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Introduction  The predominant cause of sys‑
tolic dysfunction is coronary artery disease (CAD), 
which commonly leads to ischemic cardiomyopa‑
thy due to inadequate oxygen delivery to the myo‑
cardium. Elevated levels of clotting factors, to‑
gether with high levels of circulating tissue fac‑
tor (TF) have been found in patients with CAD.1,2 
Circulating activated factor XI (FXIa) and active 
TF can be detected in acute coronary syndromes 
and stable angina.3‑5

It is known that there is an increased risk of 
thromboembolic events in HF patients with or 
without concomitant atrial fibrillation.4‑7 Left 
ventricular ejection fraction (LVEF) appears to 

be independently associated with thromboem‑
bolic risk.5

TF, a membrane‑bound glycoprotein, is exposed 
through the rupture or erosion of an atheroscle‑
rotic plaque in the coronary artery6 and is the pri‑
mary initiator of the extrinsic coagulation cas‑
cade. Coagulation is initiated when TF is exposed 
to FVIIa circulating in blood. The TF/FVIIa com‑
plex activates FIX and FX, ultimately resulting in 
prothrombin activation to thrombin.7,8 Thrombin 
catalyzes the conversion of soluble fibrinogen to 
fibrin, potently activates platelets, and amplifies 
its own generation by activating plasma pro-cofac‑
tors FV and FVIII and zymogens FVII and FXI.
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Abstract

Introduction  Elevated clotting factors and thrombin generation have been reported to occur in 
patients with heart failure (HF). Circulating activated factor XI (FXIa) and active tissue factor (TF) 
can be detected in acute coronary syndromes and stable angina.
Objectives  We investigated circulating FXIa and active TF and their associations in patients with 
systolic HF due to ischemic cardiomyopathy.
Patients and methods  In an observational study, we assessed 53 consecutive patients, aged 
below 75 years, with stable HF associated with documented coronary artery disease (CAD). Atrial 
fibrillation, recent thromboembolic events, and current anticoagulant therapy were the exclusion 
criteria. Plasma TF and FXIa activity was determined in clotting assays by measuring the response 
to inhibitory monoclonal antibodies.
Results  Coagulant TF activity was detected in 20 patients (37.7%), and FXIa in 22 patients (41.5%). 
Patients with detectable TF activity and/or FXIa were younger, had a history of myocardial infarction 
more frequently, significantly higher F1+2 prothrombin fragments, larger left atrium (LA) and right 
ventricular diastolic diameter, and higher right ventricular systolic pressure than the remaining subjects 
(P ≤0.01 for all). Circulating FXIa was positively correlated with F1+2 levels (r = 0.69; P <0.001).
Conclusions  Circulating active TF and FXIa occurred in about 40% of patients with systolic HF due 
to ischemic cardiomyopathy. The presence of these factors was associated with enhanced thrombin 
formation. Associations between both factors and LA diameter and right ventricular parameters might 
suggest that TF and FXIa predispose to thromboembolic complications of HF.
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liver injury (alanine transaminase 1.5‑fold above 
the upper limit of the reference range), serum 
creatinine >221 µM, oral anticoagulant or hep‑
arin administration, and recent thromboembol‑
ic events (within the previous 6 months). No pa‑
tient had the prior diagnosis of pulmonary arteri‑
al hypertension. The Jagiellonian University Eth‑
ical Committee approved the study, and patients 
provided written informed consent.

Methods  Echocardiography  Standard trans- 
thoracic echocardiography was performed with 
the Acuson Sequoia C512 machine. The follow‑
ing parameters were evaluated: right ventricular 
diastolic diameter (RVDD), right ventricular sys‑
tolic pressure (RVSP) with the baseline estimated 
RVSP of 10 mmHg, left ventricular diastolic di‑
ameter, left ventricular systolic diameter, LVEF, 
interventricular septum diastolic diameter, left 
ventricular posterior wall diameter in diastole, 
left atrial (LA) systolic diameter, and ascending 
aorta diameter.

