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Abstract

OBJECTIVES: Fibrinogen concentrate is increasingly used in cardiac surgery when bleeding is anticipated or ongoing. Since randomized
clinical studies to support this are lacking, it is relevant to know whether lower fibrinogen levels are associated with excessive bleeding. We
performed a systematic review and meta-analysis to define the association between fibrinogen levels and blood loss after cardiac surgery.

METHODS: A database search ( January 2013) was performed on publications assessing the association between pre- and postoperative fi-
brinogen levels and postoperative blood loss in adult patients undergoing cardiac surgery. Cohort studies and case–control studies were
eligible for inclusion. The main outcome was the pooled correlation coefficient, calculated via Fisher’s Z transformation scale, in a random-
effects meta-analysis model stratified for the time point at which fibrinogen was measured.

RESULTS: A total of 20 studies were included. The pooled correlation coefficient of studies (n = 9) concerning preoperative fibrinogen
levels and postoperative blood loss was −0.40 (95% confidence interval: −0.58, −0.18), pointing towards more blood loss in patients with
lower preoperative fibrinogen levels. Among papers (n = 16) reporting on postoperative fibrinogen levels and postoperative blood loss, the
pooled correlation coefficient was −0.23 (95% confidence interval: −0.29, −0.16).

CONCLUSIONS: Our meta-analysis indicated a significant but weak-to-moderate correlation between pre- and postoperative fibrinogen
levels and postoperative blood loss in cardiac surgery. This moderate association calls for appropriate clinical studies on whether fibrino-
gen supplementation will decrease postoperative blood loss.
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INTRODUCTION

Excessive blood loss is a frequent complication after cardiac
surgery [1, 2] requiring re-operation in about 5–10% of patients.
Postoperative bleeding obligating transfusions and surgical
re-exploration is associated with mortality, morbidity (e.g.
increased sternal wound infection, risk of transfusion-related com-
plications) and higher costs [3–5].

Multiple factors are associated with excessive bleeding after
cardiac surgery, but causal pathways have not been elucidated in
full detail [5]. A surgical cause is only found in approximately half
of the patients undergoing re-operation for bleeding. In the re-
mainder of patients an acquired coagulopathy contributes to
bleeding. The latter can either be caused by a pre-existing coagu-
lation factor deficiency, a drug-induced platelet inhibition or by an
acquired, operation-related haemostatic defect [3, 6]. Suggested
mechanisms for the acquired defects include the use of high
doses of insufficiently neutralized heparin, haemodilution and ac-
tivation of the haemostatic system, resulting in disseminated in-
travascular coagulation, tissue trauma, platelet dysfunction and

excessive fibrinolysis [7, 8]. Identification of patients at risk for ex-
cessive blood loss would offer possibilities to initiate preventive
measures.However, diagnostic efficiencyof thehaemostasis screening
tests to identify such indicators is often low.
A suggested predictor of excessive blood loss is fibrinogen, a

protein that plays an essential role in coagulation. It has a dual role
as it enhances platelet aggregation via binding to the GPIIb/IIIa
receptors on platelets and it is converted into fibrin to form an in-
soluble clot. Cardiac surgery, however, can result in a significant
reduction of fibrinogen concentration and function, due to blood
loss, haemodilution, platelet activation by cardiopulmonary
bypass (CPB), a large wound area for clot formation, hypothermia
and acidosis [9, 10]. The threshold of fibrinogen at which bleeding
complications are provoked is difficult to define, as it depends on
the status of haematocrit, thrombin formation, platelet number
and function, clotting enzyme activities [9], underlying clinical
conditions (e.g. haematological malignancy and liver insufficiency
[10]) and age. Several reports suggest that a fibrinogen level of >2
g/l would be sufficient to ensure adequate coagulation even in the
presence of moderate thrombocytopenia [10–12].
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An inverse association between pre- and postoperative fi-
brinogen levels, and bleeding risk, even for levels within the
normal reference range (1.5–4.0 g/l) was often reported [11]. It is
suggested that fibrinogen supplementation might decrease
blood loss after cardiac surgery [10]. Although clinical trials are
lacking [1, 13], fibrinogen supplementation is increasingly used,
also in cardiac surgery. To support such a policy, the role of pre-
and postoperative fibrinogen levels in the development of (ex-
cessive) blood loss after cardiac surgery should be unequivocal.
We performed a systematic review and meta-analysis to define
the association between fibrinogen levels and blood loss after
cardiac surgery.

