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Background. Patients undergoing orthotopic liver transplantation are at high risk of bleeding complications. Several Authors
have shown that thromboelastography (TEG)-based coagulation management and the administration of fibrinogen concentrate
reduce the need for blood transfusion. Methods. We conducted a single-center, retrospective cohort observational study
(Modena Polyclinic, Italy) on 386 consecutive patients undergoing liver transplantation. We assessed the impact on resource con-
sumption and patient survival after the introduction of a newTEG-based transfusion algorithm, requiring also the introduction of the
fibrinogen functional thromboelastography test and a maximum amplitude of functional fibrinogen thromboelastography transfu-
sion cutoff (7 mm) to direct in administering fibrinogen (2012-2014, n = 118) compared with a purely TEG-based algorithm previ-
ously used (2005-2011, n = 268).Results.After 2012, there was a significant decrease in the use of homologous blood (1502 ±
1376 vs 794 ± 717 mL, P < 0.001), fresh frozen plasma (537 ± 798 vs 98 ± 375 mL, P < 0.001), and platelets (158 ± 280 vs 75 ±
148 mL, P < 0.005), whereas the use of fibrinogen increased (0.1 ± 0.5 vs 1.4 ± 1.8 g, P < 0.001). There were no significant dif-
ferences in 30-day and 6-month survival between the 2 groups.Conclusions. The implementation of a new coagulation man-
agement method featuring the addition of the fibrinogen functional thromboelastography test to the TEG test according to an
algorithmwhich provides for the administration of fibrinogen has helped in reducing the need for transfusion in patients undergoing
liver transplantation with no impact on their survival.
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Patients undergoing orthotopic liver transplantation
(OLT) are at high risk of bleeding, mainly depending

on a precarious balance between procoagulant and anticoag-
ulant factors.1 Therefore, these patients very often require
transfusions of blood and blood components aimed at cor-
recting anemia and coagulopathy. However, the transfusion
of fresh frozen plasma (FFP), red blood cells, and platelets
were associated with increased morbidity and mortality2

and decreased graft survival.3

Newly introduced viscoelastic coagulation tests performed
bedside (point-of-care [POC]), including rotational thrombo-
elastometry (ROTEM) and thromboelastography (TEG), pro-
duce faster and more reliable results than conventional tests.
The use of transfusion algorithms based on those tests can
reduce perioperative bleeding and the rate of transfusion of
allogeneic blood products4-6 to such an extent that current
European Society of Anesthesia7 guidelines for the manage-
ment of massive bleeding recommend their use during OLT
to monitor hemostasis and for coagulopathy management.
Solely using the TEG method has the drawback of not being
able to distinguish between the contribution of fibrinogen
and that of platelets to coagulum formation.8 To address this
problem, a new fibrinogen functional thromboelastography
(FF-TEG) test has been recently developed; this method, when
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performed in addition to conventional TEG, can detect the de-
gree to which fibrinogen contributes to coagulum strength
and estimate plasma fibrinogen levels. It is a test based on
the activation of the extrinsic pathway of coagulation using
tissue factor. Then, platelet contribution to coagulum is
inhibited through the use of a platelet inhibitor that binds to
GPII/IIIa receptors. Therefore, only fibrinogen contribution
to clot strength is measured. It was found that fibrinogen
levels measured with this method correlate with those ob-
tained by applying the traditional von Clauss test and that
they are critical in obtaining good coagulum strength.9

In recent years, further aid in managing bleeding during
OLT has come from the use of coagulation factor concen-
trates, which feature some advantages, such as easy storage
and immediate availability for use. Their administration,
often based on algorithms that involve the use of POC
methods, is associated with a decrease in the need for trans-
fusion of allogeneic blood products and with better out-
comes.10-14 Among the single coagulation factors available
on the market, it has been shown that the use of fibrinogen
concentrate according to a transfusion algorithm based on
ROTEM results in managing coagulopathy during OLT can
reduce the use of allogeneic blood products.15 Another study
found that the use of coagulation factor concentrates in these
patients does not increase the incidence of thrombosis and is-
chemic events.16

At the moment, in POC-guided management of patients
undergoing OLT, no unique and shared cutoffs have yet been
established for the TEG parameter values to make the most
appropriate choices in coagulopathy management.1,9 Indeed,
the strategies adopted for coagulopathy management vary
greatly depending on the centers.

