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Abstract

Background: Hemostasis is the dynamic equilibrium between coagulation and fibrinolysis. During pregnancy, the
balance shifts toward a hypercoagulative state; however placental abruption and abnormal placentations may lead
to rapidly evolving coagulopathy characterized by the increased activation of procoagulant pathways. These
processes can result in hypofibrinogenemia, with fibrinogen levels dropping to 2 g/L or less and an associated
increased risk of post-partum hemorrhage.
The aim of the present study was to evaluate the concordance between two methods of functional fibrinogen
measurement: the Thromboelastography (TEG) method (also known as FLEV) vs. the Clauss method. Three patient
groups were considered: healthy volunteers; non-pathological pregnant patients; and pregnant patients who went
on to develop postpartum hemorrhage.

Methods: A prospective observational study. Inclusion criteria were: healthy volunteer women of childbearing age,
non-pathological pregnant women at term, and pregnant hemorrhagic patients subjected to elective or urgent
caesarean section (CS), with blood loss exceeding 1000 mL. Exclusion criteria were age < 18 years, a history of
coagulopathy, and treatment with contraceptives, anticoagulants, or antiplatelet agents.

Results: Bland-Altman plots showed a significant overestimation with the FLEV method in all three patient groups:
bias was − 133.36 mg/dL for healthy volunteers (95% IC: − 257.84; − 8.88. Critical difference: 124.48); − 56.30 mg/dL
for healthy pregnant patients (95% IC: − 225.53; 112.93. Critical difference: 169.23); and − 159.05 mg/dL for
hemorrhagic pregnant patients (95% IC: − 333.24; 15.148. Critical difference: 174.19). Regression analyses detected a
linear correlation between FLEV and Clauss for healthy volunteers, healthy pregnant patients, and hemorrhagic
pregnant patients (R2 0.27, p value = 0.002; R2 0.31, p value = 0.001; R2 0.35, p value = 0.001, respectively). ANOVA
revealed a statistically significant difference in fibrinogen concentration between all three patients groups when
assayed using the Clauss method (p value < 0.001 for all the comparisons), but no statistically significant difference
between the two patients groups of pregnant women when using the FLEV method.

Conclusions: The FLEV method does not provide a valid alternative to the Clauss method due to the problem of
fibrinogen overestimation, and for this reason it should not be recommended for the evaluation of patients with an
increased risk of hypofibrinogenemia.
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Background
Hemostasis is the dynamic equilibrium between coagula-
tion and fibrinolysis. During pregnancy, the balance
shifts to a hypercoagulative state that becomes more
pronounced toward the end of the third trimester,
returning to normality approximately 4 to 5 weeks after
delivery. Hypercoagulability results from an increase in
plasma concentrations of coagulation factors VII, VIII,
X, XII, von Willebrand factor (vWF), and fibrinogen
(which can reach 6 g/L by the end of pregnancy) [1].
Gestational thrombocytopenia may also occur during
the third trimester with platelet counts dropping by ap-
proximately 10% with respect to baseline [2]. Fibrinolysis
is also markedly depressed during a normal pregnancy
[2]. It is important to highlight that the coagulation
changes occurring during postpartum hemorrhage
(PPH) differ from those of polytraumatized or postsurgi-
cal patients because of the underlying cause of obstetric
bleeding [3].
Uterine atony, genital tract trauma, and surgical

trauma are not always associated with development of
coagulopathy, although they may cause significant blood
loss. However, uncontrolled bleeding in this context may
evolve into a late coagulopathy [4–7]. In contrast, pla-
cental abruption (even with minimal blood loss) and ab-
normal placentations may be associated with rapidly
evolving coagulopathy characterized by the consumption
of coagulation factors. Placental abruption and amniotic
fluid embolism are the main causes of the onset of dis-
seminated intravascular coagulopathy (DIC) [1, 8].
During PPH, fibrinogen is of fundamental importance,