Laboratory procedures  Fasting blood samples 
were drawn between 8 and 10 a.m. from an an‑
tecubital vein with minimal stasis. Routine blood 
tests, including lipid profile, blood cell count, glu‑
cose, and serum creatinine, were conducted by 
automated laboratory techniques. Plasma sam‑
ples (9:1 of 3.2% trisodium citrate) were centri‑
fuged (20 min at 2500 g) within 30 minutes of col‑
lection, immediately frozen and stored in aliquots 
at –80°C. Fibrinogen and high‑sensitivity C‑reac‑
tive protein were measured by latex nephelome‑
try (Siemens, Marburg, Germany). Commercial‑
ly available immunoenzymatic assays were used 
to determine tissue‑type plasminogen activator 
antigen (t‑PA:Ag) (Biopool, Ventura, CA, United 
States), plasminogen activator inhibitor‑1 anti‑
gen (PAI‑1:Ag) (Biopool), and prothrombin frag‑
ment F1+2 (Siemens).

Determination of active tissue factor and activat-
ed factor FXI  Plasma clotting assays were per‑
formed as described previously.1 Briefly, citrat‑
ed plasma was thawed at 37°C in the presence of 
corn trypsin inhibitor (an inhibitor of the con‑
tact pathway of blood coagulation, which blocks 
FXI activation by FXIIa) and either buffer or in‑
hibitory monoclonal anti‑FXI (αFXI‑2) or an‑
ti‑TF (αTF‑5) antibody (both produced in house) 
at a final 0.1 mg/ml concentration. CaCl2 at a fi‑
nal 15 mM concentration was added and plas‑
ma clotting was initiated by the addition of 2 
μM phospholipid vesicles composed of 25% di‑
oleoyl‑sn‑glycero‑3‑phospho‑L‑serine and 75% 
1,2‑dioleoyl‑sn‑glycero‑3‑phosphocholine (both 
from Avanti Polar Lipids, Inc; Alabaster, AL, Unit‑
ed States). Clotting times were determined using 
the ST8 clotting instrument (Diagnostica Stago, 
Parsippany, NJ, United States).

TF and FXIa activity was calculated from cal‑
ibration curves built by sequential dilutions of 
human FXIa (a gift from Dr. R. Jenny, Haemato

FXI is a homodimeric coagulation protein 
produced in the liver and assigned with a role in 
the intrinsic coagulation pathway. In vitro, activat‑
ed FXII on negatively charged surfaces activates 
FXI to FXIa, and FXIa activates FIX, leading to 
thrombin generation. However, under physiologic 
conditions, FXI is activated by thrombin bypass‑
ing the contact activation pathway.9 It has been 
suggested that in vivo FXI and FXII can be activat‑
ed in the presence of extracellular RNA.10 The pro‑
coagulant activity of thrombin is regulated by dy‑
namic and stoichiometric inhibitors, including an‑
tithrombin that forms thrombin‑antithrombin 
complex. Thrombin‑mediated FXI activation 
contributes to the impairment of fibrinolysis 
via enhanced activation of thrombin‑activatable  
fibrinolysis inhibitor.11 The regulation of throm‑
bin is central to maintaining the balance between 
hemorrhage and thrombosis.

Coagulant TF activity detectable in circulat‑
ing blood has been postulated to be a marker 
for dysregulated coagulation, which may predict 
the atherothrombotic risk.12 Plasma TF antigen 
levels are increased in patients with acute myocar‑
dial infarction.13 Moreover, TF expression on mac‑
rophages is upregulated in coronary atherosclerot‑
ic plaques in patients with unstable angina.14

Increased thrombotic risk is also associat‑
ed with high plasma concentrations of FXI and 
may be explained by an increase in endogenous 
thrombin potential.15 FXI levels are known to 
confer a higher risk of venous thromboembolism 
(VTE).16 Elevated levels of FXI clotting activity 
were also observed in patients with CAD.17

Therefore, the aim of this study was to investi‑
gate associations between the presence of active 
TF and FXIa in circulating blood and both clinical 
and echocardiographic variables in patients with 
systolic HF due to ischemic cardiomyopathy.