In 2012, we introduced in our center, AziendaOspedaliero-
Universitaria of Modena, Policlinico (Modena, Italy), a new
transfusion algorithm, different from the previous TEG-
based one: the changes consisted in the addition of the
FF-TEG test to guide the administration of fibrinogen con-
centrate and a specific transfusion cutoff to our own TEG-
based algorithm. Then, we noted an apparent decrease in
transfusion. Therefore, the present study was conducted to
check this impression.

We undertook this cohort single-center (Modena Polyclinic,
Italy) retrospective observational study on 386 consecutive
patients undergoing OLT. We assessed the impact on re-
source consumption of the use of this new coagulation mon-
itoring (patients undergoing surgery between January 2012
and December 2014) compared with a previous TEG-based
algorithm (patients undergoing surgery between December
2005 and December 2011).

MATERIALS AND METHODS

This study received the approval of the local ethics authority
(Ethics Committee of the Province of Modena, case 139/14,
approved on October 29, 2014).

Demographics

This study retrospectively includes 386 consecutive pa-
tients undergoing OLT at the Modena Polyclinic, Italy,
during the period between December 2005 and December
2014. We included both those who underwent a first trans-
plant, of liver alone or of liver and kidney, and those who
experienced a retransplantation. All data were extracted
from medical records. The study focused on transfused re-
source consumption during surgery (homologous blood,
autologous blood, FFP, platelets, albumin, and fibrinogen
were considered) and the outcome of the surgery in terms
of patient survival.

Collection of Blood Samples

Native arterial blood samples were collected from a radial
artery cannulated before induction of anesthesia and ana-
lyzed without addition of anticoagulants. However, hepari-
nase was used only after reperfusion in all cases and from
the baseline only in patients affected by acute liver failure.

Monitoring by TEG and Transfusion Algorithms

The TEG tracks were initiated within 4 minutes of draw-
ing the blood (the machine is located in the operating
room, near the patient). The tests were carried out on native
blood, both before and after 2012. In the TEG test, coagulum
formation was triggered through activation by contact, with-
out the addition of activators. The TEG tests were performed
at preset times: baseline (when the surgery patient first en-
tered the operating room), laparotomy, preanhepathic,
anhepatic, and 30, 60, 120, 180 minutes after reperfusion.
Additional TEG tests were performed at the discretion of
the anesthesiologist based on clinical conditions and surgi-
cal scope, generally when a therapeutic intervention was
required due to bleeding severity to better guide and verify
the administered therapy. The TEG was performed by pi-
petting 360 μL of blood from a 3-mL arterial sample placed
in a test tube in the thromboelastograph's coagulation ana-
lyzer, and the temperature was set according to the patient's
temperature.

The FF-TEG was performed according to the manufac-
turer's instructions, which require the addition of a platelet
glycoprotein IIb/IIIa receptor inhibitor to exclude the contri-
bution of platelets to coagulum strength.

The significance of the parameters considered referring to
native blood is shown in Figure 1.

The management of coagulopathy during surgery was led
by thromboelastography (TEG 5000 Hemostasis Analyzers,
Haemoscope Inc.) and used by the pre-2012 transfusion al-
gorithm shown in Figure 2 for surgeries performed before
2012 (n = 268); from 2012 onward (n = 118), we adopted he-
mostatic therapies guided by TEG test performed in the same
way but adding the FF-TEG test with a different algorithm,
based on the use of fibrinogen concentrate (Haemocomplettan,
CSL Behring) for values of maximum amplitude TEG less
than 30 mm and maximum amplitude of functional fibrino-
gen thromboelastography (MAFF) of 7 mm or less (Figure 3).
The algorithm used from 2005 to 2012 was derived from
Kang's one, dating back to 1985.6 Compared with this pe-
riod, improvements in surgical techniques and anesthetic
management led to a revision of Kang's algorithm, which
brought to the definition of the algorithm commonly used be-
fore 2012. As regard the version proposed after that date,
we derived the values suggested as cutoff for transfusion on
the base of our experience with FF-TEG test.