and a blood level of fibrinogen less than 2 g/L (200 mg/
dL) is a positive predictive value for severe PPH and the
need for angiographic invasive procedures [9, 10], higher
blood and plasma transfusion, and a longer stay in the
intensive care unit [11–15]. A reliable and rapid method
for determining fibrinogenemia is therefore essential in
order to be able to intervene quickly. Functional fibrino-
gen (FLEV) assessment by TEG [16] and the gold stand-
ard laboratory Clauss method are the two most
widespread methods for assaying circulating fibrinogen
levels.
FLEV, as a point-of-care (POC) test, has the advantage

of providing results more rapidly, however, concerns
have been raised about the accuracy of FLEV measure-
ment in patients with a hemorrhage in progress, al-
though the obstetric context has never been specifically
analyzed until now. Several studies have reported a good
correlation between functional fibrinogen measured by
TEG (FLEV) and laboratory- diagnosed fibrinogenemia
as assessed using the Clauss method, whereas other
studies have shown TEG to overestimate actual levels
[17–19]. Specifically, TEG estimates the functional fi-
brinogen level (FLEV), by extrapolation from the MA

(maximal amplitude) fibrinogen value. The MA value of
a platelet-free plasma clot is proportionate to the func-
tional fibrinogen concentration. Analytical software is
able to calculate the functional fibrinogen level (MAFF
or FLEV) by transformation of the MA value. The gold
standard method, however, is the Clauss assay that needs
to be carried out in a clinical laboratory. For its execu-
tion, a standard curve is created by determining the
thrombin time for different plasma dilutions with a
known fibrinogen concentration. In brief, a citrated
whole blood sample is taken from a patient, centrifuged,
and the plasma portion stored. The plasma is then di-
luted 1:10 and the thrombin time calculated. The mea-
sured thrombin time is then placed on the standard
curve and the fibrinogen concentration extrapolated.
The aim of the present study was to evaluate the con-

cordance between the two most widely used methods of
fibrinogen measurement – TEG and the Clauss method
– in i) healthy volunteers, ii) non pathological pregnant
patients, and iii) pregnant patients who developed PPH.

Methods
Materials and methods
This prospective observational study was conducted at
the University Hospital of Udine and approved by the
local Ethics Committee (prot. N. 17534). Inclusion cri-
teria were: healthy volunteer women of childbearing age
(“healthy volunteers”), non-pathological pregnant
women at term (“non-pathological pregnant patients”)
and pregnant hemorrhagic patients (“hemorrhagic preg-
nant patients”) subjected to elective or urgent caesarean
section (CS), with blood loss exceeding 1000 mL. Exclu-
sion criteria were age < 18 years, a history of coagulopa-
thy, and treatment with contraceptives, anticoagulants,
or antiplatelet agents.
For each patient, the following preoperative data were

collected: age, gestational age, and reason for cesarean
section. The intraoperative data collected consisted of
the following blood levels/values: hemoglobin (Hb),
hematocrit (HCT), red blood cells, platelets, PT, aPTT,
INR, D-Dimer, Antithrombin (AT), Clauss fibrinogen,
thrombolelastographic parameters (R, K, Angle ɑ, MA,
CI, Ly30), FLEV, and the volume of blood loss. If blood
loss exceeded 1000 mL, the patients were designated to
the “hemorrhagic pregnant patients” group. For healthy
volunteers, we recorded hemoglobin (Hb), hematocrit
(HCT), red blood cells, platelets, PT, aPTT, INR, D-
Dimer, Antithrombin (AT), Clauss fibrinogen, TEG pa-
rameters, and FLEV. In the operating room, all patients
were monitored for heart rate (HR), noninvasive blood
pressure (NIBP), peripheral arterial saturation (SpO2),
and EtCO2 with in-out gas analysis. Regional or general
anesthesia was performed according to internal
protocols. Blood samples for thromboelastographic
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examination were collected into a blood tube containing
citrate (0.13M) and analyzed using a TEG® 5000 Throm-
belastograph® Hemostasis Analyzer (Haemoscope Cor-
poration, Niles, IL, USA). This point-of-care instrument
was subjected to a daily quality control protocol (e-test,
bubble test and level 1 and 2 controls), and the manu-
facturer’s instructions were always followed. The staff
performing the tests had undergone comprehensive
training. In our Institute, staff are also subjected to peri-
odic evaluations to check their ability to perform the
tests. The TEG FLEV calculation was performed by the
TEG® system’s internal software (Haemoscope Corpor-
ation, Niles, IL, USA). A blood volume equal to 360 μL
was taken from the sampling tube and placed, using a
special pipette, in a preheated cuvette at 37 °C contain-
ing 20 μL calcium for TEG parameter analysis.
To perform the functional fibrinogen (FF) assay

