions (Assaypro St. Charles, MO, USA). The TF-
ELISA recognizes TF-apo, TF and TF-Ⅶ complexes. The 
FⅦ-ELISA detects free FⅦ and FⅦa, as well as com-
plexes with TF, TF/factor Ⅶ and TF/FⅦa.

Fibrinogen was analysed by Sysmex CA-7000 (Sysmex 
Corporation, Kobe, Japan) according to the operator’s  
manual. The procedure involves mixing citrate plasma 
with buffer. After incubation, coagulation was initiated by 
adding an excess of  thrombin. The time between addi-
tion of  thrombin and coagulation was registered photo-
optically and is inversely proportional to the concentration 
of  fibrinogen. 

IL-6 was measured by an ELISA-kit according to the 
manufacturer’s instructions (Quantikine, R6D systems 
Europe, Abingdon, UK). CRP was measured by Cobas 
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6000 (Roche Corporation, Basel, Switzerland) according 
to the operator’s manual. The complex binding between 
CRP and CRP monoclonal antibodies attached to latex 
particles was registered as an increase in absorbance, mea-
sured photo-optically, and the increase in absorbance was 
related to the concentration of  CRP. 

Statistical methods
Data are presented as median and interquartile range, 
when applicable. Outliers are not shown in the box-plots, 
but are included in all calculations. Comparisons between 
groups were performed with the χ2 test for binary data 
or Fisher’s exact test for small samples. Continuous vari-
ables were compared with the Mann-Whitney U-test. To 
evaluate TF as a predictor of  severe AP, receiver operat-
ing characteristics (ROC) curves were plotted and posi-
tive likelihood ratios (PLR) and negative likelihood ratios 
(NLR) were calculated to detect optimal cut-off  levels. As 
a comparison, figures calculated from levels of  CRP and 
IL-6 were used, as they are known to be good predictors 
of  severity, IL-6 already at admission[27] while CRP peaks 
about 48 h later.

In a ROC curve, the true positive rate (sensitivity) is 
plotted in function of  the false positive rate (100 - speci-
ficity) for different cut-off  points. Each point on the ROC 
plot represents a sensitivity/specificity pair correspond-
ing to a particular decision threshold. A test with perfect 
discrimination (no overlap in the two distributions) has a 
ROC plot that passes through the upper left corner (100% 
sensitivity, 100% specificity). The closer the ROC plot is 
to the upper left corner, and the greater the area under the 
curve, the higher the overall accuracy of  the test is[31]. The 
Likelihood Ratio (LR) is the likelihood that a given test 
result would be expected in a patient with the target disor-
der, compared to the likelihood that the same result would 
be expected in a patient without the target disorder. 

Statistical analyses were performed with SPSS version 
PASW Statistics 18 (SPSS Inc, Chicago, IL, USA).

RESULTS
Patient characteristics
According to the Atlanta classification, 22 patients (45%) 
fulfilled the criteria of  severe AP, and 27 patients (55%) 
were classified as having mild AP. One patient in the se-
vere AP group died, rendering an overall mortality rate of  

2.0%. At inclusion in the study, the groups with mild and 
severe pancreatitis were comparable with respect to gen-
der, aetiology, APACHE Ⅱ score, and duration of  pain 
prior to inclusion. Age was lower in the severe AP group, 
compared to the mild AP group. Patient characteristics 
and laboratory variables at time of  inclusion are presented 
in Table 2. 

Markers
Because some blood samples were not taken properly, 
there are different numbers of  patients at the different 
time points. At inclusion in the study, TF was higher in 
the severe AP group, whereas fibrinogen was lower in the 
severe AP group compared to the group with mild AP 
[Figure 1, tissue factor (pg/mL)]. 

There was no difference in FⅦ-levels between the 
groups (P = 0.608). A large variation in inter-individual 
levels of  FⅦ was noted [Figure 2, scattergram of  FⅦ 
plasma levels at admission (ng/mL)]. IL-6 was higher in 
the severe AP group (P = 0.001), and CRP showed a ten-
dency towards higher levels in the severe AP group (P = 
0.071) at time of  inclusion in the study (Table 2).