We transfused erythrocyte concentrates to maintain hemo-
globin levels at 8 to 9 g/dL. This policy was consistent
throughout the study period. Albumin was administered in
standard volumes for all transplantations (about 200 mL)



FIGURE 1. Normal TEG tracing.1,17 α angle, reflecting the rate of clot formation (normal values = 14-46°); A30, amplitude at 30 minutes
(normal values = 0-5%); K, time from R until a certain clot firmness is achieved (normal values = 3-13 min); MA, maximum amplitude, re-
flects the strength of the coagulum (normal values = 42-63 mm); R, reaction time, represents the speed of the initial formation of fibrin
(normal values = 12-26 min).
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or in larger volumes if the patient experienced heavy blood
loss or massive ascites.

A cell saver device was routinely used throughout the pro-
cedure, and whenever possible, cell salvage blood was trans-
fused in place of homologous blood (we never needed to use
it in recipients with malignant hepatic lesion).

Resources Consumed

Evaluation of the resources consumed was performed on:
homologous blood, autologous blood, FFP, platelets, albumin,
fibrinogen concentrate (Haemocomplettan, CSL Behring).

Surgical Procedure and Anesthetic Technique

All surgical procedures were performed using the piggy-
back technique for graft implantation.

Patients were monitored with a 5-lead electrocardio-
gram, pulse oximetry, invasive systemic blood pressure (right
radial) and a pulmonary Swan-Ganz continuous end dia-
stolic volume catheter (usually advanced through a 8.5 F in-
troducer into the right internal jugular vein for continuous
CO measurement thermodilution technique), right ventricle
ejection fraction, right ventricle end diastolic volume, and
continuous monitoring of SvO2 and core temperature. Sev-
eral times a transesophageal echocardiography was per-
formed during liver transplantation.

General anesthesiawas inducedwith propofol (1.5-2mg/kg),
fentanyl (1-2 μg/kg), and rocuronium (0.6 mg/kg) and main-
tained with desfluorane (5-6%)/O2/air in a closed circuit.
FIGURE 2. Transfusion algorithm used before 2012. FFP, fresh fr
thromboelastography.
After induction, a 20-G catheter (for blood sampling) was
inserted in the left radial artery and an 8Fr double-lumen cen-
tral venous catheter (usually) into the left internal jugular
vein. Intraoperative hypothermia was prevented by forced
air surface warming (Bair Hugger) and by warm fluids (Level
1 H-1025 and HOTLINE, Smiths Medical), aiming to keep
body temperature above 35°C. Arterial blood gases were
checked whenever we drew blood samples for TEG or when
otherwise suggested. The free calcium level was kept higher
than 1.0 mmol/L. During the study period, we did not make
any changes in the anesthetic technique aside from transfu-
sion algorithm.

The anesthesia team (3 anesthetists) and surgical team
(2main surgeons plus surgical fellows) did not change during
the study period; every transplant procedure was performed
by 2 surgeons plus 1 junior house officer and by 1 anesthesi-
ologist plus 1 junior house officer.