(Clauss method), 0.5 mL of citrated blood was added to
the designated FF vial containing abciximab (a monoclo-
nal antibody that inhibits platelet aggregation), tissue
factor (a glycoprotein necessary for the formation of
thrombin), sodium azide (the sodium salt of hydrogen
azide – a preservative of biological fluids), and tris buffer
(buffer salt solution for pH management) and gently
mixed. A 340 μL aliquot was transferred from the FF vial
to a 37 °C preheated TEG cuvette preloaded with 20 μL
0.2M CaCl2. The samples were analyzed within 30min
of sampling, and the thromboelastographic trace was
generated and analyzed within 90min. The samples for
both thromboelastography and the Clauss assay were
collected simultaneously. Blood samples for
hemoglobin, hematocrit, red blood cell and platelets
evaluation were collected into tubes containing ethyl-
enediaminetetraacetic acid (EDTA); samples for hemo-
gens and fibrinogen analysis were collected into tubes
containing citrate 0.13M.

Statistical analysis
Considering a linear correlation of 0.5 (for an alpha
value of 5% and a statistical power of 90%), we calcu-
lated a minimal sample size of 32 patients for each
group. Descriptive statistics were calculated for the main
study variables. For the comparison of qualitative vari-
ables, we considered frequencies and percentages; for
quantitative variables, we considered means and stand-
ard deviations (SD). The Bland-Altman plot was used to
evaluate the level of agreement between the results of
the Clauss method and FLEV for each group [20]. The
correlation between the two measures of fibrinogen and
between platelets, hemoglobin, and the TEG parameters
(maximum amplitude [MA] and the alpha angle) was
studied using the Spearman correlation coefficient calcu-
lated for each group. The relationship between the two
methods of fibrinogen determination was analyzed for

each group by linear regression analysis. A p value ≤0.05
was considered significant. A multiple comparison be-
tween groups for both methods of fibrinogen determin-
ation was made using ANOVA. A multiplicity
adjustment was obtained using the Westfall test. All stat-
istical analyses were performed using R-Cran ver. 3.4.2
language and environment for statistical computing (R
Core Team; R Foundation for Statistical Computing,
Vienna, Austria, http://www.R-project.org).

Results
Between October 2016 and June 2017, 103 participants
were enrolled onto the study. Two patients were ex-
cluded for a distorted TEG trace due to technical prob-
lems and a further 3 due to delays in the samples
arriving in the clinical laboratory. The final number of
participants was 98: 32 healthy volunteers, 34 pregnant
patients at full-term, and 32 pregnant patients with
hemorrhage. No participants were found to have coagu-
lation abnormalities or were being treated with anti-
platelet or anticoagulant therapies. The characteristics of
the studied population are shown in Table 1. The stud-
ied variables are shown in Table 2.
The Bland-Altman plots showed fairly good correl-