When looking at changes over time, TF was slightly 
higher in the severe AP group at 12 h (P = 0.049). After 
1 and 3 d no differences in TF levels were noted between 
the mild and the severe AP group [Figure 1, tissue factor 
(pg/mL)].

IL-6 peaked at 12 h and was significantly higher in the 
severe AP group at all of  the studied time points (at inclu-
sion P = 0.001, 12 h P < 0.001, 1 d P < 0.001 and 3 d P = 
0.000, respectively). CRP peaked at day 3, and was signifi-
cantly higher in the AP group at 1 and 3 d (P = 0.001 and 
P < 0.001, respectively).

Prediction of severity
To evaluate the utility of  TF as an early predictor of  se-
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Table 1  Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

> 18 yr Acute pancreatitis due to surgery
Abdominal pain Trauma
Amylase > 3 times upper normal limit Cancer
Onset of abdominal pain within 48 h Inflammatory bowel disease
APACHE Ⅱ score > 8 and/or Stoma
CRP > 150 and/or Short bowel
Peripancreatic fluid collection on CT Chronic pancreatitis

APACHE: Acute Physiology and Chronic Health Evaluation; CRP: C-reac-
tive protein; CT: Computed tomography.

Table 2  Patient characteristics and laboratory variables at 
time of inclusion

MAP (n  = 27) SAP (n  = 22) P

Age (yr)1 76 (63-85) 63 (56-77) 0.042
Sex (M:F) 14:13 10:12 0.664
APACHE Ⅱ1 9 (8-11) 9 (7-13) 0.860
Aetiology
   Biliary 15 16 0.248
   Alcohol   4   3 1.000
   ERCP   3   1 0.617
   Unknown   5   2 0.436
Duration of pain (h)1 34 (21-43) 25 (22-29) 0.160
Amylase1    8.2 (2.7-13.7)    9.8 (4.3-15.3) 0.690
IL-6 (pg/mL)1 100 (55-210)   275 (158-315) 0.001
CRP (mg/mL)1 106 (69-167)   173 (104-209) 0.071
Tissue factor (pg/mL)1 35 (23-50)   49 (36-101) 0.035
Fibrinogen (g/L)1  4.8 (4.4-6.2)  4.0 (3.8-7.2) 0.047
FⅦ (ng/mL)1 155 (46-294) 136 (88-296) 0.608

1Values are expressed as median and inter-quartile range. MAP: Mild 
acute pancreatitis; SAP: Severe acute pancreatitis; APACHE: Acute Physi-
ology and Chronic Health Evaluation; ERCP: Endoscopic retrograde chol-
angiopancreatography; IL-6: Interleukin-6; CRP: C-reactive protein; FⅦ: 
Factor Ⅶ.
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vere AP, ROC-curves were plotted for the time of  inclu-
sion (Figure 3A, ROC curves of  TF, IL-6 and CRP at time 
of  inclusion in the study), and for 12 h (Figure 3B, ROC 
curve of  TF and IL-6 at 12 h after inclusion in the study), 
1 d (results not shown) and 3 d after inclusion in the study 
(Figure 3C, ROC curves of  TF, CRP and IL-6 at 3 d after 
inclusion). As a comparison, ROC-curves were plotted for 
CRP and IL-6. Area under the curve (AUC) values at the 
different time points were studied. Based on these results, 
possible cut-off  levels for TF are suggested at inclusion 
and after 12 h, based on sensitivity, specificity, PLR and 
NLR. Table 3 shows AUC-values, P-values, possible cut-
off  levels, sensitivity, specificity, PLR and NLR for TF 
(pg/mL). 

DISCUSSION
Several previous studies on coagulation factors in AP 
have been published. In a study on 36 patients with AP, 
elevated levels of  TF were detected at admission. In that 
study only 5 patients were classified as having moderate 
AP, while 31 had severe AP according to the Japanese Se-
verity Score[22]. A correlation between higher levels of  TF 
and development of  organ failure was demonstrated, but 
in contrast to the results from the present study no cor-

relation with overall severity was detected. In the present 
study, TF was higher in severe AP compared to mild AP 
at inclusion in the study, i.e. close to admission, and after 
12 h.

