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follows: emergency, redo, or concomitant val-
vular surgery; recent MI (≤1 month); a history 
of systemic malignancy, known bleeding disor-
ders, renal insufficiency (serum creatinine up-
per normal limit [≥1.3 mg/dl; ≥115 µmol/l] or es-
timated glomerular filtration rate of less than 60 
ml/min/1.73 m2), liver insufficiency, active hepa-
titis, preoperative anemia (hemoglobin <130 g/l), 
severe obesity (body mass index [BMI] >40 kg/
m2); and anticoagulant therapy, except for low-
molecular-weight heparin bridging started 5 to 7 
days prior to the index procedure. Patients with 
known mental disorders and unable to provide 
written consent were also excluded. The final ex-
clusion criterion was the macroscopic evidence of 
hemolysis or lipemia in obtained plasma samples. 
All patients were treated before and after OPCAB 
surgery according to the 2014 European Society 
of Cardiology / European Association for Cardio-
Thoracic Surgery Guidelines on myocardial revas-
cularization.7 The study was approved by the Eth-
ics Committee of the Ludwik Rydygier Collegium 
Medicum in Bydgoszcz, Poland. 

Fasting blood was drawn twice: before the sur-
gery (day 1) and 1 week after the surgery (day 7) 
from a 21-G needle into 3.2% sodium citrate vac-
uum tubes (BD Vacutainer®, Becton Dickinson, 
Franklin Lakes, New Jersey, United States) and 
centrifuged at 2500 × g for 20 minutes. The result-
ing plasma was stored at –80 °C until analysis. The 
FXIII-A antigen and hs-CRP levels were assessed 
using enzyme-linked immunosorbent assay kits 
(Zymutest Factor XIII-A, Hyphen BioMed SAS, 
France and Human hsCRP ELISA, BioVendor Lab-
oratory Medicine Inc., Czech Republic, respective-
ly). The measurements were performed according 
to the manufacturer’s instructions, and research-
ers running the assays were blinded to patients’ 

Introduction  Coagulation factor XIII (FXIII) is the 
zymogen precursor of an active transglutaminase 
(FXIIIa); it circulates in blood as a heterotetramer 
consisting of 2 catalytic A subunits (FXIII-A) and 
2 noncatalytic B subunits (FXIII-B). In the pres-
ence of thrombin and calcium, the A subunits are 
released and activated. The enzyme plays a cru-
cial role in clot stabilization by the formation of 
covalent crosslinks between fibrin monomers in 
the final stage of the blood coagulation pathway.1 

Previous research has demonstrated a signifi-
cant association between FXIII-A and inflamma-
tion.2,3 Studies performed in animal models have 
shown that the inflammatory process is enhanced 
via fibrin stabilization by FXIII.3 Recent data have 
suggested that, in addition to its importance in 
coagulation, FXIII may be involved in the heart 
healing process.4-6 However, these studies inves-
tigated FXIII levels in patients with myocardi-
al infarction (MI). In contrast, remarkably little 
is known about the effect of cardiac surgery on 
FXIII. For instance, FXIII dynamics among pa-
tients scheduled for off-pump coronary artery 
bypass (OPCAB) surgery has not yet been exam-
ined. Therefore, the aim of this preliminary study 
was to measure the levels of FXIII-A in relation 
to fibrinogen and high-sensitivity C-reactive pro-
tein (hs-CRP) levels before and 1 week after OP-
CAB surgery. Additionally, we aimed to investi-
gate whether FXIII-A levels are affected by previ-
ous MI and intraoperative transfusions.

Patients and methods  The analysis included 29 
men who underwent elective first-time isolated 
OPCAB surgery. The inclusion criteria were as 
follows: coronary artery disease with indication 
for OPCAB surgery, male sex, and age between 
45 and 80 years. The exclusion criteria were as 
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P = 0.04; Supplementary material online, Table 
S3). Additionally, our results showed that only 
patients with previous MI had lower median lev-
els of FXIII-A after surgery compared with day 1 
(105.33% vs 81.58%, P = 0.02; Supplementary ma-
terial online, Table S3). In both groups, hs-CRP 
and fibrinogen levels were found to be higher af-
ter surgery (P <0.05 for all; Supplementary ma-
terial online, Table S3).