MATERIALS ANDMETHODS

Information sources and search

We searched PubMed, Embase, Web of Science, COCHRANE,
CINAHL, Academic Search Premier and ScienceDirect using pre-
defined search terms (Supplementary data, Appendix A). The
search was performed in January 2013. We used both MeSH
terms and free text words. Language restrictions for Dutch,
English, French and German articles were set in advance. Full-text
articles and meeting abstracts published since 1957 (the year in
which the Clauss method to measure fibrinogen was first
described) were eligible for evaluation [14].

Study selection and endpoint definitions

To be included in the analysis, studies had to assess the association
between pre- and postoperative fibrinogen levels and post-
operative blood loss or transfusions in adult patients undergoing
cardiac surgery. The study should report either the amount of
blood loss or transfusions stratified by levels of fibrinogen or the
risk for blood loss (risk ratio or odds ratio [OR]) when comparing
fibrinogen levels. Because most articles presented information
about the association between fibrinogen level and blood
loss, we focused on the correlation with bleeding. Only two
studies included in the meta-analysis presented a correlation with
blood transfusions. Cohort and case–control studies were consid-
ered. Intervention studies with fibrinogen supplementation were
excluded.

The definition of (excessive) postoperative blood loss varied
between the included articles. Excessive bleeding was defined by
the authors of the included articles as a total postoperative drain
volume of >400 ml in 1 h, >200 ml for 2 consecutive hours or
>100 ml for 4 consecutive hours; of >200 ml per h, >150 ml for 2
consecutive hours or >100 ml for 3 consecutive hours postopera-
tively; or of >1500 ml within the first 24 h after surgery. Patients
with excessive blood loss (PEBL) were characterized as patients
with postoperative blood loss of >1000 ml in the first 24 h after
operation, mean blood loss of 1650 ml ± 280 ml, median blood
loss of 949 ml, blood loss >1000 ml in the first 16 h after oper-
ation, bleeding >600 ml in the first 8 h postoperatively, post-
operative blood loss >200 ml per h within the first 4 h after
operation with a median of 787 ml, requiring re-exploration for
bleeding ≥200 ml per h for over 4 h or experiencing a sudden in-
crease in bleeding after 2 h postoperatively, postoperative blood
loss >500 ml in the first 24 h after operation or patients in the
higher tertile of blood loss with a median of 1050 ml (700–2550

ml). All definitions for blood loss were accepted and PEBL stated
in the article were handled as PEBL for analysis (Table 1).

Data extraction and risk of bias assessment

Selection, data extraction and risk of bias assessment was done by
two reviewers independently ( J.E. and C.L.I.G) using a predefined
extraction sheet. Concerning our research questions, we collected
the following variables: study population, time point at which fi-
brinogen was measured, level of fibrinogen, amount of periopera-
tive blood loss and transfusions. To assess the risk of bias, we
evaluated the study design, measurement of exposure, blinding
for fibrinogen level, definition and measurement of outcomes,
completeness of follow-up and adjustment for confounders.
These variables were used to explore sources of heterogeneity. No
summary score for the risk of bias assessment was used for analyt-
ical purposes.

Summary measures and synthesis of results

For all studies the main effect-measure was extracted (OR, mean
difference, correlation coefficient, P-value) with the accompany-
ing measure of uncertainty (95% confidence interval [CI], standard
error or P-value). We stratified studies based on the time point at
which fibrinogen was measured (pre- versus postoperatively).
For analytical purposes, we transformed all effect-measures to

correlation coefficients (r). P-values were transformed with
Fisher’s Z transformation scale and via the inverse Fisher’s Z
transformation to correlation coefficients. Odds ratios were trans-
formed to a correlation scale using the tetrachoric correlation.
When the association between fibrinogen and blood loss was
characterized by a regression coefficient, the correlation was cal-
culated from the regression coefficient and the standard deviation
of the independent variable in the regression. These transformed
correlation coefficients were pooled in a random-effects model
as, for instance, described by Borenstein et al. [15]. Finally, results
were transformed back to the correlation scale by the inverse
Fisher’s Z-transformation. All analyses were performed with STATA
release 10 (StataCorp, College Station, TX, USA).