Statistical Analyses

Category variables (indications for surgeries and type of
surgery) were compared using the χ2 test or the Fisher exact
test, whereas continuous variables were compared using
the Mann-Whitney test. Factors associated with the con-
sumption of resources during surgery were analyzed using
univariate and multivariate linear regressions. Variables with
P value less than 0.1 in the univariate analysis were included
in the multivariate model from which we extracted only sta-
tistically significant values (P value < 0.05) using the stepwise
ozen plasma; MA, maximum amplitude; R, reaction time; TEG,



FIGURE 3. Transfusion algorithm used since 2012. FF, functional fibrinogen test TEG; FFP, fresh frozen plasma; MA, maximum amplitude;
MAFF, MA obtained from functional fibrinogen test, raw data; R, reaction time; TEG, thromboelastography.
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selection technique (backward). Survival time after surgery
was analyzed in both groups using the Kaplan-Meier curves
and compared using the log-rank test. Results with P value
less than 0.05 were considered statistically significant. All
analyses were performed using statistical software R
version 3.0.2.18
RESULTS

Patients were divided into three categories of surgery: liver
transplantation, liver and kidney transplantation, and liver
retransplantation.Overall, 13 of 386 surgeries were excluded
from analysis due to missing data. Of the 373 valid data, 256
are for surgeries before 2012 and 117 for those performed
later. We identified 7 categories of surgeries for liver disease
(Table 1). The baseline characteristics of the 2 populations
are also summarized in Table 1.

There were no statistically significant differences in terms
of mean age and sex, whereas the severity level was different
between the 2 groups (model for end-stage liver disease
[MELD] score: 19.0 ± 9.4 before 2012 vs 21.2 ± 10.0 after
2012, P < 0.05). The number of retransplantations was
higher in surgeries carried out before 2012 (4.3% vs 1.7%,
P < 0.001); furthermore, we detected differences in the indi-
cations for surgery, more specifically the percentage of sur-
geries for cirrhosis without hepatocellular carcinoma more
than doubled after 2012 (6.3% vs 15.4%, P < 0.01).

The 2 groups were also similar in most of the preoperative
test results (Table 1).

We found statistically significant differences in preopera-
tive coagulation values (prothrombin time [PT] was 54 ±
23 vs 47 ± 22, P < 0.05 and international normalized ratio
[INR]was 1.7 ± 0.9 vs 1.9 ± 0.8, P < 0.05) and in hemoglobin
(11.4 ± 2.1 vs 11.0 ± 2.2 g/dL, P < 0.05) and aspartate trans-
aminase (293 ± 1534 vs 189 ± 805 U/l, P < 0.01).

Statistical analysis showed in surgeries performed after
2012, a significant decrease in the use of total blood
(2208 ± 2196 vs 1544 ± 1274 mL, P < 0.05) due to the de-
crease in the use of homologous blood (1502 ± 1376 vs
794 ± 717 mL, P < 0.001), FFP (537 ± 798 vs 98 ± 375
mL, P < 0.001), and platelets (158 ± 280 vs 75 ± 148 mL,
P < 0.005), whereas, in accordance with the newly adopted
transfusion protocol, the use of fibrinogen increased (0.1 ±
0.5 vs 1.4 ± 1.8 g, P < 0.001), no significant differences were
experienced in the use of autologous blood and albumin
(Table 2).

Analysis performed per severity subgroup (MELD score≤
or > 21) showed that this trend can be found in equal mea-
sure in sicker patients and those in less serious conditions
(Tables S1 and S2, SDC, http://links.lww.com/TXD/A19).

The results of resource consumptions related to liver trans-
plantations alone are perfectly in line with the overall analy-
sis, because the impact of interventions other than the liver
transplantations alone is imperceptible because of the small
number of interventions (23 of 256 before 2012 and 7 of 117
after 2012) (Table S3, SDC, http://links.lww.com/TXD/A19).

We performed univariate and multivariate linear re-
gression analyses for the consumption of homologous and
autologous blood, FFP, platelets, albumin, and fibrinogen
(detailed results in Tables S4, S5, S6, S7, S8, and S9, SDC,
http://links.lww.com/TXD/A19). In these tables, variables
resulting to be statistically significant in the univariate model
were highlighted in yellow, whereas those that remained sig-
nificant also after the multivariate analysis were highlighted
in green. The MELD score of the patient undergoing surgery
was statistically associated with the consumption of all re-
sources analyzed. Female patients received more transfusions
of homologous blood and FFP (in both models), with autolo-
gous blood and platelets (only in the univariate model). Lower
consumption of FFP was noted in repeated transplants com-
pared with patients who underwent OLT for the first time
(in compliance with the mode of execution of the surgical
procedure) whereas in liver and kidney transplants, homolo-
gous blood consumption was lower and autologous blood
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TABLE 1.