The levels of  fibrinogen in both mild and severe AP 
were in the higher span or above the reference for normal 
human plasma levels, consistent with fibrinogen being an 
acute phase protein. A slightly lower level of  fibrinogen 
was noted in the group with severe AP at inclusion in the 
study. The results are, however, hard to interpret as fibrin-
ogen is an acute phase protein and the level of  fibrinogen 
in the severe AP group was just above normal level. It 
should be stressed that the result for fibrinogen was of  
weak significance, and further studies of  other parameters 
of  fibrinolysis, such as D-dimer and fibrin degradation 
products should be conducted in order to tell whether 
early fibrinolysis is the explanation for the lower levels of  
fibrinogen in the severe AP group.

In a study on 91 patients with AP, D-dimer, pro-
thrombin time and fibrinogen were different when com-
paring patients developing organ failure and patients not 
developing organ failure, both at admission and 24 h later. 
D-dimer was the best predictive marker of  organ failure 
(sensitivity 90%, specificity 89%)[23]. In a study on 139 
patients with AP, the levels of  antithrombin Ⅲ (AT-Ⅲ), 
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3 = 3 d. TF: Tissue factor.

Table 3  Area under the curve-values, possible cut-off levels, sensitivity, specificity, positive and negative likelihood ratio for tissue 
factor

Time point1 AUC P Cut-off TF (pg/mL) Sensitivity Specificity PLR NLR

0 0.679 0.035 32 86 48 1.65 0.30
40 71 67 2.14 0.43
46 62 74 2.39 0.51

0.5 0.681 0.049 33 90 43 1.57 0.26
41 78 56 1.79 0.39
47 72 70 2.37 0.40

1 0.652 0.078
3 0.621 0.151

1Time points: 0 = inclusion in study, 0.5 = 12 h, 1 = 24 h, 3 = 3 d. AUC: Area under the curve; TF: Tissue factor; PLR: Positive likelihood ratios; NLR: 
Negative likelihood ratios.
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Figure 2  Scattergram of factor Ⅶ plasma levels at inclusion (ng/mL). FⅦ: 
Factor Ⅶ; MAP: Mild acute pancreatitis; SAP: Severe acute pancreatitis.
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fibrin/fibrinogen degradation products, platelet count, 
D-dimer, and antithrombin-AT-Ⅲ complex at admission 
were associated with severity and prognosis of  AP. AT-
Ⅲ, fibrin/fibrinogen degradation products, platelet count, 
D-dimer, and thrombin-AT-Ⅲ complex at admission 
showed better area under the ROC curve values compared 
to CRP. AT-Ⅲ was the best predictor of  fatal outcome 
(sensitivity 81%, specificity 86%)[32]

.

In experimental studies, deficiency of  FⅦ has been 
shown to reduce inflammation[33,34] and high levels of   
FⅦ have been suggested to be associated with ischemic 
heart disease and inflammation[35,36]. In the present study, 
concentrations of  FⅦ did not differ between the mild 
AP group and the severe AP group, and hence levels of   
FⅦ do not seem to be affected in the early course of  the 
disease. The large variation in levels of  FⅦ is consistent 
with reported findings on a strong contribution of  the FⅦ 
genotype to levels of  FⅦ. Different FⅦ genotypes can re-
sult in up to several-fold differences in mean FⅦ levels[37].

Early recognition of  patients at risk of  developing 
severe AP with multiple organ failure and high risk of  
mortality remains a challenge, despite the use of  multifac-
tor scoring systems such as APACHE-Ⅱ and Ranson’s  

score[38]. Obesity, age, alcohol consumption and use of  
tobacco are known to predispose to a severe disease 
course[39,40]. The most widely used laboratory parameter to 
predict severity of  AP and development of  complications 
is CRP. A meta-analysis on the ability of  IL-6 to predict 
severe AP concludes that these cytokines perform at an ac-
ceptable level in predicting severe AP[26]. The pooled IL-6 
sensitivities ranged between 81.0% and 83.6% and speci-
ficities between 75.6% and 85.3% with PLRs of  3.43, 4.90 
and 4.40 for days 1, 2 and 3, respectively. The IL-6 AUCs 
were 0.75, 0.88 and 0.85 for days 1, 2 and 3, which are in 
accordance with the AUCs for IL-6 in the present study.

