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Abstract

Background/Aim: Cardiovascular diseases are a leading
cause of mortality worldwide, with surgical interventions
playing a crucial role in outcomes. Despite technological
advancements and improved operator experience, periop-
erative and postoperative risks remain significant, particu-
larly for high-risk patients. Fibrinogen, an acute-phase re-
actant, increases during inflammation and plays a role in
coagulation. This study investigates the prognostic impact
of fibrinogen levels on the outcomes of cardiac surgery and
evaluates its relationship with established risk classifica-
tion systems. Materials and Methods: This observational
cohort study included 105 patients who underwent cardiac
surgery between May 2018 and December 2023. Patients
with coronary bypass grafting and valve surgery were in-
cluded, while those with transplantation, congenital heart
surgery, or other significant conditions were excluded. Pa-
tient data, including demographic information, comorbidi-
ties, laboratory parameters, and surgical details, were col-
lected. The fibrinogen cutoff value was determined using
the Youden index. Statistical analyses were performed us-
ing SPSS 23.0, with p-values < 0.05 considered signifi-
cant. Results: Of the 116 individuals screened, 105 were
included in the study. The HighFib group (>3.8 g/dL)
showed higher rates of complications, such as low cardiac
output, prolonged mechanical ventilation, and atrial fibril-
lation, compared to the LowFib group (<3.8 g/dL). The
HighFib group also had lower preoperative hemoglobin lev-
els and higher Euroscore values. Logistic regression anal-
ysis demonstrated that both fibrinogen levels and estab-
lished risk scores were significant predictors of postoper-
ative complications. Conclusion: Elevated fibrinogen lev-
els are associated with increased postoperative complica-
tions in cardiac surgery patients. Fibrinogen, alongside tra-
ditional risk scores, can be a valuable predictor of adverse
outcomes. Prospective studies are needed to further vali-
date these findings and establish optimal fibrinogen man-
agement strategies in cardiac surgery.
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Introduction

Cardiovascular diseases are still the most important
cause ofmortality worldwide, and surgical interventions are
important because of their outcomes. Technological devel-
opments and increased operator experience have reduced
mortality andmorbidity rates in patients undergoing cardio-
vascular surgery over the years, but peri- and postoperative
risks remain high, especially for fragile patients. It is impor-
tant to predict the complications that may be encountered
in the preoperative period and to perform a risk assessment
[1,2]. Various risk prediction models, such as the European
Cardiac Operative Risk Assessment System and the Asso-
ciation of Thoracic Surgeons 2008 Cardiac Surgery Risk,
Euroscore, have been used in cardiac surgery for decades
[3–6].

Inflammation has been shown to trigger the forma-
tion of atherosclerotic plaques, increase platelet aggrega-
tion, and increase the risk of cardiovascular events [7]. Fib-
rinogen is a positive acute-phase reactant, and an increase
in its serum level is observed during inflammation [7]. Fib-
rinogen also plays an active role in hemorrhage, and effec-
tive clot formation regulates the coagulation cascade [8].

Postoperative bleeding is the most common compli-
cation of cardiac surgery and is a significant cause of mor-
tality and morbidity. Studies have shown different aggra-
vating causes, such as thrombocytopenia, hyperfibrinoly-
sis, platelet dysfunction and other coagulation factors, and
antiplatelet agents [9]. Fibrinogen is used in some coun-
tries to reduce the incidence of bleeding events in the pe-
riod after cardiac surgery, and there is also the opinion that
it increases inflammation and cell damage, such as acute
kidney injury [10]. Fibrinogen is a substrate and not an en-
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zyme. However, excessive circulationmay increase the risk
of thrombosis [11].

Since data regarding the use of fibrinogen in the pe-
rioperative period are contradictory, the optimum fibrino-
gen level during the preoperative period has yet to be de-
termined. In this study, we aimed to investigate the prog-
nostic impact of fibrinogen levels and other factors on the
outcomes of heart surgery.