Baseline characteristics of the study population

Pre-2012 Post-2012 P

Age, mean (SD) 53.7 (9.7) 55.2 (7.9) 0.35
Female, N (%) 62 (24.2%) 40 (34.2%) 0.06
MELD score, mean (SD) 19.0 (9.4) 21.2 (10.0) <0.05
Indications for surgery, N (%) <0.01
• Viral (without HCC) 86 (33.6%) 36 (30.8%)
• Viral (with HCC) 89 (34.8%) 29 (24.8%)
• Alcoholic (without HCC) 16 (6.3%) 18 (15.4%)
• Alcoholic (with HCC) 9 (3.5%) 4 (3.4%)
• Cholestatic 15 (5.9%) 5 (4.3%)
• Fulminant 5 (2.0%) 5 (4.3%)
• Other causes 36 (14.1%) 20 (17.1%)

HBV, N (%) 69 (27.0%) 27 (23.1%) 0.50
HCV, N (%) 120 (46.9%) 51 (43.6%) 0.63
HCC, N (%) 104 (40.6%) 35 (29.9%) 0.06
Type of surgery, N (%) <0.001
• Liver transplantation 233 (91.0%) 110 (94.0%)
• Liver retransplantation 11 (4.3%) 2 (1.7%)
• Liver and kidney transplantation 12 (4.7%) 5 (4.3%)

White blood cells, 103/μL 5.5 (3.4) 6.1 (3.8) 0.16
Hemoglobin, g/dL 11.4 (2.1) 11.0 (2.2) <0.05
Hematocrit, % 33.4 (6.0) 33.3 (6.6) 0.53
Platelets, 103/μL 78.6 (55.5) 93.4 (84.9) 0.31
Creatinine, mg/dL 1.4 (1.4) 1.4 (1.5) 0.92
Bilirubine, mg/dL 7.4 (10.6) 8.9 (10.8) 0.17
AST, U/L 293.2 (1533.7) 189.3 (805.4) <0.01
ALT, U/L 167.9 (655.0) 162.6 (759.1) 0.18
Albumin, g/dL 3.7 (3.0) 3.4 (0.7) 0.98
PT, % 54.4 (23.1) 47.3 (22.1) <0.05
INR (N) 1.7 (0.9) 1.9 (0.8) <0.05
aPTT ratio (N) 1.8 (7.8) 2.5 (11.7) 0.60
Fibrinogen, mg/dL 219.7 (118.9) 213.8 (133.2) 0.12
ATIII, % 50.1 (26.6) 47.5 (28.2) 0.18

ALT, alanine transaminase; aPTT, activated partial thromboplastin time; AST, aspartate transaminase;
ATIII, antithrombin III; HCC, hepatocellular carcinoma; INR, international normalized ratio; MELD, model
for end-stage liver disease; PT, prothrombin time; SD, standard deviation.
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consumptionwas increased. In the univariatemodel, the use of
autologous blood significantly decreases with the increasing
age of the patient, but this loses significance when considered
together with the other covariates. Figure 4 shows the average
consumption of each resource used during surgery from 2006
to 2014 (2005 is not shown because the available data, relat-
ing to 2 patients, did not represent a significant sample).
TABLE 2.