ation between the two measures, but the FLEV measure-
ments consistently were consistently higher than those
obtained quantitatively by the Clauss method: bias was
− 133.36 mg/dL for healthy volunteers (95% IC: − 257.84;
− 8.88. Critical difference: 124.48) (Fig. 1a); − 56.30 mg/
dL for healthy pregnant patients (95% IC: − 225.53;
112.93. Critical difference: 169.23) (Fig. 1b); and −
159.05 mg/dL for hemorrhagic pregnant patients
(95%IC: − 333.24; 15.148. Critical difference: 174.19) Fig.
1c. In 3 of the 32 cases of pregnant women with post-
partum hemorrhage, clinical treatment of fibrinogenemia
was only initiated once the laboratory results had been
obtained that revealed the overestimation of FLEV by
TEG (that had provided an incorrect estimate above
250 mg/dL). The Spearman correlation between FLEV
and Clauss was 0.39 (p = 0.027) in healthy volunteers,
0.54 (p = 0.001) in the pregnant term patients, and 0.57
(p = 0.001) in the hemorrhagic pregnant patients. Re-
gression analyses detected a linear correlation between
FLEV and Clauss for healthy volunteers, healthy preg-
nant patients, and hemorrhagic pregnant patients (R2

0.27, p value = 0.002; R2 0.31, p value = 0.001; R2 0.35, p
value = 0.001, respectively). ANOVA analysis demon-
strated statistically significant differences in fibrinogen
assayed using the Clauss method between the three
groups of patients (p value < 0.001 for all the compari-
sons) (Fig. 2b). On the contrary, no statistically signifi-
cant difference was present between the two groups of
pregnant patients when the FLEV method was used (p
value < 0.001 for the comparisons between healthy
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volunteers and pregnant patients; p value = 0.186 for the
comparison between healthy and hemorrhagic pregnant
patients) (Fig. 2a).

Discussion
The main finding of the current work is that fibrinogen
estimation by FLEV in pregnant term women and
hemorrhagic pregnant patients does not correlate closely
enough with the levels obtained via the quantitative
Clauss assay.
The FLEV methodology was developed in order to ob-

tain precise measures of fibrinogen as fast as possible,
i.e., at the bedside. In particular, its use would bring par-
ticular benefit to patients with fibrinogen levels lower
than 250mg/dL, so to permit its rapid correction in
cases of acute bleeding. As a matter of fact, fibrinogen
measurements have been incorporated into the latest
transfusion algorithms for patients undergoing cardiac
surgery, polytrauma patients, and the management of
pregnant patients developing postpartum hemorrhage,
for whom early correction is essential for levels lower
than 250 mg/dL. Indeed, fibrinogenemia less than 250
mg/dL has been identified as an early marker of pro-
gression to larger volume and more prolonged
hemorrhage, higher rates of red blood cell and plasma
transfusion, invasive angiographic procedures, and
prolonged hospital stays.
The management protocol of massive hemorrhage

bleeding highlights the importance of fibrinogenemia
correction, which, in addition to laboratory tests,
recommends the performance of viscoelastic methods,
i.e., rotational thromboelastometry (ROTEM) or throm-
boelastography (TEG) when available. TEG seems to be
a promising application in that it is a rapid test that does
not require highly specialized personnel and results are

available in only 15–20min. By contrast, the time re-
quired to complete a Clauss assay is two- or even three-
fold that for TEG, requiring 40 to 60min.
Regarding the two techniques, ROTEM has showed

better predictive accuracy than TEG in cardiac surgery
and trauma patients [19, 21, 22]. Whereas in pregnant
women and liver transplantation patients, great variabil-
ity was revealed in the results for MA-FF vs. Clauss and
FIBTEM (which is a point-of-care method that elimi-
nates the platelet contribution of clot formation by inhi-
biting the platelets irreversibly with cytochalasin D) vs.
Clauss [23].
Our results diverge from those of Harr et al. [19], who

found a close correlation between FLEV and fibrinogen
assayed using the Clauss method in 68 polytrauma pa-
tients (R2 = 0.80). Moreover, Pruller et al. [24] obtained a
fairly good correlation between FLEV and Clauss (R2 =
0.54) in surgical patients. However, conflicting results
have been reported in the literature, depending on the
populations studied; Agarwal et al. [25], for example,
found a weak correlation in cardiac surgical patients
(R2 = 0.11).
Our results show that the two methods are not inter-