Subsequently, we wanted to verify whether 
transfusion during surgery might affect the lev-
els of the measured plasma parameters. Ten pa-
tients received at least 1 unit of packed red blood 
cells or fresh frozen plasma during surgery (Sup-
plementary material online, Table S1). In 19 pa-
tients, surgery could be completed without trans-
fusion of packed red blood cells or fresh frozen 
plasma. The analysis showed that transfusion 
had no significant effect on FXIII-A, hs-CRP, or 
fibrinogen levels. In addition, the within-group 
analysis showed that FXIII-A levels were similar 
between days 1 and 7. However, hs-CRP and fi-
brinogen levels were significantly higher 1 week 
after the surgery in both groups (Supplementa-
ry material online, Table S4).

To determine whether FXIII-A levels correlated 
with fibrinogen and hs-CRP levels, we performed 
a Spearman rank correlation analysis. However, 
we found no significant correlations between the 
measured parameters on days 1 and 7 or between 
the 2 measurement timepoints (Supplementary 
material online, Tables S5–S7). Furthermore, we 
correlated the clinical parameters such as age, 
BMI, left ventricular ejection fraction, and sys-
tolic and diastolic blood pressure with the levels 
of FXIII-A on day 1. In addition, data concerning 
the surgical procedure (number of grafts, proce-
dure duration, postprocedural hospital days, and 
total volume of blood products) and the postpro-
cedural number of white blood cells were corre-
lated with the reduced levels of FXIII-A at day 7. 
However, there were no significant correlations 
between any of these parameters (Supplementa-
ry material online, Tables S8–S9).

Discussion  To the best of our knowledge, this 
study is the first to show that OPCAB surgery may 
result in reduced FXIII-A antigen levels. Previous 
publications have shown that both the levels and 
activity of FXIII were decreased after tradition-
al coronary artery bypass grafting. These chang-
es were associated with hemodilution and FXIII 
consumption during cardiopulmonary bypass.10,11 
Nonetheless, our patients underwent the OPCAB 
surgery without conventional cardiopulmonary 
bypass, and the above results10,11 were obtained 
shortly after the surgery (up to 24 hours after sur-
gery). Importantly, the lower FXIII-A levels after 
the surgery may be a response to surgical trau-
ma; however, a detailed study is needed to veri-
fy this hypothesis.

The precise mechanisms behind a decrease in 
FXIII-A antigen levels after OPCAB surgery have 
not been defined. However, we speculate that it 

data. The levels of FXIII-A were expressed as per-
centage. The 100% FXIII-A corresponds to the lev-
els in a normal human citrated plasma pool, ob-
tained by pooling plasma samples from healthy 
men or women aged from 18 to 55 years and free 
from any disease or not using any medication. The 
hs-CRP levels were expressed in mg/l. The low-
er detection limits were 10% or lower for FXIII-
A and 0.02 mg/l for hs-CRP. The intraassay and 
interassay coefficients of variation for tests were 
below 10%. Fibrinogen levels were determined 
according to the Clauss method on a coagulom-
eter K-3002 Optic (Kselmed s.c., Poland). The re-
sults were expressed as the average of the 2 mea-
surements in g/l.

Statistical analysis  Statistical analyses were car-
ried out using STATISTICA® 12.0 (StatSoft, Tul-
sa, Oklahoma, United States). The Wilcoxon test 
was used to compare the plasma levels of the pa-
rameters between days 1 and 7. The groups were 
compared using the Mann–Whitney test for nu-
merical data and the Fisher exact test for quali-
tative data. All correlations were analyzed with 
the Spearman nonparametric correlation coef-
ficient. A P value of less than 0.05 was consid-
ered significant.

Results  The clinical characteristics of the pa-
tients are described in Supplementary material 
online, Table S1. The definitions of comorbidities 
and surgical procedures were described in detail 
elsewhere.8 The most prevalent cardiovascular risk 
factors were hypertension (n = 27) and dyslipid-
emia (n = 18). Of all patients, 12 had undergone 
aortic no-touch OPCAB surgery. Pre- and post-
surgical pharmacological treatment and data con-
cerning surgical procedure are shown in Supple-
mentary material online, Table S1. No patients re-
ceived oral anticoagulant therapy during the study.