Materials and Methods

This observational cohort study included 105 patients
admitted to our cardiovascular surgery department between
May 2018 and December 2023. Patients who underwent
cardiac surgery, including coronary bypass grafting and
valve surgery, were included in this study. The exclusion
criteria were as follows: (1) transplantation, (2) congenital
heart surgery, (3) left ventricular assist device, (4) extra-
corporeal membrane oxygenation, (5) liver and kidney dis-
ease, (6) coagulopathies, (7) heart failure (ejection fraction
<30%), and (8) concomitant surgical procedures.

One of the risk scoring systems used to predict mortal-
ity in the preoperative period after cardiac surgery is the Eu-
ropean System for Cardiac Operative Risk Evaluation (Eu-
roSCORE) scoring system. The EUROSCORE accounts
for patient demographic information, cardiac factors and
surgery-related factors [3].

Like the Euroscore, the STS is a scoring system that
evaluates operative risk factors in adult patients undergoing
cardiac surgery, including patient demographic data, labo-
ratory data, additional risk factors, procedures performed
and cardiac status [4–6].

Patient information, such as demographic data, co-
morbidities, pre- and postoperative laboratory parameters,
surgery type and duration, peri- and postoperative blood
product transfusion and adverse events occurring in the
postoperative period, were recorded. The fibrinogen cut-
off value was determined with the Youden index formula
[9]. The fibrinogen level at which the sensitivity and speci-
ficity values obtained via ROC analysis were closest to each
other was determined as the area of the maximum potential
effectiveness value. According to the Youden index cal-
culation [12], the cutoff fibrinogen concentration was 3.8
g/dL, with 89.2% sensitivity and 69.6% specificity. Prob-
ability (p) values < 0.05 were considered statistically sig-
nificant. Additionally, the perioperative predictors of blood
loss and mortality endpoints were analyzed. The preoper-
ative fibrinogen-to-albumin ratio (FAR) was hypothesized
to be a composite mortality endpoint predictor.

Definations

MI (Myocardial Infraction): Creatine kinase and tro-
ponin values   above five times the 99th percentile of the

normal reference range during the first 72 hours following
CABG (Coronary Artery Bypass Grafting) are considered
diagnostic of CABG-related myocardial infarction when
new pathological Q-waves, new left bundle branch block,
angiographically documented new graft or native coronary
artery occlusion are added. MI was considered a complica-
tion in patients who met these criteria in the postoperative
period and required revascularization with surgical or per-
cutaneous interventions.

Low flow rate: Complications were considered if
cardiac index was below 2.2 L min-1 m-2 in postopera-
tive follow-ups and clinical signs of hypoperfusion were
present.

The study protocol was approved by the local ethics
committee (ETHICS NO: 2022/03-09). The study was con-
ducted in accordance with the ethical principles set up in the
Declaration of Helsinki and Good Clinical Practice Guide-
lines. Informed consent was obtained from all participants
enrolled in this study.

Statistical Analysis

Statistical analyses were performed with SPSS 23.0
(IBM Corp. Released 2015. IBM SPSS Statistics for
Windows, Version 23.0. Armonk, NY: IBM Corp.) soft-
ware package. Continuous variables are presented as
means ± standard deviations, and categorical variables are
presented as percentages. Nonnormally distributed vari-
ables are presented as median (minimum‒maximum) val-
ues. The distribution characteristics of the variables were
determined using the Kolmogorov–Smirnov test and the
Shapiro–Wilks test. Quantitative variables were compared
with the Mann‒Whitney U test, and for qualitative vari-
ables, the chi‒square test was used. Changes observed in
nonnormally distributed variables were analyzed with the
Friedman test. To compare the fibrinogen and risk scores,
a receiver operating characteristic (ROC) curve was used.
The fibrinogel cutoff valuewas determinedwith theYouden
index formula [13].

Results

A total of 116 individuals were screened in this study;
however, 11 of them were excluded because of exclusion
criteria. The demographic and clinical characteristics of the
patients are presented in Table 1. Patients in both groups
had similar demographic data except for age, previous ex-
tracardiac arteriopathy rate and hemoglobin levels. The
highFib group was older than the LowFib group was (p =
0.050). Preoperative hemoglobin levels were significantly
lower in the HighFib group than in the LowFib group (p
= 0.001). There was no significant difference in the STS
score between the groups. The Euroscore was higher in the
HighFib group (p = 0.007). The incidence of postoperative