changeable because a systematic overestimation obtained
by TEG compared with the Clauss method. In agree-
ment with our data, Katz et al. [26], in 56 parturients,
demonstrated a propensity for the point-of-care method
(FLEV) to overestimate compared with the laboratory
approach (Clauss), especially when the fibrinogen levels
increased above 500 mg/dL (SD 52.8 mg/dL). Agren et
al. [18] obtained similar results, with an overestimation
obtained by FLEV of about 100 mg/dL compared with
the Clauss method. The degree of overestimation de-
tected in the present study was even greater, especially
in pregnant patients with hemorrhage for whom greater

Table 1 Characteristics of the studied population. Values are expressed as median and, in brackets, the interquartile values

Healthy volunteers (n = 32) Non-pathological Pregnant Pts (n = 34) Hemorrhagic Pregnant Pts (n = 32)

Age, years 37 (26–40) 34.5 (31–38) 37.5 (32–40)

Height, cm 167 (163–170.3) 165 (160–168) 167 (163–170.3)

Weight, Kg 75.5 (69.5–87.3) 70.5 (64–80.8) 75.5 (69.5–87.3)

BMI 26.9 (24.2–29.3) 27.2 (25–28.2) 26.9 (24.2–29.3)

Gestational age, weeks + days 36 + 5 (35–37 + 5) 39 (38 + 3–39) 36 + 3 (35 + 4–37 + 2)

Table 2 Studied variables. Values are expressed as median and, in brackets, the interquartile values

Healthy volunteers (n = 32) Non-pathological Pregnant Pts (n = 34) Hemorrhagic Pregnant Pts (n = 32)

FBN Clauss, mg/dL 257.4 (241.4–294.1) 489.8 (437.5–524) 365.5 (307.7–416.5)

FLEV, mg/dL 386.9 (351.8–448.5) 525.6 (490.5–589) 521.9 (483.6–565.7)

MA TEG, mm 55.3 (50.8–60.3) 70.3 (68.3–73) 71.4 (67.1–74.6)

MA FLEV, mm 21.2 (19.3–24.6) 28.8 (26.9–32.3) 28.6 (26.5–31)

PLT, 10^3/μL 237.4 (202.6–263.1) 183.5 (160.9–218.1) 161.7 (132.3–181.5)

Hb, g/dL 13.1 (12.4–13.6) 11.8 (11.4–12.4) 10 (9.2–10.5)
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accuracy is essential – especially since the comparison of
fibrinogen levels between healthy pregnant and pregnant
patients with hemorrhage revealed no statistical differ-
ence for FLEV, whereas the difference did achieve statis-
tical significance with the Clauss method, which could
distinguish the two populations based on fibrinogen
levels. Once again, we must highlight the possibility that
an overestimation of fibrinogen level by FLEV could
cause a delay in treatment in clinical practice.

What underlies the difference between the two tests?
First of all, Clauss is a quantitative method, whereas
FLEV is qualitative. Second, FLEV measures the fibrino-
gen in whole blood, whereas the Clauss method uses
plasma [27]. Third, the non-concordance between FLEV
and the Clauss method is probably due to the impossi-
bility of obtaining a complete inhibition of platelets in
whole blood samples. The lyophilized tissue factor and
the abciximab that binds to glycoprotein IIb/IIIa

Fig. 1 Bland-Altman charts for each group considered (healthy volunteers, ie "Healthy", non pathological pregnant patients, ie "Preg", and
hemorrhagic pregnant patients, ie "Hemorr Preg"). On the y-axis the differences are set, the measured fibrinogen values are placed on the x-axis
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receptors inhibit platelet aggregation and exclude the
contribution of platelets to clot strength. However, Lang
et al. demonstrated [28] that abciximab does not inacti-
vate the glycoproteins completely. Furthermore, when
the number of platelets increases, a smaller percentage
is inhibited and the inaccuracy of the FLEV value in-
creases. Fluid management during anesthesia may also
play a role [29, 30]. Last, but not least, hematocrit and
activated factor XIII could have an impact on clot firm-
ness and affect the correlation [31, 32]. As discussed
above, we recommend continuation of the Clauss la-
boratory reference method; hospital staff should en-
deavor to shorten the delivery time of blood samples to
the laboratory and to speed up subsequent processing
times through, for example, utilization of a priority
channel.