First, we used the Wilcoxon test to compare 
presurgical (day 1) and postsurgical (day 7) 
FXIII-A levels in relation to fibrinogen and hs-CRP 
levels. The data are summarized in FIGURE 1. At 
day 7, median FXIII-A levels were lower (101.41% 
vs 81.03%, P = 0.03), while median hs-CRP and 
fibrinogen levels were higher (2.40 mg/l vs 13.11 
mg/l, P <0.001 and 2.99 g/l vs 4.89 g/l, P <0.001, 
respectively) compared with day 1.

Although it is not clear what mechanism con-
trols FXIII-A levels following OPCAB surgery, it 
has been proposed that they might be affected by 
previous MI.9 To address this issue, we divided pa-
tients into 2 groups: with and without previous 
MI (16 and 13 patients, respectively). There were 
no differences between the groups in terms of age, 
BMI, left ventricular ejection fraction, blood pres-
sure, renal function, complete blood count, co-
morbidities, intraoperative transfusion data, pre- 
and postoperative drug use, and surgical proce-
dure parameters (Supplementary material online, 
Table S2). The non-MI patients had lower medi-
an FXIII-A levels before surgery compared with 
patients with previous MI (84.53% vs 105.33%, 
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may be explained by the consumption of FXIII 
during myocardial wound healing after the sur-
gery. Nahrendorf et al4-6 provided experimental 
and clinical evidence for a central role of FXIII in 
infarct healing processes. Further investigation 
by Gemmati et al9 revealed a remarkable drop in 
FXIII-A antigen levels at day 5 after MI. The au-
thors suggested that this phenomenon was com-
patible with the processes of cardiac healing and 
scar formation. Nevertheless, the mechanisms by 
which MI leads to alteration of FXIII-A levels are 
not completely understood. Our data indicating 
that patients with previous MI have higher lev-
els of FXIII-A before the surgery compared with 
non-MI individuals suggest that MI could be an 
important factor influencing plasma FXIII-A lev-
els. However, these results should be interpret-
ed with caution as the time between MI and sur-
gery varies between patients from month to sev-
eral years. Undoubtfully, this issue should be the 
focus of future studies.

Moreover, in our patients, a decline in FXIII-
A levels 1 week after OPCAB surgery were ac-
companied by increased levels of inflammato-
ry markers, namely, fibrinogen and hs-CRP. Im-
portantly, the negative effect of inflammation 
on FXIII levels has been reported previously.12,13 
Consequently, in patients with inflammation of 
various etiologies, a lower plasma level or activi-
ty of FXIII was observed.12,13 Miscellaneous pro-
inflammatory mediators that work antagonisti-
cally to the FXIII synthesis have been implicated 
in this process.13 Nonetheless, despite higher fi-
brinogen and hs-CRP levels observed 1 week af-
ter the surgery, we did not show significant cor-
relations between these inflammatory markers 
and the plasma levels of FXIII-A. A possible ex-
planation for this finding may be that we mea-
sured only the levels of FXIII-A antigen. Thus, fu-
ture studies should investigate FXIII-A activity 
in patients undergoing OPCAB surgery. Anoth-
er important challenge is to understand the re-
lationship between other subunits of FXIII and 
cardiac surgery. Nonetheless, it was reasonable 
to measure the levels of FXIII-A as they have cat-
alytic activity for fibrin crosslinking.1

This study has some limitations. It was a pre-
liminary investigation in a small number of sub-
jects, which may have affected the results. How-
ever, it should be noted that the number of pa-
tients was similar to that in studies involving pa-
tients after coronary artery bypass grafting,14,15 
and the current analysis may be useful for other 
researchers who are planning a study in individ-
uals undergoing OPCAB surgery.

Together, our data suggest that OPCAB surgery 
has a significant impact on the circulating A sub-
units of FXIII antigen levels. Nonetheless, further 
research is required to confirm our observation.
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