RESULTS

Study selection and characteristics

Our search strategy provided 959 articles of which 77 were
retrieved for more detailed assessment. The search strategy’s flow
chart is shown in Fig. 1. A total of 20 articles were included, which
incorporated 5972 patients. In Table 1, details of included studies
are provided. Nine articles were classified as cohort studies in
which fibrinogen was measured before or after operation and the
presence of a correlation with blood loss was evaluated. The other
11 studies were nested case–control studies, where cases were
defined as PEBL and controls as patients without excessive blood
loss (non-PEBL). The definition to classify blood loss (and there-
fore also case–control status) differed between the articles.
Fibrinogen was measured by the Clauss method in six papers,
seven papers used an automated, Clauss-like, coagulation method
and seven articles did not report the method used. Effect esti-
mates were reported as correlations in 13 studies and as P-values
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Table 1: Details of included studies

Investigators
(year of publication)

Design n Time point of fibrinogen
determination (method)

Clinical characteristics Outcome measurements

Blome et al. (2005) Case–control 98 Preoperative
Postoperative (Clauss)

Divided into three groups of BL; lower,
mid and high tertile
Low (I): median 400 ml (150–475)
High (III): median 1050 ml (700–
2550)

BL <12 and 24 h
FGN median (10th and 90th
percentiles)
EE: P-value

Bolliger et al. (2008) Case– control 197 Preoperative
Postoperative (not reported)

CABG surgery
PEBL: >1000 ml/24 h
Non-PEBL: <1000 ml/24 h

BL <12 and 24 h
FGN range
EE: correlation

Davidson et al. (2008) Case–control 58 Postoperative (Clauss-like) Primary CABG surgery
PEBL >200 ml/h <4 h (n = 8): median
BL 787 ml vs non-PEBL (n = 50):
median BL 150 ml

BL <4 h
FGN median (range)
EE: P-value

Essell et al. (1993) Case–control 36 Postoperative (not reported) All cardiac surgical patients BL and BT <24 h
EE: P-value

Faraday et al. (2002) Cohort 57 Postoperative (Clauss-like) Elective CABG, (multiple) valve
replacement, ascending aortic
aneurysm repair and combined
valve–CABG proceduresa

BL <24 and BT <24 h
FGN OR
EE: correlation

Fassin et al. (1991) Case–control 107 Postoperative (not reported) CABG surgery
Group I (n = 70): <1000 ml/24 h vs
Group II (n = 33): >1000 ml/24 h

BL <24 h and BT
FGN mean (SD)
EE: mean differences

Gravlee et al. (1994) Case–control 897 Postoperative (Clauss-like) Elective and emergent cardiac surgery
PEBL: BL >1000 ml/16 h vs
non-PEBL: BL <1000 ml/16 h

BL <16 h and BT
FGN mean (SD)
EE: correlation

Hall et al. (2002) Case–control 82 Postoperative (Clauss-like) Elective and emergent cardiac surgery
The cases with BL requiring
re-exploration (n = 82, = 200 ml/h 4
h or sudden rise BL <2 h) and
controls selected randomly (n = 478)

BL <18–24 h
FGN
EE: P-value

Josefy et al. (2011) Cohort 35 Preoperative (Clauss-like) Patients undergoing CABG surgery not
taking clopidogrela

BT; RBCs, platelets, FFPs and
cryoprecipitated AHF
FGN
EE: correlation

Karkouti et al. (2010) Cohort 101 Postoperative (not reported) Complex cardiac surgery (other than
isolated CABG, single valve surgery
or repair of atrial septal defect)
Median BL 952 ml/24 h

BL <24 h
FGN mean (SD)
EE: correlation

Karlsson et al. (2008) Cohort 170 Preoperative (Clauss) CABG surgery. Median BL 360 ml/12 h BL <12 h and BT during
admission
FGN mean (SD)
EE: correlation