Consumption of resources per patient: comparison between the

Resource consumption

Pre-2012

Mean (SD)

Total transfused blood, mL 2208.4 (2195.6) 1
Of which homologous blood, mL 1501.7 (1376.0)
Of which autologous blood, mL 706.7 (1131.7)

Fresh frozen plasma, mL 537.3 (797.6)
Platelets, mL 157.9 (279.7)
Albumin, mL 190.6 (104.1)
Fibrinogen, g 0.1 (0.5)

CI, confidence interval.
Supplemental data show, for each resource consumed, all
possible comparisons between the various years reviewed
(Figure S1).

The mean 30-day postsurgery mortality was 2.73% for
surgeries performed before 2012 and 2.56% for those per-
formed after 2012. Six-month postsurgerymortalitywas consid-
erably higher than 30-day postsurgery mortality (10.16% vs
12.82%). In both cases, the results are not statistically differ-
ent (Table S10, SDC, http://links.lww.com/TXD/A19). Sur-
vival analysis using the Kaplan-Meier curves leads to the
same conclusions (Figure 5). There were no significant differ-
ences in 30-day (97.5% vs 97.3%, P = 0.923) or 6-month
(90.5% vs 87.6%, P = 0.405) survival.

A series of univariate logistic regressions has shown
that the only factor statistically associated with mortal-
ity is patients' MELD score (Tables S11 and S12, SDC,
http://links.lww.com/TXD/A19). As the MELD score in-
creases, 30-day mortality (odds ratio, 1.071; 95% confi-
dence interval, 1.01-1.13; P < 0.05) and 6-month mortality
(odds ratio, 1.064; 95% confidence interval, 1.03-1.10;
P < 0.0005) risk also increases.
DISCUSSION

For patients undergoing OLT in our center, introducing the
FF-TEG test in directing the administration of fibrinogen con-
centrate within the TEG-based algorithm was proven useful
in reducing the consumption of transfusion resources com-
pared with the use of a TEG-based algorithm which does
not involve the use of FF-TEG and fibrinogen concentrate.
More specifically, we experienced a significant decrease in
transfusion of homologous blood, FFP, and platelets. For ob-
vious reasons, the consumption of fibrinogen concentrate in-
creased. Reduced consumption of allogeneic blood resources
may have very positive implications, because their use is gen-
erally associatedwith increasedmorbidity, mortality,2 and de-
creased survival of the transplant3 and also potentially costs.

Another significant result that surfaces from this study is
the direct proportionality between the severity of liver disease
(measured by MELD score) and the need for transfusion.
This argument is a matter of debate because, although many
studies have corroborated the severity of liver disease as a
risk factor for transfusions during OLT,1,19-21 other re-
searches, such as those by Massicotte et al and Cywinski
et al,2,22 have not confirmed this link.

The use of TEG, as noted in a Cochrane review dated
201123 that analyzed 33 trials, reduces the need for transfusion
surgeries carried out before and after 2012

Post-2012 Mean difference

PMean (SD) (95% CI)

543.8 (1274.0) 665.4 (303.0-1026.1) <0.05
794.3 (716.5) 707.5 (490.1-924.8) <0.001
749.5 (890.5) −42.7 (−258.8 to 173.3) 0.10
98.3 (374.7) 439.0 (317.5-560.6) <0.001
74.9 (147.7) 83.0 (38.6-127.3) <0.005
198.3 (66.9) −7.7 (−25.6 to 10.2) 0.15
1.4 (1.8) −1.3 (−1.6 to −1.0) <0.001