Patients and methods  Patients  We enrolled 
53 consecutive patients with stable systolic HF 
(20 with New York Heart Association [NYHA] 
class I, 17 with NYHA class II, and 16 with NYHA 
class III) due to ischemic cardiomyopathy. Pa‑
tients were eligible if they fulfilled the following 
criteria: diagnosis of HF,18 LVEF <50% on tran‑
sthoracic echocardiography, hemodynamic sta‑
bility with unaltered medication dosage within 3 
months preceding the study. Ischemic etiology of 
HF was assumed in patients with history of an‑
giographically confirmed CAD, myocardial infarc‑
tion, and/or revascularization. All patients follow‑
ing myocardial infarction and/or revasculariza‑
tion were eligible if the time since the event was 
at least 6 months. Subjects with history and tests 
(virus and parasite screening, antinuclear anti‑
bodies, rheumatoid factor, magnetic resonance 
imaging, and thyroid gland function) negative 
for secondary cause of HF were defined as hav‑
ing idiopathic cardiomyopathy and were exclud‑
ed. Additional exclusion criteria were anticoagu‑
lation therapy, documented persistent or parox‑
ysmal atrial fibrillation, any acute illness, cancer, 
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Analysis of echocardiographic parameters 
(TABLE 2) showed that in patients with detectable 
TF activity, LA and RVDD were larger than in 
TF‑negative subjects. RVSP was also significant‑
ly higher in TF‑positive patients. Similar differ‑
ences were observed in patients with circulat‑
ing FXIa vs. those without this factor. No differ‑
ences between the groups in other echocardio‑
graphic variables, including LVEF, were observed. 
The medication used had no effect on TF or FXIa 
activity (TABLE 1).

Separate analyses of the patients who were pos‑
itive toward TF and FXIa vs. those who were not 
yielded the same differences as shown in TABLES 1 
and 2. (data not shown).

Discussion  Our study shows that about 40% 
of stable patients with systolic HF due to isch‑
emic cardiomyopathy and normal sinus rhythm 
have coagulant TF activity and FXIa in plasma. 
The presence of these factors showed associa‑
tion with some specific echocardiographic vari‑
ables. Notably, HF patients with both active TF 
and FXIa in plasma were characterized by larger 
LA and RVDD and higher RVSP than the remain‑
ing subjects. This suggests that even in patients 
with sinus rhythm and HF, higher pulmonary 
pressure, combined with increased LA diameter, 
predisposes to blood hypercoagulability and a pro‑
thrombotic state. Additional evidence for this 
concept stems from the observation that circu‑
lating FXIa and TF are associated with enhanced 
thrombin formation, reflected by increased F1+2 
concentrations. It confirms that the presence of 
both factors has a major role in hypercoagula‑
bility observed in HF and may result in throm‑
boembolic manifestations, particularly ischemic 
stroke or transient ischemic attacks. It has been 
shown that LA enlargement is a negative prog‑
nostic factor for survival in patients with stroke, 
congestive HF, and myocardial infarction. Dilat‑
ed left ventricular (LV) chamber sizes and isch‑
emic cardiomyopathy are independently associ‑
ated with LV thrombi.19

We have shown previously that 96% of the pa‑
tients with acute myocardial infarction and 76% 
of CAD patients with a history of myocardial in‑
farction have circulating FXIa.1 Thirty‑eight per 
cent of acute myocardial infarction patients and 
only 6% of stable CAD patients showed detect‑
able TF activity.1 In the current study, the pro‑
portions of patients with active TF and those 
with FXIa were almost identical. This observa‑
tion, in combination with elevated F1+2 levels 
in those patients, suggests that FXIa was gener‑
ated by thrombin via the TF‑initiated pathway, 
and this reaction is not affected by other potent 
factors. One might expect that the proportion of 
the HF patients with CAD positive for active TF 
will be much lower than that of acute myocardi‑
al infarction patients, but the two numbers (38% 
vs. 37.7%) are quite similar.1 However, it should 
be stressed that the levels of TF were markedly 
lower in the present study than in the previous 