Liu et al. (2000) Cohort 46 Preoperative
Postoperative (not reported)

Primary CABG surgery. Median BL
825 ml/24 h

BL <24 h
FGN (correlation)
EE: correlation

Marengo-Rowe et al.
(1979)

Case–control 774 Postoperative (not reported) CABG surgery
PEBL >600 ml/8 h (n = 164) vs
non-PEBL <600 ml/8 h (n = 610)

BL <8 h
EE: P-value

Nuttall et al. (1997) Case–control 82 Postoperative (Clauss) CABG, valve replacement or repair, or
congenital heart surgery
PEBL (n = 30): median BL 949 ml
vs non-PEBL (n = 52): median BL
547 ml

BL and BT <24 h
FGN mean (SD)
EE: correlation

Ozolina et al. (2011) Case–control 124 Preoperative
Postoperative (not reported)

Cardiac surgerya

Group I: <500 ml/24 h
Group II: >500 ml/24 h

BL <24 h
EE: correlation

Prohaska et al. (2008) Cohort 2831 Preoperative (Clauss-like) CABG surgery, aortic valve
replacement, combined CABG and
aortic valve replacement, and other
single or combined cardiac
proceduresa

BT; RBCs, FFPs and PCs
perioperative and <2 days
FGN mean (SD)
EE: OR

Ternström et al.
(2010)

Cohort 59 Preoperative
Postoperative (Clauss)

Elective CABG. Median postoperative
BL 380 ml/12 h

BL <12 h
EE: correlation

Ucar et al. (2007) Cohort 97 Preoperative (Clauss) All cardiac surgical patients BL <48 h
FGN mean (SD)
EE: correlation

Continued
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in 5 studies; Prohaska et al. reported ORs and Fassin et al. reported
mean differences.

Risk of bias

All studies included assessed the association between pre- and
postoperative fibrinogen levels and postoperative blood loss or
transfusions in adult patients undergoing cardiac surgery. Four
papers reported having performed fibrinogen measurement
before patients received any coagulation factors or FFPs. In the
majority of articles this form of bias was not reported; two stated
that they could not exclude it. Furthermore, factors that also might
have influenced postoperative blood loss are drug-induced plate-
let dysfunction, postoperative administration of low molecular
weight heparins or impairment of von Willebrand factor and
factor VIII by hydroxyethyl starch (HES) solutions. Most articles do
not report how these potential confounding factors were dealt with.
None of the articles reported included patients lost in follow-up.

Synthesis of results

Nine studies contributed to the meta-analysis on the association
between preoperative fibrinogen level and blood loss. Calculated
correlations were all below −0.10 (Fig. 2). In a random-effects
model, the pooled correlation for the association between pre-
operative fibrinogen levels and postoperative blood loss was −0.40
(95% CI, −0.58, −0.18). Clear heterogeneity was shown: I2 = 95.7%,
χ2 = 187.58, P < 0.0001.

Sixteen studies contributed to the meta-analysis on the associ-
ation between postoperative fibrinogen level and blood loss.
Calculated correlations were all below −0.07 (Fig. 3). In a
random-effects model, the pooled correlation for the association
between postoperative fibrinogen levels and blood loss was −0.23
(95% CI, −0.29, −0.16). Tests for heterogeneity showed the follow-
ing results: I2 = 54.5%, χ2 = 32.97, P = 0.005.

DISCUSSION

The present meta-analysis revealed a significant pooled correl-
ation between preoperative (r = −0.40; 95% CI, −0.58, −0.18) or

postoperative (r = −0.23; 95% CI, −0.29, −0.16) fibrinogen levels on
the one hand and blood loss after cardiac surgery on the other
hand. This confirms the important role of fibrinogen in the coagu-
lation process. However, since the correlation is not very strong, it
is likely that other factors like haematocrit, thrombin formation,
platelet number and function and clotting enzyme activities are at
least as important in the origination of excessive blood loss.
Despite the presence of statistical heterogeneity among studies,