Limitations
The FLEV and the Clauss values are expressed as analyt-
ical variables. We conducted frequent quality controls;
double assays of analyzed samples were often performed

to minimize the pre-analytical error, and the values set
as the laboratory reference range are obtained from the
average of a large pool of healthy volunteers. The major
limitation of the FLEV method is the incomplete inhib-
ition of platelets with the current reagent.

Conclusions
At present, FLEV should not be considered an inter-
changeable alternative to the Clauss method, especially
when dealing with pregnant term women and
hemorrhagic pregnant patients because it overestimates
the fibrinogen level in the blood. As such, it should not
be used in the treatment of hemorrhagic patients with
hypofibrinogenemia. Therefore, at present, it is reason-
able to use the Clauss method by constructing a specific
protocol with an emergency channel to shorten sample
analysis times and guarantee the timely correction of
hypofibrinogenemia.

Abbreviations
ANOVA: Analysis of variance; aPTT: Activated partial thromboplastin time
ratio; AT: Antithrombin; CS: Caesarean section; DIC: Disseminated

Fig. 2 Box plots for the method of determining the fibrinogen of Clauss (a) and FLEV (b). Fibrinogen values are placed on the y axis. On the x
axis are placed the three different samples analyzed (healthy volunteers, hemorrhagic pregnant patients and non pathological pregnant patients).
The letters above the graphs refer to different clusters of significance: a different letter corresponds to a statistically significant difference between
the groups

Spasiano et al. BMC Anesthesiology           (2019) 19:90 Page 6 of 8



intravascular coagulopathy; EDTA: Ethylenediaminetetraacetic acid;
EtCO2: End tidal carbon dioxide; FF: Functional fibrinogen; FLEV: Functional
fibrinogen level; Hb: Hemoglobin; HCT: Hematocrit; HR: Heart rate;
INR: International normalized ratio; NIBP: Non-invasive blood pressure;
PPH: Postpartum hemorrhage; PT: Prothrombin time; ROTEM: Rotational
thromboelastometry; SD: Standard deviation; SpO2: Peripheral arterial
saturation; TEG: Thromboelastography; vWF: Von Willebrand factor

Acknowledgements
None.

Authors’ contributions
AS conceived, drafted and revised the manuscript. CM analyzed and
interpreted data. DO analyzed and performed statistics, drafted and revised
the manuscript. AB, MC and AM collected the data. TD and TB reviewed the
manuscript. RG and DF performed the laboratory tests. LV drafted and
revised the manuscript. GDR supervised the work. AS, DO and LV
contributed equally to the preparation and submission of the manuscript. All
the authors read and approved the final manuscript.

Funding
None.

Availability of data and materials
Data is available if requested.

Ethics approval and consent to participate
The study was approved by the Ethics Committee of the University Hospital
“Santa Maria della Misericordia” of Udine (prot. N. 17534). A written informed
consent was obtained from every participant.

Consent for publication
Not Applicable.

Competing interests
Dr. Luigi Vetrugno is Associate Editor of BMC Anesthesiology. No competing
interests for the other Authors.

Author details
1Anesthesiology and Intensive Care Medicine, Department of Medicine,
University of Udine, P.le S. Maria della Misericordia 15, 33100 Udine, Italy.
2Department of Laboratory Medicine, ASUIUD Hospital of Udine, Udine, Italy.
3Postgraduate School of Clinical Pathology and Biochemistry, University of
Padua, Padua, Italy.