E1398 Heart Surgery Forum

https://journal.hsforum.com/


Table 1. Baseline demographics and procedural characteristics stratified by fibrinogen level (3.8 g/dL).
HighFib, >3.8 g/dL (n: 79) LowFib, <3.8 g/dL (n: 26) p-values

Age, years 62.78 ± 9.93 57.76 ± 14.37 0.050
Height, cm 165.96 ± 7.88 167.69 ± 7.19 0.969
Weight, kg 75 (70–78) 76 (66–84) 0.324
Sex, male % (n) 64.6 (51) 84.6 (22) 0.054
DM, % (n) 48.1 (38) 30.8 (8) 0.122
Smokers, n (%) 70.9 (56) 69.2 (18) 0.872
HT,% (n) 65.8 (52) 50 (13) 0.150
Stroke,% (n) 1.3 (1) 0 (0) 0.564
COPD, % (n) 25.3 (20) 7.7 (2) 0.055
Extracardiac arteriopathy,% (n) 43 (34) 15.4 (4) 0.011
WBC 9.39 ± 5.09 8.28 ± 2.51 0.280
HGB, gL/dL 12.81 ± 1.67 14.09 ± 1.47 0.001
PLT 268.43 ± 97.12 236.38 ± 83.13 0.134
GFR 93.85 (68.70–112.42) 99.25 (75.60–120.00) 0.156
Albumin 3.64 ± 0.50 3.72 ± 0.42 0.453
HS troponin 5740.87 ± 11,878.59 3942.30 ± 9594.76 0.486
LVEF,% 51 (50–66) 54 (52–67) 0.125
STS score 4.73 ± 2.11 3.99 ± 1.37 0.051
Euroscore 11.30 ± 9.19 6.07 ± 5.05 0.007
Total perfusion time 71.34 ± 29.93 68.00 ± 22.32 0.605
Crosstime 41.30 ± 20.19 39.26 ± 17.17 0.649
NT-ProBNP 2025.97 ± 3543.32 702.55 ± 945.92 0.554
IL-6 23.78 ± 93.94 12.16 ± 28.51 0.075
Fibrinojen 447.24 ± 108.31 274.93 ± 59.88 <0.001
CABG Surgery 86.0 (68) 84.6 (22) 0.128
Valve Surgery 1.4 (1) 3.8 (1) 0.245

DM, Diabetes Mellitus; HT, Hypertension; COPD, Chronic Obstructive Pulmonary Disease; WBC, White
Blood Cell; PLT, Platelets; GFR, Glomerular Filtration Rate; LVEF, Left Ventricular Ejection Fraction; STS,
Society of Thoracic Surgeons; IL-6, Interleukin-6; CABG, Coronary Artery Bypass Grafting.

in-hospital complications was higher in the HighFib group
than in the other groups (Table 2). Although the frequencies
of mortality, low cardiac output, mortality, mechanical ven-
tilation duration, AF and postoperative MI were higher in
the HighFib group, lower rates of bleeding events and revi-
sion surgery were observed. Low cardiac output, prolonged
mechanical ventilation (MV), and atrial fibrillation (AF)
were significantly more common in the HighFib group (p =
0.006, 0.008, and 0.042, respectively). However, bleeding
events and revision surgery were more common in patients
with low Fib (p = 0.014).

Univariate and multivariate analysis were performed
to determine the independent predictors for postoperative
complication (Table 3). According to univariate analysis,
hemoglobin, STS score, Euroscore and fibrinogen levels
were found statistically significant and with this variables
multivariate model was performed. Multivariate analysis
revealed STS score [Odds Ratio (OR): 1.455, 95% Con-
fidence Interval (95% CI): 0.785–1.232, p = 0.019], Eu-
roscore (OR: 1.763, CI 0.785–1.232, p = 0.003), fibrino-
gen (OR: 1.518, CI: 0.901–1.693, p = 0.007) as independent

predictors of postoperative complications including mortal-
ity, postoperative myocardial infarction, postoperative AF
and revision surgery.