Data concerning the role of  coagulation variables as 
predictors of  severe AP are scarce. In a study of  44 pa-
tients with AP, TFPI measured at admission was shown to 
be related to severity[24]. Among the three variables in the 
present study, fibrinogen, FⅦ and TF, TF was significant-
ly raised at admission, when comparing the severe and the 
mild AP group. With this result in mind, TF was explored 
as a marker of  severity at four different time points, by 
area under ROC-curves. At admission and after 12 h, the 
AUC for TF was 0.68, and when evaluating different cut-
off  points the best PLR was 2.4, with a sensitivity of  62% 
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and a specificity of  72%, which implies a quite low impact 
on the likelihood of  severe disease, much less impact than 
IL-6 at corresponding time points.

We conclude that levels of  TF, but not FⅦ, are higher 
in “true severe” AP than in those patients with predicted 
severe AP who turn out to develop mild AP. Our results 
stress the need of  more reliable predictors of  severity, 
as only 45% of  the patients in our study with predicted 
severe disease actually developed severe AP. The value of  
TF as a predictive marker of  severe AP early in the course 
of  the disease is not as good as IL-6, but superior to CRP. 
The results do not indicate a role for TF as a valuable pre-
dictive marker of  severity on its own. The higher levels of  
TF in the early course of  severe AP suggest, however, a 
potential role of  TF in the development of  severe disease, 
and may reflect a window for therapeutic inhibition of  TF 
in AP. 

COMMENTS

Background
Acute pancreatitis affects about 20-40/100 000 inhabitants each year. One fifth 
of these patients will develop a severe form of AP with multiple organ failure 
and a high risk of death. There is no reliable marker to early predict which 
patients will develop the severe form. In severe disease, such as AP, a close 
interplay between coagulation and inflammation is known to exist, and take part 
in the development of the disease. In this paper, tissue factor, which is a key 
player in the crosstalk between inflammation and coagulation, is measured in 
the plasma of patients with predicted severe pancreatitis.
Research frontiers
Data concerning the role of coagulation variables as predictors of severe acute 
pancreatitis (AP) are still sparse. The results from one study on patients with 
AP, showed that levels of tissue factor (TF) were related to the development of 
pancreatic necrosis in alcoholic severe AP, but no association with overall se-
verity was demonstrated (Sawa et al 2006). In another study of AP, the coagu-
lation parameters D-dimer, pro-thrombin time and fibrinogen were different in 
the group of AP patients developing organ failure compared to the patients who 
did not develop organ failure, both at admission and 24 h later. D-dimer was the 
best predictive marker of organ failure (Radenkovic et al 2009). In yet another 
study on AP, the levels of the coagulation parameters antithrombin Ⅲ (AT-Ⅲ), 
fibrin/fibrinogen degradation products, platelet count, D-dimer, and thrombin-
AT-Ⅲ complex at admission were associated with severity and prognosis of AP. 
AT-Ⅲ was the best predictor of fatal outcome (Maeda et al 2006).
Innovations and breakthroughs
The authors show that levels of TF measured early in the course of the disease 
are higher in patients who develop severe AP. These results are consistent with 
the possible role of coagulation variables in the development of AP.
Applications
The role of TF as an early predictor of severe AP is inferior to interleukin-6, 
which has been shown to be of value in various previous studies, however, TF 
is superior to the most frequently used laboratory parameter, C-reactive protein. 
The results indicate a role for TF in the development of severe AP, and the ef-
fect of tissue factor pathway-inhibitors in AP should be studied.
Terminology
Acute pancreatitis is an acute inflammation of the pancreatic gland, most often 
elicited by alcohol ingestion or gall stone disease. Tissue factor is located in the 
membrane of various cells surrounding the blood vessels throughout the body, 
and is exposed to circulating blood when vessels are ruptured or may be ex-
pressed by white blood cells or cells on the inside of blood vessels in inflamma-
tory conditions, such as acute pancreatitis. When tissue factor binds to factor Ⅶ, 
circulating in the blood, the coagulation cascade is initiated, but tissue factor - 
factor Ⅶ may also modulate the inflammatory response.
Peer review
This clinically relevant study of the predictors of pancreatitis severity looks fine. 
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