Received: 3 January 2019 Accepted: 24 May 2019

References
1. Thornton P, Douglas J. Coagulation in pregnancy. Best Pract Res Clin Obstet

Gynaecol. 2010;24:339–52.
2. Bremme K, Ostlund E, Almqvist I, Heinonen K, Blombäck M. Enhanced

thrombin generation and fibrinolytic activity in normal pregnancy and the
puerperium. Obstet Gynecol. 1992;80:132–7.

3. Collis RE, Collins PW. Haemostatic management of obstetric haemorrhage.
Anaesthesia. 2015;70(Suppl 1):78–86.

4. Collins PW, Lilley G, Bruynseels D, Laurent DB, Cannings-John R, Precious E,
et al. Fibrin-based clot formation as an early and rapid biomarker for
progression of postpartum hemorrhage: a prospective study. Blood. 2014;
124:1727–36.

5. Brohi K, Singh J, Heron M, Coats T. Acute traumatic coagulopathy. J Trauma.
2003;54:1127–30.

6. Spahn DR, Bouillon B, Cerny V, Coats TJ, Duranteau J, Fernández-Mondéjar
E, et al. Management of bleeding and coagulopathy following major
trauma: an updated European guideline. Crit Care. 2013;19(17):R76.

7. Hiippala ST, Myllylä GJ, Vahtera EM. Hemostatic factors and replacement of
major blood loss with plasma-poor red cell concentrates. Anesth Analg.
1995;81:360–5.

8. Thachil J, Toh CH. Disseminated intravascular coagulation in obstetric
disorders and its acute haematological management. Blood Rev. 2009;23:
167–76.

9. Cortet M, Deneux-Tharaux C, Dupont C, Colin C, Rudigoz RC, Bouvier-Colle
MH, et al. Association between fibrinogen level and severity of postpartum
haemorrhage: secondary analysis of a prospective trial. Br J Anaesth. 2012;
108:984–9.

10. Gayat E, Resche-Rigon M, Morel O, Rossignol M, Mantz J, Nicolas-Robin A, et al.
Predictive factors of advanced interventional procedures in a multicentre
severe postpartum haemorrhage study. Intensive Care Med. 2011;37:1816–25.

11. De Lloyd L, Bovington R, Kaye A, Collis RE, Rayment R, Sanders J, et al.
Standard haemostatic tests following major obstetric haemorrhage. Int J
Obstet Anesth. 2011;20:135–41.

12. Charbit B, Mandelbrot L, Samain E, Baron G, Haddaoui B, Keita H, et al. PPH
study group. The decrease of fibrinogen is an early predictor of the severity
of postpartum hemorrhage. J Thromb Haemost. 2007;5:266–73.

13. Levy JH, Welsby I, Goodnough LT. Fibrinogen as a therapeutic target for
bleeding: a review of critical levels and replacement therapy. Transfusion.
2014;54:1389–405.

14. Charbit B, Mandelbrot L, Samain E, Baron G, Haddaoui B, Keita H, Sibony O,
Mahieu-Caputo D, Hurtaud-Roux MF, Huisse MG, Denninger MH, de Prost D;
PPH Study Group. The decrease of fibrinogen is an early predictor of the
severity of postpartum hemorrhage. J Thromb Haemost. 2007;5(2):266–73.

15. Pollock W, Rose L, Dennis CL. Pregnant and postpartum admissions to the
intensive care unit: a systematic review. Intensive Care Med. 2010;36(9):
1465–74.

16. Huissoud C, Carrabin N, Audibert F, Levrat A, Massignon D, Berland M, et al.
Bedside assessment of fibrinogen level in postpartum haemorrhage by
thrombelastometry. BJOG. 2009;116:1097–102.

17. Fluger I, Maderova K, Simek M, Hajiek R, Zapletalova J, Lonsky V.
Comparison of functional fibrinogen assessment using
Thromboelastography with the standard Von Clauss method. Biomed Pap
Med Fac Univ Palacky Olomouc Czech Repub. 2012;156:260–1.