http://links.lww.com/TXD/A19
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FIGURE 4. Annual consumption of resources expressed as mean consumption by patient (the 2005 data are not represented as they reflect
only 2 patients and therefore do not constitute a significant sample).
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in the OLT setting. On the other hand, the use of fibrinogen
concentrate can also reduce perioperative bleeding and trans-
fusions.1 In fact, in this study, the combined use of FF-TEG
and fibrinogen concentrate reflected a decreased need for
transfusion compared with the sole use of traditional TEG.
The use of coagulation factor concentrates is sometimes
criticized because of their cost. In a retrospective study by
Görlinger et al,24 the implementation of a new ROTEM-
based transfusion algorithm in patients undergoing visceral
surgery and transplants had caused increased consumption
FIGURE 5. Kaplan-Meier curves for 30-day and 6-month postsurgery
of fibrinogen concentrate, however the decreased use of
blood products (FFP, red blood cells, and platelets) had none-
theless delivered significant overall cost savings. Another
study by the same group16 in patients undergoing OLT
had calculated the use of fibrinogen concentrate at 3.9 g per
patient. In our algorithm, however, the introduction of fibrin-
ogen concentrate as directed by a specific test (FF-TEG) en-
abled us to reduce the need for blood transfusion, despite
the administration of smaller quantities of fibrinogen concen-
trate (1.4 g per patient).
survival.
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These data were robust, as confirmed by the analysis per-
formed excluding retransplantations and transplantations
of liver and kidney, which confirmed the same findings.

Lastly, in regards to surgery, during the period covered by
the study, there were no changes in surgical techniques or in
the makeup of the team involved. Similarly, the anesthesia
care team did not undergo any changes during the study pe-
riod and showed proven expertise in POC-guided coagulop-
athy management. However, whereas the operating teams
did not undergo any changes during the study period, it is
possible that the surgeons became more experienced with
time, and consequently lost less blood.

Anyhow, this study found no difference in 30-day and
6-month survival among patients undergoing surgery before
and after 2012. One possible explanation for this result may
lie in the higher severity which characterizes the population
transplanted since 2012, as indicated by the higher MELD
value. With regard to survival, other studies of subjects
undergoing OLT that had compared the POC methods with
traditional coagulation tests, among which greater differ-
ences were expected than those between TEG and TEG +
FF-TEG + the use of fibrinogen concentrate, were unable to
highlight significant differences in patient survival.25,26 Fi-
nally, it is possible that we failed to show an outcome differ-
ence due to a lack of statistical power.

To our knowledge, this is the first study in the OLT setting
which compares coagulopathy management by TEG with
the management of coagulopathy by also adding FF-TEG
and fibrinogen concentrate (conversely, there are studies
which have carried out such assessments by corresponding
ROTEM tests),15 and more specifically which tests how
adding the FF test together with defining aMAFF transfusion
cutoff for the administration of fibrinogen concentrate man-
ages to reduce consumption of blood components. However,
both in the setting of liver transplantation and in other ther-
apeutic settings, there have been some studies which have
compared transfusion strategies based on viscoelastic testing
with those based on classic coagulation tests, generally find-
ing transfusion reduction.15,24-27

Concerning how the thromboelastographic tests were
conducted, we chose to use native blood. In fact, TEG tests,
just like the ROTEM tests, are designed to be performed
at the patient's bedside and relatively quickly (ideally within
4-6 minutes of blood sampling). Only when this is not possi-
ble, one can resort to the use of citrate and recalcification,
making it possible to postpone the analysis. However,
the use of native blood helps avoiding the risk of alterations
in test results due to the addition of citrate and calcium, spe-
cifically in parameters r, k and α-angle, which have been ob-
served in samples from healthy subjects in some studies.28,29

Heparinase has been used, but only on blood obtained dur-
ing the reperfusion phase, in which the neutralization of
heparin and heparinoids is most needed due to the heparin-
like effect.1

This study introduces some new elements: first, it proposes
a new management method for coagulopathy during OLT,
pairing FF-TEG with TEG and fibrinogen concentrate ad-
ministration. Second, it proposes a 7-mm cutoff for the ad-
ministration of platelets or fibrinogen concentrate based on
MAFF raw data of and not on the mg/dL fibrinogen concen-
tration value that the test itself can provide: in fact, the latter
has been assumed to overestimate actual concentrations of
fibrinogen in plasma.8 That value was determined by the au-
thors based on their experience. As noted in a 2014 study by
Yang Lu,8 which for the first time applied FF-TEG to patients
undergoing OLT, calculated plasma fibrinogen concentra-
tions are reliable at baseline but tend to be overestimated af-
ter reperfusion of the transplant, when the fibrinogen
generally falls to values below 100 mg/dL. Overestimation
of fibrinogen levels was also found in a 2014 study by
Ågren,30 inwhich themaximum amplitude values considered
were in g/L. Those same authors suggested that the MAFF