likely reflecting methodological differences between studies, all
included studies showed a negative correlation between fibrinogen
level and postoperative blood loss. Because of this absence of quali-
tative heterogeneity, we decided to pool correlation coefficients in
a random-effects model, which partly accounts for heterogeneity.
It is important to state that the primary aim of this study was to

evaluate the correlation an association between the pre- and
postoperative fibrinogen levels and blood loss after cardiac
surgery. This perhaps is most validly represented by the preopera-
tive measurement. Owing to operation influences, e.g. CPB usage,
haemodilution, platelet dysfunction etc. [5, 16], the postoperative
fibrinogen levels are probably more biased and, therefore, less ac-
curate for this evaluation, even when no FFP or fibrinogen admin-
istration is reported in the original paper. These surgery-related
haemostatic defects may have had more impact causing bleeding
than those existing prior to the operation [17]. Still, the preopera-
tive correlation found is stronger than the postoperative one, sug-
gesting that surgical procedures also might have a negative,
downsizing effect on the correlation. Ternström et al. [18] demon-
strated a correlation between pre- and postoperative fibrinogen
level (r = 0.80, P < 0.001), suggesting that the time point at which
fibrinogen is measured might be less important.
Haemodilution due to the use of CPB and volume supplemen-

tation reduces coagulation factor levels to �25–50% of baseline,
parallel with the decrease of the haematocrit level [1, 18, 19]. Each
coagulation factor has to be present at a minimum level adequate
to support haemostasis, often well below the normal range.
Simultaneous reductions in multiple coagulation factor levels that
develop during CPB, therefore, generally do not result in bleeding
complications [16]. However, patients with a lower baseline value
are more prone to develop a fibrinogen level insufficient to
ensure adequate coagulation. Moreover, if a low fibrinogen level
occurs in combination with other factors impairing the strength of
clot formation, the risk of bleeding may increase. In this context,
Fenger-Erikson et al. [20] demonstrated that a dilutional

Table 1: (Continued)

Investigators
(year of publication)

Design n Time point of fibrinogen
determination (method)

Clinical characteristics Outcome measurements

Wahba et al. (1997) Case–control 89 Postoperative (Clauss) Primary CABG surgery
PEBL (n = 14):1.650 ± 280 ml vs
non-PEBL (n = 75): 780 ± 250 ml

BL until removal of drains
(usually Day 1)
FGN mean (SD)
EE: correlation

Welsby et al. (2006) Cohort 32 Postoperative (Clauss-like) CABG or valve operations BL <4 h
FGN mean (SD)
EE: correlation

BL: blood loss; FGN: fibrinogen; EE: effect estimate; PEBL: patients with excessive blood loss; Clauss-like: automated, probably Clauss-like, coagulation method;
BT: blood transfusions; OR: odds ratio.
aCPB usage was not mandatory for study inclusion.
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coagulopathy due to administration of HES products resulted in
less stable clotting assessed by thromboelastometry. Also, patients
undergoing urgent surgery while using (dual) antiplatelet therapy
may need higher fibrinogen levels to avoid excessive bleeding.
Unfortunately, only a few studies in our review included urgent
surgery patients and no correlation between fibrinogen levels and
bleeding in this population was possible. The lowest average of fi-
brinogen levels reported in the assessed papers for this
meta-analysis is 2.6 ± 0.79 g/l pre- and 1.6 ± 1.18 g/l postopera-
tively, the normal reference range being 1.5–4.0 g/l.

Other laboratory parameters, e.g. activated partial thrombo-
plastin time, prothrombin time (PT) and platelet count have
also been studied in this context [2, 5, 7, 13], but all these tests,
including fibrinogen, have (as single parameter) limited utility for
diagnosis of postoperative coagulopathy because their results
are only weakly associated with parameters of clinical bleeding or
because they are not rapidly available [7, 21]. Collective assess-
ment of several laboratory values using thromboelastography or
whole blood haemostatometry may provide more applicable
diagnostic information [5, 21], but their association with blood loss
remains low.