18. Agreen A, Wikman AT, Ostlund A, Edgren G. TEG® functional fibrinogen
analysis may overestimate fibrinogen levels. Anesth Analg. 2014;118:933–5.

19. Harr J, Moore E, Ghasabyan A, Chin TL, Sauaia A, Banerjee A, et al.
Functional fibrinogen assay indicates that fibrinogen is critical in correcting
abnormal clot Strenght following trauma. Shock. 2013;39:45–9.

20. Bland JM, Altman DG. Statistical methods for assessing agreement between
two methods of clinical measurement. Lancet. 1986;1:307–10.

21. Peng HT, Nascimento B, Tien B. A comparative analysis of functional
fibrinogen assays using teg and rotem in trauma patients enrolled in the
fiirst trial. Panam J Trauma Crit Care Emerg Surg. 2018;7:143–57.

22. Peng HT, Nascimento B, Beckett A. Thromboelastography and
Thromboelastometry in assessment of fibrinogen deficiency and prediction for
transfusion requirement: a descriptive review. Biomed Res Int. 2018;2018:7020539.

23. Kornblith LZ, Kutcher ME, Redick BJ, Calfee CS, Vilardi RF, Cohen MJ.
Fibrinogen and platelet contributions to clot formation: implications for
trauma resuscitation and thromboprophylaxis. J Trauma Acute Care Surgery.
2014;76:255–6.

24. Pruller F, Munch A, et al. Comparison of functional fibrinogen (FF/CFF) and
FIBTEM in surgical patients – a retrospective study. Clin Chem Lab Med.
2016;54:453–8.

25. Agarwal S, Johnson RI, Shaw M. A comparison of fibrinogen measurement
using TEG functional fibrinogen and Clauss in cardiac surgery patients. Int J
Lab Hematol. 2015;37:459–65.

26. Katz D, Hamburger J, Batt D, Zahn J, Beilin Y. Point-of-care fibrinogen
testing in pregnancy. Anesth Analg. 2018. https://doi.org/10.1213/ANE.
000000000003301.

27. Baksaas-Aasen K, Van Dieren S, Balvers K, et al. Data-driven development of
ROTEM and TEG algorithms for the Management of Trauma Hemorrhage a
Prospective Observational Multicenter Study. Ann Surg. 2018. https://doi.
org/10.1097/SLA.0000000000002825.

28. Lang T, Toller W, Gutl M, Mahla E, Metzler H, Rehak P, et al. Different effects
of abciximab and cytochalasin D on clot strength in thrombelastography. J
Thromb Haemost. 2004;2:147–53.

29. Winstedt D, Solomon HA, Lundahl T, Schött U. Intraoperative hydroxyethyl
starch and its effects on different fibrinogen measurements. Clin Appl
Thromb Hemost. 2016;22(7):641–7.

30. Della Rocca G, Vetrugno L, Tripi G, Deana C, Barbariol F, Pompei L. Liberal or
restricted fluid administration: are we ready for a proposal of restricted
intraoperative approach? BMC Anesthesiol. 2014;14:62.

31. Schlimp CJ, Cadamuro J, Solomon C, Redl H, Sch¨ochl H. The effect of
fibrinogen concentrate and factor XIII on thromboelastometry in 33%

Spasiano et al. BMC Anesthesiology           (2019) 19:90 Page 7 of 8

https://doi.org/10.1213/ANE.000000000003301
https://doi.org/10.1213/ANE.000000000003301
https://doi.org/10.1097/SLA.0000000000002825
https://doi.org/10.1097/SLA.0000000000002825


diluted blood with albumin, gelatine, hydroxyethyl starch or saline in vitro.
Blood Transfus. 2013;11:510–7.

32. Nielsen VG, Gurley WQ, Burch TM. The impact of factor XIII on coagulation
kinetics and clot strength determined by thrombelastography. Anesth
Analg. 2004;99:120–3.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Spasiano et al. BMC Anesthesiology           (2019) 19:90 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Materials and methods
	Statistical analysis

	Results
	Discussion
	Limitations

	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