The ROC analysis was performed to determine the
predictive power of STS score, Euroscore and fibrinogen
(Fig. 1). According to STS score with a cut-off value of 4.1,
area under curve (AUC) was 0.592, 95% CI: 0.456–0.727,
p = 0.186. Euroscore with a cut-off value of 8.9 AUC was
revealed 0.664, 95% CI: 0.541–0.787, p = 0.018 and fib-
rinogen the cut-off value of 3.8 AUC was 0.598, 95% CI:
0.464–0.732, p = 0.157.

Discussion

Fibrinogen is a positive acute-phase reactant, and an
increase in its serum level is observed during inflammation
[7]. Fibrinogen also plays an active role in hemorrhage,
and effective clot formation regulates the coagulation cas-
cade [8]. In our study, we aimed to examine the relationship
between low and high fibrinogen levels and postoperative
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Table 2. Postoperative complications according to fibrinogen levels.
Complications HighFib LowFib p-values

Use of inotrope, % (n) 67.1 (53) 61.5 (16) 0.605
Low cardiac output,% (n) 11.4 (9) 3.8 (1) 0.006
Duration of MV (h) 7.43 ± 2.78 6.42 ± 1.30 0.008
Atrial fibrillation 24.1 (14) 19.2 (5) 0.042
Bleeding & Revision,% (n) 5.2 (3) 0 (0) 0.014
In hospital mortality,% (n) 3.4 (2) 0 (0) 0.199
Postoperative MI, % (n) 12.1 (7) 8.5 (4) 0.554
MV, Mechanical ventilation; MI, Myocardial infarction.

Table 3. Univariate and Multivariate analysis to analyze the predictors of postoperative complications.
Univariate Multivariate

Variable Exp (B) Confidence Interval p value Exp (B) Confidence Interval p value

Sex 0.184 0.026–1.288 0.088
Age 1.154 0.915–1.296 0.843
External arteriopaties 1.049 0.221–4.978 0.352
HGB 1.318 0.534–1.552 0.045 1.050 0.693–1.333 0.412
PLT 1.435 0.986–1.606 0.491
GFR 1.015 0.887–1.117 0.184
Albumin 1.410 0.067–2.520 0.334
LVEF 1.053 0.955–1.162 0.207
STS score 1.320 0.890–1.864 0.008 1.455 0.785–1.232 0.019
Euroscore 1.244 0.675–1.544 <0.001 1.763 0.876–1.501 0.003
IL-6 0.956 0.906–1.109 0.103
Fibrinogen 1.202 0.866–1.264 0.028 1.518 0.901–1.693 0.007
Nagelkerke’s R2 for model 1: 0.543 and mode 2: 0.668.

mortality and morbidity rates. Fibrinogen levels are sim-
ilarly correlated with complications, as are the Euroscore
and the STS score, which are risk classifications for cardiac
surgery. Additionally, fibrinogen contributes to the forma-
tion of a clot. According to the guidelines, it is used in car-
diac surgery to reduce the incidence of blood transfusions
[13]. When preoperative fibrinogen levels are high, the
incidence of postoperative bleeding events decreases [14].
Studies have indicated that although there is a decrease in
the postoperative blood loss volume, there is an increase
in the red blood cell transfusion rate in patients with high
fibrinogen levels [15,16].

Many studies have shown that patients with low fib-
rinogen levels who undergo cardiac surgery experience
more bleeding events [17–19]. On the basis of these find-
ings, a randomized pilot study revealed that preoperative,
prophylactic fibrinogen infusion in CABG patients sig-
nificantly reduced the incidence of postoperative bleed-
ing events, with no evidence of an increased incidence of
thromboembolic events such as graft occlusion, myocardial
infarction, or pulmonary embolism [20].

Additionally, another study evaluated the relation-
ship between drainage volume and fibrinogen and found
that preoperative and postoperative fibrinogen levels were
clearly associated with the 24-hour mediastinal blood loss

volume, even when levels were within or above the nor-
mal reference range. Fibrinogen levels obviously modulate
postoperative blood loss after CPB surgery [18]. However,
when we look at studies that consider the relationship to be
independent, it would be more accurate to evaluate fibrino-
gen in the preoperative period individually. It would in-
correct to infer that patients with low fibrinogen alone are
prone to bleeding events. Importantly, there are many vari-
ables here. Notably, cardiac surgery is a dynamic process.
The patient’s plasma cells, clotting factors, and the concen-
trations of both fibrinogen and other clotting factors in the
plasma may affect these processes [21].