Although the correlation between fibrinogen levels and blood
loss is not very strong, fibrinogen concentrate administration in
patients with ongoing bleeding could be considered as a possible

treatment option. Indeed, several investigators advocate that fi-
brinogen can act as first-line therapy to correct postoperative
bleeding and reduce the use of allogeneic blood products without
evidence of thrombotic complications [10]. A recent meta-analysis
on the effect of fibrinogen concentrate in patients with various
bleeding conditions reported no outcome differences for bleed-
ing, mortality, length of stay at the intensive care unit or side
effects. Patients treated with fibrinogen concentrate used signifi-
cantly less other blood products. The authors concluded that the
six included RCTs were of low quality and comprised altogether
only 248 patients, not all eligible for evaluation of all outcome
effects [22]. In this context, it is important to note that fibrinogen is
an acute-phase protein the level of which increases gradually after
surgical procedures [1, 10, 18]. Therefore, the use of fibrinogen
concentrate, in combination with this physiological increase post-
operative, might increase the risk of thrombosis.
Many studies concluding that there is no statistically significant

correlation between fibrinogen and postoperative blood loss did
not give information about the strength of the correlation or exact
P-value, and could therefore not be included. This reporting bias
could have been further influenced by unpublished studies failing
to demonstrate significant correlations. Therefore, the association
between fibrinogen and postoperative blood loss that we calcu-
lated could be overestimated. Other important limitations of this

Figure 1: Flow chart of study selection.
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meta-analysis are the low power and quality of the included
studies, the substantial heterogeneity among studies and the vari-
ability in the definition of the endpoint blood loss. Systematic
reviews on the effect of intervention with fibrinogen concentrate

reveal a similar lack of quality of the studies [22, 23]. However, fi-
brinogen supplementation is currently solely substantiated on this
questionable information. The different assays used among
studies should not be of influence on the analysis of the

Figure 2:Meta-analysis of the correlation between preoperative fibrinogen and postoperative blood loss.

Figure 3:Meta-analysis of the correlation between postoperative fibrinogen and postoperative blood loss.
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association with bleeding, while the comparison between PEBL
and non-PEBL within the paper is performed by the same assay.
Also, although the definition of blood loss or a bleeding patient
appeared to be highly divergent among studies, overall, blood loss
of >200 ml per h or >1 l in the postoperative period was consid-
ered as excessive bleeding. Furthermore, in some of the evaluated
studies there is a lack of differentiation between patients who
bleed from surgical causes and those who apparently have a
severe coagulopathy without a specific surgical source of bleeding
[24]. Moreover, it is not always clear whether fibrinogen supple-
mentation, transfusions of FFPs or platelets, took place before
sampling, influencing the results, or after the postoperative fi-
brinogen measurements. Finally, the usage of other methods to
measure fibrinogen, like the PT-derived method, or the presence
of HES products may lead to an overestimation of the fibrinogen
amount [25].

In conclusion, although the results of our meta-analysis support
the association between lower fibrinogen levels and a higher
bleeding risk after cardiac surgery, the correlation is weak to mod-
erate, the studies evaluated contain substantial heterogeneity, and
are of low power and quality. However, this cumbersome available
information forms the current base to substantiate fibrinogen sup-
plementation. Fibrinogen supplementation for patients with a
lower preoperative fibrinogen level or concomitant factors impair-
ing coagulation such as the use of antiplatelet drugs might have a
beneficial effect in reducing the risk of excessive blood loss, but
studies of better quality, preferentially randomized, are required
before any specific recommendation can be proposed.

SUPPLEMENTARY MATERIAL

Supplementary material is available at ICVTS online.
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Although fibrinogen is a key factor in thrombosis, its role in the pathogenesis of
haemostatic disturbances after cardiac surgery is often underestimated. Therefore we
were glad to read the article by Gielen et al. [1]. Apparently during the postoperative
period, decrease in fibrinogen often coincides with the deficiency of other clotting
factors and platelet dysfunction, and the level of postoperative blood loss does not
depend only on the fibrinogen concentration. Thus, there are no linear connections
between blood loss and the level of fibrinogen. However, we cannot underestimate
the contribution of this clotting factor in the mechanical stability of clots, which also
depends on platelets, coagulation factor XIII and von Willebrand factor. The defi-
ciency of those factors, primarily fibrinogen, leads to the decrease in the fibrin
monomer and its polymerization, which further results in delayed thrombus
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