logic Technologies, Inc., Essex Junction, VT, 
United States) or relipidated TF1‑242 (a gift from 
Dr. R. Lundblad, Baxter Healthcare Corp., Duarte, 
CA, United States) in pooled 10‑donor plasma. 
Quantifiable amounts of plasma TF and FXIa ac‑
tivity were from 0.5 pM and 10 pM, respectively. 
Laboratory personnel were “blinded” to the sta‑
tus of samples. Age- and sex‑matched healthy in‑
dividuals (n = 12) recruited from the hospital staff 
showed no detectable TF or FXIa activity.

Statistical analysis  Data were presented as mean 
± standard deviation or median and interquartile 
range as appropriate. Continuous variables were 
checked for normal distribution by the  Sha‑
piro‑Wilk statistics and compared by the Stu‑
dent’s t‑test when normally distributed or by 
the χ2, Mann‑Whitney, or Wilcoxon test for non‑
normally distributed variables. To assess linear 
dependence between variables the Pearson cor‑
relation coefficient (Pearson’s r) for normally dis‑
tributed variables or Spearman’s rank correlation 
coefficient (Spearman’s rho) for nonnormally dis‑
tributed variables were calculated. P <0.05 was 
considered statistically significant.

Results  A total of 53 patients were studied 
(TABLE 1). The time since myocardial infarction to 
blood collection ranged from 1 to 12 years with 
a median of 7 years. The coagulant TF activity was 
detectable in 20 patients (37.7%) with systolic 
HF due to ischemic cardiomyopathy, while FXIa 
was found in 22 individuals (41.5%). Both para
meters were detectable in 20 patients (37.7%), 
and all of the patients with TF activity had also 
circulating FXIa. The demographic, clinical, and 
routine laboratory data in the subgroups of pa‑
tients with and without TF and FXIa are summa‑
rized in TABLE 1. Subjects without circulating active 
TF and FXIa had higher frequency of arterial hy‑
pertension, whereas patients with detectable TF 
and FXIa activity were younger and had elevated 
frequency of previous myocardial infarction. Ad‑
ditionally, the latter had higher F1+2 prothrombin 
fragments than the remaining subjects (TABLE 1). 
Moreover, circulating FXIa was positively asso‑
ciated with F1+2 (r = 0.69, P <0.001, FIGURE). No 
other laboratory variables showed associations 
with FXIa (data not shown).

Among the patients with active TF in plasma, 
15 subjects (28.3%) had TF below the quantitation 
limit (<0.5 pM), and 5 subjects (9.4%) had high‑
er quantifiable TF levels (a median of 0.5; inter
quartile range, 0.7 pM), including only 1 subject 
with 1.2 pM TF. Twenty‑two patients (41.5%) had 
detectable FXIa levels, which ranged from 14 to 
310 pM with a median of 43 (interquartile range, 
65) pM; 17 of 22 FXIa‑positive patients had FXIa 
below 100 pM.

The time since myocardial infarction was similar 
in both TF‑positive and -negative patients (medi‑
ans, 6 vs. 7 years). This held true also for patients 
positive toward FXIa (medians, 6 vs. 7 years).
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It has been reported that plasma TF activi‑
ty leading to thrombin generation is associated 
with microparticle‑bound TF,20 because soluble 
(non‑cell‑bound) forms of TF have little (if any) 
procoagulant activity.21 As a consequence, only 
those plasma samples that contain TF‑bearing mi‑
croparticles (probably originating from apoptotic 
cells, such as macrophages, smooth muscle cells, 
and endothelium) will show procoagulant TF ac‑
tivity. High levels of procoagulant endothelial mi‑
croparticles are present in the circulating blood 
of patients with acute coronary syndromes.22 It 
might be speculated that microparticles are also 