In our study, the rate of revision due to bleeding events
during the postoperative period was 5.2% in the HighFib
group. This value was significantly higher than that of the
LowFib group (p = 0.014). Considering the difference here,
the reason may be the decrease in antithrombin, which is an
anticoagulant factor, and clotting factors during CPB. Our
study also revealed that bleeding events are not only related
to the fibrinogen level.

Studies have shown that fibrinogen is an inflamma-
tory marker that increases with inflammation during CPB
[7] and that off-pump surgery reduces the inflammatory re-
sponse. Therefore, studies have shown that fibrinogen lev-
els increase less in off-pump surgery [22]. In our study,
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Fig. 1. ROC Curve and different risk scores and fibrinogen levels for predicting major adverse events after cardiac surgery.

there was no difference in postoperative mortality between
the two different groups in terms of only fibrinogen level
and no difference in other preoperative inflammatory pa-
rameters. However, atrial fibrillation more common in the
HighFib group in patients with different values for fibrino-
gen but the same CPB time and the same cross-clamp time
(p = 0.042).

Scoring systems such as the Euroscore and STS score
have been used for many years to predict perioperative mor-
tality associated with cardiac surgery [3–6]. In addition to
these scoring systems, the EuroSCORE II has also started to
be used. In some studies, the Euroscore II was not only su-
perior to the EuroSCORE and STS score but also provided
a very realistic estimate of mortality associated with aortic

valve replacement [23]. When the scores were compared
in patients who underwent coronary artery bypass surgery,
the Euroscore and STS score calculated the mortality risk
more correctly than the Euroscore II did [24]. Therefore, it
would be more appropriate to use the Euroscore for patients
undergoing CABG. In our study, the Euroscore and STS
score were good indicators for predicting hospital compli-
cations. In addition, fibrinogen values were also significant
in predicting risk (p = 0.035).

In clinical practice, cardiac surgery risk models re-
garding the use of fibrinogen generally include factors such
as age, gender, renal function, and pulmonary hyperten-
sion. Fibrinogen levels can be added as a hemostatic risk
factor, allowing for a more precise estimation of postopera-
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tive complication risks. Its use in perioperative care should
be simple, and monitoring fibrinogen levels before, during,
and after surgery may be critical for bleeding management.
Low fibrinogen levels in preoperative significance are an
indicator that requires particular attention, as they increase
the risk of bleeding before surgery. Fibrinogen replace-
ment can be started before surgery in these patients. In-
traoperative management, fibrinogen levels may decrease
rapidly during major cardiac surgery. Fibrinogen replace-
ment should be considered using fresh frozen plasma (FFP),
cryoprecipitate, or fibrinogen concentrates. Fibrinogen re-
placement can be optimized using coagulation tests such as
ROTEM or TEG. Low fibrinogen levels in the postopera-
tive period may be a sign of bleeding or the need for re-
surgical intervention. Postoperative fibrinogen levels can
be monitored for effective management of bleeding and fib-
rinogen supplementation can be administered if necessary.
Various laboratory methods (such as the Clauss method) are
used to measure fibrinogen levels. In addition, fibrinogen
levels and function can be rapidly assessed intraoperatively
with tests such as ROTEM/TEG. These tests may be critical
during surgery to guide clinical decisions.

Limitation

This study was planned retrospectively and was con-
ducted in a single center. Fibrinogen levels were not mea-
sured during the perioperative or postoperative periods.
Additionally, other coagulant factors were not evaluated.
All patients who underwent cardiac surgery were included
in the study. It is not classified according to specific sur-
gical procedures. Due to the limited number of patients,
statistical differences were observed in some demographic
characteristics between the groups on both sides of the fib-
rinogen cut-off value. The lack of propensity score match-
ing is one of the statistical limitations of the study.

Conclusion

Low or high fibrinogen levels are not directly related
to bleeding events. When evaluated alone, fibrinogen is not
an indicator of bleeding after cardiac surgery. When we
look at postoperative complications, the fibrinogen level as
well as the Euroscore and the STS score may be predictors.
Prospective studies will contribute more to the literature in
the future.
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