raw data expressed in mm, those used by the authors of this
study, may instead be more reliable. To our knowledge, this
is the first study in the OLT setting to propose a transfusion
cutoff based on the FF-TEG test, as Fibtem value by the
ROTEMmethod is most commonly used in directing the ad-
ministration of fibrinogen concentrate.16 Lastly, we studied
the usefulness of fibrinogen concentrate in combination with
monitoring performed by FF-TEG in the management of co-
agulopathy of OLT.

This study has limitations: first, it is a retrospective study
and was conducted in a single center; therefore its results
must certainly be confirmed by randomized controlled trials.
Second, the 2 cohorts compared showed significant differ-
ences at baseline before and after the implementation of
new coagulation monitoring methods. Differences were
found both in indications for surgery, more specifically the
percentage of surgeries for cirrhosis without hepatocellular
carcinoma more than doubles after 2012 (6.3% vs 15.4%,
P < 0.01), and in types of surgeries, more specifically the
number of retransplantations was higher in surgeries per-
formed before 2012 (4.3% vs 1.7%, P < 0.001). These differ-
ences may be caused by a longer study period in patients
undergoing surgery before 2012 (106 months) than those
operated after 2012 (35 months). Moreover, our 2 patient
populations differed significantly at baseline by liver disease
severity according to the MELD score (average of 19.0 for
pre-2012 vs 21.2 for post-2012; P < 0.05). The greater sever-
ity of the post-2012 patients should have been related to a
greater amount of blood components transfused. However,
this amount is significantly lower than in pre-2012 patients,
further corroborating the effectiveness of the newly proposed
transfusionmanagement method. Likewise, PTand INR also
showed significant differences at baseline (54 ± 23 vs 47 ± 22,
P < 0.05 for PTand 1.7 ± 0.9 vs 1.9 ± 0.8, P < 0.05 for INR),
describing worse physical conditions for those patients
transplanted after 2012. As one of the ways used to express
PT, INR is effectively one of the parameters used to calculate
the MELD score. Another difference at baseline between the
2 patient populations involves plasma hemoglobin concen-
trations, which are significantly lower in the post-2012 group
(average: 11.4 g/dL for pre-2012 vs 11.0 g/dL for post-2012;
P < 0.05). Plasma hemoglobin concentrations have been
widely proven to correlate with the need for transfusion dur-
ing OLT.1,2,19-21,31-33 Therefore, once again, we should ex-
pect a greater need for transfusions in the post-2012 group,
which instead received fewer transfusions, confirming the va-
lidity of this newly proposed coagulation management
method during OLT.

In conclusion, since 2012, the introduction of a new TEG
algorithm for the management of coagulopathies during
OLT, which includes using the FF-TEG and a specific transfu-
sion cutoff (MAFF ≤ 7 mm) to direct in the use of fibrinogen
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concentrate, has delivered considerable savings in homolo-
gous blood, FFP, and platelets compared with surgeries per-
formed before 2012 (statistically significant results, P <0.01)
that had used traditional TEG coagulation monitoring not in-
volving the use of the FF-TEG or of fibrinogen concentrate.
This trend is similar both in less severe patients (MELD score
≤ 21) and in those with severe conditions (MELD score
> 21); additionally, in the latter, we found a greater average
consumption of all the resources in both analysis groups.
The influence of patient MELD score on resource consump-
tion is also confirmed by linear regression analysis results.

Conversely, no significant differences were noted in sur-
gery outcomes: both 30-day and 6-month mortalities were
not statistically different in the 2 groups, although related
to the MELD score of the patient.

Further studies are needed to verify the effectiveness of the
newly proposed algorithm and the use of the FF-TEG test in
patients undergoing OLT.
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