one,1 despite the fact that almost 40% of HF and 
acute infarction patients exhibit such activity. For 
thrombin formation, the levels of TF activity ap‑
pear to be of utmost importance. On the other 
hand, FXIa was observed relatively infrequently 
in HF patients compared with those with acute 
or chronic CAD. The reason for these differences 
is not clear. It might by hypothesized that small 
circulating amounts of active TF accompanied 
by thrombin‑induced FXIa generation is a novel 
characteristic of stable HF associated with CAD, 
in contrast to high amounts of TF and FXIa gen‑
erated in acute coronary ischemia patients.

Table 1  Characteristics of patients with systolic heart failure due to ischemic cardiomyopathy

Variable The whole study group 
n = 53  
(100%)

TF+,  FXIa+ 
n = 20 
(37.7%)

TF–, FXIa– 
n = 31 
(58.5%)

P

age, y 61.5 ±8.3 57.9 ±7.1 63.7 ±8.5 0.01

male sex, n (%) 40 (75.5) 13 (24.5) 25 (47.2) NS

BMI, kg/m2 28.8 ±3.7 28.7 ±3.4 28.6 ±3.9 NS

myocardial infarction, n (%) 18 (34.0) 15 (28.3) 1 (1.9) <0.0001

arterial hypertension, n (%) 38 (71.7) 11 (20.8) 26 (49.1) 0.02

current smoking, n (%) 17 (32.1) 9 (17.0) 7 (13.2) NS

diabetes mellitus, n (%) 11 (20.8) 3 (5.7) 7 (13.2) NS

medication

statins, n (%) 44 (83.0) 17 (32.1) 27 (50.9) NS

acetylsalicylic acid, n (%) 46 (86.8) 16 (30.2) 28 (52.8) NS

ACEI, n (%) 35 (66.0) 10 (18.9) 23 (43.4) NS

ARA, n (%) 9 (17.0) 3 (5.7) 6 (11.3) NS

β-blockers, n (%) 30 (56.6) 9 (17.0) 19 (35.8) NS

digoxin, n (%) 7 (13.2) 5 (9.4) 2 (3.8) NS

laboratory parameters

TC, mM 4.5 [4.0–5.0] 4.5 [4.1–5.1] 4.4 [3.8–5.0] NS

LDL-C, mM 2.7 [2.4–3.1] 2.7 [2.3–3.3] 2.7 [2.4–3.1] NS

HDL-C, mM 1.2 [1.0–1.3] 1.2 [1.0–1.3] 1.1 [1.0–1.3] NS

triglycerides, mM 1.5 [1.1–2.1] 1.6 ±0.7 1.6 ±0.6 NS

creatinine, µM 96.6 ±28.3 94.0 [81.5–112.5] 97 [78–120] NS

hs-CRP, mg/l 2.6 [1.6–3.8] 2.6 [1.4–3.7] 2.2 [1.6–4.1] NS

glucose, mM 5.3 [4.8–5.9] 5.2 [4.8–5.6] 5.3 [4.8–6.3] NS

platelets, ×1000/µl 226 [200–261] 235 [210–286] 220 [187–258] NS

fibrinogen, g/l 3.7 [3.0–4.8] 3.4 [2.9–4.2] 3.9 [3.1–4.9] NS

PAI-1:Ag, ng/ml 15.0 [11.4–20.7] 17.3 [10.5–22.0] 14.9 [11.9–20.7] NS

tPA:Ag, ng/ml 10.8 [9.2–13.2] 11.0 [8.7–13.3] 10.7 [9.6–12.6] NS

F1+2, pM 221.3 [185.4–297.4] 300.7 [275.5–339.0] 191.8 [171.2–221.1] <0.0001

Values are mean ± SD or median [25–75%]

Abbreviations: ACEI – angiotensin-converting enzyme inhibitors, ARA – angiotensin II receptor subtype 1 antagonists, BMI – body mass index, 
FXIa – activated factor XI, FXIa+ – patients with detectable FXIa, FXIa– – patients with undetectable FXIa, F1+2 – prothrombin fragments 1+2, 
HDL-C – high-density lipoprotein cholesterol, hs-CRP – high-sensitivity C-reactive protein, LDL-C – low-density lipoprotein cholesterol, NS – 
nonsignificant (P >0.05), PAI-1:Ag – plasminogen activator inhibitor-1 antigen, SD – standard deviation, TC – total cholesterol, TF – tissue factor, 
TF+ – patients with detectable TF, TF– – patients with undetectable TF, tPA – tissue plasminogen activator
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a reduced coagulant activity of TF in plasma fol‑
lowing therapy with those agents.1,8 No data on 
such actions of statins or other medications on 
FXIa are available. The populations evaluated pre‑
viously were limited and relatively homogenous in 
terms of the treatment administered,1 so we were 
unable to reliably assess drug‑induced effects us‑
ing our methodology.

In conclusion, we showed that detectable TF 
and FXIa activity leading to an elevated proco‑
agulant potential can be measured in HF pa‑
tients without atrial fibrillation. Enlarged LA 
and right ventricle are associated with the pres‑
ence of these 2 coagulation factors. Clinical rele‑
vance of these observations needs to be validat‑
ed in a larger prospective study. Our data sug‑
gest that TF and FXIa activity could be used as 
markers of enhanced thrombogenic potential in 
patients with systolic HF due to ischemic cardi‑
omyopathy and thromboembolic complications 
such as ischemic stroke.
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Streszczenie

Wprowadzenie  Zwiększone poziomy czynników krzepnięcia i generacja trombiny mogą występo‑
wać u pacjentów z niewydolnością serca (heart failure – HF). Krążący aktywny czynnik XI (activated 
factor XI – FXIa) i aktywny czynnik tkankowy (tissue factor – TF) można wykryć u chorych z ostrymi 
zespołami wieńcowymi i stabilną dławicą piersiową.
Cele  Badano krążący FXIa i aktywny TF oraz związki tych czynników u pacjentów z niewydolnością 
serca wywołaną kardiomiopatią niedokrwienną.
Pacjenci i metody  W badaniu obserwacyjnym analizowano 53 kolejnych chorych w wieku <75 lat 
ze stabilną HF związaną z udokumentowaną chorobą wieńcową (coronary artery disease – CAD). 
Migotanie przedsionków, niedawno przebyty incydent zakrzepowo‑zatorowy i obecna terapia prze‑
ciwkrzepliwa stanowiły kryteria wykluczające z badania. Aktywność TF i FXIa w osoczu mierzono 
w badaniu krzepnięcia opartym na pomiarze odpowiedzi na hamujące przeciwciała monoklonalne.
Wyniki  Koagulacyjną aktywność TF stwierdzono u 20 chorych (37,7%), a FXIa – u 22 (41,5%). Chorzy 
ze stwierdzoną obecnością aktywnego TF i/lub FXIa byli młodsi i częściej po przebytym zawale serca. 
Ponadto stwierdzono u nich większe stężenia fragmentów 1+2 protrombiny (F1+2), większą średnicę 
lewego przedsionka (left atrium – LA) i rozkurczowy wymiar prawej komory, a także wyższe ciśnie‑
nie skurczowe w prawej komorze w porównaniu z pozostałymi (P ≤0,01 dla wszystkich porównań). 
Krążący FXIa wykazywał dodatnią korelację z poziomem F1+2 (r = 0,69; P <0,001).
Wnioski  Krążący aktywny TF i FXIa występuje u około 40% chorych ze skurczową HF wywołaną 
kardiomiopatią niedokrwienną. Obecność tych 2 czynników wiąże się z nasiloną generacją trombiny. 
Zależności między tymi czynnikami a średnicą LA i parametrami czynności prawej komory mogą 
sugerować, że TF i FXIa predysponują do zakrzepowo‑zatorowych powikłań HF.
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